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Chapter 0400-20-04 
General Provisions 

Amendments 

Paragraph (1) of Rule 0400-20-04-.04 Definitions is amended by deleting it in its entirety and substituting instead 
the following: 

(1) As used in these regulations, these terms have the definitions set forth below. (For additional definitions 
used only in Chapters 0400-20-05, 0400-20-06, 0400-20-07, 0400-20-08 and 0400-20-09, see Rules 
0400-02-05-.32, 0400-20-06-.03, 0400-20-07-.05, 0400-20-08-.03 and 0400-20-09-.03.) 

(a) 1. "A1" means the maximum activity of special form radioactive material permitted in a Type 
A package. This value is either listed in Table A-1 of Schedule 10-6 in Rule 0400-20-10-
.38, or may be derived in accordance with the procedures prescribed in Schedule 10-6 in 
Rule 0400-20-10-.38. · 

2. "Az" means the maximum activity of radioactive material, other than special form material, 
LSA and SCO material, permitted in a Type A package. This value is either listed in Table 
A-1 of Schedule 10-6 in Rule 0400-20-10-.38, or may be derived in accordance with the 
procedure prescribed in Schedule 10-6 in Rule 0400-20-10-.38. 

(b) "Accelerator-produced radioactive material" means any material made radioactive by a particle 
accelerator. 

(c) "Agreement State" means any state with which the U.S. Nuclear Regulatory Commission has 
entered into an effective agreement under Section 274 b. of the Atomic Energy Act of 1954, as 
amended (73 Statute 689). 

(d) "Alert" means a classification for events that are in progress, may occur or have occurred that 
could lead to a release of radioactive material(s) but that the release is not expected to require a 
response by an offsite response organization to protect persons offsite. 

(e) "Authorized nuclear pharmacist". Defined in Rule 0400-20-07-.05. 

(f) "Authorized user". Defined in Rule 0400-20-07-.05. 

(g) "Barrier" means attenuating materials used to reduce radiation exposure. 

1. ' "Primary". Barrier sufficient to attenuate the useful beam to the required degree at a 
distance no greater than 8 centimeters beyond the barrier. 

2. "Secondary". Barrier sufficient to attenuate scattered and leakage radiation to the 
required degree at a distance no greater than 8 centimeters beyond the barrier. 1 

(h) "Calibration" means the determination of: 

1. The response or reading of an instrument relative to a series of known radiation values 
over the range of the instrument, or 

2. The strength of a source of radiation relative to a standard. 

It is reasonable to assume that individuals will not occupy the area within 8 centimeters of the barrier 
continuously. 
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(i) "Carrier" means a person engaged in the transportation of passengers or property by land or 
water as a common, contract or private carrier, or by civil aircraft. 

U) "Certificate holder" means a person who has been issued a certificate of compliance or other 
package approval by the U.S. Nuclear Regulatory Commission (U.S. NRC). 

(k) "Certificate of Compliance" (CoC) means the certificate issued by the U.S. NRC under 10 CFR 71 
subpart D which approves the design of a package for the transportation of radioactive material. 

(I) "Close reflection by water" means immediate contact by water of sufficient thickness for maximum 
reflection of neutrons. 

(m) "Commencement of construction" means taking any action defined as "construction" or any other 
activity at the site of a facility subject to the regulations in this rule division, 0400-20, that has a 
reasonable nexus to radiological health and safety. 

(n) "Consignment" means each shipment of a package or groups of packages or load of radioactive 
material offered by a shipper for transport. 

(o) "Consortium" means al'] association of medical use licensees and a PET radionuclide production 
facility in the same geographical area that jointly own or share in the operation and maintenance 
cost of the PET radionuclide production facility that produces PET radionuclides for use in 
producing radioactive drugs within the consortium for noncommercial distributions among its 
associated members for medical use. The PET radionuclide production facility within the 
consortium must be located at an educational institution or a Federal facility or a medical facility. 

(p) "Construction" means the installation of foundations, or in-place assembly, erection, fabrication, 
or testing for any structure, system, or component of a facility or activity subject to the 
regulations in this rule division, 0400-20, that are related to radiological safety or security. The 
term "construction" does not include: 

1. Changes for temporary use of the land for public recreational purposes; 

2. Site exploration, including necessary borings to determine foundation conditions or other 
preconstruction monitoring to establish background information related to the suitability 
of the site, the environmental impacts of construction or operation, or the protection of 
environmental values; 

3. Preparation of the site for construction of the facility, including clearing of the site, 
grading, installation of drainage, erosion and other environmental mitigation measures, 
and construction of temporary roads and borrow areas; 

4. Erection of fences and other access control measures that are not related to the safe 
use of, or security of, radiological materials. 

5. Excavation; 

6. Erection of support buildings (e.g. construction equipment storage sheds, warehouse 
and shop facilities, utilities, concrete mixing plants, docking and unloading facilities, and 
office buildings) for use in connection with the construction of the facility; 

7. Building of service facilities (e.g. paved roads, parking lots, railroad spurs, exterior utility 
and lighting systems, potable water systems, sanitary sewerage treatment facilities, and 
transmission lines); 

8. Procurement or fabrication of components or portions of the proposed facility occurring 
at other than the final, in-place location at the facility; or 

9. Taking any other action that has no reasonable nexus to radiological health and safety. 
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(q) "Containment system" means the assembly of components of the packaging intended to retain 
the radioactive material during transport. 

(r) "Conveyance" means: 

1. For transport by public highway or rail: any transport vehicle or large freight container; 

2. For transport by water: any vessel, or any hold, compartment, or defined deck area of a 
vessel including any transport vehicle on board the vessel; and 

3. For transport by aircraft: any aircraft. 

(s) "Critical group" means the group of individuals reasonably expected to receive the greatest 
exposure to residual radioactivity for any applicable set of circumstances. 

(t) "Criticality safety index" (CSI) means the dimensionless number (rounded up to the next tenth) 
assigned to and placed on the label of a fissile material package, to designate the degree of 
control of accumulation of packages containing fissile material during transportation. 
Determination of the criticality safety index is described in paragraphs (1 0) and (11) of Rule 0400-
20-10-.30 and 10 CFR 71.59. 

(u) "Curie". Defined in Rule 0400-20-05-.34. 

(v) "Cyclotron" means a particle accelerator in which the charged particles travel in an outward spiral 
or circular path. A cyclotron accelerates charged particles and is commonly used for production of 
short half-life radionuclides for medical or veterinary use. 

(w) "Decommission" means to remove a facility or site safely from service and reduce residual 
radioactivity to a level that permits: 

1. Release of the property for unrestricted use and termination of the license; or 

2. Release of the property under restricted conditions and the termination of the license. 

(x) "Deuterium" means, for the purposes of subparagraph (5)(b) and paragraph (1 0) of Rule 0400-20-
10-.30, deuterium and any deuterium compounds, including heavy water, in which the ratio of 
deuterium atoms to hydrogen atoms exceeds 1:5000. 

(y) "Discrete source" means a radionuclide that has been processed so that its concentration within a 
material has been purposely increased for use for commercial, medical, or research activities. 

(z) "Disposal facility" means a land disposal site that is used for the isolation of radioactive waste 
from the biosphere. 

(aa) "Distinguishable from background" means that the detectable concentration of a radionuclide is 
statistically different from the background concentration of that radionuclide in the vicinity of the 
site or, in the case of structures, in similar materials using adequate measurement technology, 
survey and statistical techniques. 

(bb) Reserved. 

(cc) "Dose". Defined in Rule 0400-20-05-.32. 

(dd) "DOT' and "U.S. DOT' means the United States Department of Transportation. U.S. DOT 
regulations are found in Code of Federal Regulations Title 49 Transportation. 

(ee) "Emergency procedures" means the written pre-planned steps to be taken in the event of actual 
or suspected exposure of individuals to excessive radiation. This procedure should include the 
names and telephone numbers of individuals to be contacted as well as directives for processing 
the film badge or other personnel-monitoring device. 
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(ff) "Exclusive use" (or "sole use" or "full load") means sole use by a single consignor of a 
conveyance for which all initial, intermediate and final loading and unloading are carried out in 
accordance with the direction of the consignor or consignee. The consignor and the carrier shall 
ensure that personnel having radiological training and resources appropriate for safe handling of 
the consignment perform any loading or unloading. The consignor shall issue specific written 
instructions for maintenance of exclusive use shipment controls and include them with the 
shipping paper information provided to the carrier by the consignor. 

(gg) "Exposure"2 means a measure of the ionization produced in air by X or gamma radiation. It is the 
sum of the electrical charges on all of the ions of one sign produced in air, when all electrons 
liberated by photons in a volume element of air are completely stopped in air, divided by the mass 
of the air in the volume element. The special unit of exposure is the roentgen. 

(hh) "Fissile material" means plutonium-238, the radio nuclides: plutonium-239, plutonium-241, 
uranium-233, uranium-235 or any combination of these radionuclides. Fissile material means the 
fissile nuclides themselves, not material containing fissile nuclides. Unirradiated natural uranium 
and depleted uranium, and natural uranium or depleted uranium that has been irradiated in 
thermal reactors only, are not included in this definition. Certain exclusions from fissile material 
controls are provided in subparagraph (5)(b) of Rule 0400-20-10-.30. 

(ii) "Fissile material package". See "Package" 

Ui) "Former U.S. Atomic Energy Commission (AEC) or U.S. Nuclear Regulatory Commission (NRC) 
licensed facilities" means nuclear reactors, nuclear fuel processing plants, uranium enrichment 
plants, or critical mass experimental facilities where AEC or NRC licenses have been terminated. 

(kk) "Generator" means a person whose activities with radioactive material are such that waste is 
generated that is distinctly separate and/or distinct from materials received. 

(II) "Graphite" means, for the purposes of subparagraph (5)(b) and paragraph (1 0) of Rule 0400-20-
10-.30, graphite with a boron equivalent content less than 5 parts per million and density greater 
than 1.5 grams per cubic centimeter. 

(mm) "Indian tribe" means an Indian or Alaska native tribe, band, nation, pueblo, village, or community 
that the Secretary of the Interior acknowledges to exist as an Indian tribe pursuant to the 
Federally Recognized Indian Tribe List Act of 1994, 25 U. S.C. 479a. 

(nn) "Human use" (or "medical use") means the intentional internal or external administration of 
radiation or radioactive materials to individuals under the supervision of an authorized user. 

(oo) "Interlock" means a device for precluding access to any area of radiation hazard by automatically 
eliminating the hazard upon entry by personnel or parts of their body. 

(pp) "Licensed material" means radioactive, by-product, source, or special nuclear material received, 
possessed, used, or transferred under a general or specific license issued by the Division 
pursuant to the regulations in this chapter, or issued by the U.S. NRC or an agreement state 
pursuant to equivalent regulations. 

(qq) "Licensing State" means any state with regulations equivalent to the Suggested State Regulations 
for Control of Radiation relating to, and an effective program for, the regulatory control of NARM. 

(rr) "Low specific activity (LSA) material" means radioactive material with limited specific activity 
which is nonfissile or is expected under subparagraph (5)(b) of Rule 0400-20-10-.30, and which 
satisfies the descriptions and limits set forth below. Shielding materials surrounding the LSA 
material may not be considered in determining the estimated average specific activity of the 

2 It is reasonable to assume that individuals will not occupy the area within 8 centimeters of the barrier 
continuously. 
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(ss) 

(tt) 

(uu) 

(vv) 

package contents. LSA material must be in one three groups: 

1. LSA-1 

(i) Uranium and thorium ores, concentrates of uranium and thorium ores, and other 
ores containing only naturally occurring radioactive radionuclides which are not 
intended to be processed for the use of these radionuclides; or 

(ii) Solid unirradiated natural uranium or depleted uranium or natural thorium or their 
solid or liquid compounds or mixtures; or 

(iii) Radioactive material for which the A2 value is unlimited; or 

(iv) Other radioactive material in which the activity is distributed throughout and the 
estimated average specific activity does not exceed 30 times the value for 
exempt material activity concentration determined in accordance with Schedule 
10-6 in Rule 0400-20-10-.38. 

2. LSA-11 

(i) Water with tritium concentration up to 20 Ci/liter (0.8 terrabequerel/liter); or 

(ii) Other material in which the activity is distributed throughout and the average 
specific activity does not exceed 1 (E-4) A2/gram for solids and gases or 1 (E-5) 
A2/gram for liquids. 

3. LSA-111. Solids (e.g., consolidated wastes, activated materials), excluding 
powders, that satisfy the requirements of the U.S. NRC regulations 10 CFR 
71. 77, in which: 

(i) The radioactive material is distributed throughout a solid or a collection of 
solid objects or is essentially uniformly distributed in a solid compact 
binding agent (such as concrete, bitumen, ceramic, etc.); and 

(ii) The radioactive material is relatively insoluble, or it is intrinsically 
contained in a relatively insoluble material, so that even under loss of 
packaging, the loss of radioactive material per package by leaching, 
when placed in water for seven (7) days, would not exceed 0.1 A2; and 

(iii) The average specific activity of the solid does not exceed 2 (E-3) 
A2/gram. 

"Low toxicity alpha emitters" means natural uranium, depleted uranium, natural thorium, uranium-
235, uranium-238, thorium-232, thorium-228 or thorium-230 when contained in ores or physical or 
chemical concentrates or tailings; or alpha emitters with a half-life of less than ten (1 0) days. 

"Major processors" means persons processing or handling radioactive materials exceeding Type 
X quantities3 as unsealed sources or material. 

"Maximum normal operating pressure" means the maximum gauge pressure that would develop 
in the containment system in a period of one (1) year under the heat condition specified in 10 
CFR 71.71 (c)(1 ), in the absence of venting, external cooling by an ancillary system or operational 
controls during transport. 

"NARM" means any naturally occurring or accelerator-produced radioactive material. It does not 

3 Type X quantities are defined in Tables RHS 2-1, RHS 2-2 and RHS 2-3 as contained in Chapter 0400-
20-05. For purposes of Rule 0400-20-04-.04, where there is involved a combination of radioactive materials 
licensed, the method of deriving a Type X quantity is as specified in Rule 0400-20-05-.162(1 )(b). 
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include byproduct, source or special nuclear material. 

(ww) "Natural radioactivity" means radioactivity of naturally occurring nuclides. 

(xx) "Natural thorium" means thorium with the naturally occurring distribution of thorium isotopes 
(essentially 100 weight percent thorium-232). 

(yy) "Normal form radioactive material" means radioactive material that has not been demonstrated to 
qualify as special form radioactive material. 

(zz) "Operating procedures" means detailed written instructions including, but not limited to, the 
normal operation of equipment and movable shielding, closing of interlock circuits, manipulation 
of controls, radiation monitoring procedures for personnel and areas, testing of interlocks and 
record keeping requirements. 

(aaa) "Optimum interspersed hydrogenous moderation" means the presence of hydrogenous material 
between packages to such an extent that the maximum nuclear reactivity results. 

(bbb) "Ore refineries" means all non-exempt processors of a radioactive material ore. 

(ccc) "Package" means the packaging together with its radioactive contents as presented for transport. 

1. "Fissile material package" or "Type AF package", "Type BF package", Type B(U)F 
package" or "Type B(M)F package" means a fissile material packaging together with its 
fissile material contents. 

2. "Type A package" means a Type A packaging together with its radioactive contents. A 
Type A package is defined and must comply with the U.S. DOT regulations in 49 CFR 
173. 

3. "Type B package" means a Type 8 packaging together with its radioactive contents. On 
approval, a Type 8 package design is designated by NRC as B(U) unless the package 
has a maximum normal operating pressure of more than 700 kPa (100 lbf/in2

) gauge or a 
pressure relief device that would allow the release of radioactive material to the 
environment under the tests specified in 10 CFR 71.73 (hypothetical accident conditions), 
in which case it will receive a designation B(M). B(U) refers to the need for unilateral 
approval of international shipments; B(M) refers to the need for multilateral approval of 
international shipments. There is no distinction made in how packages with these 
designations may be used in domestic transportation. To determine their distinction for 
international transportation, see U.S. DOT regulations in 49 CFR 173. A Type B package 
approved before September 6, 1983, was designated only as Type B. Limitations on its 
use are specified in 10 CFR 71.19. 

(ddd) "Packaging" means the assembly of components necessary to ensure compliance with the 
packaging requirements of this chapter. It may consist of one or more receptacles, absorbent 
materials, spacing structures, thermal insulation, radiation shielding and devices for cooling or 
absorbing mechanical shocks. The vehicle, tie-down system and auxiliary equipment may be 
designated as part of the packaging. 

(eee) "Particle accelerator" means any device used to impact kinetic energy to electrically charged 
particles including but not limited to electrons, protons, deuterons, and helium ions. For the 
purpose of these regulations "accelerator" includes equipment designed for and used only for the 
production of x-rays of 0.9 MeV or greater and equipment capable of discharging nuclear 
particles into a medium external to the accelerating device. For purposes of this definition, 
"accelerator" is an equivalent term. 

(fff) "Physician" means an individual licensed by the State to dispense drugs in the practice of 
medicine. 

(ggg) "Qualified individual". Defined in Rule 0400-20-06-.03. 
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(hhh) "Qualified expert" means, for purposes of subparagraph (2)(g) and (m) of Rule 0400-20-09-.21, a 
person: 

1. Who is certified by the American Board of Radiology in Therapeutic Radiological Physics, 
Radiological Physics, Roentgen-Ray and Gamma-Ray Physics or X-Ray and Radium 
Physics; or 

2. Who has the following 4 minimum training and experience: 

(i) A Master's or Doctor's degree in physics, biophysics, radiological physics or 
health physics; 

(ii) One year of full-time training in therapeutic radiological physics; and 

(iii) One year of full-time experience in a therapy facility including personal calibration 
and spot check of at least one teletherapy unit. 

(iii) "Rad" is defined in subparagraph (1 )(b) of Rule 0400-20-05-.33. 

UiD "Radiation machine" means any device capable of producing radiation except devices that 
produce radiation through utilization of a radioactive material. 

(kkk) "Radioactive material" means any material, solid, liquid or gas, which emits radiation 
spontaneously. 

(Ill) "Radiological Safety Officer" means an individual who has the knowledge and responsibility to 
apply appropriate radiation protection regulations and has been assigned such responsibility by 
the licensee or registrant. 

(mmm) "Rem" is defined in subparagraph (1)(c) of Rule 0400-20-05-.33. 

(nnn) "Research and development" means theoretical analysis, exploration or experimentation; or 
extension of investigative findings and theories of a scientific or technical nature into practical 
application for experimental and demonstration purposes. Research and development includes 
the experimental production and testing of models, devices, equipment, materials and processes. 
Research and development does not include the internal or external administration of radiation or 
radioactive material to individuals. 

(ooo) "Residual radioactivity" means radioactivity in structures, materials, soils, groundwater and other 
media at a site resulting from activities under the licensee's control. This includes radioactivity 
from all licensed and unlicensed sources used by the licensee, but excludes background 
radiation. It also includes radioactive materials remaining at the site as a result of routine or 
accidental releases of radioactive material at the site and previous burials at the site, even if 
those burials were made in accordance with the provisions of Chapter 0400-20-05. 

Licensees or certified registrants that utilize persons who do not meet these criteria for minimum training 
and experience may request a variance excepting them from the requirements of using qualified experts. 
The request should include: 
1. The name of the proposed individual, 
2. A description of his or her training and experience including information similar to that specified 

in Rule 0400-20-04-.04, 
3. Reports of at least one calibration and spot-check program based on measurements personally 

made by the proposed individual within the last 10 years, and 
4. Written endorsement of the technical qualifications of the proposed individual from personal 

knowledge by a physicist certified by the American Board of Radiology in one of the specialties 
listed in Rule 0400-20-04-.04. 

The variance request should be addressed to the Division of Radiological Health, at the address given in 
Rule 0400-20-04-.07. 
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(ppp) "Roentgen" (R) means the special unit of exposure. One roentgen equals 2.58 x 1 o·4 coulomb 
per kilogram of air. 

(qqq) "Sealed source" is defined in Rule 0400-20-07-.05. 

(rrr) "Site area emergency" means a classification for events that are in progress, may occur or have 
occurred that could lead to a significant release of radioactive material and that could require a 
response by offsite response organizations to protect persons offsite. 

(sss) "Source of radiation" means material that emits radiation spontaneously, or apparatus that 
produces, or may produce when the associated controls are operated, one or more forms of 
radiation. 

(ttt) "Special form radioactive material" means radioactive material that satisfies the following 
conditions: 

1. It either is a single solid piece or is contained in a sealed capsule that can be opened 
only by destroying the capsule; 

2. The piece or capsule has at least one dimension not less than 5 millimeters (0.197 inch); 
and 

3. It satisfies the requirements specified by the U.S. Nuclear Regulatory Commission 10 
CFR 71.75. A special form encapsulation designed in accordance with the U.S. NRC 
requirements of 10 CFR 71.4 in effect on June 30, 1983 (see 10 CFR 71, revised as of 
January 1, 1983), and constructed before July 1, 1985, may continue to be used. A 
special form encapsulation designed in accordance with U.S. NRC requirements of 10 
CFR 71.4 in effect on March 31, 1996, (see 10 CFR 71, revised as of January 1, 1983), 
and constructed before April 1, 1998, may continue to be used. Any other special form 
encapsulation shall meet the specifications of this definition. 

(uuu) "Special nuclear material in quantities not sufficient to form a critical mass" means: 

1. Uranium enriched in the isotope U-235 in quantities not exceeding 350 grams of 
contained U-235; 

2. Uranium-233 in quantities not exceeding 200 grams; 

3. Plutonium in quantities not exceeding 200 grams; or 

4. Any combination of them in accordance with the following formula. For each kind of 
special nuclear material, determine the ratio between the quantity of that special nuclear 
material and the quantity specified above for the same kind of special nuclear material. 
The sum of such ratios for all kinds of special nuclear material in combination shall not 
exceed 1 (i.e., unity). For example, the following quantities in combination would not 
exceed the limitation and are within the formula, as follows: 

175 (grams contained U-235) + 50 (grams U-233) + 50 (grams Pu) = 1 
350 200 200 

(vvv) "Specific activity" means the radioactivity of a radionuclide per unit mass of that nuclide. The 
specific activity of a material in which the radionuclide is essentially uniformly distributed is the 
radioactivity per unit mass of the material. 

(www) "Spent nuclear fuel or Spent fuel" means fuel that has been withdrawn from a nuclear reactor 
following irradiation, has undergone at least 1 year's decay since being used as a source of 
energy in a power reactor, and has not been chemically separated into its constituent elements 
by reprocessing. Spent fuel includes the special nuclear material, byproduct material, source 
material, and other radioactive materials associated with fuel assemblies. 
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(xxx) "SRPAR" means State Regulations for Protection Against Radiation. 

(yyy) "State" means a state of the United States, the District of Columbia, the Commonwealth of Puerto 
Rico, the Virgin Islands, Guam, American Samoa, and the Commonwealth of the Northern 
Mariana Islands. 

(zzz) "Surface contaminated object" (SCO) means a solid object that is not itself classed as radioactive 
material but that has radioactive material distributed on any of its surfaces. SCO must be in one 
of two groups with surface activity not exceeding the following limits: 

1. SC0-1: A solid object on which: 

(i) 

(ii) 

(iii) 

The removable (non-fixed) contamination on the accessible surface averaged 
over 300 cm2 (or the area of the surface if less than 300 cm2

) does not exceed 
1 E-4 microcurie (4 becquerels) per square centimeter (cm2

) for beta and gamma 
and low toxicity alpha emitters or 1 E-5 microcuries (0.4 becquerel) per em for all 
other alpha emitters; 

The fixed contamination on the accessible surface averaged over 300 cm2 (or the 
area of the surface if less than 300 cm2

) does not exceed 1 microcurie (4 E+4 
becquerels) per square centimeter (cm2

) for beta and gamma and low toxicity 
alpha emitters or 0.1 microcurie (4 E+3 becquerels) per cm2 for all other alpha 
emitters; and 

The removable (nonfixed) contamination plus the fixed contamination on the 
inaccessible surface averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2

) does not exceed 1 microcurie (4 E+4 becquerels) per square 
centimeter (cm2

) beta and gamma and low toxicity alpha emitters or 0.1 
microcurie (4 E+3 becquerels) per cm2 for all other alpha emitters. 

2. SC0-11: A solid object on which the limits for SC0-1 are exceeded and on which: 

(i) 

(ii) 

(iii) 

The removable contamination on the accessible surface averaged over 300 cm2 

(or the area of the surface if less than 300 cm2
) does not exceed 1 E-2 microcurie 

(400 becquerels) per square centimeter (cm2
) for beta and gamma and low 

toxicity alpha emitters or 1 E-3 microcurie (40 becquerels) per cm2 for all other 
alpha emitters; 

The fixed contamination on the accessible surface averaged over 300 cm 2 (or the 
area of the surface if less than 300 cm2

) does not exceed 20 microcuries (8 E+5 
becquerels) per square centimeter (cm2

) for beta and gamma and low toxicity 
alpha emitters or 2 microcuries (8 E+4 becquerels) per cm2 for all other alpha 
emitters; and 

The removable (nonfixed) contamination plus the fixed contamination on the 
inaccessible surface averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2

) does not exceed 20 microcurie (8 E+5 becquerels) per square 
centimeter (cm2

) for beta and gamma and low toxicity alpha emitters or 2 
microcurie (8 E+4 becquerels) per cm2 for all other alpha emitters. 

(aaaa) "Therapeutic-type protective tube housing" means: 

1. For x-ray therapy apparatus not capable of operating at 500 kVp or above, the following 
definition applies. An x-ray tube housing so constructed that the leakage radiation at a 
distance of 1-meter from the target does not exceed 1 roentgen in an hour when the tube 
is operated at its maximum rated continuous current for the maximum rated tube 
potential. 

2. For x-ray therapy apparatus capable of operating at 500 kVp or above, the following 
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definition applies. An x-ray tube housing so constructed that the leakage radiation at a 
distance of 1-meter from the target does not exceed 0.1 percent of the useful beam 
exposure rate at 1-meter from the target, for any of its operating conditions. 

3. In either case, small areas of reduced protection are acceptable providing the average 
radiation exposure over any area of 100 square centimeters at 1-meter distance from the 
target does not exceed the values given above. However, no linear dimension of the 
area used to obtain the average shall exceed 20 centimeters. 

4. See part (1)(a)15 of Rule 0400-20-06-.05 for leakage requirements for contact therapy 
apparatus. 

(bbbb) 'These regulations" means "State Regulations for Protection Against Radiation." 

(ecce) "Transport index" (TI) means the dimensionless number (rounded up to the next tenth) placed on 
the label of a package to designate the degree of control to be exercised by the carrier during 
transportation. The transport index is the number determined by the maximum radiation level in 
millirem per hour at 1-meter (3.3 feet) from the external surface of the package (equivalent to 
multiplying the maximum radiation level in millisievert(s) per hour at 1-meter (3.3 feet) by 100). 
The transport index is determined as follows: 

1. For non-fissile material packages, the number determined by multiplying the maximum 
radiation level in millisievert (mSv) per hour at 1-meter (3.3 ft) from the external surface of 
the package by 100 (equivalent to the maximum radiation level in millirem per hour at 1-
meter (3.3 ft)); or 

2. For fissile material packages, the number determined by multiplying the maximum 
radiation level in millisievert per hour at 1-meter (3.3 ft) from the external surface of the 
package by 100 (equivalent to the maximum radiation level in millirem per hour at 1-
meter (3.3 ft)), or, for criticality control purposes, the number obtained as described in 10 
CFR 71.59, whichever is larger. 

(dddd) "Tribal official" means the highest ranking individual that represents tribal leadership, such as the 
chief, president, or tribal council leadership. 

(eeee) "Type A quantity" means a quantity of radioactive material, the aggregate radioactivity of which 
does not exceed A1 for special form radioactive material or A2 for normal form radioactive 
material, where A1 and A2 are given in Table A-1, Schedule 10-6, Rule 0400-20-10-.37, or may be 
determined by procedures described in Schedule 10-6, Rule 0400-20-10-.37. 

(ffff) "Type B quantity" means a quantity of radioactive material greater than a Type A quantity. 

(gggg) "Unirradiated uranium" means uranium containing not more than 2E+3 Bq of plutonium per gram 
of uranium-235, not more than 9E+6 Bq of fission products per gram of uranium-235, and not 
more than 5E-3 g of uranium-236 per gram of uranium-235. 

(hhhh) "Units of radioactivity". Defined in Rule 0400-20-05-.34. 

(iiii) "Unrefined and unprocessed ore" means ore in its natural form before any processing, such as 
grinding, roasting, beneficiating or refining. 

Ujjj) "Uranium- natural, depleted, enriched" means: 

1. Natural uranium: uranium with the naturally occurring distribution of uranium isotopes 
(about 0.711 weight percent uranium-235, and the remainder by weight essentially 
uranium-238). 

2. Depleted uranium: uranium containing less uranium-235 than the naturally occurring 
distribution of uranium isotopes. 
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3. Enriched uranium: uranium containing more uranium-235 than the naturally occurring 
distribution of uranium isotopes. 

(kkkk) "Useful beam" (or "primary beam") means that part of the radiation that passes through a window, 
aperture, cone or other collimating device. 

(1111) "Waste" means those low-level radioactive wastes containing source, special nuclear, or 
byproduct material that are acceptable for disposal at a land disposal facility. For the purposes of 
this definition, low-level waste is radioactive waste not classified as high-level radioactive waste, 
transuranic waste, spent nuclear fuel or byproduct material as defined in Rule 0400-20-05-.32. 

(mmmm)"Waste handler" means a person who holds radioactive wastes for disposal and/or who actually 
disposes of radioactive wastes for other persons. 

(nnnn) "Waste processor" means a waste handler who performs a physical and/or chemical activity on a 
material containing or contaminated with ra~lioactive material. 

(oooo) "Worker" means an individual engaging in work under a license or registration issued by the 
Division and controlled by a licensee or registrant, but does not include the licensee or registrant. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq. and 4-5-201 et seq. 

Paragraph (3) of Rule 0400-20-04-.11 Posting Notices to Workers is amended by deleting it in its entirety and 
substituting instead the following: 

(3) Form RHS 8-3 (Notice to Employees). 

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF RADIOLOGICAL HEALTH 

NOTICE TO EMPLOYEES 
In "STATE REGULATIONS FOR PROTECTION AGAINST RADIATION", The Tennessee Department of 
Environment and Conservation has established standards for your protection against radiation hazards and certain 
provisions for the option of workers engaged in work under licenses or registrations issued by the Department. 

YOUR EMPLOYER'S RESPONSIBILITY 

Your employer is required to-
1. Apply these regulations to work under the license 

or registration. Licenses and Certified Registrations 
contain special conditions which shall be 
considered in addition to these regulations. 

2. Post or otherwise make available to you a copy of 
the regulations, licenses, registrations, and 
operating procedures which apply to work in which 
you are engaged, and explain their provisions to 
you. 

3. Post any written notice from the Department that 
the regulations have been violated and response to 
such notice. 

YOUR RESPONSIBILITY AS A WORKER 

You should familiarize yourself with those provisions of 
the regulations, and the operating procedures which 
apply to the work in which you are engaged. You 
should observe their provisions for your own protection 
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employer give you a written report if you receive an 
exposure in excess of any applicable limit as set forth in 
the regulations or in the license. The basic limits for 
exposure to employees are set forth in Rules 0400-20-
05-.50, 0400-20-05-.53 and 0400-20-05-.55 of the 
regulations. These rules specify limits on exposure to 
radiation and exposure to concentrations of radioactive 
material in air and water. 
2. If you work where personnel monitoring is required 

and if you request information on your radiation 
exposures; 

a. your employer must advise you annually of your 
exposure to radiation; and 

b. your employer must give you a written report, 
following termination of your employment, of your 
radiation exposures. 

INSPECTIONS 

All licensed or registered activities are subject to 
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and protection of your co-workers. 

AREAS COVERED BY THESE REGULATIONS 

1. Limits on exposure to radiation and radioactive 
material in restricted and unrestricted areas; 

2. Measures to be taken after accidental exposure; 

inspection by representatives of the Department. In 
addition, any worker or representative of workers who 
believes that there is a violation of the regulations or the 
terms of the employer's license or registration with regard 
to radiological working conditions in which the worker is 
engaged, may request an inspection by sending a notice 
of the alleged violation to the Tennessee Department of 
Environment and Conservation, Division of Radiological 
Health, William R. Snodgrass, Tennessee Tower, 151

h 

Floor, 312 Rosa Parks Avenue, Nashville, Tennessee 
37243. The request must set forth the specific grounds 
for the notice, and must be signed by the worker or the 
representative of the workers. During inspections, 
Department inspectors may confer privately with 

3. Personnel monitoring, surveys and equipment; 
4. Caution signs, labels and safety interlock 

equipment; 
5. Exposure records and reports; 
6. Option for workers regarding the Department's 

inspection; and 
7. Related matters. 

REPORTS ON YOUR RADIATION EXPOSURE 
HISTORY 

workers, and any worker may bring to the attention of the 
inspectors any past or present condition which he 
believes contributed to or caused any violation as 
described above. 

1. The Department's regulations require that your 

POSTING REQUIREMENT 

Copies of this notice must be posted in a sufficient number of places in every establishment where employees are 
employed in activities registered or licensed pursuant to Chapter 0400-20-10 to permit employees working in or 
frequenting any portion of a restricted area to observe a copy on the way to or from their place of employment. 

Authority: T.C.A. §§ 68-202-101 et seq. and 4-5-201 et seq. 

Chapter 0400-20-05 
Standards for Protection Against Radiation 

Amendments 

Rule 0400-20-05-.144 Reports of Planned Special Exposures is amended by deleting it in its entirety and 
substituting instead the following: 

0400-20-05-.144 Reports of Planned Special Exposures. 

The licensee or registrant shall submit a written report to the Division of Radiological Health, at the address given 
in Rule 0400-20-04-.07, within 30 days following any planned special exposure. The report shall inform the 
Division that a planned special exposure occurred and provide the information required by Rule 0400-20-05-.134. 

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq. 

Chapter 0400-20-08 
Radiation Safety Requirements for Industrial Radiography 

Amendments 

Subparagraph (a) of paragraph (1 0) of Rule 0400-20-08-.04 Equipment Control is amended by deleting it in its 
entirety and substituting instead the following: 

(a) Each radiographic exposure device and all associated equipment shall meet the requirements 
specified in American National Standard N432-1980 "Radiological Safety for the Design and 
Construction of Apparatus for Gamma Radiography," (published as NBS Handbook 136, issued 
January 1981). This publication may be purchased from the American National Standards 
Institute, Inc., 25 West 43rd Street, New York, New York 10036; Telephone: (212) 642-4900. An 
applicant or licensee may submit engineering analyses to demonstrate the applicability of 
previously performed testing on similar individual radiography equipment components. Upon 
review, the Division may find this an acceptable alternative to actual testing of the component 
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under the above referenced standard. 

Authority: T.C.A. §§68-202-101 et seq., 68-202-201 et seq. and 4-5-201 et seq. 

Paragraph (5) of Rule 0400-20-08-.05 Personal Radiation Safety Requirements for Radiographers and 
Radiographer's Assistants is amended by adding a new subparagraph as subparagraph (b) to read as follows: 

(b) The Department will consider alternatives when the RSO has appropriate training and/or 
experience in the field of ionizing radiation, and in addition, has adequate formal training with 
respect to the establishment and maintenance of a radiation safety protection program. 

Authority: T.C.A. §§68-202-101 et seq., 68-202-201 et seq. and 4-5-201 et seq. 

Chapter 0400-20-1 0 
Licensing and Registration 

Amendments 

Paragraph (3) of Rule 0400-20-10-.16 Specific Terms and Conditions of Licenses is amended by deleting it in its 
entirety and substituting instead the following: 

(3) Each person licensed by the Division pursuant to this Chapter shall confine his or her use and 
possession of the material licensed to the locations and purposes authorized in the license. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Part 2 of subparagraph (a) of paragraph (7) of Rule 0400-20-10-.16 Specific Terms and Conditions of Licenses is 
amended by deleting it in its entirety and substituting instead the following: 

2. By or against an entity (as that term is defined in 11 U.S.C. 101 (15)) controlling the 
licensee or listing the license or licensee as property of the estate; or 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Paragraph (1) of Rule 0400-20-10-.24 Registration is amended by deleting it in its entirety and substituting instead 
the following: 

(1) The owner or person having possession of any radiation machine or accelerator, except those specifically 
exempted in Rule 0400-20-10-.07, shall register such sources within 10 days after acquisition of such 
machine. The owner or possessor of any accelerator shall substitute an application for certified 
registration required in Chapter 0400-20-09. The application for certified registration must be received by 
the Department within 10 days after acquisition of the accelerator; however, an accelerator may not be 
energized until registered pursuant to Chapter 0400-20-09. In addition, every person who provides 
inspections as provided for in paragraph (4) of Rule 0400-20-10-.27 and every person who assembles, 
installs, or services radiation machines shall register with .the Division of Radiological Health, Tennessee 
Department of Environment and Conservation. Registration under this rule shall be on Department Form 
RHS 8-4, Form RHS 8-4a or Form RHS 8-4b, as appropriate, as furnished by the Department and may be 
obtained from the Division of Radiological Health, at the address given in Rule 0400-20-04-.07. A 
registration fee in accordance with the Classification and Fee Schedule in paragraph (3) of this rule shall 
be due upon receipt of an invoice from the Division of Radiological Health following the submittal of the 
completed registration form. The check for the fee shall be made payable to "Treasurer, State of 
Tennessee." 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Part 4 of subparagraph (d) of paragraph (3) of Rule 0400-20-10-.24 Registration is amended by deleting it in its 
entirety and substituting instead the following: 

4. The registrant submits to the Division, at the address given in Rule 0400-20-04-.07: 
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(i) Copies of the appropriate State evaluation forms within 60 days after the 
inspection. 

(ii) Copies of applicable service reports to document correction of any deficiencies 
noted within 60 days after the inspection. 

(iii) A signed "X-Ray Inspection Notification and Certification of Compliance" form 
within 60 days of the inspection. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Paragraph (21) of Rule 0400-20-10-.30 Packaging and Transportation of Radioactive Material is amended by 
deleting it in its entirety and substituting instead the following: 

(21) Advance notification of shipment of nuclear waste. 

(a) 1. As specified in subparagraphs (b), (c) and (d) of this paragraph, each licensee shall 
provide advance notification to the governor of a state, or the governor's designee, and to 
the Director, Division of Radiological Health, of the shipment of licensed material, within 
or across the boundary of the State, before the transport, or delivery to a carrier for 
transport, of licensed material outside the confines of the licensee's plant or other place 
of use or storage. 

2. As specified in subparagraphs (b), (c), and (d) of this paragraph, each licensee shall 
provide advance notification to the Tribal official of participating Tribes referenced in 
subpart (c)3(iii) of this paragraph, or the official's designee, of the shipment of licensed 
material, within or across the boundary of the Tribe's reservation, before the transport, or 
delivery to a carrier, for transport, of licensed material outside the confines of the 
licensee's plant or other place of use or storage. 

(b) Advance notification is also required under this paragraph for shipment of licensed material, other 
than irradiated fuel, meeting the following three conditions: 

1. The licensed material is required by 10 CFR 71 to be in Type B packaging for 
transportation; 

2. The licensed material is being transported to or across the State boundary en route to a 
disposal facility or to a collection point for transport to a disposal facility; and 

3. The quantity of licensed material in a single package exceeds the least of the following: 

(i) 3000 times the A1 value of the radionuclides as specified in Schedule 10-6 in 
Rule 0400-20-10-.38, Table A-1 for special form radioactive material; 

(ii) 3000 times the A2 value of the radionuclides as specified in Schedule 10-6 in 
Rule 0400-20-10-.38, Table A-1 for normal form radioactive material; or 

(iii) 1000 TBq (27,000 Ci). 

(c) Procedures for submitting advance notification. 

1. The notification shall be made in writing to the office of each appropriate governor or 
governor's designee, the office of each appropriate Tribal official or Tribal official's 
designee, and to the Director, Division of Radiological Health. 

2. A notification delivered by mail shall be postmarked at least 7 days before the beginning 
of the 7-day period during which departure of the shipment is estimated to occur. 
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3. A notification delivered by any other means than mail shall reach the office of the 
governor, or of the governor's designee, or the Tribal official or Tribal official's designee 
and of the Director, Division of Radiological Health, at least 4 days before the beginning 
of the 7-day period during which departure of the shipment is estimated to occur. 

(i) A list of the names and mailing addresses of the governors' designees receiving 
advance notification of transportation of nuclear waste was published in the 
Federal Register on June 30, 1995 (60 FR 34306). 

(ii) The list of governor's designees and Tribal official's designees of participating 
Tribes will be published annually in the Federal Register on or about June 30 to 
reflect any changes in information. 

(iii) A list of the names and mailing addresses of the governors' designees and Tribal 
officials' designees of participating Tribes is available on request from the 
Director, Division of Intergovernmental Liaison and Rulemaking, Office of Federal 
and State Materials and Environmental Management Programs, U.S. Nuclear 
Regulatory Commission, Washington, DC 20555-0001. 

(iv) The licensee shall retain a copy of the notification as a record for 3 years. 

(d) Information to be furnished in advance notification of shipment. Each advance notification of 
shipment nuclear waste shall contain the following information: 

1. The name, address and telephone number of the shipper, carrier and receiver of the 
nuclear waste shipment; 

2. A description of the nuclear waste contained in the shipment, as specified in the 
regulations of U.S. DOT in 49 CFR 172.202 and 172.203(d); 

3. The point of origin of the shipment and the 7-day period during which departure of the 
shipment is estimated to occur; 

4. The 7-day period during which arrival of the shipment at the State boundaries or Tribal 
reservation boundaries is estimated to occur; 

5. The destination of the shipment and the 7-day period during which arrival of the shipment 
is estimated to occur; and 

6. A point of contact, with a telephone number, for current shipment information. 

(e) Revision notice. 

A licensee who finds that schedule information previously furnished to the governor, or governor's 
designee, or a Tribal official or Tribal official's designee, and to the Director, Division of 
Radiological Health, in accordance with this paragraph, will not be met, shall telephone a 
responsible individual in the office of the governor of the State, or of the governor's designee, or a 
Tribal official or Tribal official's designee, and of the Division of Radiological Health and inform 
those individuals of the extent of the delay beyond the schedule originally reported. The licensee 
shall maintain a record of the name of the individual contacted for 3 years. 

(f) Cancellation notice. 

1. Each licensee who cancels a nuclear waste shipment for which advance notification has 
been sent shall send a cancellation notice to the governor of each State, or to the 
governor's designee, previously notified, each Tribal official or to the Tribal official's 
designee previously notified, and to the Director, Division of Radiological Health. 
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2. The licensee shall state in the notice that it is a cancellation and identify the advance 
notification that is being canceled. The licensee shall retain a copy of the notice as a 
record for 3 years. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Schedule 10-6 of Rule 0400-20-10-.38 Appendix-Schedules is amended by deleting it in its entirety and 
substituting instead the following: 

SCHEDULE 10-6: DETERMINATION OF A1 AND A2. 

(1) Values of A1 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) value. The terabecquerel values are the regulatory standard. The curie values 
are for information only and are not intended to be the regulatory standard. Where values of A1 or A2 are 
unlimited, it is for radiation control purposes only. For nuclear criticality safety, some materials are 
subject to controls placed on fissile material. 

(2) (a) For individual radionuclides whose identities are known but that are not listed in Table A-1, the A1 
and A2 values contained in Table A-3 may be used. Otherwise, the licensee shall obtain prior 
Division approval of the A1 and A2 values for radionuclides not listed in Table A-1, before shipping 
the material. 

(b) For individual radionuclides whose identities are known, but which are not listed in Table A-2, the 
exempt material activity concentration and exempt consignment activity values contained in Table 
A-3 may be used. Otherwise, the licensee shall obtain prior Division approval of the exempt 
material activity concentration and exempt consignment activity values for radionuclides not listed 
in Table A-2, before shipping the material. 

(c) The licensee shall submit requests for prior approval, described under subparagraphs (a) and (b) 
of this schedule, to the Division, in accordance with Rule 0400-20-04-.07. 

(3) 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. 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. 

(4) 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: 

L: 
I 

less than or equal to 1 

where B(i) is the activity of radionuclide I, and A1(i) is the A1 value for radionuclide I. 

(b) For normal form radioactive material, the maximum quantity transported in a Type A package: 

L: B(i) 
1 Az(i) less than or equal to 1 

where B(i) is the activity of radionuclide I, and A2(i) is the A2 value for radionuclide I. 

(c) Alternatively, an A1 value for mixtures of special form material may be determined as follows: 
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A1 for mixture= -----

Where f(i) is the fraction of activity of nuclide I in the mixture and A1(i) is the appropriate A1 value 
for nuclide I. 

(d) An A2 value for mixtures of normal form material may be determined as follows: 

1 
A2 for mixture = -----

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. 

(e) The exempt activity concentration for mixtures of nuclides may be determined as follows: 

Exempt activity 1 
concentration for -----

mixture = L: f(i) 
[A](i) 

where f(i) is the fraction of activity concentration of radionuclide I in the mixture, and [A] is the 
activity concentration for exempt material containing radionuclide I. 

(f) The activity limit for an exempt consignment for mixtures of radionuclides may be determined as 
follows: 

Exempt consignment 1 
activity limit for -----

mixture = L: f(i) 
A(i) 

where f(i) is the fraction of activity of radionuclide I in the mixture, and A is the activity limit for 
exempt consignments for radionuclide I. 

(5) 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. The lowest A1 or A2 value, as appropriate, for the 
radionuclides in each group may be used in applying the formulas in paragraph (4) of this schedule. 
Groups may be based on the total alpha activity and the total beta/gamma activity when these are known, 
using the lowest A1 or A2 values for the alpha emitters and beta/gamma emitters. 

Table A-1-A1 and A2 VALUES FOR RADIONUCLIDES 

I I G;-r ---j, Symbol of I Element and atomic A1 (TBq) A1(Ci)2 Az (TBq) 
Specific activity 

radionuclide number (TBq/g) (Ci/g) 

Ac-225 @) Actinium (89) 8.0X10'1 2.2X101 6.0X10-3 1.6X10-1 2.1X103 5.8X104 

Ac-227 @) 9.0X10-1 2.4X101 9.0X10-5 2.4X10-3 2.7 7.2X101 

Ac-228 6.0X10-1 1.6X101 5.ox1o-1 1.4X101 8.4X1 04 2.2X106 

Ag-105 Silver (47) 2.0 5.4X101 2.0 5.4X101 1.1X103 3.0X104 

lAg-108m@) I 17.0XW
1 

11.9X101 17.0X10-1 11.9X101 19.7X10-1 12.6X101 
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JAg-110m@) I J4.0X10-1 
J1.1X10

1 14.0X10-1 j1.1X101 1.8X102 4.7X103 

IAg-111 J2.0 15.4X10
1 

,6.0XW
1 

J1.6X10
1 

J5.8X10
3 

J1.6X10
5 

IAI-26 JAiuminum (13) J1.0X10-1 
12.7 J1.0X10-1 2.7 7.0X10-4 1.9X10-2 

Am-241 Americium (95) 1.0X101 2.7X102 1.0X10-3 2.7X10-2 1.3X10-1 3.4 

JAm-242m @) J J1.0X10
1 2.7X102 1.0X10-3 2.7X10-2 3.6X10-1 1.0X101 

Am-243 @) 5.0 1.4X1 02 1.0X10-3 2.7X10-2 7.4X1o-3 2.ox1o-1 

Ar-37 Argon (18) 4.0X101 1.1X103 4.0X101 1.1X103 3.7X103 9.9X104 

JAr-39 I J4.0X101 J1.1X10
3 

J2.0X101 J5.4X10
2 

11.3 3.4X101 

JAr-41 I J3.0X10-1 
18.1 J3.0X10-1 

J8.1 11.5X106 4.2X107 

JAs-72 J Arsenic (33) J3.0X10-1 
J8.1 J3.0X10-1 

18.1 J6.2X1 04 1.7X1 06 

fA~-73 J4.0X10
1 11.1X103 J4.0X10

1 

1
1.1X1 03 --r 8.2X1 02 2.2X1 04 

JAs-74 I J1.0 2.7X101 9.0X10-1 2.4X101 3.7X103 9.9X104 

As-76 3.0X10-1 8.1 3.0X10-1 8.1 5.8X104 1.6X106 

As-77 2.0X101 5.4X102 7.0X10-1 1.9X101 3.9X104 1.0X106 

At-211 @) Astatine (85) 2.0X101 5.4X1 02 5.ox1o-1 1.4X101 7.6X104 2.1X106 

Au-193 Gold (79) 7.0 1.9X102 2.0 5.4X101 3.4X1 04 9.2X105 

Au-194 1.0 2.7X101 1.0 2.7X101 1.5X104 4.1X105 

I 

IAu-195 I J1.0X101 J2.7X10
2 6.0 1.6X102 1.4X102 3.7X103 

I Au-198 I 11.0 l2.7x1o
1 16.0X10-1 11.6X101 19.0X10

3 
J2.4X10

5 

-r Au-199 I J1.0X10
1 

12.7X10
2 l6.0X10-1 1.6X101 7.7X103 2.1X105 

Ba-131 @) Barium (56) 2.0 5.4X101 2.0 5.4X101 3.1X103 8.4X104 

Ba-133 3.0 8.1X101 3.0 8.1X101 9.4 2.6X102 

Ba-133m 2.0X101 5.4X102 6.ox1o·1 1.6X101 2.2X104 6.1X1 05 

Ba-140 @) 5.0X10-1 
11.4X10

1 3.0X10-1 8.1 2.7X103 7.3X104 

Be-7 Beryllium (4) 2.0X101 5.4X102 2.0X101 5.4X102 1.3X104 3.5X105 

Be-10 4.0X101 1.1X103 6.0X10-1 1.6X1 01 8.3X10-4 2.2X10-2 

I Bi-205 ~uth(83) J7.0X10-1 
J1.9X10

1 17.0X10-1 J1.9X101 J1.5X10
3 

J4.2X104 

~206-, J3.0XW
1 

18.1 J3.0X10-1 
J8.1 13.8X10

3 
J1.0X10

5 

I Bi-207 T J7.0XW1 J1.9X101 J7.0X10-1 l1.9X101 
,1.9 J5.2X10

1 
-~-

Bi-21 0 1.0 2.7X101 6.0X10-1 1.6X101 4.6X103 1.2X1 05 

J Bi-210m @) I 16.0X10-1 
J1.6X10

1 J2.0X10-2 15.4X10-1 2.1X10-5 5.7X1 o-4 

Bi-212 @) 7.0X10-1 1.9X101 6.0X10-1 1.6X101 5.4X105 1.5X107 

Bk-247 Berkelium (97) 8.0 2.2X102 8.0X10'4 2.2X10-2 3.8X10-2 1.0 

Bk-249 @) 4.0X101 1.1X103 3.0XW1 8.1 6.1X101 1.6X103 

I Br-76 I Bromine (35) J4.0X10-1 11.1X101 
J4.0XW

1 1.1X101 9.4X104 2.5X106 

J Br-77 I ,3.0 J8.1X10
1 

13.0 J8.1X101 J2.6X104 J7.1X10
5 

J Br-82 J4.0X10-1 
J1.1X10

1 J4.0X10-1 J1.1X101 J4.0X104 1.1X106 

1 C-11 J Carbon (6) FO J2.7X101 J6.0X10-1 [1.6X101 3.1X107 8.4X108 

Jc-14 I J4.0X101 
J1.1X10

3 3.0 8.1X101 1.6X10-1 4.5 

Ca-41 Calcium (20) Unlimited Unlimited Unlimited Unlimited 3.1X10-3 8.5X10-2 

Ca-45 4.0X101 1.1X103 1.0 2.7X101 6.6X102 1.8X1 04 

Ca-47 @) 3.0 8.1X101 3.0X10-1 8.1 2.3X104 6.1X105 

Cd-109 Cadmium (48) 3.0X101 8.1X102 2.0 5.4X1 01 9.6X101 2.6X103 

Jed-113m I J4.0X101 J1.1X103 J5.0X1o-1 J1.4X10
1 8.3 2.2X102 

Cd-115 @) 3.0 8.1X101 4.0X10-1 1.1X101 1.9X104 5.1X105 

--
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Jed-115m I J5.0X10'1 1.4X101 5.0X10'1 1.4X1 01 9.4X102 2.5X1 04 

Jce-139 Tcerium (58) vo J1.9X10
2 

J2.0 15.4X101 J2.5X10
2 

J6.8X10
3 

) Ce-141 I j2.0X101 
15.4X10

2 16.0X10'1 11.6X101 J1.1X10
3 

12.8X10
4 

I Ce-143 I ,9.0X10'1 
12.4X10

1 ,6.0X10'1 11.6X101 2.5X1 04 6.6X105 

Ce-144 @) 2.0X10'1 5.4 2.0X10'1 5.4 1.2X102 3.2X103 

Cf-248 Californium (98) 4.0X101 1.1X103 6.0X10'3 1.6X1 o-1 5.8X101 1.6X103 

Cf-249 3.0 8.1X101 8.0X10'4 2.2X10'2 1.5X10'1 4.1 

I Cf-250 I J2.0X101 5.4X102 2.0X10'3 5.4X10-2 4.0 1.1X1 02 

I Cf-251 I ,7.0 11.9X10
2 7.0X10'4 1.9X10'2 5.9X10-2 1.6 

I Cf-252 (h) I 15.0X10'2 
11.4 13.0X10'3 

18.1X1 o-~ 12.0X101 5.4X102 

I Cf-253 @) l J4.0X10
1 

j1.1X10
3 J4.0X10'2 

11.1 J1.1X10
3 

J2.9X10
4 

---

Jct-254 I J1.0X10'3 
12.7X10'2 J1.0X10"3 2.7X10-2 3.1X102 8.5X103 

Jcl-36 Chlorine (17) 1.0X101 2.7X102 6.0X10'1 1.6X101 1.2X10'3 3.3X10'2 

Cl-38 2.0X10'1 5.4 2.0X10'1 5.4 4.9X106 1.3X108 

Cm-240 Curium (96) 4.0X101 1.1X103 2.0X10'2 5.4X10'1 7.5X102 2.0X104 

Cm-241 2.0 5.4X101 1.0 2.7X101 6.1X102 1.7X104 

Cm-242 4.0X101 1.1X103 1.0X10'2 2.7X10"1 1.2X102 3.3X1 03 
I 

[cm-243 I 19.0 l2.4X10
2 J1.0X10"3 2.7X10-2 1.9X10'3 5.2X101 

Jcm-244 I 2.0X101 5.4X1 02 2.0X10"3 5.4X10'2 3.0 8.1X101 

Jcm-245 I ,9.0 12.4X10
2 J9.0X10'4 J2.4X1 o-2 16.4X10'3 J1.7X10'1 

lcm-246 I 19.0 12.4X10
2 9.0X10'4 2.4X10'2 1.1X10'2 3.1X10'1 

Cm-247 @) 3.0 8.1X101 1.0X10'3 2.7X10'2 3.4X10'6 9.3X10-5 

Cm-248 2.0X10'2 5.4X10'1 3.0X10'4 8.1X10'3 1.6X1 o·4 4.2X10-3 

Co-55 Cobalt (27) 5.0X10'1 1.4X101 5.0X10'1 1.4X1 01 1.1X105 3.1X106 

Co-56 3.0X10'1 8.1 3.0X10'1 8.1 1.1X103 3.0X104 

leo-57 I 11.0X10
1 

J2.7X10
2 11.0X101 J2.7X10

2 
13.1X10

2 
18.4X1 0

3 

I Co-58 I J1.0 12.7X101 
J1.0 J2.7X10

1 
J1.2X10

3 13.2X104 

lco-58m I J4.0X10
1 11.1X103 J4.0X101 J1.1X10

3 
12.2X10

5 5.9X106 

lco-60 I 14.0X10'1 
11.1X10

1 J4.0X10"1 11.1X101 14.2X101 J1.1X10
3 -

Cr-51 Chromium (24) 3.0X101 8.1X102 3.0X101 8.1X102 3.4X103 9.2X104 

Cs-129 Cesium (55) 4.0 1.1X102 4.0 1.1X102 2.8X104 7.6X1 05 

Cs-131 3.0X101 8.1X1 02 3.0X101 8.1X102 3.8X103 1.0X105 

Cs-132 1.0 2.7X101 1.0 2.7X101 5.7X103 1.5X105 

Cs-134 7.0X10-1 1.9X101 7.0X10'1 1.9X101 4.8X101 1.3X1 03 

I Cs-134m I 14.0X101 
11.1X10

3 
16.0X10'

1 11.6X101 13.0X10
5 

18.0X10
6 

I Cs-135 I 14.0X10
1 

J1.1X10
3 

11.0 2.7X101 4.3X10'5 1.2X10'3 

I Cs-136 I 15.0X10'1 
11.4X10

1 J5.0X10'1 11.4X10
1 

12.7X10
3 

J7.3X10
4 

-I Cs-137 @) I J2.0 15.4X10
1 j6.0X10'1 j1.6X101 

13.2 8.7X101 

Cu-64 Copper (29) 6.0 1.6X102 1.0 2.7X101 1.4X1 05 3.9X106 

I Cu-67 I 
-

1.0X101 2.7X102 7.0X10"1 1.9X101 2.8X104 7.6X105 

2.0X101 5.4X102 2.0X101 5.4X102 ' 2.1X102 5.7X103 Dy-159 Dysprosium (66) 

Dy-165 9.0X10'1 2.4X101 6.0X10'1 1.6X101 3.0X105 8.2X106 

Dy-166 @) 9 .. 0X10'1 2.4X101 3.0X10'1 8.1 8.6X103 2.3X105 

)Er-169 I Erbium (68) J4.0X10
1 

11.1X10
3 

,1.0 J2.7X101 3.1X103 8.3X104 

)Er-171 I 18.ox10·1 2.2X101 5.0X10'1 1.4X101 9.0X104 2.4X106 
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I Eu-147 I Europium (63) 12.0 js.4X1 0
1 

12.0 ls.4X10
1 

11.4X10
3 

,3.7X10
4 

IEu-148 I ls.ox1o·1 
11.4X10

1 Toxw-1 j1.4X101 
16.0X10

2 1.6X104 

I Eu-149 I ,2.0X101 
ls.4X10

2 
12.0X10

1 
js.4X10

2 j3.5X10
2 9.4X1 03 

IEu-150 
(short lived) 

I 
,2.0 15.4X10

1 j7.ox1o·1 
J1.9X10

1 
J6.1X10

4 
11.6X10s 

I Eu-150 (long I ,7.0X10-
1 

,1.9X10
1 

J7.0X10"
1 1.9X101 

J6.1X10
4 1.6X106 

lived) 

IEu-152 I 11.0 12.7X10
1 11.0 12.7X10

1 
j6.s j1.8X10

2 

Eu-152m 8.ox1o·1 2.2X101 8.ox1o·1 2.2X101 8.2X104 2.2X1 06 

I Eu-154 I 9.0X10"1 2.4X101 6.0X10"1 1.6X101 9.8 2.6X1 02 

Eu-155 2.0X101 5.4X102 3.0 8.1X101 1.8X101 4.9X102 

Eu-156 7.ox10·1 1.9X101 7.ox1o·1 1.9X101 2.0X103 5.5X104 

F-18 Fluorine (9) 1.0 2.7X101 6.0X10"1 1.6X1 01 3.5X106 9.5X107 

Fe-52 (§) Iron (26) 3.0X10"1 8.1 3.0X10"1 8.1 2.7X105 7.3X106 

I Fe-55 I j4.0X10
1 1.1X103 4.0X101 1.1X103 8.8X101 2.4X1 03 

I Fe-59 I 19.0X1o·1 
12.4X10

1 j9.ox10·1 2.4X101 1.8X103 5.0X104 

I Fe-60 (§) I 14.0X10
1 

11.1X10
3 j2.0X10-1 

ls.4 17.4X1o·4 j2.0X10"
2 

-

Ga-67 I Gallium (31) 7.0 1.9X1 02 3.0 8.1X101 2.2X104 6.0X105 

Ga-68 s.ox10·1 1.4X101 s.ox10·1 1.4X101 1.5X1 06 4.1X107 

Ga-72 4.ox10·1 1.1X101 4.ox10·1 1.1X101 1.1X105 3.1X106 

Gd-146 (§) Gadolinium (64) s.ox1o·1 1.4X101 s.ox1o·1 1.4X101 6.9X102 1.9X1 04 

Gd-148 2.0X101 5.4X102 2.ox10·3 5.4X10.2 1.2 3.2X101 

Gd-153 1.0X101 2.7X102 9.0 2.4X1 02 1.3X1 02 3.5X103 

I Gd-159 I 13.0 18.1X10
1 16.0X10"1 

11.6X10
1 3.9X1 04 1.1X106 

Ge-68 (§) Germanium (32) s.ox10·1 1.4X101 5.0X10"1 1.4X101 2.6X102 7.1X103 

I Ge-71 I 14.0X10
1 

j1.1X10
3 

14.0X10
1 

11.1X10
3 

js.8X10
3 

11.6X10
5 

Ge-77 3.0X1o·1 8.1 3.ox10·1 8.1 1.3X105 3.6X106 

Hf-172 (§) Hafnium (72) 6.ox1o·1 1.6X1 01 6.0X10"1 1.6X101 4.1X101 1.1X103 

Hf-175 3.0 8.1X101 3.0 8.1X101 3.9X1 02 1.1X104 

Hf-181 2.0 5.4X101 s.ox1o·1 1.4X101 6.3X102 1.7X1 04 

Hf-182 Unlimited Unlimited Unlimited Unlimited 8.1X10-6 2.2x1o·4 

I Hg-194 (§) I Mercury (80) 1.0 2.7X101 1.0 2.7X101 1.3X1 o·1 3.5 

1Hg-195m (§) I 13.0 18.1X10
1 7.0X1o·1 1.9X101 1.5X1 04 4.0X105 

I Hg-197 I 12.0X10
1 

ls.4X10
2 1.0X101 2.7X102 9.2X103 2.5X105 

JH;-197m I 11.0X10
1 

12.7X10
2 14.0X10.1 

11.1X10
1 

j2.5X10
4 

16.7X10
5 

-I Hg-203 I ls.o j1.4X10
2 11.0 j2.7X101 js.1X10

2 1.4X1 04 

Ho-166 Holmium (67) 4.ox10·1 1.1X101 4.ox10·1 1.1X101 2.6X1 04 7.0X105 

Ho-166m 6.ox1o·1 1.6X101 s.ox1o·1 1.4X101 6.6X1o·2 1.8 

1-123 Iodine (53) 6.0 1.6X102 3.0 8.1X101 7.1X104 1.9X106 

1-124 1.0 ,2.7X101 1.0 2.7X101 9.3X103 2.5X105 

1-125 2.0X101 5.4X1 02 3.0 8.1X101 6.4X1 02 1.7X1 04 

11-126 I 12.0 ls.4X10
1 

11.0 j2.7X101 
12.9X10

3 8.0X104 

11-129 I I Unlimited I Unlimited Unlimited Unlimited 6.5X10.6 1.8X10"4 

11-131 
--l--

,3.0 j8.1X101 j7.0X1o·1 j1.9X10
1 

14.6X10
3 

11.2X10
5 

11-132 I j4.ox1o·1 
j1.1x10

1 j4.0X10-1 j1.1X10
1 

j3.8X10
5 j1.0X10

7 

11-133 I j7.ox1o·1 
j1.9X10

1 j6.ox1o·1 j1.6X10
1 j4.2X104 

11.1X10
6 
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11-134 I j3.0X10'1 
/8.1 j3.0X10'1 

j8.1 9.9X105 2.7X107 

11-135 (g) l j6.0X10'1 
j1.6X10

1 ,6.0X10'1 j1.6X10
1 

j1.3X10
5 

j3.5X10
6 

lln-111 /Indium (49) ,3.0 j8.1X101 
,3.0 j8.1X101 j1.5X104 j4.2X1 0

5 

In-113m 4.0 1.1X102 2.0 5.4X101 6.2X105 1.7X107 

In-114m@) 1.0X101 2.7X102 5.ox10-1 1.4X101 8.6X102 2.3X104 

In-115m 7.0 1.9X1 02 1.0 2.7X101 2.2X105 6.1X106 

lr-189 @) Iridium (77) 1.0X101 2.7X102 1.0X101 2.7X102 1.9X103 5.2X104 

llr-190 I 17.0X10'1 1.9X101 7.0X10'1 1.9X101 2.3X103 6.2X104 

llr-192(g) I ,1.0 j2.7X101 j6.0X10'1 j1.6X101 
13.4X10

2 
,9.2X10

3 

llr-194 I J3.0X10'
1 8.1 3.0X10'1 8.1 3.1X1 04 8.4X105 

r;<-40---- I Potassium (19) ~9.0X10-1 
12.4X10

1 j9.ox1o·1 
12.4X10

1 
12.4X10'

7 
l6.4X10'

6 
--

IK-42 I 12.0X10'1 
15.4 12.0X10'1 

15.4 j2.2X10
5 

r6.0X10
6 

IK-43 I j7.0X10'1 
11.9X10

1 
16.0X10'1 

11.6X1 0
1 

11.2X10
5 

13.3X10
6 

Kr-81 Krypton (36) 4.0X101 1.1X103 4.0X101 1.1X103 7.8X10'4 2.1X10'2 

Kr-85 1.0X101 2.7X102 1.0X101 2.7X102 1.5X101 3.9X102 

Kr-85m 8.0 2.2X102 3.0 8.1X101 3.0X105 8.2X106 

I Kr-87 I 12.0X10'
1 

15.4 12.0X10'1 
15.4 1.0X106 2.8X107 

ILa-137 I Lanthanum (57) 13.0X10
1 

18.1X10
2 

16.0 11.6X10
2 11.6X10-3 

14.4X10'
2 

--

I La-140 I j4.0X10'1 ~1~1X101 
14.0X10'1 

11.1X10
1 

12.1X10
4 

15.6X10
5 --

I Lu-172 I Lutetium (71) j6.0X10-1 
l1.6X10

1 j6.ox1o·1 
j1.6X10

1 j4.2X103 11.1X105 
--

ILu-173 18.0 12.2X10
2 

j8.o 12.2X1 0
2 

15.6X10
1 

11.5X10
3 

--

ILu-174 I 19.0 12.4X10
2 

19.0 12.4X1 0
2 

j2.3X101 j6.2X10
2 

Lu-174m 2.0X101 5.4X102 1.0X101 2.7X102 2.0X102 5.3X103 

Lu-177 3.0X101 8.1X102 7.0X10'1 1.9X101 4.1X103 1.1X105 

Mg-28 (g) Magnesium (12)· 3.0X10'1 8.1 3.0X10'1 8.1 2.0X105 5.4X106 

Mn-52 Manganese (25) 3.0X10'1 8.1 3.0X10'1 8.1 1.6X104 4.4X1 05 

Mn-53 Unlimited Unlimited Unlimited Unlimited 6.8X10'5 1.8X10'3 

jMn-54 I 11.0 j2.7X101 
11.0 12.7X10

1 2.9X102 7.7X103 

I Mn-56 I 13.0X10'
1 

18.1 13.0X10'1 
18.1 18.0X10

5 2.2X107 

JMo-93 J Molybdenum (42) 14.0X10
1 

11.1X10
3 

12.0X10
1 

15AX10
2 4.1X10'2 

1.1 

Mo-99 @) (j) 1.0 2.7X101 6.0X10'1 1.6X101 1.8X1 04 4.8X105 

N-13 Nitrogen (7) 9.0X10'1 2.4X101 6.0X10'1 1.6X101 5.4X107 1.5X1 09 

Na-22 Sodium (11) 5.0X10'1 1.4X101 5.0X10'1 1.4X101 2.3X102 6.3X103 

I Na-24 I 12.0X10'
1 

15.4 12.0X10'
1 5.4 3.2X105 8.7X106 

I Nb-93m I Niobium (41) 14.0X10
1 1.1X103 3.0X101 8.1X102 8.8 2.4X102 

I Nb-94 I j7.0X10'1 
11.9X10

1 j7.0X10-1 
l1.9X10

1 16.9X10'
3 j1.9X10-1 

I Nb-95 I 11.0 j2.7X101 
11.0 J2.7X10

1 1.5X103 3.9X104 

I Nb-97 I 19.0X10-1 
12.4X1 0

1 
16.0X10'1 

11.6X10
1 

19.9X10
5 2.7X107 

I Nd-147 I Neodymium (60) 16.0 j1.6X102 
16.0X10'1 j1.6X101 

13.0X10
3 8.1X104 

Nd-149 6.0X10'1 1.6X101 5.0X10'1 1.4X101 4.5X1 05 1.2X107 

Ni-59 Nickel (28) Unlimited Unlimited Unlimited Unlimited 3.0X10'3 8.0X10'2 

Ni-63 4.0X101 1.1X103 3.0X101 8.1X102 2.1 5.7X101 

Ni-65 4.0X10'1 1.1X101 4.0X10'1 1.1X101 7.1X105 1.9X107 

Np-235 Neptunium (93) 4.0X101 1.1X103 4.0X101 1.1X103 5.2X101 1.4X103 

I Np-236 
(short-lived) I ,2.0X10

1 
15.4X10

2 
12.0 15.4X10

1 4.7X1 o·4 1.3X10'2 

0 
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Np-236 

I j9.0X10° 12.4X10
2 

j2.0X10"
2 

j5.4X1o·
1 4.7X1o·4 1.3X1o·2 

(long-lived) 

I Np-237 I 12.0X101 j5.4X1 0
2 j2.0X10"3 15.4X1o·2 j2.6X10"5 17.1X1o·4 

r Np-239 · ,7.0 j1.9X102 ,4.0X10"1 11.1X10
1 

18.6X10
3 j2.3X105 

--

I Os-185 I Osmium (76) ,1.0 ,2.7X101 
11.0 12.7X101 

12.8X10
2 

l7.5x1o
3 

I Os-191 I 11.0X10
1 2.7X102 2.0 5.4X101 1.6X103 4.4X104 

I Os-191m I 14.0X10
1 

11.1X10
3 3.0X101 8.1X102 4.6X104 1.3X1 06 

Os-193 2.0 5.4X101 6.0X10"1 1.6X101 2.0X104 5.3X105 

Os-194 @) 3.0X10., 8.1 3.0X10"1 8.1 1.1X101 3.1X102 

P-32 Phosphorus (15) 5.ox10·1 1.4X101 5.0X10_, 1.4X101 1.1X104 2.9X105 

jP-33 I j4.0X101 j1.1X103 
,1.0 j2.7X101 5.8X103 1.6X105 

JPa-230 @) j Protactinium (91) ,2.0 15.4X10
1 j7.0X10"2 

,1.9 1.2X103
. 3.3X104 

. 

1 Pa-231 -~ ,4.0 j1.1X102 j4.0X1o·4 1.1X10.2 1.1x1o·3 4.7X1o·2 

I Pa-233 15.0 11.4X10
2 j?.ox1o·, j1.9X101 

17.7X10
2 

12.1X104 ·-

I Pb-201 jLead (82) 11.0 j2.7X101 
,1.0 2.7X101 6.2X104 1.7X106 

I Pb-202 I 14.0X10
1 j1.1X103 

12.0X101 j5.4X10
2 j1.2x1o·4 3.4X1 o·3 

Pb-203 4.0 1.1X102 3.0 8.1X1 01 1.1X104 3.0X105 

Pb-205 Unlimited Unlimited Unlimited !unlimited 4.5X1o-e 11.2x10·4 

Pb-210 @) 1.0 2.7X101 5.0X10"2 1.4 2.8 7.6X101 

I Pb-212 @) I 17.0X10"1 j1.9X101 12.0X10"1 15.4 ,5.1X104 1.4X106 

I Pd-103 @) I Palladium (46) 14.0X101 j1.1X10
3 4.0X101 1.1X103 2.8X103 7.5X104 . 

I Pd-1 07 I !unlimited I Unlimited I Unlimited !unlimited ,1.9X10"5 5.1x10·4 

!Pd-109~ 12.0 15.4X10
1 j5.ox1o·, 1.4X101 7.9X104 2.1X106 

Pm-143 Promethium (61) 3.0 8.1X101 3.0 8.1X101 1.3X1 02 3.4X103 

Pm-144 7.0X10"1 1.9X101 ?.ox10·, 1.9X101 9.2X101 2.5X103 

Pm-145 3.0X101 8.1X102 1.0X101 2.7X102 5.2 1.4X1 02 

Pm-147 4.0X101 1.1X103 2.0 5.4X101 3.4X1 01 9.3X102 

Pm-148m @) 8.ox10·, 2.2X101 7.0X10"1 1.9X101 7.9X102 2.1X104 

IPm-149 I ,2.0 15.4X10
1 j6.0X10"1 j1.6X101 j1.5X104 4.0X105 

I Pm-151 I ,2.0 15.4X10
1 ,6.0X10"1 ,1.6X10

1 2.7X104 7.3X105 

I Po-210 I Polonium (84) j4.0X101 
11.1X10

3 ,2.0X10"2 15.4X10"1 j1.7X102 
l4.5X10

3 

I Pr-142 I Praseodymium (59) ,4.0X10"1 
f1.1X10

1 j4.0X10"1 
l1.1X10

1 
14.3X1 0

4 1.2X106 

I Pr-143 I ,3.0 j8.1X101 16.0X10"1 j1.6X101 j2.5X103 6.7X104 

IPt-188 @) I Platinum (78) 11.0 12.7X10
1 j8.ox10·, j2.2X101 2.5X1 03 6.8X104 

Pt-191 4.0 1.1X102 3.0 8.1X101 8.7X103 2.4X105 

Pt-193 4.0X101 1.1X1 03 4.0X101 1.1X1 03 1.4 3.7X101 

JPt-193m I 14.0X101 1.1X103 5.0X10"1 1.4X101 5.8X1 03 1.6X105 

PI-195m 1.0X101 2.7X102 5.0X10"1 1.4X101 6.2X103 1.7X1 05 

I Pt-197 I j2.0X101 
15.4X1 0

2 j6.0X10"1 j1.6X101 3.2X104 8.7X105 

I PI-197m I 11.0X10
1 ,2.7X102 6.ox1o·, 1.6X101 3.7X1 05 1.0X107 

[Pu"-236 I Plutonium (94) r.OX10
1 j8.1X1 02 j3.ox1o·3 18.1X1 o·2 j2.0X101 ~5.3X102 

I Pu-237 r ~2.0X101 
15.4X10

2 
,2.0X101 j5.4X102 14.5X1 02 ,1.2X104 

I Pu-238 I j1.0X101 
12.7X10

2 11.0X10·3 j2.7X1 o·2 16.3X1o·, 1.7X101 

Pu-239 1.0X101 2.7X102 1.0X10"3 2.7X1o·2 2.3X1 o·3 6.2x1o·2 

Pu-240 1.0X101 2.7X102 1.0X10"3 2.7X1 o·2 8.4X1o·3 2.3X1o·, 

Pu-241 @) 4.0X101 1.1X103 6.0X10"2 1.6 3.8 1.0X102 
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I Pu-242 I 1.0X101 2.7X102 J 1.0X10"
3 2.7x1o·2 1.5X1 o·4 3.9X10"3 

IPu-244 @) I J4.0X10"1 
J1.1X101 j1.ox10·3 J2.7X10-2 J6.7X10"7 J1.8X10.5 --

Ra-223 @) Radium (88) 4.0X10"1 1.1X101 7.0X10"3 1.9X10"1 1.9X103 5.1X104 

J Ra-224 @) I J4.0X10"1 
J1.1X10

1 J2.0X10"2 l5.4X1o·1 
J5.9X10

3 1.6X105 

Ra-225 @) 2.0X10"1 5.4 4.0X10"3 1.1X10-1 1.5X103 3.9X104 

Ra-226 @) 2.ox10·1 5.4 3.ox1o·3 8.1x1o·2 3.7X1 o·2 1.0 

Ra-228 @) 6.ox1o·1 1.6X101 2.ox10·2 5.4X10"1 1.0X101 2.7X102 

Rb-81 Rubidium (37) 2.0 5.4X101 8.ox1o·1 2.2X101 3.1X105 8.4X106 

IRb-83 @) I 12.0 15.4X1 01 
,2.0 15.4X10

1 
16.8X10

2 J1.8X104 

IRb-84 I 11.0 J2.7X10
1 

11.0 J2.7X10
1 

11.8X10
3 4.7X104 

IRb-8-6 -~ 15.0X10"1 
J1.4X10

1 
·-

J5.0X10"1 j1.4X101 ·-~3.0X103 
18.1X10

4 
--

Rb-87 Unlimited Unlimited Unlimited Unlimited 3.2X10-9 8.6X10-8 

I Rb(nat) I I Unlimited I Unlimited Junlimited Unlimited 6.7X106 1.8X108 

Re-184 Rhenium (75) 1.0 2.7X101 1.0 2.7X101 6:9X102 1.9X104 

Re-184m 3.0 8.1X101 1.0 2.7X101 1.6X102 4.3X103 

Re-186 2.0 5.4X101 6.ox1o·1 1.6X101 6.9X103 1.9X105 

Re-187 
I 

Unlimited Unlimited Unlimited Unlimited 1.4X10-9 3.8X10-8 

I Re-188 I J4.0X10"1 
J1.1X10

1 J4.0X10-1 11.1X101 3.6X104 9.8X105 

J Re-189 @) 3.0 8.1X101 6.ox10·1 1.6X101 2.5X104 6.8X105 

I Re(nat) I J Unlimited I Unlimited J Unlimited J Unlimited Jo.o 12.4X10-8 

I Rh-99 I Rhodium (45) 12.0 5.4X101 2.0 5.4X101 3.0X103 8.2X104 

jRh-101 I ,4.0 J1.1X10
2 

,3.0 J8.1X101 4.1X101 1.1X103 

I Rh-102 I J5.0X10-1 
11.4X10

1 15.ox1o·1 J1.4X101 4.5X101 1.2X1 03 

I Rh-102m I 2.0 5.4X101 2.0 5.4X101 2.3X102 6.2X103 

Rh-103m 4.0X101 1.1X103 4.0X101 1.1X103 1.2X106 3.3X107 

Rh-105 1.0X1 01 2.7X102 8.0X10"1 2.2X101 3.1X104 8.4X1 05 

I Rn-222 @) I Radon (86) J3.0X10"1 
18.1 J4.0X10"3 l1.1x1o·1 

15.7X10
3 J1.5X10

5 

I Ru-97 I Ruthenium (44) ,5.0 J1.4X10
2 

,5.0 J1.4X10
2 1.7X1 04 4.6X105 

I Ru-103 @) l 12.0 15.4X10
1 

,2.0 15.4X10
1 J1.2X10

3 
J3.2X10

4 

Ru-105 1.0 2.7X101 6.0X10"1 1.6X101 2.5X105 6.7X106 

Ru-106 @) 2.0X10-1 5.4 2.0X10"1 5.4 1.2X102 3.3X1 03 

S-35 Sulphur (16) 4.0X101 1.1X103 3.0 8.1X101 1.6X103 4.3X104 

Sb-122 Antimony (51) 4.0X10"1 1.1X101 4.ox1o-1 1.1X101 1.5X104 4.0X105 

Sb-124 6.0X10"1 1.6X1 01 6.ox10·1 1.6X1 01 6.5X102 1.7X104 

Sb-125 2.0 5.4X101 1.0 2.7X101 3.9X101 1.0X1 03 

Jsb-126 I J4.0X10"1 
11.1X10

1 14.ox1o·1 J1.1X101 
13.1X10

3 8.4X1 04 

I Sc-44 I Scandium (21) ,5.0X10-1 1.4X1 01 6.ox1o·1 1.4X101 6.7X105 1.8X107 

Jsc-46 J5.0X10-1 
11.4X101 15.0X10-1 -~1.4X101 

J1.3X10
3 

13.4X10
4 

lsc-47 I J1.0X10
1 

J2.7X102 7.ox1o-1 1.9X101 3.1X104 8.3X105 

Sc-48 3.0X10"1 8.1 3.ox1o-1 8.1 5.5X104 1.5X106 

Se-75 Selenium (34) 3.0 8.1X101 3.0 8.1X101 5.4X102 1.5X104 

Se-79 4.0X101 1.1X103 2.0 5.4X101 2.6X10-3 7.0X10"2 

I Si-31 I Silicon (14) J6.0X10"1 
J1.6X101 j6.ox1o·1 J1.6X10

1 
J1.4X10

6 3.9X107 

Jsi-32 I J4.0X10
1 

j1.1X103 5.ox1o-1 1.4X101 3.9 1.1X102 

I Sm-145 I Samarium (62) J1.0X101 12.7X1 02 J1.0X101 
12.7X10

2 
J9.8X101 12.6X10

3 
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lSm-147 Unlimited Unlimited Unlimited Unlimited 8.5X10'1 2.3X10'8 

fSm-151 I J4.0X101 
11.1X10

3 
11.0X101 12.7X10

2 19.7X10'1 
12.6X10

1 

)sm-153 I 9.0 2.4X102 6.0X10'1 1.6X101 1.6X1 04 4.4X1 05 

Sn-113@) Tin (50) 4.0 1.1X102 2.0 5.4X101 3.7X102 1.0X1 04 

Sn-117m 7.0 1.9X102 4.0X10'1 1.1X101 3.0X103 8.2X104 

Sn-119m 4.0X101 )1.1X103 3.0X101 8.1X102 1.4X102 3.7X103 

Sn-121m (§) 4.0X101 1.1X103 9.0X10'1 2.4X101 2.0 5.4X101 

lsn-123 I 18.ox10·1 
12.2X101 16.0X10'1 11.6X101 13.0X10

2 
18.2X10

3 

lsn-125 4.0X10'1 1.1X101 4.0X10'1 1.1X101 4.0X103 1.1X105 

I Sn-126 @) I 16.0X10'1 1.6X101 4.ox10-1 1.1X101 1.0X10'3 2.8X10'2 

) Sr-82 (§) j Strontium (38) 12.0X10-1 
15.4 

-
)2.0X10'1 

15.4 )2.3X103 
J6.2X10

4 

J Sr-85 I 12.0 15.4X10
1 

12.0 15.4X101 18.8X10
2 

12.4X1 0
4 

Jsr-85m I )5.o )1.4X102 5.0 1.4X102 1.2X106 3.3X107 

Sr-87m 3.0 8.1X101 3.0 8.1X101 4.8X105 1.3X107 

Sr-89 6.0X10'1 1.6X101 6.0X10'1 1.6X101 1.1X103 2.9X104 

Sr-90 (§) 3.0X10'1 8.1 3.0X10'1 8.1 5.1 1.4X102 

Sr-91 @) 3.0X10'1 8.1 3.0X10'1 8.1 1.3X105 3.6X106 

lsr-92 @) I )1.0 2.7X101 3.0X10'1 8.1 4.7X105 1.3X1 07 

I T(H-3) I Tritium (1) J4.0X101 
11.1X10

3 
14.0X101 11.1X10

3 )3.6X102 
19.7X10

3 

Ta-178 I Tantalum (73) 11.0 12.7X101 8.0X10'1 2.2X101 4.2X106 1.1X108 

(long-lived) 

lra-179 I 13.0X10
1 

18.1X10
2 

13.0X101 18.1X10
2 4.1X101 1.1X103 

lra-182 I 19.0X10'1 
12.4X10

1 5.0X10'1 1.4X101 2.3X102 6.2X103 

Tb-157 Terbium (65) 4.0X101 1.1X103 4.0X101 1.1X103 5.6X10'1 1.5X101 

Tb-158 1.0 2.7X101 1.0 2.7X101 5.6X10'1 1.5X1 01 

Tb-160 1.0 2.7X101 6.0X10'1 1.6X101 4.2X102 1.1X104 

Tc-95m (§) Technetium (43) 2.0 5.4X101 2.0 5.4X101 8.3X1 02 2.2X104 

Tc-96 4.0X10'1 1.1X101 4.0X10'1 1.1X101 1.2X1 04 3.2X105 

lrc-96m @) I )4.0X10'1 )1.1X101 14.0X10'1 )1.1X101 11.4X10
6 3.8X107 

lTc-97 Unlimited Unlimited Unlimited Unlimited 5.2X10'5 1.4X10'3 

lrc-97m I J4.0X10
1 

J1.1X103 1.0 2.7X101 5.6X102 1.5X1 04 

lrc-98 I J8.0X10'1 
J2.2X101 17.0X10'1 )1.9X101 )3.2X10'5 )8.7X10-4 

lrc-99 I J4.0X10
1 

J1.1X103 J9.0X10'1 J2.4X10
1 6.3X10'4 1.7X10'2 

Tc-99m 1.0X101 2.7X102 4.0 1.1X102 1.9X105 5.3X106 

Te-121 Tellurium (52) 2.0 5.4X101 2.0 5.4X101 2.4X103 6.4X1 04 

Te-121m 5.0 1.4X102 3.0 8.1X101 2.6X102 7.0X1 03 

Te-123m I 8.0 2.2X102 1.0 2.7X101 3.3X102 8.9X103 

Te-125m 2.0X101 5.4X1 02 9.0X10'1 2.4X101 6.7X102 1.8X104 

lre-127 I J2.0X10
1 

15.4X10
2 j?.OX10'1 j1.9X101 j9.8X104 2.6X106 

Ire-127m@) I J2.0X101 
J5.4X10

2 )5.0X10'1 J1.4X101 )3.5X102 
J9.4X10

3 

lre-129 I J7.0X10'1 
J1.9X101 j6.0X10'1 j1.6X101 

J7.7X10
5 )2.1X107 

Jre-129m @) I )8.0X10'1 )2.2X101 J4.0X10'1 )1.1X101j1.1X103 
J3.0X10

4 

Jre-131m @) I J7.0X10'1 )1.9X101 )5.0X10'1 J1.4X10
1 

J3.0X10
4 8.0X105 

)re-132 @) I J5.0X10'1 1.4X101 4.0X10'1 1.1X101 1.1X104 3.0X105 

Th-227 Thorium (90) 1.0X101 2.7X102 5.0X10'3 1.4X10'1 1.1X103 3.1X104 

Th-228 (§) 5.0X10'1 1.4X101 1.0X10'3 2.7X1 o-2 3.0X101 8.2X102 
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ITh-229 I 5.0 1.4X1 02 5.0X10'4 1.4X1 o-2 7.9X10'3 2.1X10'1 

ITh-230 T-- J1.0X10
1 

J2.7X10
2 

11.0X10'3 J2.7X10'2 J7.6X10-4 J2.1X10'2 
--

r Th-231 4.0X101 1.1X103 2.0X10'2 5.4X10'1 2.0X104 5.3X105 

ITh-232 I Unlimited Unlimited Unlimited Unlimited 4.0X10'9 1.1X10'7 

Th-234 (§) 3.0X10'1 8.1 3.0X10'1 8.1 8.6X102 2.3X104 

Th(nat) Unlimited Unlimited Unlimited Unlimited 8.1X10'9 2.2X10'7 

Ti-44 (§) Titanium (22) 5.0X10-1 1.4X101 4.0X10'1 1.1X101 6.4 1.7X1 02 

ITI-200 I Thallium (81) 19.0X10'1 
12.4X10

1 J9.0X10'1 12.4X10
1 

J2.2X104 6.0X105 

I Tl-201 I J1.0X101 
J2.7X10

2 
J4.0 J1.1X10

2 
J7.9X10

3 
--

J2.1X10
5 

Tl-202 2.0 5.4X101 2.0 5.4X101 2.0X103 5.3X104 

ITI-204 
~----

11.0X10
1 

12.7X10
2 J7.0X10'1 J1.9X10

1 
J1.7X10

1 
J4.6X10

2 
---

jTm-167 J Thulium (69) J7.0 11.9X10
2 J8.0X10'1 J2.2X10

1 
J3.1X10

3 
J8.5X104 

Tm-170 3.0 8.1X101 6.0X10'1 1.6X101 2.2X102 6.0X103 

Tm-171 4.0X101 1.1X103 4.0X101 1.1X103 4.0X101 1.1X103 

U-230 (fast Uranium (92) 4.0X101 1.1X103 1.0X10'1 2.7 1.0X1 03 2.7X104 

lung 
absorption) 
@)(g) 

' 
U-230 4.0X101 1.1X103 4.0X10'3 1.1X10-1 1.0X103 2.7X104 

(medium 
lung 
absorption) 
@)(g) 

U-230 (slow 3.0X101 8.1X102 3.0X10'3 8.1X10'2 1.0X103 2.7X104 

lung 
absorption) 
@)(_f) 

U-232 (fast 4.0X101 1.1X1 03 1.0X10'2 2.7X10'1 8.3X10'1 2.2X101 

lung 
absorption) 
(Q) 

U-232 4.0X101 1.1X1 03 7.ox10-3 1.9X10'1 8.3X10-1 2.2X101 

(medium 
lung 
absorption) 
(g) 

U-232 (slow 1.0X101 2.7X102 1.0X10'3 2.7X10'2 8.3X10'1 2.2X101 

lung 
absorption) 
(_f) 

U-233 (fast 4.0X101 1.1X103 9.ox10-2 2.4 3.6X10'4 9.7X10-3 

lung 
absorption) 
(Q) 
-----· ·-------11 r7X10' 
U-233 4.0X101 1.1X103 2.0X10'2 5.4X10'1 3.6X10'4 

(medium 
lung 
absorption) 
(g) 

U-233 (slow 4.0X101 1.1X103 6.0X10'3 1.6X10'1 3.6X10'4 9.7X10'3 

lung 
absorption) 
(_f) 

U-234 (fast 4.0X101 1.1X103 9.ox10-2 2.4 2.3X10-4 6.2x1 o·3 

lung 
absorption) 
(Q) 

U-234 4.0X101 1.1X103 2.0X10'2 5.4X10'1 2.3X10'4 6.2X10'3 

(medium 
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U-234 (slow 
lung 
absorption) 
(_f) 

4.0X101 1.1X103 
I I 

6.2X10-3 

Unlimited Unlimited Unlimited 8.0X10'8 

absorption 
types) 
(§),(Q),(g),(_f) 

U-235 (all r-lUnlimited 
lung 

r-·-+-------+---+------+---+------+----------U-236 (fast 
lung 
absorption) 
(Q) 

U-236 
(medium 
lung 
absorption) 
(g) 

1 Uollmll•d Uollmll•d Uollmltoo Uollmll•d 2.4X10' 6.5XW' 

5.4X10-1 6.5X10-5 
4.0X10

1 
1.1x1o

3 
· T.OOox1o-z 

i-U--2-3-6-(s-lo-w-+------------~------~~----,_-------r--------r--------~ 

~;orption) I 4.0X10
1 

1

1.1X10
3 

16.0X10-
3 

1.6X10-
1 

2.4X10'
6 

1

6.5X10'
5 

U-238 (all 
lung 
absorption 
types) 
(Q),(g),(_f) 

U (nat) 

U (enriched 
to 20% or 
less) (g) 

Unlimited 

Unlimited 

Unlimited Unlimited 

Unlimited Unlimited 

Unlimited Unlimited 

U (dep) Unlimited Unlimited Unlimited 

Unlimited 1.2X1 o-a 3.4X1 o-7 

Unlimited 2.6X1 0'8 7.1X10-7 

Unlimited 

Unlimited 

See Table A- See Table A-4 
4 

See Table A- (See Table A-
4 3) 

JV-48 ]vanadium (23) ]4.0X10-1 J1.1X101 ]4.0X10'1 ]1.1X101 ]6.3X103 1.7X105 

V-49 4.0X101 1.1X103 4.0X101 1.1X103 3.0X102 8.1X103 

W-178 (§) Tungsten (74) 9.0 2.4X102 5.0 1.4X102 1.3X103 3.4X104 

W-181 3.0X101 8.1X102 3.0X101 8.1X102 2.2X102 6.0X103 

]w-185 I ]4.0X101 ]1.1x103 ]8.ox1o·1 2.2x1o1 3.5X102 9.4X103 

r--~W---18_7 ____ ~~------------~~-2.-0---------r~5-.4-X-1-01------r~6-.0-X_1_0_1--~~-1-.6-X-10-1 --~~-2.-6X_1_0_4 __ -+17-.0-X_1_05-----
1 

r--1 W---1-88_(§_a_) -~r--------+~4-.-0X_1_0 __ 1----+,-1.-1X_1_0_1 -----+~-3-.0-X-1 o--1----+Ja.1 3.7X1 02 1.0X1 04 

J Xe-122 @) ~(54)---lr--4-.0-X-1-o--1,.------c--11-.1-X-1 0-1-----r~-4-.0-X-1 o--1----+~-1-.1-X-1 0-1 ---i]r--4-.8-X-1 0-4--~~-1-.3-X-1 o_" ___ _ 

Jxe-123 - 12.0 15.4X101 17.0X10'1 
- 11.9X101 ]4.4X105 ]1.2X107 

--

Xe-131 m 4.0X101 1.1X103 4.0X101 1.1X103 3.1X103 8.4X104 

Xe-133 2.0X101 5.4X102 1.0X101 2.7X102 6.9X103 1.9X105 

Jxe-135 I 3.0 8.1X101 2.0 5.4X101 9.5X104 2.6X106 

Y-87 (§) Yttrium (39) 1.0 2.7X101 1.0 2.7X101 1.7X104 4.5X105 

I 4.0X10'1 1.1X101 4.0X10'1 1.1X101 5.2X102 1.4X104 

]Y-90 I 13.0X10-1 18.1 13.0X10'1 18.1 2.ox104 5.4X105 

~~91 ~=

1
j _________ :-l6.0X1 o·1 ---+,1-.6-X-1 0-1 ---=:~6=.0-X_1~o--_1 ~-----;k-1.-6X-1-01 ____ __,_,-9.-1X_1_02 _____ -r+,-2 __ .5=X=1-0 ____ 4===-1--

I Y-91 m J2.0 J5.4X1 01 12.0 15.4X1 01 11.5X1 o" 14.2X1 07 
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IYb-169 I Ytterbium (70) 14.0 11.1X10
2 

11.0 j2.7X101 
J8.9X10

2 2.4X104 

[Yb-175 I 13.0X10
1 

18.1X10
2 

l9.0XW1 12.4X101 J6.6X10
3 

11.8X10
5 

·-

I Zn-65 Jzinc (30) ,2.0 J5.4X10
1 

,2.0 15.4X10
1 j3.0X102 8.2X103 

lzn-69 I 13.0 8.1X101 6.ox10·1 1.6X1 01 1.8X1 06 4.9X107 

Zn-69m @) 3.0 8.1X101 6.0X10-1 1.6X101 1.2X1 05 3.3X106 

Zr-88 Zirconium (40) 3.0 8.1X101 3.0 8.1X101 6.6X102 1.8X104 

Zr-93 Unlimited Unlimited Unlimited Unlimited 9.3X1o·5 2.5X10.3 

Zr-95 @) 2.0 5.4X101 8.ox10·1 2.2X101 7.9X102 2.1X104 

lzr-97 @) I 14.0X10-1 
J1.1X10

1 14.0X10-1 J1.1X10
1 

J7.1X10
4 

J1.9X10
6 

--

a A, and/or A2 values mclude contnbut1ons from daughter nuclides With half-lives less than 10 days. 
b The values of A, and A2 in Curies (Ci) are approximate and for information only; the regulatory standard units are Terabecquerels (TBq), (see 
paragraph (1) of Schedule 10-6 -Determination of A1 and A2 of this rule.). 
c The quantity may be determined from a measurement of the rate of decay or a measurement of the radiation level at a prescribed distance 
from the source. 
d These values apply only to compounds of uranium that take the chemical form of UF6 , U02F2 and U02(N03)2 in both normal and accident 
conditions of transport. 
• These values apply only to compounds of uranium that take the chemical form of U03, UF4 , UCI4 and hexavalent compounds in both normal 
and accident conditions of transport. 
r These values apply to all compounds of uranium other than those specified in notes (d) and (e) of this table. 
9 These values apply to unirradiated uranium only. 
h A, = 0.1 TBq (2. 7 Ci) and A2 = 0.001 TBq (0.027 Ci) for Cf-252 for domestic use. 
'A2 = 0.74 TBq (20 Ci) for Mo-99 for domestic use. 

Table A-2-EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity concentration 
Activity 

Activity limit for Activity limit for Symbol of Element and atomic concentration for 
radionuclide number 

for exempt material 
exempt material 

exempt exempt 
(Bq/g) 

(Ci/g) 
consignment (Bq) consignment (Ci) 

IAc-225 I Actinium (89) J1.0X101 J2.7X1 o·10 j1.0X104 2.7X1o·7 

IAc-227 j1.ox1o·1 12.7X10-12 
J1.0X103 12.7X1o·s 

--
I J1.0X101 J2.7X10-10 

11.0X106 12.7X1o·5 Ac-228 

Ag-105 Silver (47) 1.0X102 2.7X1o·9 1.0X106 2.7X1o·5 

Ag-108m (Q) 1.0X101 2.7X10.10 1.0X106 2.7x1o·5 

Ag-110m 1.0X101 2.7X1 o·,o 1.0X106 2.7x1o·5 

Ag-111 1.0X103 2.7X1o-s 1.0X106 2.7X1 o-5 

IAI-26 I Aluminum (13) 1.0X101 2.7X10-10 1.0X1 05 2.7X10-6 

IAm-241 I Americium (95) 11.0 J2.7X1o_,, 11.0X104 
12.7XW

7 

Am-242m (Q) 1.0 2.7X1o_,, J1.0X10
4 2.7X10-7 

IAm-243 (Q) I 
-

11.0 j1.0X103 j2.7X10-8 
--

2.7X1o_,, 

IAr-37 I Argon (18) ~OX106 12.7X1o-5 11.0X108 2.7X10-3 

IAr-39 I 11.0X107 12.7X1o-4 1.0X1 04 2.7X10-7 

Ar-41 1.0X102 2.7X1o-9 1.0X1 09 2.7X10-2 

As-72 Arsenic (33) 1.0X101 2.7X10-10 1.0X105 2.7X10-6 

IAs-73 I 11.0X103 12.7X1o-s 11.0X107 12.7X10-4 

jAs-74 I J1.0X101 J2.7X10-10 1.0X1 06 2.7X10-5 

As-76 1.0X102 2.7X1o-9 1.0X1 05 2.7X10-6 

As-77 1.0X103 2.7X1o-s 1.0X106 2.7X10-5 

IAt-211 I Astatine (85) 11.0X103 J2.7X1 0-8 1.0X107 2.7X10-4 

IAu-193 J Gold (79) f1.oX10
2 12.7X1o-9 11.0X107 J2.7X10-4 

jAu-194 I 1.0X101 12.7X10-10 1.0X1 06 2.7X10-5 

I Au-195 I 11.0X102 J2.7X1o-9 1.0X107 2.7X10-4 

Au-198 1.0X1 02 2.7X1 o·9 1.0X106 2.7X1 o·5 
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JAu-199 I 11.0X10
2 12.7X10-9 11.0X10

6 12.7X10'5 

I Ba-131 I Barium (56) J1.0X102 12.7X10'9 
11.0X10

6 Tz.7X1o-5 

I Ba-133 I 11.0X10
2 12.7X10-9 11.0X10

6 12.7X10'5 

I sa-133m I 11.0X10
2 2.7X10-9 1.0X106 2.7X10-5 

Ba-140 (.!2) 1.0X101 2.7X10-10 1.0X105 2.7X10-6 

Be-7 Beryllium (4) 1.0X103 2.7X10'8 1.0X1 07 2.7X1o-4 

Be-10 1.0X1 04 2.7X10'7 1.0X106 2.1x1o·5 

Bi-205 Bismuth (83) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

I Bi-206 I 11.0X101 J2.7X10-10 
11.0X10

5 12.7X1o-6 

lsi-207 I j1.0X101 J2.7X10-10 J1.0X10
6 

J2.7X10'
5 

I Bi-21 0 11.0X103 12.7X1 o-s 11.0X10
6 12.7X1o-5 

Jsi-210m I J1.0X101 2.7X10-10 1.0X105 2.7X10-6 

I Bi-212 (.!2) 1.0X101 2.7X10-10 1.0X1 05 2.7X10'6 

Bk-247 Berkelium (97) 1.0 2.7X10-11 1.0X104 2.7X10-7 

Bk-249 1.0X103 2.7X10'8 1.0X106 2.1x1o·5 

Br-76 Bromine (35) 1.0X101 2.7X10-10 1.0X1 05 2.7X1o-s 

I Br-77 1
1.0X102 2.7X10-9 1.0X1 06 2.7X10'5 

- I 

I Br-82 I J1.0X101 12.7X10-10 j1.0X106 12.7X10'5 

C-11 J Carbon (6) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

jc-14 I -~1.0X104 ,2.7X10'7 
11.0X107 2.7X10-4 

I Ca-41 I Calcium (20) 11.0X10
5 12.7X10-6 

11.0X10
7 12.7X10'4 

Jca-45 I J1.0X104 j2.7X10-7 j1.0X107 J2.7X1o-4 

Ca-47 1.0X101 2.7X10-10 1.0X106 2.1x1o·5 

Cd-109 Cadmium (48) 1.0X104 2.7X10-7 1.0X106 2.7X1 o-5 

Cd-113m 1.0X1 03 2.7X1 0'8 1.0X106 2.1x1o·5 

Cd-115 1.0X1 02 2.7X10-9 1.0X1 06 2.1x1o·5 

Jed-115m I j1.0X103 12.7X10-8 1.0X106 2.1x1o·5 

I Ce-139 I Cerium (58) j1.0X102 12.7X10-9 1.0X106 2.1x1o·5 

Ce-141 1.0X1 02 2.7X10-9 1.0X1 07 2.7X10'4 

Ce-143 1.0X102 2.7X10-9 1.0X106 2.1x1o·5 

J Ce-144 (.!2) I 11.0X102 J2.7X10'9 
11.0X10

5 2.7X10-6 

Cf-248 Californium (98) 1.0X101 2.7X10-10 1.0X104 2.7X10'7 

Cf-249 1.0 2.7X10-11 1.0X103 2.7X10-8 

Cf-250 1.0X101 2.7X10-10 1.0X104 2.7X10-7 

I Cf-251 I 11.0 2.7X10-11 1.0X1 03 2.7X10'8 

I Cf-252 I J1.0X101 12.7X10-10 
J1.0X104 12.7X10'7 

I Cf-253 I 11.0X10
2 12.7X10-9 

11.0X10
5 12.7X10-6 

Jct-254 11.0 j2.7X10-11 --j1.ox103 12.7X10-8 

lcl-36 I Chlorine (17) 11.0X104 12.7X10'7 11.0X1 06 2.7X1 o-5 

Jcl-38 I J1.0X101 2.7X10-10 1.0X105 2.7X10-6 

Cm-240 Curium (96) 1.0X102 2.7X10'9 1.0X105 2.7X10'6 

Cm-241 1.0X102 2.7X10'9 1.0X106 2.7X1 o-5 

Cm-242 1.0X102 2.7X10-9 1.0X105 2.7X10-6 

Cm-243 1.0 2.7X10-11 1.0X104 2.7X10'7 

Jcm-244 I 11.0X101 J2.7X10-10 1.0X104 2.7X10'7 

-
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jCm-245 l" 1.0 2.7X10-11 1.0X103 2.7X10'8 

lcm-246 ,---- 11.0 J2.7X10-11 J1.0X10
3 J2.7X1o-s 

Jcm-247 I J1.0 2.7X10-11 11.0X104 2.7X10'7 

lcm-248 I J1.0 J2.7X10-11 J1.0X103 J2.7X1o-s 

Co-55 Cobalt (27) 1.0X101 2.7X10-10 1.0X106 2.1x1o·5 

Co-56 1.0X101 2.7X1 o-1o 1.0X105 2.7X10'6 

lco-57 I 11.0X102 12.7X1o-s 11.0X10
6 2.7X10'5 

lco-58 I 11.0X101 12.7X10-10 1.0X106 2.7X10'5 

Jco-58m I 1.0X104 12.7X10'7 11.0X107 12.7X10'4 

lco-60 I 11.0X101 12.7X10-10 1.0X1 05 2.7X10'6 

lcr-51 -·- I Chromium (24) 11.0X103 px1o·B 11.0X107 12.7X10-4 

J Cs-129 I Cesium (55) J1.0X102 2.7X10-9 1.0X105 2.7X10'6 

Cs-131 1.0X103 2.7X1o-s 1.0X106 2.7X1 o-5 

Cs-132 1.oxW 2.7X10-10 1.0X105 2.7X10'6 

Cs-134 1.0X101 2.7X10-10 1.0X104 2.7X10'7 

Cs-134m 1.0X103 2.7X10'8 1.0X105 2.7X1o-6 

I Cs-135 1.0X1 04 2.7X10'7 1.0X107 2.7X10'4 

I Cs-136 11.0X101 2.7X1 o-1o 1.0X1 05 2.7X10'6 

lcs-137{Q) 1.0X101 2.7X10-10 1.0X1 04 2.7X10'7 

J Cu-64 - I Copper (29) J1.0X102 12.7X1o-s J1.0X10
6 J2.7X10'5 

Jcu-67 I J1.0X10
2 12.7X1o-s 11.0X106 12.7X10'5 

I Dy-159 I Dysprosium (66) J1.0X10
3 J2.7X1 o-a J1.0X107 2.7X10'4 

Dy-165 1.0X103 2.7X10'8 1.0X106 2.7X10'5 

Dy-166 1.0X1 03 2.7X10'8 1.0X106 2.7X10'5 

Er-169 Erbium (68) 1.0X104 2.7X10'7 1.0X107 2.7X10'4 

Er-171 1.0X102 2.7X10'9 1.0X1 06 2.7X10'5 

I Eu-147 I Europium (63) J1.0X102 J2.7X1o-9 1.0X106 2.7X10'5 

I Eu-148 I 11.0X101 12.7X1o-1
" J1.0X10

6 
J2.7X10'

5 

fEu-149 I J1.0X10
2 J2.7X10'9 11.0X107 J2.7X10'4 

l Eu-150 (short 

I ,1.0X10
3 12.7X10-a 11.0X10s J2.7X1o-

5 

lived) 

Eu-150 (long 
,1.0X10

1 
J2.7X10'

10 F1Q6 
f.7X10'

5 

lived) 

J Eu-152 I 11.0X101 J2.7X1 o·1
" 1.0X1 06 2.1x1o·5 

lEu-152m I J1.0X10
2 

-
J2.7X1o-s j1.0X106 2.7X10'5 

j Eu-154 I J1.0X101 12.7X1o-1
" J1.0X10

6 12.7X10'5 

J Eu-155 I J1.0X102 2.7X10'9 1.0X107 2.7X10'4 

Eu-156 1.0X101 2.7X1o-1
" 1.0X106 2.7X10'5 

F-18 Fluorine (9) 1.0X101 2.7X1o-1
" 1.0X106 2.7X1 o-5 

Fe-52 Iron (26) 1.0X101 2.7X1o-1
" 1.0X106 2.7X10'5 

I Fe-55 I 1.0X104 2.7X1 o-7 · 1.0X106 2.7X10'5 

Fe-59 1.0X101 2.7X1o-1
" 1.0X106 2.7X10'5 

IFe-60 I J1.0X102 12.7X1o-s 1.0X1 05 2.7X10'6 

I Ga-67 --1Gallium~~--~~-OX102 J2.7X1 o-s J1.0X106 r2.7X10'5 
--

IGa-68 I J1.0X101 J2.7X1o-1
" J1.0X105 12.7X1 o-6 

JGa-72 I J1.0X101 J2.7X1o-1
" 11.0X10

5 2.7X10'6 
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IGd-146 I Gadolinium (64) j1.0X101 2.7X1 o·,o 1.0X106 2.1x1o·s 

I Gd-148 j1.0X101 12.7X10.10 
11.0X10

4 j2.7X10-7 

Gd-153 1.0X1 02 2.7x10·9 1.0X107 2.1x1o·4 

IGd-159 I 11.0X103 2.7x1o·s 1.0X106 2.7xto·s 

Ge-68 Germanium (32) 1.0X101 2.7x10-10 1.0X105 2.7X10"6 

Ge-71 1.0X104 2.7X10-7 1.0X108 2.7X1o·3 

Ge-77 1.0X101 2.7X10-10 1.0X105 2.7X1 o·" 

I Hf-172 I Hafnium (72) j1.0X101 12.7X10-10 11.0X10
6 2.7X1o·s 

I Hf-175 j1.0X102 j2.7x1o·s J1.0X106 
,_ 

2.1x1o·s 

IHf-181 I j1.0X101 12.7X10.10 j1.0X106 J2.7X1o·s 
---

I Hf-182 I j1.0X102 12.7X10-9 ·r 1.0X1 06 
-

12.7X10-5 

I Hg-194 j Mercury (80) 11.0X101 12.7X10-10 
11.0X10

6 12.7X1o-s 

I Hg-195m I J1.0X10
2 2.7X10-9 1.0X106 2.7X1o-s 

I Hg-197 1.0X102 2.7X10-9 1.0X107 2.1x1o·4 

Hg-197m 1.0X102 2.7X10-9 1.0X106 2.7X10-s 

Hg-203 1.0X102 2.7X10-9 1.0X105 2.7X10"6 

I Ho-166 J Holmium (67) 11.0X10
3 j2.7X10-8 

J1.0X10
5 2.7X10-6 

I Ho-166m I j1.0X101 j2.7X10-10 
J1.0X10

6 J2.7X1o-s 
--

-

11-123 jlodine (53) J1.0X102 J2.7X10-9 1.0X107 2.7X10-4 

11-124 I j1.0XW J2.7X10-10 
J1.0X10

6 j2.7X10-5 

1,-125 1.0X1 03 2.7X10-8 1.ox1 o" 2.7X10-s 

11-126 I j1.0X102 j2.7X10-9 
-

1.ox1 o" 2.7X10-s 

1-129 1.0X102 2.7X10-9 1.0X1 05 2.7X10-6 

1-131 1.0X102 2.7X10-9 1.0X106 2.7X1o-s 

1-132 1.0X101 2.7x10-10 1.0X105 2.7X10-6 

11-133 I j1.0X101 J2.7X10-10 1.0X106 2.7X10-5 

11-134 I 11.0X10
1 J2.7X10-10 J1.0X105 2.7X10-6 

11-135 I 11.0X101 2.7x10-10 
J1.0X10

6 2.7X10"5 

Jln-111 jlndium (49) J1.0X102 12.7X10-9 ~1.0X106 J2.7X10-5 
--

In-113m 1.0X102 2.7X10-9 1.0X106 2.7X10-5 

jln-114m I J1.0X102 12.7X1o-s 1.ox1 o" 2.7X10-5 

In-115m 1.0X102 2.7X10-9 1.0X106 2.7X1o-s 

lr-189 Iridium (77) 1.0X102 2.7X10-9 1.0X107 2.1x1o·4 

lr-190 1.0X101 2.7X10-10 1.0X106 2.7X10-5 

lr-192 1.0X101 2.7X10-10 1.0X104 2.7X10-7 

Jlr-194 J1.0X102 
·-

j2.7X10-9 J1.0X10
5 2.7X10-6 

JK-40 J Potassium (19) j1.0X102 
l2.7X10"

9 J1.0X10
6 2.7X10-5 

JK-42 I f.oX10
2 j2.7X1o-s j1.0X10

6 12.7X1o-s 

IK-43 I J1.0X101 12.7X1 o-10 
11.0X10

6 12.7X10-5 

J Kr-81 I Krypton (36) J1.0X104 12.7X10-7 J1.0X10
7 J2.7X10-4 

Kr-85 1.0X1 05 2.7X10-6 1.0X104 2.7X10-7 

Kr-85m 1.0X1 03 2.7X10-8 1.0X1010 2.7X10-1 

Kr-87 1.0X102 2.7X10-9 1.0X109 2.7X10-2 

La-137 Lanthanum (57) 1.0X103 2.7X10-8 1.0X107 2.7X10-4 

J La-140 I j1.0X101 12.7X1 o-10 
11.0X10

5 J2.7X10-6 

--
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ILu-172 I Lutetium (71) 11.0X101 12.7X10-10 
11.0X10

6 2.7X1o-5 

I Lu-173 I 11.0X102 12.7X10'9 
11.0X10

7 j2.7X10'4 
--

ILu-174 I 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

I Lu-174m I 11.0X102 12.7X10'9 
11.0X10

7 12.7X10'4 

I Lu-177 1.0X103 2.7X10-a 1.0X107 2.7X10'4 

Mg-28 Magnesium (12) 1.0X101 2.7x10-10 1.0X105 2.7X10'6 

Mn-52 Manganese (25) 1.0X101 2.7x10-10 1.0X1 05 2.7X10'6 

IMn-53 I j1.0X104 2.7X10'7 1.0X1 09 2.7X1o-2 

IMn-54 I 
·-

11.0X101 j2.7X10-10 11.0X10
6 12.7X1o-5 

Mn-56 _l1.0X10
1 2. 7X1 o-1o 1.0X1 05 2.7x10-6 

I Mo-93 I Molybdenum (42) J1.0X103 12.7X10-a 11.0X10
8 12.7X10'3 

J Mo-99 I 11.0X10
2 12.7X10'9 1.0X1 06 2.7X10'5 

I N-13 I Nitrogen (7) 11.0X10
2 12.7X10'9 

11.0X10
9 2.7X10'2 

Na-22 Sodium (11) 1.0X101 2.7X10-10 1.0X106 2.7X10-5 

I Na-24 I 11.0X101 12.7X10-10 
11.0X10

5 12.7X10'6 

Nb-93m Niobium (41) 1.0X104 2.7X10'7 1.0X107 2.7X10'4 

Nb-94 1.0X101 2.7X10-10 j1.0X106 2.7X10'5 

I Nb-95 I j1.0X101 j2.7X10-10 1.0X106 2.7X10'5 

I Nb-97 I j1.0X101 J2.7X10-10 
J1.0X10

6 2.7X10'5 

I Nd-147 [Neodymium (60) J1.0X102 12.7X10-9 J1.0X10
6 12.7X1 o-5 

---

Nd-149 1.0X1 02 2.7X10'9 1.0X106 2.7X10-5 

jNi-59 j Nickel (28) J1.0X104 J2.7X10'7 11.0X10
8 2.7X10'3 

Ni-63 1.0X1 05 2.7X10'6 1.0X108 2.7X10'3 

Ni-65 1.0X101 2.7X10-10 1.0X106 2.7X10-5 

Np-235 Neptunium (93) 1.0X103 2.7X10'8 1.0X107 2.7X10-4 

I Np-236 (short-
lived) I ,1.0X10

3 /2.7x10-a 11.0X107 j2.7X10'4 

Np-236 (long-
1.0X102 2.7X10'9 1.0X105 2.7X10'6 

lived) 

Np-237 {Q) 1.0 2.7X1o_,, 1.0X103 2.7X10'8 

Np-239 1.0X102 2.7X10-9 1.0X107 2.7X10'4 

I Os-185 I Osmium (76) 11.0X101 12.7X10-10 
11.0X10

6 12.7X10'5 

I Os-191 I ji~OX1 02 12.7X10-9 11.0X107 12.7X10'4 

los-191m I 11.0X103 12.7X10-a 11.0X107 j2.7X1 o-4 

-----
JOs-193 11.0X102 -----r.ru--- 12.7X10'5 2.7X10'9 1.0X106 

Jos-194 I j1.0X102 12.7X10'9 11.0X10
5 j2.7X10-6 

IP-32 I Phosphorus (15) j1.0X103 j2.7X10'8 1.0X1 05 2.7X10'6 

P-33 1.0X105 2.7X10'6 1.0X1 08 2.7X10'3 

Pa-230 Protactinium (91) 1.0X101 2.7x10-10 1.0X1 06 2.7X10'5 

Pa-231 1.0 2.7x10-11 1.0X103 2.7X10'8 

I Pa-233 I j1.0X102 J2.7X10'9 1.0X107 2.7X10'4 

I Pb-201 j Lead (82) 11.0X101 2.7X10-10 1.0X106 2.7X10'5 

I Pb-202 I j1.0X103 12.7X10-8 j1.0X106 j2.7X10-5 

I Pb-203 I 11.0X102 12.7X10'9 -Tox1o6 J2.7X10'5 

I Pb-205 I j1.ox1o4 j2.7X10'7 l1.0X10
7 12.7X10'4 

I Pb-210 {Q) I J1.0X101 12.7X10-10 11.0X104 12.7X10'7 --

SS-7039 (July 2014) 33 RDA 1693 



Pb-212 (Q) 1.0X101 2.7X10.10 1.0X105 2.7X1o·6 

I Pd-1 03 I Palladium (46) 11.0X103 l2.?x1o·B 11.0X10
8 12.7X1o·3 

I Pd-1 07 I 11.0X105 12.7X1o·6 
11.0X10

8 2.7X1o·3 

I Pd-1 09 I 11.0X103 12.7X1o·B 11.0X10
6 2.7X1o·5 

Pm-143 Promethium (61) 1.0X102 2.7x1o·9 1.0X1 06 2.7X1o·5 

Pm-144 1.0X101 2.7X10.10 1.0X106 2.7x1o·5 

Pm-145 1.0X103 2.7X1o·B 1.0X107 2.7X1o·4 

Pm-147 I1.0X104 2.7X1 o·7 1.0X107 2.7X1o·4 

Pm-148m 1.0X101 12.7X10.10 
11.0X10

6 l2.?x1o·5 

Pm-149 1.0X103 2.7X1o·B 1.0X106 2.7X1o·5 

I Pm-151 ~--
J1.0X102 ·---l2.7X1o·9 

J1.0X10
6 2.7X1o·5 

I Po-210 I Polonium (84) J1.0X101 12.7X10-10 
11.0X104 2.7x1o·7 

I Pr-142 I Praseodymium (59) 11.0X102 J2.7X1o·9 
11.0X10

5 l2.?x1o·6 

Pr-143 1.0X1 04 2.7X10-7 1.0X1 06 2.7X1o·5 

Pt-188 Platinum (78) 1.0X101 2.7x10-10 1.0X1 06 2.7X1o·5 

Pt-191 1.0X102 2.7X1o·9 1.0X1 06 2.7x1o·5 

Pt-193 1.0X1 04 2.7X10-7 1.0X107 2.7X1o·4 

I I 

I PI-193m I 11.0X103 2.7X1 0"8 1.0X107 2.7x1o·4 

I PI-195m I J1.0X102 12.7X1 o·9 
11.0X10

6 l2.?x1o·5 

I Pt-197 I 11.0X10
3 12.7X1o·s f1.ox1o

6 12.7X1o·5 

I PI-197m I 11.0X102 12.7X1 o·9 
11.0X10

6 l2.?x1o·5 

-
) Pu-236 I Plutonium (94) J1.0X101 12.7X10.10 

11.0X10
4 2.7x1o·7 

Pu-237 1.0X103 2.7x1o·B 1.0X107 2.7X1o·4 

Pu-238 1.0 2.7X10.11 1.0X104 2.?x1o·7 

Pu-239 1.0 2.7X10.11 1.0X104 2.?x1o·7 

Pu-240 1.0 2.7X10.11 1.0X1 03 2.7X1o·s 

I Pu-241 I 11.0X10
2 12.7X1o·9 

11.0X10
5 12.7X1o·6 

1 Pu-242 I 11.0 12.7X10-11 1.0X1 04 2.7X1o·7 

-
I Pu-244 I 11.0 12.7X10-11 11.0X104 2.7x1o·7 

J Ra-223 (Q) J Radium (88) 11.0X102 j2.?x1o·9 1.0X1 05 2.7X1o·6 

I Ra-224 (Q) I j1.0X101 12.7X10-10 1.0X1 05 2.7X1o·6 

I Ra-225 1.0X102 2.7X1o·9 1.0X105 2.7x1o·6 

Ra-226 (Q) 1.0X101 2.7x10-10 1.0X104 2.7X10-7 

Ra-228 (Q) 1.0X101 2.7X10.10 1.0X105 2.7X1o·6 

Rb-81 Rubidium (37) 1.0X101 2.7x10-10 1.0X106 2.7X1o·5 

IRb-83 I 11.0X102 12.7X1o·9 j1.0X106 f2.7x1o·5 

IRb-84 I 11.0X101 12.7X10-10 1.0X106 2.7X1o·5 

IRb-86 I 11.0X102 j2.?x1o·9 
11.0X10

5 12.7X1o·6 

IRb-87 I 11.0X104 12.7X10-7 J1.0X107 12.7X1o·4 

I Rb(nat) I 11.0X104 12.7X10-7 11.0X107 12.7X1o·4 

Re-184 Rhenium (75) 1.0X101 2.7x10-10 1.0X106 2.7x1o·5 

Re-184m 1.0X102 2.7X1o·9 1.0X106 2.7X1o·5 

Re-186 1.0X103 2.7X1o·8 1.0X106 2.7X10-5 

1 Re-187 I 11.0X106 l2.?x1o·5 1.0X109 2.7X10"2 

I Re-188 I 11.0X102 j2.?X1o·9 
J1.0X10

5 J2.7X1o·6 
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Re-189 1.0X102 2.7X10'9 1.0X1 06 2.7X10'5 

IRe(nat) I j1.0X106 ~2.7X10'5 11.0X10
9 j2.7X10'2 

I Rh-99 I Rhodium (45) 11.0X101 12.7X10'10 1.0X1 06 2.7X10'5 

I Rh-101 I 11.0X10
2 2.7X10'9 1.0X107 2.7X10'4 

Rh-102 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Rh-102m 1.0X102 2.7X10-9 1.0X106 2.7X1o-s 

Rh-103m 1.0X104 2.7X10'7 1.0X106 2.7X10'3 

I Rh-1 05 I 1.0X102 2.7X10'9 1.0X107 2.7X1 o·4 

I Rn-222 (!2) Radon (86) 1.0X101 2.7X10'10 1.0X106 2.7X10'3 

Ru-97 Ruthenium (44) 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

I Ru-103 I ---,1.0X102 
--

12.7X10'9 11.0X10
6 j2.7X10'5 

Ru-105 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

I Ru-106 (!2) I 11.0X10
2 12.7X10-9 11.0X10

5 2.7x1o·6 

S-35 Sulphur (16) 1.0X105 2.7X10'6 1.0X106 2.7X10'3 

Sb-122 Antimony (51) 1.0X102 2.7X10'9 1.0X1 04 2.7X10'7 

lsb-124 I 1.0X101 2.7X10-10 1.0X1 06 2.7x1o-s 

Sb-125 
I 
1.0X102 2.7X10'9 1.0X1 06 2.1x1o·s 

jsb-126 I j1.0X101 j2.7X10-10 j1.0X105 12.7X10-6 
----

I Sc-44 I Scandium (21) j1.0X101 12.7X1 o-,o 1.0X105 2.7X10'6 

jsc-46 I 11.0X101 2.7X10-10 1.0X106 2.7X1 0'5 

lsc-47 I J1.0X102 12.7X1 o·9 
11.0X10

6 12.7X10'5 

jsc-48 I J1.0X101 J2.7X10'10 1.0X105 2.7X10'6 

Se-75 Selenium (34) 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

Se-79 1.0X1 04 2.7X10'7 1.0X107 2.7X10'4 

I Si-31 I Silicon (14) 11.0X103 12.7X10'6 
11.0X10

6 2.7X10'5 

Si-32 1.0X103 2.7X10'6 1.0X1 06 2.7X10'5 

I Sm-145 I Samarium (62) 11.0X102 J2.7X10'9 1.0X1 07 2.7X10'4 

jsm-147 I J1.0X101 j2.7X10'10 
11.0X10

4 J2.7X10'7 

lsm-151 T 11.0X104 12.7X10'7 
11.0X10

6 2.7X10-3 

Jsm-153 I 11.0X102 j2.7X10'9 1.0X106 2.7X10'5 

J Sn-113 I Tin (50) 11.0X103 12.7X10'6 1.0X107 2.7X1 o·4 

Sn-117m 1.0X102 2.7X10-9 1.0X106 2.7X10-s 

Sn-119m 1.0X1 03 2.7X10'6 1.0X107 2.7X10'4 

Sn-121m 1.0X103 2.7X10'6 1.0X107 2.7X10'4 

I Sn-123 I 11.0X103 2.7X10-6 1.0X106 2.7X1o-s 

lsn-125 I J1.0X102 J2.7X10'9 
J1.0X10

5 J2.7X10'6 
-

-
jsn-126 I J1.0X101 12.7X10'10 

11.0X10
5 2.7X10'6 

j Sr-82 I Strontium (38) 11.0X101 j2.7X10-10 j1.0X105 2.7X10'6 

I Sr-85 I 1.0X1 02 2.7X10'9 1.0X106 2.7X10-5 

lsr-85m 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

Sr-87m 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

Sr-89 1.0X103 2.7X10-6 1.0X1 06 2.7X10-s 

I Sr-90 (!2) I 1.0X102 2.7X1 o·9 1.0X1 04 2.7X10'7 

I Sr-91 I 11.0X101 2.7X10'10 1.0X1 05 2.7X10-6 

I Sr-92 I 11.0X101 
-

12.7X10-10 
11.0X10

6 12.7X10-s 
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IT(H-3) I Tritium (1) 11.0X106 12.7x10-s 11.0X10
9 lz.7x1o·2 

Ta-178 (long-
Tantalum (73) 11.0X10

1 12.7x10·10 fox10e 
·F'·----

lived) 

ITa-179 I J1.0X103 lz.7X1o·" J1.0X10
7 lz.7x1o·4 

ITa-182 11.0X101 12.7X10.10 
l1.0X10

4 Jz.7X10'7 
- --

jTb-157 I Terbium (65) J1.0X104 lz.7X10'7 
J1.0X10

7 2.7X10'4 

ITb-158 I 11.0X101 Jz.7X10'10 1.0X106 2.7X10'5 

Tb-160 1.0X101 2.7X10'10 1.0X106 2.1x1o·s 

Tc-95m Technetium (43) 1.0X101 2.7X10'10 1.0X106 2.7X10'5 

Tc-96 1.0X101 2.7X10'10 1.0X106 2.7X10'5 

ITc-96m 1.0X103 2.7X10'8 1.0X107 2.7X10'4 

ITc-97 J1.0X103 lz.7X1o·" 11.0X10
8 lz.7x1o·3 

--

JTc-97m 11.0X103 lz.7X1o·" J1.0X10
7 [2.7X10'4 

fTc-98 I 
·-

11.0X101 Jz.7X10-10 -,1.0X106 Jz.7X1o-s 

JTc-99 I 11.0X104 lz.7X10'7 1.0X107 2.7X10'4 

ITc-99m I 11.0X102 2.7X10'9 1.0X107 2.7X10'4 

Te-121 Tellurium (52) 1.0X101 2.7X10-10 1.0X1 06 2.7X10'5 

jTe-121m I 11.0X102 Jz.7X10'9 
. 

J1.0X10
5 J2.7X10'6 

Te-123m 1.0X1 02 2.7X10'9 1.0X1 07 2.7X10'4 

jTe-125m I 11.0X103 12.7X10'8 
J1.0X10

7 Jz.7X10'4 
··-

ITe-127 I 11.0X103 J2.7x10·8 
J1.0X10

6 2.7X10'5 

ITe-127m I J1.0X103 Jz.7X1o·" 11.0X107 lz.7x1o·4 

ITe-129 I 11.0X10
2 Jz.7X1 o·9 

11.0X10
6 Jz.7X1o-s 

JTe-129m I 11.0X103 2.7X10'8 1.0X106 2.7X10'5 

Te-131m 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Te-132 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

Th-227 Thorium (90) 1.0X101 2.7X10-10 1.0X104 2.7X10'7 

Th-228 (h) 1.0 2.7x1o_,, 1.0X104 2.7X10'7 

ITh-229 (h) I J1.0 Jz.7X10'11 1.0X103 2.7X10'8 

Th-230 1.0 2.7x1o_,, 1.0X104 2.7X10'7 

1 Th-231 I J1.0X103 12.7X10'8 
11.0X10

7 2.7X10'4 

ITh-232 I J1.0X101 lz.7X10'10 
11.0X10

4 
lz.7X10'7 

ITh-234 (h) 1.0X1 03 2.7X10'8 1.0X105 2.7X10'6 

I Th (nat) (h) I 1.0 2.7x1o_,, 1.0X1 03 2.7X10'8 

Ti-44 Titanium (22) 1.0X101 2.7X1 o·10 1.0X1 05 2.7X10'6 

Tl-200 Thallium (81) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Tl-201 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

ITI-202 I J1.0X10
2 lz.7X10'9 1.0X106 2.7X10'5 

jTI-204 I J1.0X104 lz.7X10'7 1.0X104 2.7X10'7 

jTm-167 I Thulium (69) J1.0X102 lz.7X10'9 
J1.0X10

6 lz.7X1o·s 

ITm-170 +- 1.0X1 03 2.7X10'8 1.0X106 2.7X10'5 

JTm-171 J1.0X104 
Jz.7X10'

7 1.0X1 08 2.7X10'3 

U-230 (fast Uranium (92) 1.0X101 

12.7X10·'" 11.0X10' 12.7X10' lung 
absorption) 
(Q),(Q) 

I U-230 (medium J 11.0X101 2.7X1 o·10 1.0X104 2.7X10'7 
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lung 

1---absorption) {§) 

U-230 (slow 1.0X101 2.7X10'10 1.0X104 2.7X1 o·7 

lung 
absorption) (_f) 

U-232 (fast 1.0 2.7X10'11 1.0X1 03 2.7X10'8 

lung 
absorption) 
{Q),(Q) 

U-232 (medium ~~~~T:'x"' 12.7X10"'" I' ~OX10' 2.7X10'7 

lung 
absorption) {§) 

U-232 (slow 1.0X101 2.7X10'10 1.0X1 04 2.7X10'7 

lung 
absorption) (_f) 

U-233 (fast 1.0X101 2.7X10'10 1.0X104 2.7X10'7 

lung 
absorption) (Q) 

11.0X10' 12.7X10' 11.0X10' 12.7X1o~• 
--

U-233 (medium 
lung 
absorption) {§) 

U-233 (slow 1.0X1 01 
12.7X1 o·

10 1.0X105 2.7X10'5 

lung 

I absorption) (_f) I 
U-234 (fast 1.0X101 2.7X10'10 1.0X104 2.7X10'7 

lung 
absorption) (Q) 

U-234 (medium 1.0X1 02 2.7X10'9 1.0X1 05 2.7X10'6 

lung 
absorption) {§) 

U-234 (slow 1.0X101 2.7X10'10 1.0X105 2.7X10'6 

lung 
absorption) (_f) 

U-235 (all lung 1.0X101 2.7X10'10 1.0X1 04 2.7X10'7 

absorption 
types) 
{Q),(Q),(§),(_f) 

U-236 (fast 1.0X101 

12.7X10"'" 11.0X10' 2.7X10'7 

lung 
absorption) (Q) 

U-236 (medium 1.0X102 2.7X10'9 1.0X105 2.7X10'5 

lung 
absorption) {§) 

11.0X10' l2.7X10"'" F~r-----U-236 (slow 2.7X10'7 

lung 
absorption) (_f) 

U-238 (all lung 
11.0X10' I 1.0X1 04 2.7X10'7 

absorption 
types) 
{Q)' (Q)' (§)'(_f) 

J U (nat) (Q) I 11.0 12.7X10'11 11.0X103 12.7X1o-a 

U (enriched to 1.0 2.7X10'11 1.0X1 03 2.7X10'8 

20% or less) 
(g) 

I U (dep) I 11.0 12.7X10'11 11.0X103 12.7X10'8 

IV-48 I Vanadium (23) 11.0X101 12.7X10'10 11.0X105 J2.7X10'5 
--

JV-49 11.0X104 12.7X10'7 11.0X10
7 J2.7X10'4 

jw-1?8 jTungsten (74) j1.0X101 j2.1x1 o·10 1.0X106 2.7X1 0'5 

jW-181 I 11.0X10
3 j2.1X1 o-a 11.0X10

7 J2.7X10'4 

W-185 1.0X1 04 2.7X10'7 1.0X107 2.7X10'4 
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W-187 1.0X102 2.7X10'9 1.ox1 o" 2.7X10'5 

Jw-188 j1.0X102 ,2.7X10'9 j1.0X105 j2.7X10'6 

Jxe-122 I Xenon (54) 11.0X102 12.7X10'9 11.0X10
9 

12.7X10'2 

Jxe~123 I 11.0X102 2.7X10'9 1.0X1 09 2.7X10'2 

Xe-127 1.0X103 2.7X10'6 1.0X105 2.7X10'6 

Jxe-131m I j1.0X104 j2.7X10'7 1.0X104 2.7X10'7 

Xe-133 1.0X1 03 2.7X10'6 1.0X104 2.7X10'7 

jxe-135 I 11.0X103 j2.7X10'6 1.0X1010 2.7X10'1 

IY-87 I Yttrium (39) 11.0X101 j2.7X10-10 1.0X106 2.7X10'5 

jY-88 I j1.0X101 12.7X10-10 1.0X106 2.7X10'5 

IY-90 I 
-

11.0X103 12.7X10'6 
J1.0X10

5 12.7X10'6 

IY-91 I 1.0X103 2.7X10'6 1.0X106 2.7X1o-s 

jY-91m 1.0X102 2.7X10'9 1.0X106 2.7X1o-s 

IY-92 I J1.0X102 12.7X10'9 1.0X105 2.7X10'6 

Y-93 1.0X102 2.7X10'9 1.0X105 2.7X10'6 

Yb-169 Ytterbium (70) 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

Yb-175 1.0X103 2.7X10-6 1.0X107 2.7X1 o·4 

J Zn-65 I Zinc (30) 11.0X101 
. 

j2.7X10-10 
11.0X10

6 12.7X1o-s 

Jzn-69 I 
-

,1.0X104 ,2.7X10'7 11.0X10
6 12.7X1o-s 

Jzn-69m I 
-·--· 

11.0X102 12.7X10'9 
J1.0X10

6 12.7X10'5 

I Zr-88 I Zirconium (40) 1.0X1 02 2.7X10'9 1 .OX1 06 2.7X1 0'5 

J Zr-93 (Q) I 11.0X103 j2.7X10'6 j1.0X107 j2.7X10'4 

Zr-95 1 .OX101 2.7X10-10 1 .OX1 06 2.7X10'5 

Zr-97 (Q) 1 .OX101 2.7X10-10 1 .OX1 05 2.7X10'6 

a [Reserved] 
b Parent nuclides and their progeny included in secular equilibrium are listed in the following: 

Sr-90 

Zr-93 

Zr-97 

Ru-106 

Cs-137 

Ce-134 

Ce-144 

Ba-140 

Bi-212 

Pb-210 

Pb-212 

Rn-220 

Rn-222 

Ra-223 

Ra-224 

Ra-226 

Ra-228 

Th-226 

Th-228 

Th-229 

Th-nat 

Th-234 

Y-90 

Nb-93m 

Nb-97 

Rh-106 

Ba-137m 

La-134 

Pr-144 

La-140 

Tl-208 (0.36), Po-212 (0.64) 

Bi-210, Po-210 

Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Po-216 

Po-218, Pb-214, Bi-214, Po-214 

Rn-219, Po-215, Pb-211, Bi-211, Tl-207 

Rn-220, Po-216, Pb-212, Bi-212, Tl-208(0.36),. Po-212 (0.64) 

Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210 

Ac-228 

Ra-222, Rn-218, Po-214 

Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209 

Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Pa-234m 
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Th-226, Ra-222, Rn-218, Po-214 

Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Th-231 

Th-234, Pa-234m 

U-230 

U-232 

U-235 

U-238 

U-na! 

U-240 

Np-237 

Am-242m 

Am-243 

Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210 

Np-240m 

Pa-233 

Am-242 

Np-239 

c [Reserved] 
d These values apply only to compounds of uranium that take the chemical form of UFe, U02F2 and U02(N03)2 in both normal and accident 
conditions of transport. 
• These values apply only to compounds of uranium that take the chemical form of U03, UF4, UCI4 and hexavalent compounds in both normal 
and accident conditions of transport. 
1 These values apply to all compounds of uranium other than those specified in notes (d) and (e) of this table. 
9 These values apply to unirradiated uranium only. 
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TABLE A-3-GENERAL VALUES FOR A1 AND A2 

r 
,- I 11 A1 Az Activity Activity Activity limits Activity limits 

Contents concentration for concentration for for exempt for exempt-

(TBq) (Ci) (TBq) (Ci) exempt material exempt material consignments consignments 
(Bq/g) (Ci/g) (Bq) (Ci) 

Only beta or 1 X 10-1 2.7 X 10° 2 X 10 -z 5.4 x 1 o-1 1 X 101 2.7x10-10 1 X 104 2.7 x10-7 

gamma emitting 
radionuclides are 
known to be 
present 

Ooly olpho T' 10·' 
5.4 X 10° 9 X 10"5 2.4x10-3 1 X 10"1 2.7 x10-12 1 X 103 2.7 x1 o·" 

emitting 
radionuclides are 
known 
to be present 

No relevant data 1 X 10-3 2.7 X 10"2 9 X 10"5 2.4 X 10'3 1 X 10'1 
,2.7x10-

12 
]1 X 10

3 2.7 X 10'8 

are available 
--

TABLE A-4-ACTIVITY-MASS RELATIONSHIPS FOR URANIUM 

Uranium Enrichment1 Specific Activity 

wt % U-235 present TBq/g Ci/g 

10.45 11.8 X 10'8 15.0 X 10'7 

Jo.72 j2.6 X 10'8 ,7.1 X 10'7 

11 12.8 X 10'8 7.6 X 10'7 

1.5 3.7 X 10'8 1.0x10·5 

5 1.0x10'7 2.7 X 10'6 

10 1.8 X 10'7 4.8 X 10'6 

20 3.7 X 10'7 1.0 x 1 o-5 

35 7.4 X 10'7 2.0 X 10-5 

50 9.3 X 10'7 2.5 X 10-5 

90 2.2 X 10'6 5.8 X 10'5 

193 12.6 X 10-6 ,7.0 X 10-5 

195 13.4 X 10-6 9.1 X 10-5 

0 0 

The figures for uramum mclude representative values for the acllv1ty of the uramum-234 that is concentrated during the enrichment process. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 
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I certify that this is an accurate rd crmplete copy of rulemaking hearing rules, lawfully promulgated and adopted 
by the Commissioner on /0 ;)..o (t.olf mm/dd/yyyy, and is in compliance with the provisions of 
T.C.A. § 4-5-222. l 

I further certify the following: 

Notice of Rulemaking Hearing filed with the Department of State on: 08/05/14 

Rulemaking Hearing(s) Conducted on: (add more dates). 10/07/14 

Date: ---'-47----;tJ,L:t---~--r-z_o_-_-_I '1'-----------c:=--""'=r--------

signature: --v-+-~-"------'-----?;1;;;;1~1fl!;~Z:Z¥-"'--.~------+-~ 2 __ _ 
Name of Officer: ~::::a:~t:e:~r.~ 

------------~~--~----~ 

All rulemaking hearing rules provided for herein have been examined by the Attorney General and Reporter of the 
State of Tennessee and are approved as to legality pursuant to the provisions of the Administrative Procedures · 
Act, Tennessee Code Annotated, Title 4, Chapter 5. 

Department of State Use Only 

SS-7039 (July 2014) 

Herbert H. S atery Ill 
Attorney General and Reporter 

Date 

Filed with the Department of State on: ____,3'------'~=---__,_' S""'. '----------------------

SNO 11'1 ~\118nd 
3l\fl s .:!0 J.Jl\f13B03S 

£ l :tt Wd £- HVW SlOZ 

03f,\383tl 
41 

Tre Hargett 
Secretary of State 
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Public Hearing Comments 

One copy of a document containing responses to comments made at the public hearing must accompany the 
filing pursuant to T.C.A. § 4-5-222. Agencies shall include only their responses to public hearing comments, 
which can be summarized. No letters of inquiry from parties questioning the rule will be accepted. When no 
comments are received at the public hearing, the agency need only draft a memorandum stating such and include 
it with the Rulemaking Hearing Rule filing. Minutes of the meeting will not be accepted. Transcripts are not 
acceptable. 

There were no comments received during the public comment period. 
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Regulatory Flexibility Addendum 
Pursuant to T.C.A. §§ 4-5-401 through 4-5-404, prior to initiating the rule making process as described in T.C.A. 
§ 4-5-202(a)(3) and T.C.A. § 4-5-202(a), all agencies shall conduct a review of whether a proposed rule or rule 
affects small businesses. 

All substantive changes in this rulemaking are required by the Nuclear Regulatory Commission ("NRC") and these 
amendments are consistent with the NRC approved state suggested regulations. Therefore, these substantive 
changes are exempt from the provisions of the Regulatory Flexibility Act of 2007, Acts 2007, § 6 of Public Chapter 
464 because they are federally mandated. The non-substantive changes consist in changing the mailing address 
of the division in the regulations and results in no effect on small businesses. 

( 1) The type or types of small business and an identification and estimate of the number of small businesses 
subject to the proposed rule that would bear the cost of, or directly benefit from the proposed rule. 

No small business will bear the cost of the address change. 

(2) The projected reporting, recordkeeping, and other administrative costs required for compliance with the 
proposed rule, including the type of professional skills necessary for preparation of the report or record. 

There is no additional reporting, recordkeeping or other administrative cost associated with the mailing 
address change. 

(3) A statement of the probable effect on impacted small businesses and consumers. 

This is no impact on small businesses resulting in the change of mailing address. 

(4) A description of any less burdensome, less intrusive or less costly alternative methods of achieving the 
purpose and objectives of the proposed rule that may exist, and to what extent the alternative means 
might be less burdensome to small business. 

No alternative exists to achieve the change of mailing address. 

(5) A comparison of the proposed rule with any federal or state counterparts. 

A comparison is not needed to change the mailing address. 

(6) Analysis of the effect of the possible exemption of small businesses from all or any part of the 
requirements contained in the proposed rule. 

An exemption is not possible. 
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Impact on Local Governments 

Pursuant to T.C.A. §§ 4-5-220 and 4-5-228 "any rule proposed to be promulgated shall state in a simple 
declarative sentence, without additional comments on the merits of the policy of the rules or regulation, whether 
the rule or regulation may have a projected impact on local governments." (See Public Chapter Number 1070 
(http://state.tn.us/sos/acts/1 06/pub/pc1 070.pdf) of the 2010 Session of the General Assembly) 

The Department anticipates that these amended rules will not have a financial impact on local governments. 
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Additional Information Required by Joint Government Operations Committee 

All agencies, upon filing a rule, must also submit the following pursuant to T.C.A. § 4-5-226(i)(1 ). 

(A) A brief summary of the rule and a description of all relevant changes in previous regulations effectuated by 
such rule; 

The purpose of this rulemaking is to bring the regulations of the Division of Radiological Health into compliance 
with various changes that the U.S. Nuclear Regulatory Commission (NRC) has made to Title 10 of the Code of 
Federal Regulations. This compatibility is required for Tennessee to remain an Agreement State. The 
rule making amends Chapters 0400-20-04, 0400-20-05, 0400-20-08 and 0400-20-10 to update the requirements 
that regulate packaging and transportation of radioactive material, including: 

• Amendments pertaining to the notification process requiring licensees to provide advance notification to 
participating Federally-recognized Tribal governments regarding shipment of nuclear waste for any 
shipment that passes within or across their reservations. 

• Amendments to make technical corrections in certain parts of the regulations, including typographical 
and spelling errors, and other edits to update the Division's mailing address. 

• Deleting references to "related to irradiated reactor fuel" because Tennessee does not have regulatory 
authority over it. 

• Addition of language pertaining to Industrial Radiography training guidance that was previously omitted 
from the rules. 

(B) A citation to and brief description of any federal law or regulation or any state law or regulation mandating 
promulgation of such rule or establishing guidelines relevant thereto; 

I These rules are promulgated under the authorities of T.C.A. §§ 68-202-101 et seq. and 4-5-201 et seq. 

(C) Identification of persons, organizations, corporations or governmental entities most directly affected by this 
rule, and whether those persons, organizations, corporations or governmental entities urge adoption or 
rejection of this rule; 

Industrial radiographers and shippers of nuclear waste passing through federally-recognized Tribal governments 
will be affected by these amendments. There were no comments received on these amendments from any 
source during the comment period. 

(D) Identification of any opinions of the attorney general and reporter or any judicial ruling that directly relates to 
the rule; 

I The Department is not aware of any. 

(E) An estimate of the probable increase or decrease in state and local government revenues and expenditures, 
if any, resulting from the promulgation of this rule, and assumptions and reasoning upon which the estimate 
is based. An agency shall not state that the fiscal impact is minimal if the fiscal impact is more than two 
percent (2%) of the agency's annual budget or five hundred thousand dollars ($500,000), whichever is less; 

I This rulemaking will not impact state or local government revenues or expenditures. 

(F) Identification of the appropriate agency representative or representatives, possessing substantial knowledge 
and understanding of the rule; 

Anthony Hogan 
Division of Radiological Health 
Department of Environment and Conservation 
(615) 532-0364 
Anthonv.Hoqan@tn.qov 

(G) Identification of the appropriate agency representative or representatives who will explain the rule at a 
scheduled meeting of the committees; 
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Emily Urban 
Assistant General Counsel 
Office of General Counsel 

(H) Office address, telephone number, and email address of the agency representative or representatives who 
will explain the rule at a scheduled meeting of the committees; and 

Office of General Counsel 
Tennessee Department of Environment and Conservation 
William R. Snodgrass Tennessee Tower 
312 Rosa L. Parks Avenue, 2nd Floor 
Nashville, Tennessee 37243 
(615) 532-8685 
Emily. Urban@tn.gov 

(I) Any additional information relevant to the rule proposed for continuation that the committee requests. 

I The Department is not aware of any additional relevant information. 
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Department of State 
Division of Publications 
312 Rosa L. Parks Avenue, 8th Floor SnodgrassfTN Tower 
Nashville, TN 37243 
Phone: 615-741-2650 
Email: publications.information@tn.gov 

For Department of State Use Only 

Sequence Number: o ·-?:> -c.>S -· \ S 

Rule ID(s): S -s-q;-4 -S'i>=-:t?.:I 

File Date: ?2 - ·::-:, ·- 1 "'2 

Effective Date: Lp - \ - \ S 
'--~~~~~~~~~~~--~~~~~~~~--~--------------~~~--

Rulemaking Hearing Rule(s) Filing Form 
Rulemaking Hearing Rules are rules filed after and as a result of a rulemaking hearing (Tenn. Code Ann. § 4-5-205). 

Pursuant to Tenn. Code Ann. § 4-5-229, any new fee or fee increase promulgated by state agency rule shall take effect on July 1, following 
the expiration of the ninety (90) day period as provided in § 4-5-207. This section shall not apply to rules that implement new fees or fee 
increases that are promulgated as emergency rules pursuant to§ 4-5-208(a) and to subsequent rules that make permanent such emergency 
rules, as amended during the rulemaking process. In addition, this section shall not apply to state agencies that did not, during the preceding 
two (2) fiscal years, collect fees in an amount sufficient to pay the cost of operating the board, commission or entity in accordance with § 4-29-
121(b). 

~~~-~~~~~~~------

~ Ag_en_cy/Board/Commission: I Environment and Cons'-=e"'-rv:..::a=tic..::.o.:_:_n __ ~------
1 Division: RadiologL..ic.,...a_I_H_e_a_lth _______________________ 

1 I Contact Person: Anthony Hogc:::a.:_:_n _____ -=--------------------1 
Address: William R. Snodgrass Tennessee Tower 

312 Rosa L. Parks Avenue, 15th Floor 
Nashville, Tennessee 
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Phone: I (615) 532-0364 

~~~~~~~~~~~~ ~~~~~~-~~-
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Revision Type (check all that apply): 
X Amendment 

New 
__ Repeal 

Rule(s) Revised (ALL chapters and rules contained in filing must be listed here. If needed, copy and paste 
additional tables to accommodate multiple chapters. Please enter only ONE Rule Number/Rule Title per row) 

Chapter Number Chapter Title 
0400-20-04 General Provisions 
Rule Number Rule Title 
0400-20-04-.04 Definitions 
0400-20-04-.11 Posting of Notices to Workers 

Chapter Number Chapter Title 
0400-20-05 Standards for Protection Against Radiation 
Rule Number Rule Title 
0400-20-05-.144 Reports of Planned Special Exposures 

Chapter Number Chapter Title 
0400-20-08 Radiation Safety Requirements for Industrial Radiography 
Rule Number Rule Title 
0400-20-08-.04 Equipment Control 
0400-20-08-.05 Personal Radiation Safety Requirements for Radiographers and Radiographer's Assistants 
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Chapter Number Chapter Title 
0400-20-10 Licensin_g and R~gistration 
Rule Number Rule Title 
0400-20-1 0-.16 Specific Terms and Conditions of Licenses 
0400-20-1 0-.24 Registration 
0400-20-10-.30 Packaging and Transportation of Radioactive Material 
0400-20-10-.38 Appendix-Schedules 
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(Place substance of rules and other info here. Statutory authority must be given for each rule change. For 
information on formatting rules go to http://state.tn.us/sos/rules/1360/1360.htm) 

Chapter 0400-20-04 
General Provisions 

Amendments 

Paragraph (1) of Rule 0400-20-04-.04 Definitions is amended by deleting it in its entirety and substituting instead 
the following: 

(1) As used in these regulations, these terms have the definitions set forth below. (For additional definitions 
used only in Chapters 0400-20-05, 0400-20-06, 0400-20-07, 0400-20-08 and 0400-20-09, see Rules 
0400-02-05-.32, 0400-20-06-.03, 0400-20-07-.05, 0400-20-08-.03 and 0400-20-09-.03.) 

(a) 1. "A/' means the maximum activity of special form radioactive material permitted in a Type 
A package. This value is either listed in Table A-1 of Schedule 10-6 in Rule 0400-20-10-
.38, or may be derived in accordance with the procedures prescribed in Schedule 10-6 in 
Rule 0400-20-10-.38. 

2. "A2" means the maximum activity of radioactive material, other than special form material, 
LSA and SCO material, permitted in a Type A package. This value is either listed in Table 
A-1 of Schedule 10-6 in Rule 0400-20-10-.38, or may be derived in accordance with the 
procedure prescribed in Schedule 10-6 in Rule 0400-20-10-.38. 

(b) "Accelerator-produced radioactive material" means any material made radioactive by a particle 
accelerator. 

(c) "Agreement State" means any state with which the U.S. Nuclear Regulatory Commission has 
entered into an effective agreement under Section 27 4 b. of the Atomic Energy Act of 1954, as 
amended (73 Statute 689). 

(d) "Alert" means a classification for events that are in progress, may occur or have occurred that 
could lead to a release of radioactive material(s) but that the release is not expected to require a 
response by an offsite response organization to protect persons offsite. 

(e) "Authorized nuclear pharmacist". Defined in Rule 0400-20-07-.05. 

(f) "Authorized user". Defined in Rule 0400-20-07-.05. 

(g) "Barrier" means attenuating materials used to reduce radiation exposure. 

1. "Primary". Barrier sufficient to attenuate the useful beam to the required degree at a 
distance no greater than 8 centimeters beyond the barrier. 

2. "Secondary". Barrier sufficient to attenuate scattered and leakage radiation to the 
required degree at a distance no greater than 8 centimeters beyond the barrier. 1 

(h) "Calibration" means the determination of: 

1. The response or reading of an instrument relative to a series of known radiation values 
over the range of the instrument, or 

2. The strength of a source of radiation relative to a standard. 

It is reasonable to assume that individuals will not occupy the area within 8 centimeters of the barrier 
continuously. 
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(i) "Carrier" means a person engaged in the transportation of passengers or property by land or 
water as a common, contract or private carrier, or by civil aircraft. 

U) "Certificate holder" means a person who has been issued a certificate of compliance or other 
package approval by the U.S. Nuclear Regulatory Commission (U.S. NRC). 

(k) "Certificate of Compliance" (CoC) means the certificate issued by the U.S. NRC under 10 CFR 71 
subpart D which approves the design of a package for the transportation of radioactive material. 

(I) "Close reflection by water" means immediate contact by water of sufficient thickness for maximum 
reflection of neutrons. 

"Consignment" means each shipment of a package or groups of packages or load of radioactive 
material offered by a shipper for transport. 

"Consortium" means an association of medical use licensees and a PET radionuclide production 
facility in the same geographical area that jointly own or share in the operation and maintenance 
cost of the PET radionuclide production facility that produces PET radionuclides for use in 
producing radioactive drugs within the consortium for noncommercial distributions among its 
associated members for medical use. The PET radionuclide production facility within the 
consortium must be located at an educational institution or a Federal facility or a medical facility. 
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"Containment system" means the assembly of components of the packaging intended to retain 
the radioactive material during transport. · 

"Conveyance" means: 

1. For transport by public highway or rail: any transport vehicle or large freight container; 

2. For transport by water: any vessel, or any hold, compartment, or defined deck area of a 
vessel including any transport vehicle on board the vessel; and 

3. For transport by aircraft: any aircraft. 

"Critical group" means the group of individuals reasonably expected to receive the greatest 
exposure to residual radioactivity for any applicable set of circumstances. 

"Criticality safety index" (CSI) means the dimensionless number (rounded up to the next tenth) 
assigned to and placed on the label of a fissile material package, to designate the degree of 
control of accumulation of packages containing fissile material during transportation. 
Determination of the criticality safety index is described in paragraphs ( 1 0) and ( 11) of Rule 0400-
20-10-.30 and 10 CFR 71.59. 

"Curie". Defined in Rule 0400-20-05-.34. 

"Cyclotron" means a particle accelerator in which the charged particles travel in an outward spiral 
or circular path. A cyclotron accelerates charged particles and is commonly used for production of 
short half-life radionuclides for medical or veterinary use. 

"Decommission" means to remove a facility or site safely from service and reduce residual 
radioactivity to a level that permits: 

1. Release of the property for unrestricted use and termination of the license; or 

2. Release of the property under restricted conditions and the termination of the license. 

"Deuterium" means, for the purposes of subparagraph (5}(b) and paragraph (1 0) of Rule 0400-20-
10-.30, deuterium and any deuterium compounds, including heavy water, in which the ratio of 
deuterium atoms to hydrogen atoms exceeds 1:5000. 

"Discrete source" means a radionuclide that has been processed so that its concentration within a 
material has been purposely increased for use for commercial, medical, or research activities. 

"Disposal facility" means a land disposal site that is used for the isolation of radioactive waste 
from the biosphere. 

"Distinguishable from background" means that the detectable concentration of a radionuclide is 
statistically different from the background concentration of that radionuclide in the vicinity of the 
site or, in the case of structures, in similar materials using adequate measurement technology, 
survey and statistical techniques. 

Reserved. 

{aa)(cc) "Dose". Defined in Rule 0400-20-05-.32. 

{!3b1.@fl"DOT" and "U.S. DOT" means the United States Department of Transportation. U.S. DOT 
regulations are found in Code of Federal Regulations Title 49 Transportation. 

{GGj( ee) "Emergency procedures" means the written pre-planned steps to be taken in the event of actual 
or suspected exposure of individuals to excessive radiation. This procedure should include the 
names and telephone numbers of individuals to be contacted as well as directives for processing 
the film badge or other personnel-monitoring device. 
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fGE!}ill} "Exclusive use" (or "sole use" or "full load") means sole use by a single consignor of a 
conveyance for which all initial, intermediate and final loading and unloading are carried out in 
accordance with the direction of the consignor or consignee. The consignor and the carrier shall 
ensure that personnel having radiological training and resources appropriate for safe handling of 
the consignment perform any loading or unloading. The consignor shall issue specific written 
instructions for maintenance of exclusive use shipment controls and include them with the 
shipping paper information provided to the carrier by the consignor. 

{eB}{gg}"Exposure"2 means a measure of the ionization produced in air by X or gamma radiation. It is the 
sum of the electrical charges on all of the ions of one sign produced in air, when all electrons 
liberated by photons in a volume element of air are completely stopped in air, divided by the mass 
of the air in the volume element. The special unit of exposure is the roentgen. 

"Fissile material" means plutonium-238, the radionuclides: plutonium-239, plutonium-241, 
uranium-233, uranium-235 or any combination of these radionuclides. Fissile material means the 
fissile nuclides themselves, not material containing fissile nuclides. Unirradiated natural uranium 
and depleted uranium, and natural uranium or depleted uranium that has been irradiated in 
thermal reactors only, are not included in this definition. Certain exclusions from fissile material 
controls are provided in subparagraph (5)(b) of Rule 0400-20-10-.30. 

"Fissile material package". See "Package" 

''Former U.S. Atomic Energy Commission (AEC) or U.S. Nuclear Regulatory Commission (NRC) 
licensed facilities" means nuclear reactors, nuclear fuel processing plants, uranium enrichment 
plants, or critical mass experimental facilities where AEC or NRC licenses have been terminated. 

"Generator" means a person whose activities with radioactive material are such that waste is 
generated that is distinctly separate and/or distinct from materials received. 

"Graphite" means, for the purposes of subparagraph (5)(b) and paragraph (1 0) of Rule 0400-20-
10-.30, graphite with a boron equivalent content less than 5 parts per million and density greater 
than 1.5 grams per cubic centimeter. 

"Human use" (or "medical use") means the intentional internal or external administration of 
radiation or radioactive materials to individuals under the supervision of an authorized user. 

"Interlock" means a device for precluding access to any area of radiation hazard by automatically 
eliminating the hazard upon entry by personnel or parts of their body. 

fFArn1{QJ:;U"Licensed material" means radioactive, by-product, source, or special nuclear material received, 
possessed, used, or transferred under a general or specific license issued by the Division 
pursuant to the regulations in this chapter, or issued by the U.S. NRC or an agreement state 
pursuant to equivalent regulations. 

~fH't}{gg}"Licensing State" means any state with regulations equivalent to the Suggested State Regulations 
for Control of Radiation relating to, and an effective program for, the regulatory control of NARM. 

"Low specific activity (LSA) material" means radioactive material with limited specific activity 
which is nonfissile or is expected under subparagraph (5)(b) of Rule 0400-20-10-.30, and which 
satisfies the descriptions and limits set forth below. Shielding materials surrounding the LSA 
material may not be considered in determining the estimated average specific activity of the 

2 It is reasonable to assume that individuals will not occupy the area within 8 centimeters of the barrier 
continuously. 
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package contents. LSA material must be in one three groups: 

1. LSA-1 

(i) Uranium and thorium ores, concentrates of uranium and thorium ores, and other 
ores containing only naturally occurring radioactive radionuclides which are not 
intended to be processed for the use of these radionuclides; or 

(ii) Solid unirradiated natural uranium or depleted uranium or natural thorium or their 
solid or liquid compounds or mixtures; or 

(iii) Radioactive material for which the A2 value is unlimited; or 

(iv) Other radioactive material in which the activity is distributed throughout and the 
estimated average specific activity does not exceed 30 times the value for 
exempt material activity concentration determined in accordance with Schedule 
10-6 in Rule 0400-20-10-.38. 

2. LSA-11 

(i) Water with tritium concentration up to 20 Ci/liter (0.8 terrabequerel/liter); or 

(ii) Other material in which the activity is distributed throughout and the average 
specific activity does not exceed 1 (E-4) A2/gram for solids and gases or 1 (E-5) 
A2/gram for liquids. 

3. LSA-111. Solids (e.g., consolidated wastes, activated materials), excluding 
powders, that satisfy the requirements of the U.S. NRC regulations 10 CFR 
71.77, in which: 

(i) The radioactive material is distributed throughout a solid or a collection of 
solid objects or is essentially uniformly distributed in a solid compact 
binding agent (such as concrete, bitumen, ceramic, etc.); and 

(ii) The radioactive material is relatively insoluble, or it is intrinsically 
contained in a relatively insoluble material, so that even under loss of 
packaging, the loss of radioactive material per package by leaching, 
when placed in water for seven (7) days, would not exceed 0.1 A2; and 

(iii) The average specific activity of the solid does not exceed 2 (E-3) 
A2/gram. 

"Low toxicity alpha emitters" means natural uranium, depleted uranium, natural thorium, uranium-
235, uranium-238, thorium-232, thorium-228 or thorium-230 when contained in ores or physical or 
chemical concentrates or tailings; or alpha emitters with a half-life of less than ten (1 0) days. 

"Major processors" means persons processing or handling radioactive materials exceeding Type 
X quantities3 as unsealed sources or material. 

"Maximum normal operating pressure" means the maximum gauge pressure that would develop 
in the containment system in a period of one (1) year under the heat condition specified in 10 
CFR 71.71 (c)(1 ), in the absence of venting, external cooling by an ancillary system or operational 
controls during transport. 

"NARM" means any naturally occurring or accelerator-produced radioactive material. It does not 

3 Type X quantities are defined in Tables RHS 2-1, RHS 2-2 and RHS 2-3 as contained in Chapter 0400-
20-05. For purposes of Rule 0400-20-04-.04, where there is involved a combination of radioactive materials 
licensed, the method of deriving a Type X quantity is as specified in Rule 0400-20-05-.162(1 )(b). 
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include byproduct, source or special nuclear material. 

"Natural radioactivity" means radioactivity of naturally occurring nuclides. 

"Natural thorium" means thorium with the naturally occurring distribution of thorium isotopes 
(essentially 100 weight percent thorium-232). 

"Normal form radioactive material" means radioactive material that has not been demonstrated to 
qualify as special form radioactive material. 

tww}(zz)"Operating procedures" means detailed written instructions including, but not limited to, the 
normal operation of equipment and movable shielding, closing of interlock circuits, manipulation 
of controls, radiation monitoring procedures for personnel and areas, testing of interlocks and 
record keeping requirements. 

~(aaa)"Optimum interspersed hydrogenous moderation" means the presence of hydrogenous material 
between packages to such an extent that the maximum nuclear reactivity results. 

fffl(bbb )"Ore refineries" means all non-exempt processors of a radioactive material ore. 

{Rj(ccc)"Package" means the packaging together with its radioactive contents as presented for transport. 

1. "Fissile material package" or "Type AF package", "Type BF package", Type B(U)F 
package" or "Type B(M)F package" means a fissile material packaging together with its 
fissile material contents. 

2. "Type A package" means a Type A packaging together with its radioactive contents. A 
Type A package is defined and must comply with the U.S. DOT regulations in 49 CFR 
173. 

3. "Type 8 package" means a Type 8 packaging together with its radioactive contents. On 
approval, a Type 8 package design is designated by NRC as B(U) unless the package 
has a maximum normal operating pressure of more than 700 kPa (100 lbf/in2

) gauge or a 
pressure relief device that would allow the release of radioactive material to the 
environment under the tests specified in 10 CFR 71.73 (hypothetical accident conditions), 
in which case it will receive a designation B(M). B(U) refers to the need for unilateral 
approval of international shipments; B(M) refers to the need for multilateral approval of 
international shipments. There is no distinction made in how packages with these 
designations may be used in domestic transportation. To determine their distinction for 
international transportation, see U.S. DOT regulations in 49 CFR 173. A Type 8 package 
approved before September 6, 1983, was designated only as Type B. Limitations on its 
use are specified in 10 CFR 71.19. 

{aaa)(ddd)"Packaging" means the assembly of components necessary to ensure compliance with the 
packaging requirements of this chapter. It may consist of one or more receptacles, absorbent 
materials, spacing structures, thermal insulation, radiation shielding and devices for cooling or 
absorbing mechanical shocks. The vehicle, tie-down system and auxiliary equipment may be 
designated as part of the packaging. 

fhllbj(eee)"Particle accelerator" means any device used to impact kinetic energy to electrically charged 
particles including but not limited to electrons, protons, deuterons, and helium ions. For the 
purpose of these regulations "accelerator" includes equipment designed for and used only for the 
production of x-rays of 0.9 MeV or greater and equipment capable of discharging nuclear 
particles into a medium external to the accelerating device. For purposes of this definition, 
"accelerator" is an equivalent term. 

fsGB1.illfl."Physician" means an individual licensed by the State to dispense drugs in the practice of 
medicine. 

~{gg_g}"Qualified individual". Defined in Rule 0400-20-06-.03. 
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feeB)(hhh)"Qualified expert" means, for purposes of subparagraph (2)(g) and (m) of Rule 0400-20-09-.21, 
a person: 

1. Who is certified by the American Board of Radiology in Therapeutic Radiological Physics, 
Radiological Physics, Roentgen-Ray and Gamma-Ray Physics or X-Ray and Radium 
Physics; or 

2. Who has the following 4 minimum training and experience: 

(i) A Master's or Doctor's degree in physics, biophysics, radiological physics or 
health physics; 

(ii) One year of full-time training in therapeutic radiological physics; and 

(iii) One year of full-time experience in a therapy facility including personal calibration 
and spot check of at least one teletherapy unit. 

"Rad" is defined in subparagraph (1)(b) of Rule 0400-20-05-.33. 

t9w1Dill"Radiation machine" means any device capable of producing radiation except devices that 
produce radiation through utilization of a radioactive material. 

{Aftl:tj(kkk)"Radioactive material" means any material, solid, liquid or gas, which emits radiation 
spontaneously. 

"Radiological Safety Officer" means an individual who has the knowledge and responsibility to 
apply appropriate radiation protection regulations and has been assigned such responsibility by 
the licensee or registrant. 

{jffi(mmm)"Rem" is defined in subparagraph (1 )(c) of Rule 0400-20-05-.33. 

~(nnn)"Research and development" means theoretical analysis, exploration or experimentation; or 
extension of investigative findings and theories of a scientific or technical nature into practical 
application for experimental and demonstration purposes. Research and development includes 
the experimental production and testing of models, devices, equipment, materials and processes. 
Research and development does not include the internal or external administration of radiation or 
radioactive material to individuals. 

{illj(ooo)"Residual radioactivity" means radioactivity in structures, materials, soils, groundwater and other 
media at a site resulting from activities under the licensee's control. This includes radioactivity 
from all licensed and unlicensed sources used by the licensee, but excludes background 
radiation. It also includes radioactive materials remaining at the site as a result of routine or 
accidental releases of radioactive material at the site and previous burials at the site, even if 
those burials were made in accordance with the provisions of Chapter 0400-20-05. 

Licensees or certified registrants that utilize persons who do not meet these criteria for minimum training 
and experience may request a variance excepting them from the requirements of using qualified experts. 
The request should include: 
1. The name of the proposed individual, 
2. A description of his or her training and experience including information similar to that specified 

in Rule 0400-20-04-.04, 
3. Reports of at least one calibration and spot-check program based on measurements personally 

made by the proposed individual within the last 10 years, and 
4. Written endorsement of the technical qualifications of the proposed individual from personal 

knowledge by a physicist certified by the American Board of Radiology in one of the specialties 
listed in Rule 0400-20-04-.04. 

The variance request should be addressed to the Division of Radiological Health, at the address given in 
Rule 0400-20-04-.07. 
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fmmm){QQQ}"Roentgen" (R) means the special unit of exposure. One roentgen equals 2.58 x 1 o-4 

coulomb per kilogram of air. 

fAftftj{gggl"Sealed source" is defined in Rule 0400-20-07-.05. 

feeG-f{J:J:tl"Site area emergency" means a classification for events that are in progress, may occur or have 
occurred that could lead to a significant release of radioactive material and that could require a 
response by offsite response organizations to protect persons offsite. 

~(sss)"Source of radiation" means material that emits radiation spontaneously, or apparatus that 
produces, or may produce when the associated controls are operated, one or more forms of 
radiation. 

~illD."Special form radioactive material" means radioactive material that satisfies the following 
conditions: 

1. It either is a single solid piece or is contained in a sealed capsule that can be opened 
only by destroying the capsule; 

2. The piece or capsule has at least one dimension not less than 5 millimeters (0.197 inch); 
and 

3. It satisfies the requirements specified by the U.S. Nuclear Regulatory Commission 10 
CFR 71.75. A special form encapsulation designed in accordance with the U.S. NRC 
requirements of 10 CFR 71.4 in effect on June 30, 1983 (see 10 CFR 71, revised as of 
January 1, 1983), and constructed before July 1, 1985, may continue to be used. A 
special form encapsulation designed in accordance with U.S. NRC requirements of 10 
CFR 71.4 in effect on March 31, 1996, (see 10 CFR 71, revised as of January 1, 1983), 
and constructed before April 1, 1998, may continue to be used. Any other special form 
encapsulation shall meet the specifications of this definition. 

fmj(uuu)"Special nuclear material in quantities not sufficient to form a critical mass" means: 

1. Uranium enriched in the isotope U-235 in quantities not exceeding 350 grams of 
contained U-235; 

2. Uranium-233 in quantities not exceeding 200 grams; 

3. Plutonium in quantities not exceeding 200 grams; or 

4. Any combination of them in accordance with the following formula. For each kind of 
special nuclear material, determine the ratio between the quantity of that special nuclear 
material and the quantity specified above for the same kind of special nuclear material. 
The sum of such ratios for all kinds of special nuclear material in combination shall not 
exceed 1 (i.e., unity). For example, the following quantities in combination would not 
exceed the limitation and are within the formula, as follows: 

175 (grams contained U-235) + 50 (grams U-233) + 50 (grams Pu) = 1 
350 200 200 

{ss&)(vvv)"Specific activity" means the radioactivity of a radionuclide per unit mass of that nuclide. The 
specific activity of a material in which the radionuclide is essentially uniformly distributed is the 
radioactivity per unit mass of the material. 

fHt)(www)"Spent nuclear fuel or Spent fuel" means fuel that has been withdrawn from a nuclear reactor 
following irradiation, has undergone at least 1 year's decay since being used as a source of 
energy in a power reactor, and has not been chemically separated into its constituent elements 
by reprocessing. Spent fuel includes the special nuclear material, byproduct material, source 
material, and other radioactive materials associated with fuel assemblies. 
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{mlttj(xxx)"SRPAR" means State Regulations for Protection Against Radiation. 

-(-vvvj.0L:L:Q"State" means a state of the United States, the District of Columbia, the Commonwealth of 
Puerto Rico, the Virgin Islands, Guam, American Samoa, and the Commonwealth of the Northern 
Mariana Islands. 

{wwwj(zzz)"Surface contaminated object" (SCO) means a solid object that is not itself classed as 
radioactive material but that has radioactive material distributed on any of its surfaces. SCO must 
be in one of two groups with surface activity not exceeding the following limits: 

1. SC0-1: A solid object on which: 

(i) 

(ii) 

(iii) 

The removable (non-fixed) contamination on the accessible surface averaged 
over 300 cm2 (or the area of the surface if less than 300 cm2

) does not exceed 
1 E-4 microcurie (4 becquerels) per square centimeter (cm2

) for beta and gamma 
and low toxicity alpha emitters or 1 E-5 microcuries (0.4 becquerel) per em for all 
other alpha emitters; 

The fixed contamination on the accessible surface averaged over 300 cm2 (or the 
area of the surface if less than 300 cm2

) does not exceed 1 microcurie (4 E+4 
becquerels) per square centimeter (cm2

) for beta and gamma and low toxicity 
alpha emitters or 0.1 microcurie (4 E+3 becquerels) per cm2 for all other alpha 
emitters; and 

The removable (nonfixed) contamination plus the fixed contamination on the 
inaccessible surface averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2

) does not exceed 1 microcurie (4 E+4 becquerels) per square 
centimeter (cm2

) beta and gamma and low toxicity alpha emitters or 0.1 
microcurie (4 E+3 becquerels) per cm2 for all other alpha emitters. 

2. SC0-11: A solid object on which the limits for SC0-1 are exceeded and on which: 

(i) 

(ii) 

(iii) 

The removable contamination on the accessible surface averaged over 300 cm2 

(or the area of the surface if less than 300 cm2
) does not exceed 1 E-2 microcurie 

(400 becquerels) per square centimeter (cm2
) for beta and gamma and low 

toxicity alpha emitters or 1 E-3 microcurie (40 becquerels) per cm2 for all other 
alpha emitters; 

The fixed contamination on the accessible surface averaged over 300 cm2 (or the 
area of the surface if less than 300 cm2

) does not exceed 20 microcuries (8 E+5 
becquerels) per square centimeter (cm2

) for beta and gamma and low toxicity 
alpha emitters or 2 microcuries (8 E+4 becquerels) per cm2 for all other alpha 
emitters; and 

The removable (nonfixed) contamination plus the fixed contamination on the 
inaccessible surface averaged over 300 cm2 (or the area of the surface if less 
than 300 cm2

) does not exceed 20 microcurie (8 E+5 becquerels) per square 
centimeter (cm2

) for beta and gamma and low toxicity alpha emitters or 2 
microcurie (8 E+4 becquerels) per cm2 for all other alpha emitters. 

fx*x:)(aaaa)"Therapeutic-type protective tube housing" means: 

1. For x-ray therapy apparatus not capable of operating at 500 kVp or above, the following 
definition applies. An x-ray tube housing so constructed that the leakage radiation at a 
distance of 1-meter from the target does not exceed 1 roentgen in an hour when the tube 
is operated at its maximum rated continuous current for the maximum rated tube 
potential. 

2. For x-ray therapy apparatus capable of operating at 500 kVp or above, the following 
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definition applies. An x-ray tube housing so constructed that the leakage radiation at a 
distance of 1-meter from the target does not exceed 0.1 percent of the useful beam 
exposure rate at 1-meter from the target, for any of its operating conditions. 

3. In either case, small areas of reduced protection are acceptable providing the average 
radiation exposure over any area of 100 square centimeters at 1-meter distance from the 
target does not exceed the values given above. However, no linear dimension of the 
area used to obtain the average shall exceed 20 centimeters. 

4. See part (1)(a)15 of Rule 0400-20-06-.05 for leakage requirements for contact therapy 
apparatus. 

{yffl(bbbb)"These regulations" means "State Regulations for Protection Against Radiation." 

~(cccc)"Transport index" (TI) means the dimensionless number (rounded up to the next tenth) placed 
on the label of a package to designate the degree of control to be exercised by the carrier during 
transportation. The transport index is the number determined by the maximum radiation level in 
millirem per hour at 1-meter (3.3 feet) from the external surface of the package (equivalent to 
multiplying the maximum radiation level in millisievert(s) per hour at 1-meter (3.3 feet) by 100). 
The transport index is determined as follows: 

1. For non-fissile material packages, the number determined by multiplying the maximum 
radiation level in millisievert (mSv) per hour at 1-meter (3.3 ft) from the external surface of 
the package by 100 (equivalent to the maximum radiation level in millirem per hour at 1-
meter (3.3 ft)); or 

2. For fissile material packages, the number determined by multiplying the maximum 
radiation level in millisievert per hour at 1-meter (3.3 ft) from the external surface of the 
package by 100 (equivalent to the maximum radiation level in millirem per hour at 1-
meter (3.3 ft)), or, for criticality control purposes, the number obtained as described in 10 
CFR 71.59, whichever is larger. 

faaaa}(eeee)Type A quantity" means a quantity of radioactive material, the aggregate radioactivity of 
which does not exceed A1 for special form radioactive material or A2 for normal form radioactive 
material, where A1 and A2 are given in Table A-1, Schedule 10-6, Rule 0400-20-10-.37, or may be 
determined by procedures described in Schedule 10-6, Rule 0400-20-10-.37. 

(lmbb1(ffff)"Type B quantity" means a quantity of radioactive material greater than a Type A quantity. 

{GGGG-j{gggg_)''Unirradiated uranium" means uranium containing not more than 2E+3 Bq of plutonium per 
gram of uranium-235, not more than 9E+6 Bq of fission products per gram of uranium-235, and 
not more than 5E-3 g of uranium-236 per gram of uranium-235. 

~Gj(hhhh)"Units of radioactivity". Defined in Rule 0400-20-05-.34. 

{eee&).illill"Unrefined and unprocessed ore" means ore in its natural form before any processing, such as 
grinding, roasting, beneficiating or refining. 

"Uranium -natural, depleted, enriched" means: 

1. Natural uranium: uranium with the naturally occurring distribution of uranium isotopes 
(about 0.711 weight percent uranium-235, and the remainder by weight essentially 
uranium-238). 

2. Depleted uranium: uranium containing less uranium-235 than the naturally occurring 
distribution of uranium isotopes. 
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3. Enriched uranium: uranium containing more uranium-235 than the naturally occurring 
distribution of uranium isotopes. 

~(kkkk)"Useful beam" (or "primary beam") means that part of the radiation that passes through a 
window, aperture, cone or other collimating device. 

~illill"Waste" means those low-level radioactive wastes containing source, special nuclear, or 
byproduct material that are acceptable for disposal at a land disposal facility. For the purposes of 
this definition, low-level waste is radioactive waste not classified as high-level radioactive waste, 
transuranic waste, spent nuclear fuel or byproduct material as defined in Rule 0400-20-05-.32. 

{ffi+)(mmmm)"Waste handler" means a person who holds radioactive wastes for disposal and/or who 
actually disposes of radioactive wastes for other persons. 

Bill)(nnnn)"Waste processor" means a waste handler who performs a physical and/or chemical activity on 
a material containing or contaminated with radioactive material. 

fhl;l4kj(oooo)"Worker" means an individual engaging in work under a license or registration issued by the 
Division and controlled by a licensee or registrant, but does not include the licensee or registrant. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq. and 4-5-201 et seq. 

Paragraph (3) of Rule 0400-20-04-.11 Posting Notices to Workers is amended by deleting it in its entirety and 
substituting instead the following: 

(3) Form RHS 8-3 (Notice to Employees). 

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF RADIOLOGICAL HEALTH 

NOTICE TO EMPLOYEES 
In "STATE REGULATIONS FOR PROTECTION AGAINST RADIATION", The Tennessee Department of 
Environment and Conservation has established standards for your protection against radiation hazards and certain 
provisions for the option of workers engaged in work under licenses or registrations issued by the Department. 

YOUR EMPLOYER'S RESPONSIBILITY 

Your employer is required to-
1. Apply these regulations to work under the license 

or registration. Licenses and Certified Registrations 
contain special conditions which shall be 
considered in addition to these regulations. 

2. Post or otherwise make available to you a copy of 
the regulations, licenses, registrations, and 
operating procedures which apply to work in which 
you are engaged, and explain their provisions to 
you. 

3. Post any written notice from the Department that 
the regulations have been violated and response to 
such notice. 

YOUR RESPONSIBILITY AS A WORKER 

You should familiarize yourself with those provisions of 
the regulations, and the operating procedures which 
apply to the work in which you are engaged. You 
should observe their provisions for your own protection 
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employer give you a written report if you receive an 
exposure in excess of any applicable limit as set forth in 
the regulations or in the license. The basic limits for 
exposure to employees are set forth in Rules 0400-20-
05-.50, 0400-20-05-.53 and 0400-20-05-.55 of the 
regulations. These rules specify limits on exposure to 
radiation and exposure to concentrations of radioactive 
material in air and water. 
2. If you work where personnel monitoring is required 

and if you request information on your radiation 
exposures; 

a. your employer must advise you annually of your 
exposure to radiation; and 

b. your employer must give you a written report, 
following termination of your employment, of your 
radiation exposures. 

INSPECTIONS 

All licensed or registered activities are subject to 
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and protection of your co-workers. 

AREAS COVERED BY THESE REGULATIONS 

1. Limits on exposure to radiation and radioactive 
material in restricted and unrestricted areas; 

2. Measures to be taken after accidental exposure; 

inspection by representatives of the Department. In 
addition, any worker or representative of workers who 
believes that there is a violation of the regulations or the 
terms of the employer's license or registration with regard 
to radiological working conditions in which the worker is 
engaged, may request an inspection by sending a notice 
of the alleged violation to the Tennessee Department of 
Environment and Conservation, Division of Radiological 
Health, L&C Annex! 3"1~--S:treet ~=-'-' 
R. Snodgrass. Tennessee Tower. 15th Floor. 312 Rosa 
'---"'-'-'-'-"'--'---'-'-'="'-• Nashville, Tennessee 37243-4~. The 
request must set forth the specific grounds for the notice, 
and must be signed by the worker or the representative 
of the workers. During inspections, Department 
inspectors may confer privately with workers, and any 
worker may bring to the attention of the inspectors any 
past or present condition which he believes contributed 
to or caused any violation as described above. 

3. Personnel monitoring, surveys and equipment; 
4. Caution signs, labels and safety interlock 

equipment; 
5. Exposure records and reports; 
6. Option for workers regarding the Department's 

inspection; and 
7. Related matters. 

REPORTS ON YOUR RADIATION EXPOSURE 
HISTORY 

1. The Department's regulations require that your 

POSTING REQUIREMENT 

Copies of this notice must be posted in a sufficient number of places in every establishment where employees are 
employed in activities registered or licensed pursuant to Chapter 0400-20-10 to permit employees working in or 
frequenting any portion of a restricted area to observe a copy on the way to or from their place of employment. 

Authority: T.C.A. §§ 68-202-101 et seq. and 4-5-201 et seq. 

Chapter 0400-20-05 
Standards for Protection Against Radiation 

Amendments 

Rule 0400-20-05-.144 Reports of Planned Special Exposures is amended by deleting it in its entirety and 
substituting instead the following: 

0400-20-05-.144 Reports of Planned Special Exposures. 

The licensee or registrant shall submit a written report to the Division of Radiological Health, t6,J'o-f"tRff'8*.-<'lfB 

f"'f'=i{;}f-,...Lf-U~::rHtiH>tt-<27tte<:H.-~&f+\i'+tlk:l';-t-t'/-<'rM:S-4-0~~ at the address given in Rule 0400-20-04-.07. within 30 days 
following any planned special exposure. The report shall inform the Division that a planned special exposure 
occurred and provide the information required by Rule 0400-20-05-.134. 

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq. 

Chapter 0400-20-08 
Radiation Safety Requirements for Industrial Radiography 

Amendments 

Subparagraph (a) of paragraph (1 0) of Rule 0400-20-08-.04 Equipment Control is amended by deleting it in its 
entirety and substituting instead the following: 

(a) Each radiographic exposure device and all associated equipment shall meet the requirements 
specified in American National Standard N432-1980 "Radiological Safety for the Design and 
Construction of Apparatus for Gamma Radiography," (published as NBS Handbook 136, issued 
January 1981). This publication may be purchased from the American National Standards 
Institute, Inc., 1430 Broa4vvay, New York, NY 10018 ~~-N432-j 25 West 43rct Street New 
York. New York 10036: Telephone: (212) 642-4900. An applicant or licensee may submit 
engineering analyses to demonstrate the applicability of previously performed testing on similar 

SS-7039 (July 2014) 14 RDA 1693 



individual radiography equipment components. Upon review, the Division may find this an 
acceptable alternative to actual testing of the component under the above referenced standard. 

Authority: T.C.A. §§68-202-1 01 et seq., 68-202-201 et seq. and 4-5-201 et seq. 

Paragraph (5) of Rule 0400-20-08-.05 Personal Radiation Safety Requirements for Radiographers and 
Radiographer's Assistants is amended by adding a new subparagraph as subparagraph (b) to read as follows: 

Authority: T.C.A. §§68-202-101 et seq., 68-202-201 et seq. and 4-5-201 et seq. 

Chapter 0400-20-1 0 
Licensing and Registration 

Amendments 

Paragraph (3) of Rule 0400-20-10-.16 Specific Terms and Conditions of Licenses is amended by deleting it in its 
entirety and substituting instead the following: 

(3) Each person licensed by the Division pursuant to this Chapter shall confine 
possession of the material licensed to the locations and purposes authorized in the license. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Part 2 of subparagraph (a) of paragraph (7) of Rule 0400-20-10-.16 Specific Terms and Conditions of Licenses is 
amended by deleting it in its entirety and substituting instead the following: 

2. By or against an entity (as that term is defined in 11 U.S.C. 1 01{441( 15)) controlling the 
licensee or listing the license or licensee as property of the estate; or 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Paragraph ( 1) of Rule 0400-20-1 0-.24 Registration is amended by deleting it in its entirety and substituting instead 
the following: 

(1) The owner or person having possession of any radiation machine or accelerator, except those specifically 
exempted in Rule 0400-20-10-.07, shall register such sources within 10 days after acquisition of such 
machine. The owner or possessor of any accelerator shall substitute an application for certified 
registration required in Chapter 0400-20-09. The application for certified registration must be received by 
the Department within 10 days after acquisition of the accelerator; however, an accelerator may not be 
energized until registered pursuant to Chapter 0400-20-09. In addition, every person who provides 
inspections as provided for in paragraph (4) of Rule 0400-20-10-.27 and every person who assembles, 
installs, or services radiation machines shall register with the Division of Radiological Health, Tennessee 
Department of Environment and Conservation. Registration under this rule shall be on Department Form 
RHS 8-4, Form RHS 8-4a or Form RHS 8-4b, as appropriate, as furnished by the Department and may be 
obtained from the Division of Radiological Health, ~c:r-+I:HHeJ<E;----6 -I=-JBi3f.-4tf'+--b,ft\;l-FGH~Fee-t.-f'l/aSHV+tte, 

+eFtAB&see-6-7243 1532 at the address given in Rule 0400-20-04-.07. A registration fee in accordance 
with the Classification and Fee Schedule in paragraph (3) of this rule shall be due upon receipt of an 
invoice from the Division of Radiological Health following the submittal of the completed registration form. 
The check for the fee shall be made payable to "Treasurer, State of Tennessee." 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Part 4 of subparagraph (d) of paragraph (3) of Rule 0400-20-10-.24 Registration is amended by deleting it in its 
entirety and substituting instead the following: 
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(i) Copies of the appropriate State evaluation forms within 60 days after the 
inspection. 

(ii) Copies of applicable service reports to document correction of any deficiencies 
noted within 60 days after the inspection. 

(iii) A signed "X-Ray Inspection Notification and Certification of Compliance" form 
within 60 days of the inspection. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Paragraph (21) of Rule 0400-20-10-.30 Packaging and Transportation of Radioactive Material is amended by 
deleting it in its entirety and substituting instead the following: 

(21) Advance notification of shipment of irradiated reactor fuel and nuclear waste. 

(a) 

(b) 

_,_,i. __ .As specified in subparagraphs (b), (c) and (d) of this paragraph, each licensee shall 
provide advance notification to the governor of a state, or the governor's designee, and to 
the Director, Division of Radiological Health, of the shipment of licensed materiaL within 
ffiRC)HtJffl or across the boundary of the State, before the transport, or delivery to a carrier 
for transport, of licensed material outside the confines of the licensee's plant or other 
place of use or storage. 

Advance notification is also required under this paragraph for shipment of licensed material, other 
than irradiated fuel, meeting the following three conditions: 

1. The licensed material is required by 10 CFR 71 to be in Type B packaging for 
transportation; 

2. The licensed material is being transported to or across the State boundary en route to a 
disposal facility or to a collection point for transport to a disposal facility; and 

3. The quantity of licensed material in a single package exceeds the least of the following: 

(i) 3000 times the A1 value of the radionuclides as specified in Schedule 10-6 in 
Rule 0400-20-10-.38, Table A-1 for special form radioactive material; 

(ii) 3000 times the A2 value of the radionuclides as specified in Schedule 10-6 in 
Rule 0400-20-10-.38, Table A-1 for normal form radioactive material; or 

(iii) 1000 TBq (27,000 Ci). 

(c) Procedures for submitting advance notification. 

1. The notification shall be made in writing to the office of each appropriate governor or 
governor's designee. the office of each appropriate Tribal official or Tribal official's 
=~= and to the Director, Division of Radiological Health. 
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2. A notification delivered by mail shall be postmarked at least 7 days before the beginning 
of the 7-day period during which departure of the shipment is estimated to occur. 

3. A notification delivered by any other means than mail shall reach the office of the 
governor, or of the governor's designee, or the Tribal official or Tribal official's designee 
and of the Director, Division of Radiological Health, at least 4 days before the beginning 
of the 7-day period during which departure of the shipment is estimated to occur. 

(i) A list of the names and mailing addresses of the governors' designees receiving 
advance notification of transportation of nuclear waste was published in the 
Federal Register on June 30, 1995 (60 FR 34306). 

(ii) The list of governor's designees and Tribal official's designees of participating 
will be published annually in the Federal Register on or about June 30 to 

reflect any changes in information. 

(iii) A list of the names and mailing addresses of the governors' designees=..!_::::_:_..:.== 
officials' designees of participating Tribes is available on request from the 
Director, Division of Intergovernmental Liaison and 
Rulemaking, of Federal and State Materials and Environmental 

U.S. Nuclear Regulatory Commission, Washington, DC 
20555-0001. 

(iv) The licensee shall retain a copy of the notification as a record for 3 years. 

(d) Information to be furnished in advance notification of shipment. Each advance notification of 
shipment nuclear waste shall contain the following information: 

1. The name, address and telephone number of the shipper, carrier and receiver of the 
-iffadiated reactor fuel or nuclear waste shipment; 

2. A description of the ifl:ad.!ated-f:ea-Gtor fuel Elf nuclear waste contained in the shipment, as 
specified in the regulations of U.S. DOT in 49 CFR 172.202 and 172.203(d); 

3. The point of origin of the shipment and the 7-day period during which departure of the 
shipment is estimated to occur; 

4. The 7-day period during which arrival of the shipment at the State's boundaries.:;;_:__-'--'-'-"'-= 
.:_.:::..;:'-"-'--'-"'-'-'-"-'-'-"'-"-"'-'-'=-=...::;is estimated to occur; 

5. The destination of the shipment and the 7-day period during which arrival of the shipment 
is estimated to occur; and 

6. A point of contact, with a telephone number, for current shipment information. 

(e) Revision notice. 

A licensee who finds that schedule information previously furnished to the governor, or governor's 
designee, and to the Director, Division of 
Radiological Health, in accordance with this paragraph, will not be met, shall telephone a 
responsible individual in the office of the governor of the State, or of the governor's designee, or a 
-:':-'-'=-:"'-'-'='~=--'-'-':'=~'-'=""-"'~=-":1-C:'-":,:=- and of the Division of Radiological Health and inform 

individuals of the extent of the delay beyond the schedule originally reported. The licensee 
shall maintain a record of the name of the individual contacted for 3 years. 

(f) Cancellation notice. 

1. Each licensee who cancels g nuclear waste shipment for 
which advance notification has been sent shall send a cancellation notice to the governor 
of each State, or to the governor's designee, previously notified, ="'-'---'--'-'-'"-='-~='-'--"-'--= 
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the Tribal official's designee previously notified, and to the Director, Division of 
Radiological Health. 

2. The licensee shall state in the notice that it is a cancellation and identify the advance 
notification that is being canceled. The licensee shall retain a copy of the notice as a 
record for 3 years. 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 

Schedule 10-6 of Rule 0400-20-10-.38 Appendix-Schedules is amended by deleting it in its entirety and 
substituting instead the following: 

SCHEDULE 10-6: DETERMINATION OF A1 AND A2. 

(1) Values of A1 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) The curie 
va I ues are B*f}fe;SSE>e-te-:H=tfee--stGfl+HGam-HEJtlf€::.8-te-a~Me--"fH<'H--BFte-e+H:ef€mBEHfl-m,e.-j~!-afiB-Io-H~fR-ttHeS 

(2) 

l&-l*+-eer-Ge~e-HIB&5 for information only and are not intended to be the regulatory standard. 
values of A1 or A2 are unlimited, it is for radiation control purposes only. For nuclear criticality safety, 
some materials are subject to controls placed on fissile material. 

(a) For individual radionuclides whose identities are known but that are not listed in Table A-1, the A1 

and A2 values contained in Table A-3 may be used. Otherwise, the licensee shall obtain prior 
Division approval of the A1 and A2 values for radionuclides not listed in Table A-1, before shipping 
the material. 

(b) For individual radionuclides whose identities are known, but which are not listed in Table A-2, the 
exempt material activity concentration and exempt consignment activity values contained in Table 
A-3 may be used. Otherwise, the licensee shall obtain prior Division approval of the exempt 
material activity concentration and exempt consignment activity values for radionuclides not listed 
in Table A-2, before shipping the material. 

(c) The licensee shall submit requests for prior approval, described under subparagraphs (a) and (b) 
of this schedule, to the Division, in accordance with Rule 0400-20-04-.07. 

(3) 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 1 0 days or longer than that of the parent nuclide, shall be considered as 
a single radionuclide. 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. 

(4) 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: 

2: 
I 

less than or equal to 1 

where B(i) is the activity of radionuclide I, and A1(i) is the A1 value for radionuclide I. 

(b) For normal form radioactive material, the maximum quantity transported in a Type A package: 

2: B(i) 
1 

A
2
(i) less than or equal to 1 

where B(i) is the activity of radionuclide I, and A2(i) is the A2 value for radionuclide I. 
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(c) Alternatively, an A1 value for mixtures of special form material may be determined as follows: 

A1 for mixture= -----
L f(i) 

A1(i) 

Where f(i) is the fraction of activity of nuclide I in the mixture and A1(i) is the appropriate A1 value 
for nuclide I. 

(d) An A2 value for mixtures of normal form material may be determined as follows: 

A2 for mixture = ----­
f(i) 

Az(i) 

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. 

(e) The exempt activity concentration for mixtures of nuclides may be determined as follows: 

Exempt activity 1 
concentration for ----­

mixture = L: f(i) 

[A](i) 

where f(i) is the fraction of activity concentration of radionuclide I in the mixture, and [A] is the 
activity concentration for exempt material containing radionuclide I. 

(f) The activity limit for an exempt consignment for mixtures of radionuclides may be determined as 
follows: 

Exempt consignment 1 
activity limit for -----

mixture = L: f(i) 
A(i) 

where f(i) is the fraction of activity of radionuclide I in the mixture, and A is the activity limit for 
exempt consignments for radionuclide I. 

(5) 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. The lowest A1 or A2 value, as appropriate, for the 
radionuclides in each group may be used in applying the formulas in paragraph (4) of this schedule. 
Groups may be based on the total alpha activity and the total beta/gamma activity when these are known, 
using the lowest A1 or A2 values for the alpha emitters and beta/gamma emitters. 

Table A-1-A1 and A2 VALUES FOR RADIONUCLIDES 

[ Symbol of Element and atomic 
A1 (TBq) A1(Ci)ll I A2 (TBq) I A2(Ci)ll I Specific activity 

radionuclide number (TBq/g) (Ci/g) 

jAc-225 @) Actinium (89) 8.0X10'1 2.2X101 J6.0X10'3 J1.6X10'1 2.1X103 5.8X104 

IAc-227 @) I j9.0X10'1 j2.4X101 ,9.0X10'5 j2.4X10'3 2.7 7.2X101 

JAc-228 6.0X10'1 1.6X101 Js.ox10·1 
I1.4X10

1 8.4X104 2.2x1 o" 
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Ag-105 Silver (47) 2.0 5.4X101 2.0 5.4X101 11.1X103 3.0X104 

JAg-108m@) I J7.0X10"1 
11.9X10

1 17.0X10"1 J1.9X101 j9.7X10"1 J2.6X10
1 

JAg-110m@) I 14.0X10-1 
11.1X10

1 14.0X1o-1 11.1X101 1.8X102 4.7X103 

IAg-111 I J2.0 15.4X10
1 6.0X10"1 1.6X101 5.8X103 1.6X1 05 

Al-26 Aluminum (13) 1.ox1o-1 2.7 1.0XW1 2.7 7.0X10"4 1.9X1 o-2 

Am-241 Americium (95) 1.0X101 2.7X102 1.0X10"3 2.7X10-2 1.3X1 o-1 3.4 

Am-242m@) 1.0X101 2.7X102 1.0X10"3 2.7X10-2 3.6X10"1 1.0X101 

Am-243 @) 5.0 1.4X1 02 1.ox1o-3 2.7X10"2 7.4X10-3 2.0X10"1 

JAr-37 JArgon (18) 14.0X10
1 

l1.1x10
3 

14.0X101 
11.1X10

3 
J3.7X10

3 
19.9X1 0

4 

IAr-39 I 14.0X10
1 

_l1.1X10
3 2.0X101 

l5.4X10
2 1.3 3.4X101 

IAr-41 I 13.0X10"1 f8.1 13.0X10-1 18."1 11.5X10
6 

J4.2X10
7 

--

As-72 Arsenic (33) 3.0X10"1 8.1 3.0X10"1 8.1 6.2X104 1.7X106 

As-73 4.0X101 1.1X103 4.0X101 1.1X103 8.2X102 2.2X104 

As-74 1.0 2.7X101 9.0X10"1 2.4X101 3.7X103 9.9X104 

As-76 3.0X10"1 8.1 3.0XW1 8.1 5.8X104 1.6X1 06 

JAs-77 I 12.0X10
1 

15.4X1 0
2 J7.0X10"1 1.9X101 3.9X104 1.0X1 06 

IAt-211 @) I Astatine (85) 2.0X101 5.4X102 5.0X10"1 1.4X101 7.6X104 2.1X106 

J Au-193 I Gold (79) 17.0 11.9X10
2 

12.0 ls.4X10
1 13.4X10

4 
19.2X10

5 

JAu-194 1.0 2.7X101 1.0 2.7X101 1.5X104 4.1X105 

JAu-195 I 11.0X10
1 

12.7X10
2 

16.0 11.6X10
2 

J1.4X10
2 

13.7X10
3 

I Au-198 I 11.0 12.7X10
1 J6.0X10"1 J1.6X101 9.0X103 2.4X1 05 

JAu-199 1.0X101 
12.7X10

2 6.0X10"1 1.6X101 7.7X103 2.1X105 

Ba-131 @) Barium (56) 2.0 5.4X101 2.0 5.4X1 01 3.1X103 8.4X104 

Ba-133 3.0 8.1X101 3.0 8.1X101 9.4 2.6X102 

Ba-133m 2.0X101 5.4X1 02 6.0X10"1 1.6X101 2.2X104 6.1X1 05 

Ba-140 @) 5.0X10"1 1.4X101 3.0X10"1 8.1 2.7X103 7.3X104 

Be-7 Beryllium (4) 2.0X101 5.4X102 2.0X101 5.4X102 1.3X104 3.5X105 

J Be-10 I 14.0X10
1 1.1X103 6.ox1o·1 1.6X101 8.3X10"4 2.2X10"2 

I Bi-205 I Bismuth (83) 17.0X10-1 
J1.9X1 0

1 J7.0X10"1 11.9X101 J1.5X10
3 4.2X104 

I Bi-206 I 13.0X10"1 
la.1 J3.0X10"1 8.1 3.8X103 1.0X1 05 

I Bi-207 I J7.0X10"1 
11.9X101 17.0X10"1 J1.9X10

1 
11.9 5.2X101 

Bi-21 0 1.0 2.7X101 6.0XW1 1.6X101 4.6X103 1.2X1 05 

Bi-210m @) 6.0X10"1 1.6X101 2.0X10"2 5.4X10"1 2.1X10-5 5.7X10"4 

Bi-212 @) 7.0X10"1 1.9X1 01 6.0X10"1 1.6X101 5.4X105 1.5X107 

Bk-247 Berkelium (97) 8.0 2.2X102 8.0X10"4 2.2X10"2 3.8X10-2 1.0 

JBk-249 @) I 14.0X10
1 

11.1X10
3 13.0X10"1 

la.1 6.1X101 1.6X103 

J Br-76 Bromine (35) 4.0X10-1 1.1X101 4.ox10-1 1.1X101 9.4X104 2.5X106 

J Br-77 13.0 ls.1X10
1 

13.0 ja.1x1o1 
-
12.6X104 17.1X10

5 

I Br-82 I J4.0X10-1 
J1.1X10

1 J4.0X10"1 J1.1X10
1 

J4.0X10
4 11.1X10

6 

C-11 Carbon (6) 1.0 2.7X101 6.ox1o·1 1.6X101 3.1X107 8.4X1 06 

C-14 4.0X101 1.1X103 3.0 8.1X101 1.6X10-1 4.5 

Ca-41 Calcium (20) Unlimited Unlimited Unlimited Unlimited 3.1X10-3 8.5X10-2 

Ca-45 4.0X101 1.1X103 1.0 2.7X101 6.6X102 1.8X1 04 

Ca-47 @) 3.0 8.1X101 3.ox1o-1 8.1 2.3X104 6.1X1 05 

I Cd-109 
- I Cadmium (48) 13.0X10

1 
Ja.1X10

2 
12.0 Js.4X10

1 
19.6X10

1 2.6X103 
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I Cd-113m I 14.0~101 j1.1X103 15.0X10-1 j1.4X101 ja.3 j2.2X102 

jcd-115@) ~--
,3.0 la.1X101 14.0X1o-1 11.1X101 11.9X104 -l5.1X105 

Cd-115m 5.0X10-1 1.4X101 5.ox10-1 1.4X101 9.4X1 02 2.5X104 

lce-139 I Cerium (58) 17.0 -11.9X102 2.0 5.4X101 2.5X102 6.8X103 

Ce-141 2.0X101 5.4X102 6.ox1o·1 1.6X101 1.1X103 2.8X104 

Ce-143 9.0X10-1 2.4X101 6.ox1o·1 1.6X101 2.5X104 6.6X105 

Ce-144 @) 2.0X10-1 5.4 2.0X10-1 5.4 1.2X102 3.2X103 

lct-248 I Californium (98) 4.0X101 1.1X103 6.ox1o·3 1.6X10-1 5.8X101 1.6X1 03 

I Cf-249 I 13.0 8.1X101 8.0X10'4 2.2X10-2 1.5X1 o-1 4.1 

I Cf-250 I 12.0X101 15.4X102 j2.0X10-3 5.4X10-2 4.0 1.1X102 

I Cf-251 I Fa 11.9X102 17.0X10-4 11.9X1 o-2 ,5.9X10-2 11.6 
[ct-252 (!:1) I ,5.0X10-2 

11.4 j3.0X10-3 ,8.1X10-2 j2.0X101 5.4X102 

lct-253 @) I 14.0X101 
11.1X103 

-
14.0X10-2 

11.1 11.1X103 12.9X104 

Cf-254 1.0X10-3 2.7X10-2 1.0X10-3 2.7X10-2 3.1X102 8.5X103 

Cl-36 Chlorine (17) 1.0X101 2.7X102 6.ox1o-1 1.6X101 1.2x1 o-3 3.3X10-2 

Cl-38 2.0X10-1 5.4 2.ox1o-1 5.4 4.9X106 1.3X108 

Cm-240 Curium (96) 4.0X101 1.1X103 2.0X10-2 5.4X10-1 7.5X102 2.0X104 

I Cm-241 I 12.0 5.4X101 1.0 2.7X101 6.1X102 1.7X104 

lcm-242 I 14.0X101 
11.1X103 11.0X10-2 12.7X10-1 11.2X102 3.3X103 

lcm-243 I ,9.0 12.4X1 0
2 j1.0X10-3 12.7X10'2 11.9X10-3 5.2X101 

lcm-244 I 12.0X101 15.4X102 ~2.0X10-3 15.4X10-2 ,3.0 ja.1x1o1 -~ 

Cm-245 9.0 2.4X102 9.0X1o-4 2.4X1 o-2 6.4X1 o-3 1.7X10'1 

Cm-246 9.0 2.4X102 9.0X10-4 2.4X1 o-2 1.1X10-2 3.1X10-1 

Cm-247 @) 3.0 8.1X101 1.0X10-3 2.7X10-2 3.4X10-6 9.3X10-5 

Cm-248 2.0X10-2 5.4X10-1 3.0X10-4 8.1X10-3 1.6X10-4 4.2X10-3 

Co-55 Cobalt (27) 5.0X10-1 1.4X101 5.0X10-1 1.4X101 1.1X105 3.1X106 

I Co-56 I 13.0X10-1 8.1 3.0X10-1 8.1 1.1X103 3.0X104 

lco-57 I j1.0X101 12.7X102 11.0X101 j2.7X102 ,3.1X102 ja.4X103 

lco-58 11.0 12.7X101 
11.0 j2.7X101 1.2X103 3.2X104 

Co-58m 4.0X101 1.1X103 4.0X101 1.1X103 2.2X105 5.9X106 

I Co-60 4.0X10-1 1.1X101 4.0X1o-1 1.1X101 4.2X101 1.1X103 

Cr-51 Chromium (24) 3.0X101 8.1X102 3.0X101 8.1X102 3.4X1 03 9.2X104 

Cs-129 Cesium (55) 4.0 1.1X102 4.0 1.1X1 02 2.8X104 7.6X105 

Cs-131 3.0X101 8.1X102 3.0X101 8.1X102 3.8X103 1.0X105 

Cs-132 1.0 2.7X101 1.0 2.7X101 5.7X103 1.5X105 

j Cs-134 I 17.0X10-1 j1.9X101 17.0X10-1 j1.9X101 j4.8X101 j1.3X103 --

lcs-134m I j4.0X101 11.1X103 6.0X10-1 J1.6X10
1 3.0X105 8.0X106 

I Cs-135 r-- j4.0X101 11.1X103 
11.0 --p.7X101 14.3X1o-5 11.2X10-3 

J Cs-136 I 5.0X10-1 1.4X101 5.0X10-1 1.4X101 2.7X103 7.3X104 

Cs-137 @) 2.0 5.4X101 6.0X10-1 1.6X101 3.2 8.7X101 

Cu-64 Copper (29) 6.0 1.6X1 02 1.0 2.7X101 1.4X105 3.9X106 

Cu-67 1.0X101 2.7X102 7.ox10-1 1.9X101 2.8X104 7.6X105 

Dy-159 Dysprosium (66) 2.0X101 5.4X102 2.0X101 5.4X1 02 2.1X102 5.7X103 

I Dy-165 I j9.0X10-1 12.4X101 j6.0X10-1 j1.6X101 3.0X105 8.2X106 

I Dy-166 @) I 19.0X10-1 12.4X101 3.ox1o-1 8.1 8.6X103 2.3X105 
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IEr-169 I Erbium (68) J4.0X101 
J1.1X10

3 
J1.0 2.7X101 3.1X103 8.3X104 

IEr-171 J8.ox10·1 
J2.2X10

1 Js.ox10-1 11.4X10
1 J9.0X10

4 
12.4X10

6 

I Eu-147 I Europium (63) 12.0 15.4X10
1 

12.0 15.4X10
1 1.4X1 03 3.7X104 

Eu-148 s.ox1o·1 1.4X101 5.0X10-1 1.4X101 6.0X102 1.6X104 

Eu-149 2.0X101 5.4X1 02 2.0X101 5.4X102 3.5X1 02 9.4X103 

Eu-150 2.0 5.4X101 7.0X10-1 1.9X101 6.1X104 1.6X106 

(short lived) 

Eu-150 (long 7.0X10-1 1.9X101 7.0X10-1 1.9X101 6.1X1 04 1.6X106 

lived) 

Eu-152 1.0 2.7X101 1.0 2.7X101 6.5 1.8X102 

Eu-152m 8.0X10-1 2.2X101 8.0X10-1 2.2X101 8.2X1 04 2.2X106 

Eu-154 9.0X10-1 2.4X101 6.0X10-1 1.6X101 9.8 2.6X102 

Eu-155 2.0X101 5.4X1 02 3.0 8.1X101 1.8X101 4.9X102 

Eu-156 7.0X10"1 1.9X101 7.0X10-1 1.9X101 2.0X103 5.5X104 

I F-18 I Fluorine (9) 11.0 2.7X101 6.0X10"1 1.6X101 3.5X106 9.5X107 

IFe-52 ~) Jiron (26) 
-

J3.0X10-1 
J8.1 J3.0X10-1 

J8.1 J2.7X10
5 

J7.3X10
6 

I Fe-55 l J4.0X10
1 

J1.1X10
3 

J4.0X10
1 

J1.1X10
3 J8.8X10

1 
12.4X10

3 

I Fe-59 I I9.0X10"1 
12.4X10

1 9.0X10-1 2.4X101 1.8X103 5.0X104 

I 

Fe-60 ~) 4.0X101 1.1X103 2.0X10-1 5.4 7.4X10-4 2.0X10-2 

I Ga-67 I Gallium (31) 7.0 1.9X102 3.0 8.1X101 2.2X104 6.0X105 

Ga-68 5.0X10-1 1.4X101 5.0X10-1 1.4X101 1.5X106 4.1X107 

Ga-72 4.0X10-1 1.1X101 4.0X10-1 1.1X101 1.1X105 3.1X106 

IGd-146 ~) I Gadolinium (64) Js.ox10-1 
J1.4X10

1 Js.ox10-1 11.4X10
1 J6.9X10

2 
J1.9X10

4 

I Gd-148 I J2.0X10
1 

Js.4X10
2 J2.0X10-3 Js.4x10-2 

11.2 3.2X101 

I Gd-153 I J1.0X10
1 

J2.7X10
2 

19.0 12.4X1 0
2 

11.3X10
2 3.5X103 

I Gd-159 I 3.0 J8.1X10
1 J6.0X10-1 1.6X101 3.9X104 1.1X106 

Ge-68 ~) Germanium (32) s.ox1o·1 1.4X101 5.0X10-1 1.4X101 2.6X102 7.1X103 

Ge-71 J4.0X10
1 

J1.1X10
3 J4.0X10

1 
J1.1X10

3 
Js.8X10

3 
J1.6X10

5 

Ge-77 3.0X10"1 8.1 3.0X10-1 8.1 1.3X105 3.6X106 

Hf-172 ~) Hafnium (72) 6.ox1o·1 1.6X101 6.0X10-1 1.6X101 4.1X1 01 1.1X103 

Hf-175 3.0 J8.1X101 3.0 8.1X101 3.9X102 1.1X104 

Hf-181 2.0 5.4X101 5.0X10"1 1.4X101 6.3X102 1.7X104 

IHf-182 I Junlimited -~Unlimited Junlimited Unlimited 8.1X10-6 2.2X10-4 

I Hg-194 ~) I Mercury (80) J1.0 J2.7X101 
11.0 J2.7X101 J1.3X1 o·1 

13.5 

I Hg-195m (g) r.o J8.1X10
1 J7.0X10-1 J1.9X10

1 J1.5X10
4 

J4.0X10
5 

Hg-197 2.0X101 5.4X102 1.0X101 2.7X102 9.2X103 2.5X105 

I Hg-197m I J1.0X10
1 

J2.7X10
2 J4.0X10-1 1.1X101 2.5X104 6.7X1 05 

Hg-203 5.0 1.4X1 02 1.0 2.7X101 5.1X102 1.4X1 04 

Ho-166 Holmium (67) 4.0X10-1 1.1X101 4.0X10-1 1.1X101 2.6X104 7.0X105 

I Ho-166m I J6.0X10-1 
11.6X10

1 Js.ox10-1 11.4X10
1 J6.6X10-2 

11.8 

1-123 Iodine (53) 6.0 1.6X102 3.0 8.1X101 7.1X104 1.9X106 

11-124 I 11.0 J2.7X10
1 1.0 2.7X101 9.3X103 2.5X105 

11-125 I J2.0X101 5.4X102 3.0 8.1X101 6.4X1 02 1.7X104 

fl-126-1 12.0 Js.4X10
1 Fcl J2.7X10

1 J2.9X1 0
3 

J8.0X10
4 

--
11-129 I I Unlimited Junlimited !unlimited I Unlimited J6.5X10-6 ,1.8X10.4 

11-131 I 13.0 J8.1X10
1 J7.0X10-1 J1.9X10

1 J4.6X10
3 

J1.2X10
5 
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11-132 I j4.0X10-1 
j1.1X101 j4.0X10"1 j1.1X10

1 3.8X105 1.0X107 

11-133 I j7.0X10"1 .,1.9X~-- 6.0X10-1 1.6X101 4.2X104 1.1X106 

11-134 I j3.0X10"1 
j8.1 j3.0X10"1 j8.1 j9.9X10

5 
j2.7X10

7 

11-135 (g) I j6.0X10"1 1.6X101 6.0X10"1 1.6X101 1.3X105 3.5X106 

lln-111 jlndium (49) ,3.0 8.1X101 3.0 8.1X101 1.5X1 04 4.2X1 05 

In-113m 4.0 1.1X102 2.0 5.4X101 6.2X1 05 1.7X107 

In-114m (g) 1.0X101 2.7X102 5.0X10-1 1.4X101 8.6X102 2.3X104 

In-115m 7.0 1.9X102 1.0 2.7X101 2.2X105 6.1X1 06 

jlr-189 (g) jlridium (77) j1.0X10
1 

j2.7X1 0
2 j1.0X101 

12.7X10
2 j1.9X10

3 
j5.2X10

4 

jlr-190 I 17.0X10"
1 

11.9X10
1 j7.0X10"1 11.9X10

1 j2.3X10
3 

j6.2X10
4 

llr-192 (g) -r j1.0 j2.7X101 j6.0X10"1 j1.6X10
1 

13.4X10
2 

j9.2X10
3 

llr-194 I j3.0X10"1 
j8.1 3.0X10-1 8.1 3.1X1 04 8.4X1 05 

fK-40 Potassium (19) 9.0X10"1 2.4X101 9.0X10-1 2.4X101 2.4X10"7 6.4X1 o-6 

K-42 2.0X10"1 5.4 2.0X10"1 5.4 2.2X105 6.0X106 

K-43 7.0X10"1 1.9X101 6.0X10-1 1.6X101 1.2X105 3.3X106 

Kr-81 Krypton (36) 4.0X101 1.1X103 4.0X101 1.1X103 7.8X10"4 2.1X10"2 

Kr-85 1.0X101 2.7X102 1.0X101 2.7X102 1.5X101 3.9X102 

JKr-85m I j8.o 12.2X10
2 

13.0 j8.1X10
1 

j3.0X10
5 

18.2X10
6 

I Kr-87 I j2.0X10"1 5.4 2.0X10"1 5.4 1.0X106 2.8X107 

I La-137 I Lanthanum (57) 13.0X10
1 

j8.1X10
2 

16.0 11.6X10
2 j1.6X10"3 14.4X10"2 

I La-140 4.0X10"1 1.1X101 4.0X10"1 1.1X101 2.1X104 5.6X105 

I Lu-172 I Lutetium (71) j6.0X10"1 
j1.6X10

1 6.0X10"1 1.6X1 01 4.2X103 1.1X105 

Lu-173 8.0 2.2X102 8.0 2.2X102 5.6X101 1.5X103 

Lu-174 9.0 2.4X102 9.0 2.4X102 2.3X101 6.2X102 

Lu-174m 2.0X101 5.4X102 1.0X101 2.7X102 2.0X102 5.3X103 

j Lu-177 3.0X101 8.1X102 7.0X10"1 1.9X101 4.1X103 1.1X105 

Mg-28 (g) Magnesium (12) 3.0X10"1 8.1 3.0X10"1 8.1 2.0X105 5.4X106 

I Mn-52 j Manganese (25) j3.0X10"
1 

j8.1 j3.0X10"1 
18.1 1.6X1 04 4.4X1 05 

j Mn-53 I Unlimited junlimited junlimited junlimited j6.8X10"5 j1.8X10-3 

Mn-54 1.0 2.7X101 1.0 2.7X101 2.9X102 7.7X1 03 

j Mn-56 I j3.0X10"1 
j8.1 3.0X10"1 8.1 8.0X105 2.2X107 

Mo-93 Molybdenum (42) 4.0X101 1.1X103 2.0X101 5.4X102 4.1X10-2 1.1 

Mo-99 (g) (i) 1.0 2.7X101 6.0X10"1 1.6X101 1.8X104 4.8X105 

I N-13 I Nitrogen (7) j9.0X10"1 2.4X101 6.0X10"1 1.6X1 01 5.4X107 1.5X109 

Na-22 Sodium (11) 5.0X10"1 1.4X101 5.0X10"1 1.4X1 01 2.3X102 6.3X103 

j Na-24 I j2.0X10"1 
15.4 12.0X10"

1 
15.4 13.2X10

5 
j8.7X10

6 

j Nb-93m I Niobium (41) j4.0X101 
j1.1X10

3 j3.0X1o
1
j8.1X10

2 
j8.8 2.4X1 02 

I Nb-94 j7.0X10"1 
j1.9X10

1 j7.0X10"1 
11.9X10

1 16.9X10"
3 

l1.9X10"
1 

Nb-95 1.0 2.7X101 1.0 2.7X101 1.5X1 03 3.9X104 

I Nb-97 I j9.0X10-1 
12.4X10

1 j6.0X10"1 j1.6X101 j9.9X10
5 2.7X107 

Nd-147 Neodymium (60) 6.0 1.6X102 6.0X10"1 1.6X101 3.0X103 8.1X104 

Nd-149 6.0X10"1 1.6X101 5.0X10"1 1.4X101 4.5X105 1.2X107 

Ni-59 Nickel (28) Unlimited Unlimited Unlimited Unlimited 3.0X10"3 8.0X10"2 

Ni-63 4.0X101 1.1X103 3.0X101 8.1X102 2.1 5.7X101 

Ni-65 4.0X10"1 1.1X101 4.0X10"1 1.1X101 7.1X105 1.9X107 
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I Np-235 I Neptunium (93) 4.0X101 1.1X103 4.0X101 1.1X103 5.2X101 1.4X1 03 

Np-236 

I ,2.0X10
1 

15.4X1 0
2 

,2.0 5.4X101 4.7X104 1.3X1o·2 
(short-lived) 

I 19.0X10° 12.4X10
2 

,2.0X10'
2 

15.4X10"
1 ,4.7X1o·4 11.3x10·2 

--
Np-236 
(long-lived) 

I Np-237 I 12.0X101 15.4X102 J2.ox1o·3 J5.4X1o·2 J2.6X1o·5 J7.1X1 o·4 

I Np-239 I 17.0 11.9X102 4.0X10"1 1.1X101 8.6X103 2.3X105 

-I Os-185 I Osmium (76) 11.0 12.7X101 
11.0 12.7X101 12.8X102 7.5X103 

Os-191 1.0X101 2.7X102 2.0 5.4X101 1.6X103 4.4X104 

los-191m I 14.0X101 11.1X103 13.0X10
1 J8.1X102 14.6X1 04 11.3X106 

Os-193 2.0 5.4X101 6.0X10"1 1.6X101 2.0X104 5.3X1 05 

Os-194 @) 3.0X10"1 8.1 3.0X10"1 8.1 1.1X101 3.1X102 

P-32 Phosphorus (15) 5.ox1o·1 1.4X101 5.0X10"1 1.4X101 1.1X104 2.9X105 

P-33 4.0X101 J1.1X103 1.0 2.7X101 5.8X103 1.6X105 

I Pa-230 @) I Protactinium (91) 12.0 J5.4X1 01 7.0X10"2 1.9 1.2X103 3.3X104 

I Pa-231 I 4.0 1.1X102 4.0X10"4 1.1X10"2 1.7X10"3 4.7X1o·2 

I Pa-233 I 
. -

J5.o 11.4X102 17.0X10-1 l1.9X101 17.7X102 12.1X104 
--

I Pb-201 I Lead (82) 11.0 2.7X101 1.0 2.7X101 6.2X104 1.7X106 

Pb-202 4.0X101 1.1X103 2.0X101 5.4X102 1.2X10"4 3.4X1 o·3 

Pb-203 4.0 1.1X102 3.0 8.1X101 1.1X104 3.0X105 

Pb-205 Unlimited Unlimited Unlimited Unlimited 4.5X10"6 1.2X10-4 

Pb-210 @) 1.0 2.7X101 5.0X10"2 1.4 2.8 7.6X101 

Pb-212 @) 7.0X10"1 1.9X101 2.0X10"1 5.4 5.1X104 1.4X106 

I Pd-103 @) I Palladium (46) 14.0X101 J1.1X103 
-

4.0X101 1.1X103 2.8X103 7.5X104 

I Pd-107 I I Unlimited Unlimited Unlimited Unlimited 1.9X10-5 5.1X1 o·4 

I Pd-109 I 12.0 15.4X101 15.ox10·1 11.4X101 17.9X104 12.1X106 

I Pm-143 I Promethium (61) 13.0 18.1X101 3.0 8.1X101 1.3X102 3.4X103 

Pm-144 7.0X10"1 1.9X1 01 7.0X10"1 1.9X101 9.2X101 2.5X103 

Pm-145 3.0X101 8.1X1 02 1.0X101 2.7X102 5.2 1.4X1 02 

Pm-147 4.0X101 1.1X103 2.0 5.4X101 3.4X101 9.3X102 

Pm-148m @) 8.0X10"1 2.2X101 7.0X10"1 1.9X1 01 7.9X102 2.1X104 

Pm-149 2.0 5.4X101 6.ox1o·1 1.6X101 1.5X104 4.0X105 

I Pm-151 I ,2.0 J5.4X101 6.0X10"1 1.6X101 2.7X104 7.3X105 

Po-210 lPolonium (84) 4.0X101 1.1X103 2.0X10"2 5.4X1o·1 1.7X1 02 4.5X103 

I Pr-142 I Praseodymium (59) 14.0X10"1 11.1X101 14.0X10"1 J1.1X101 l4.3X104 11.2X106 
-

I Pr-143 I 3.0 8.1X101 6.0X10"1 1.6X101 2.5X103 6.7X104 

I Pt-188 @) I Platinum (78) 11.0 12.7X101 18.0X10"1 2.2X101 2.5X103 6.8X104 

Pt-191 4.0 1.1X102 3.0 8.1X101 8.7X103 2.4X105 

Pt-193 4.0X101 1.1X103 4.0X101 1.1X103 1.4 3.7X101 

PI-193m 4.0X101 1.1X103 5.0X10-1 1.4X101 5.8X103 1.6X1 05 

PI-195m 1.0X101 2.7X102 5.ox10·1 1.4X101 6.2X103 1.7X1 05 

I Pt-197 I 12.0X101 15.4X102 6.ox1o·1 1.6X101 3.2X104 8.7X105 

1Pt-197m I 11.0X101 12.7X102 6.ox1o·1 1.6X101 3.7X105 1.0X107 

I Pu-236 I Plutonium (94) ,3.0X101 18.1X102 ,3.0X10-3 l8.1x1o·2 l2.0X101 5.3X102 

I Pu-237 I J2.0X101 15.4X1 02 J2.0X10
1 15.4X102 14.5X102 11.2X104 

I Pu-238 I 11.0X101 12.7X102 11.0X10-3 12.7X1o·2 6.3X1o·1 1.7X101 
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I Pu-239 I 11.0X10
1 

J2.7X10
2 11.0X10'3 J2.7X10'2 12.3X10'3 ,6.2X10-2 

I Pu-240 I 11.0X10
1 -~2.7X102 11.0X10'3 12.7X10'2 18.4X1 o·3 l2.3X10'1 

Pu-241 @) 4.0X101 1.1X103 6.0X10'2 1.6 3.8 1.0X102 

Pu-242 1.0X101 2.7X102 1.0X10'3 2.7X10'2 1.5X10'4 3.9X10'3 

Pu-244 @) 4.0X10'1 1.1X101 1.0X10'3 2.7X10'2 6.7X10'7 1.8X10'5 

Ra-223 @) Radium (88) 4.0X10'1 1.1X101 7.0X10'3 1.9X10'1 1.9X103 5.1X1 04 

Ra-224 @) 4.0X10'1 1.1X101 2.ox10·2 5.4X10'1 5.9X103 1.6X1 05 

Ra-225 @) 2.0X10'1 5.4 4.0X10'3 1.1X10'1 1.5X1 03 3.9X104 

IRa-226 @) I 12.0X10'1 
15.4 13.0X10'3 l8.1x1o·2 3.7X10'2 1.0 

Ra-228 @) 6.0X10'1 1.6X1 01 2.0X10'2 5.4X10'1 1.0X101 2.7X102 

I Rb-81 I Rubidium (37) 2.0 5.4X101 8.0X10'1 2.2X101 3.1X105 8.4X106 

Rb-83 @) 2.0 5.4X101 2.0 5.4X101 6.8X102 1.8X1 04 

Rb-84 1.0 2.7X101 1.0 2.7X101 1.8X1 03 4.7X104 

Rb-86 5.0X10'1 1.4X101 5.0X10'1 1.4X101 3.0X1 03 8.1X104 

Rb-87 Unlimited Unlimited Unlimited Unlimited 3.2X10'9 8.6X10'8 

Rb(nat) Unlimited Unlimited Unlimited Unlimited 6.7X106 1.8X108 

Re-184 Rhenium (75) 1.0 2.7X101 1.0 2.7X101 6.9X102 1.9X104 

IRe-184m I 13.0 18.1X101 11.0 12.7X101 
11.6X10

2 4.3X103 

I Re-186 I 12.0 ls.4X10
1 16.0X10'1 

11.6X10
1 

16.9X10
3 1.9X105 

I Re-187 I I Unlimited I Unlimited Unlimited Unlimited 1.4X1 o-9 3.8X10'8 

Re-188 4.0X10'1 1.1X101 4.0X10'1 1.1X101 3.6X104 9.8X105 

Re-189 @) 3.0 8.1X101 6.0X10'1 1.6X1 01 2.5X104 6.8X1 05 

Re(nat) Unlimited Unlimited Unlimited Unlimited 0.0 2.4X10-8 

Rh-99 Rhodium (45) 2.0 5.4X101 2.0 5.4X101 3.0X103 8.2X104 

Rh-1 01 4.0 1.1X102 3.0 8.1X101 4.1X101 1.1X103 

Rh-102 5.0X10'1 1.4X1 01 5.0X10'1 1.4X101 4.5X101 1.2X103 

I Rh-102m 2.0 5.4X101 2.0 5.4X101 2.3X102 6.2X103 

Rh-103m 4.0X101 1.1X103 4.0X101 1.1X103 1.2X1 06 3.3X107 

I Rh-105 I 11.0X10
1 

12.7X10
2 18.ox1o·1 12.2X101 13.1X104 

18.4X10
5 

Rn-222 @) Radon (86) 3.0X10'1 8.1 4.0X10'3 1.1X10'1 5.7X103 1.5X105 

I Ru-97 I Ruthenium (44) ls.o 11.4X10
2 

ls.o 11.4X10
2 1.7X104 4.6X105 

I Ru-103 @) I 12.0 ls.4X101 
12.0 ls.4X101 11.2X10

3 3.2X1 04 

Ru-105 1.0 2.7X101 6.0X10'1 1.6X101 2.5X105 6.7X106 

Ru-106 @) 2.0X10'1 5.4 2.0X10'1 5.4 1.2X102 3.3X103 

S-35 Sulphur (16) 4.0X101 1.1X1 03 3.0 8.1X101 1.6X103 4.3X104 

I Sb-122 Antimony (51) 4.0X10'1 1.1X101 4.0X10'1 1.1X101 1.5X104 4.0X105 

Sb-124 6.0X10-1 1.6X101 6.0X10'1 1.6X101 6.5X102 1.7X104 

I Sb-125 I 12.0 ls.4X10
1 

J1.0 J2.7X101 
13.9X10

1 1.0X103 

Sb-126 4.0X10'1 1.1X101 4.0X10'1 1.1X101 3.1X103 8.4X1 04 

Sc-44 Scandium (21) 5.0X10'1 1.4X1 01 5.0X10'1 1.4X101 6.7X105 1.8X107 

Sc-46 5.0X10'1 1.4X101 5.0X10'1 1.4X101 1.3X1 03 3.4X104 

Sc-47 1.0X101 2.7X102 7.0X10'1 1.9X101 3.1X104 8.3X1 05 

Sc-48 3.0X10'1 8.1 3.0X10'1 8.1 5.5X104 1.5X1 06 

Se-75 Selenium (34) 3.0 8.1X101 3.0 8.1X101 5.4X102 1.5X104 

lse-79 I 4.0X101 1.1X103 2.0 5.4X101 2.6X10'3 7.0X10'2 
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I Si-31 I Silicon (14) 16.0X10'1 
11.6X10

1 
16.0X10'1 11.6X10

1 
11.4X10

6 3.9X107 

Jsi-32 J4.0X10
1 

J1.1X10
3 J5.0X1o-1 

11.4X10
1 

13.9 j1.1X102 

lsm-145 I Samarium (62) 1.0X101 2.7X102 1.0X101 2.7X102 9.8X101 2.6X103 

Sm-147 Unlimited Unlimited Unlimited Unlimited 8.5X10'1 2.3X10'8 

Sm-151 4.0X101 1.1X103 1.0X101 2.7X102 9.7X10'1 2.6X101 

Sm-153 9.0 2.4X102 6.ox1o·1 1.6X101 1.6X104 4.4X105 

Sn-113 @) Tin (50) 4.0 1.1X102 2.0 5.4X101 3.7X102 1.0X104 

Sn-117m 7.0 1.9X102 4.0X10'1 1.1X101 3.0X103 8.2X104 

Sn-119m 4.0X101 1.1X103 3.0X101 8.1X1 02 1.4X102 3.7X103 

Sn-121m @) . 4.0X101 1.1X103 9.0X10'1 2.4X101 2.0 5.4X101 

I Sn-123 
-

J8.0X10'1 
12.2X10

1 6.0X10'1 1.6X101 3.0X102 8.2X1 03 

Sn-125 4.0X10'1 1.1X101 4.ox1o-1 1.1X101 4.0X103 1.1X105 

Sn-126 @) 6.0X10'1 . 1.6X1 01 4.0X10'1 1.1X101 1.0X10'3 2.8X10'2 

Sr-82 @) Strontium (38) 2.0X10'1 5.4 2.0X10'1 5.4 2.3X103 6.2X104 

Sr-85 2.0 5.4X101 2.0 5.4X101 8.8X102 2.4X104 

Sr-85m 5.0 1.4X1 02 5.0 1.4X1 02 1.2X106 3.3X107 

I Sr-87m I J3.0 J8.1X10
1 

13.0 8.1X101 4.8X105 1.3X107 

I Sr-89 I 16.0X10'1 j1.6X101 16.0X10-1 1.6X101 1.1X103 2.9X104 

Sr-90 @) 3.0X10-1 8.1 3.0X10-1 8.1 5.1 1.4X102 

I Sr-91 @) I 13.0X10'1 
ja.1 j3.0X10'1 

J8.1 1.3X1 05 3.6X106 

Sr-92 @) 1.0 2.7X101 3.0X10'1 8.1 4.7X1 05 1.3X1 07 

IT(H-3) I Tritium (1) J4.0X10
1 

j1.1X10
3 

J4.0X101 1.1X1 03 3.6X102 9.7X103 

Ta-178 
Tantalum (73) 1.0 2.7X101 8.0X10'1 2.2X101 4.2X106 1.1X108 

(long-lived) 

Ta-179 3.0X101 8.1X102 3.0X101 8.1X102 4.1X101 1.1X103 

Ta-182 9.0X10'1 2.4X101 5.0X10'1 1.4X1 01 2.3X102 6.2X103 

Tb-157 Terbium (65) 4.0X101 1.1X103 4.0X101 1.1X103 5.6X10'1 1.5X101 

Tb-158 1.0 2.7X101 1.0 2.7X101 5.6X10'1 1.5X101 

Tb-160 1.0 2.7X101 6.0X10'1 1.6X1 01 4.2X102 1.1X104 

Tc-95m @) Technetium (43) 2.0 5.4X101 2.0 5.4X101 8.3X102 2.2X104 

Tc-96 4.0X10'1 1.1X101 4.0X10'1 1.1X101 1.2X104 3.2X1 05 

ITc-96m @) I J4.0X10'1 
11.1X10

1 14.0X10'1 11.1X10
1 1.4X106 3.8X107 

ITc-97 Unlimited Unlimited Unlimited Unlimited 5.2X10-5 1.4X10'3 

Tc-97m 4.0X101 1.1X103 1.0 2.7X101 5.6X102 1.5X104 

Tc-98 8.0X10'1 2.2X101 7.0X10'1 1.9X101 3.2X10'5 8.7X1o-4 

Tc-99 4.0X101 1.1X103 9.0X10-1 2.4X101 6.3X10'4 1.7X1 o·2 

Tc-99m 1.0X101 2.7X102 4.0 1.1X102 1.9X105 5.3X106 

Te-121 Tellurium (52) 2.0 5.4X101 2.0 5.4X101 2.4X103 6.4X104 

Te-121m 5.0 1.4X102 3.0 8.1X101 2.6X102 7.0X103 

jTe-123m I 18.o 2.2X102 1.0 2.7X1b1 3.3X102 8.9X103 

jTe-125m r J2.0X10
1 

15.4X1 0
2 J9.0X10'1 12.4X10

1 
16.7X10

2 
J1.8X104 

--

jTe-127 I J2.0X10
1 

J5.4X10
2 17.0X10'1 J1.9X10

1 
J9.8X10

4 
J2.6X10

6 

jTe-127m @) I 12.0X10
1 5.4X102 5.ox10-1 1.4X101 3.5X102 9.4X103 

Te-129 7.0X10'1 1.9X101 6.0X10'1 1.6X101 7.7X1 05 2.1X1 07 

jTe-129m @) I j8.ox10·1 2.2X101 4.0X10'1 1.1X101 1.1X103 3.0X104 

Te-131m @) 7.0X10'1 1.9X101 5.0X10'1 1.4X1 01 3.0X104 8.0X105 
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I Te-132 (§) I \s.ox1o·
1 

11.4X10
1 4.ox1o·1 1.1X101 I= 3.0X105 

ITh-227 I Thorium (90) 11.0X101 
12.7X10

2 1s.ox10·3 1.4X10"1 1.1X103 3.1X104 

ITh-228 (§) I ls.ox1o·1 
11.4X10

1 1.0X10"3 2.7X10"2 3.0X101 8.2X102 

ITh-229 I ls.o 11.4X10
2 s.ox1o·4 1.4X1 o·2 7.9X1 o·3 2.1x1o·1 

ITh-230 I 11.0X101 12.7X10
2 1.0X10"3 2.7X10"2 7.6X10"4 2.1x1o·2 

I Th-231 I 4.0X101 1.1X103 2.ox1o·2 5.4X10-1 2.0X104 5.3X105 

Th-232 Unlimited Unlimited Unlimited Unlimited 4.ox10·9 1.1X10"7 

Th-234 (§) 3.0X10"1 8.1 3.ox1o·1 8.1 8.6X102 2.3X104 

Th(nat) Unlimited Unlimited Unlimited Unlimited 8.1x1o·9 2.2x1o·7 

Ti-44 (§) Titanium (22) s.ox10·1 1.4X101 4.0X10"1 1.1X101 6.4 1.7X102 

ITI-200 I Thallium (81) 19.0X10"1 2.4X101 9.0X1o·1 2.4X101 2.2X104 6.0X105 

I Tl-201 -~ 1.0X1 01 2.7X102 4.0 1.1X102 7.9X103 2.1X105 

ITI-202 12.0 ls.4X10
1 

12.0 ls.4X10
1 

12.0X10
3 ls.3X104 

ITI-204 I 1.0X101 2.7X102 7.ox1o-1 1.9X101 1.7X101 4.6X102 

ITm-167 J Thulium (69) 17.0 11.9X10
2 J8.ox10·1 2.2X101 3.1X103 8.5X104 

Tm-170 3.0 8.1X101 6.ox1o·1 1.6X101 2.2X102 6.0X103 

Tm-171 I 4.0X101 1.1X103 4.0X101 1.1X103 4.0X101 1.1X103 

U-230 (fast Uranium (92) 4.0X101 1.1X103 1.ox10·1 2.7 1.0X103 2.7X1 04 

lung 
absorption) 
(§)(S!) 

U-230 4.0X101 1.1X103 4.0X1o·3 1.1X10"1 1.0X1 03 2.7X104 

(medium 
lung 
absorption) 
(§)(g) 

U-230 (slow 3.0X101 8.1X102 3.0X10"3 8.1X10"2 1.0X103 2.7X104 

lung 
absorption) 
(§)(_f) 

U-232 (fast 4.0X101 1.1X103 1.0X10"2 2.1x10·1 8.3X10"1 2.2X101 

lung 
absorption) 
(S!) 

U-232 4.0X101 1.1X103 7.0X10"3 1.9X1o·1 8.3X10"1 2.2X101 

(medium 
lung 
absorption) 
(g) 

U-232 (slow 1.0X101 2.7X102 1.ox10·3 2.1x1o·2 8.3X1o·1 2.2X101 

lung 
absorption) 
(_f) 

U-233 (fast 4.0X101 1.1X103 9.0X10"2 2.4 3.6X10"4 9.7X10-3 

lung 
absorption) 
(S!) 

U-233 4.0X101 1.1X103 2.ox10·2 5.4X10"1 3.6X1o·4 9.7X1o·3 

(medium 
lung 
absorption) 
(g) 

U-233 (slow 4.0X101 1.1X103 6.ox10·3 1.6X10"1 3.6X1o·4 9.7X1o·3 

lung 
absorption) 
(_f) 

I U-234 (fast I 14.0X101 
J1.1X10

3 J9.0X10-2 
12.4 2.3X10"4 6.2x1 o·3 
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lung 
absorption) 
(g) 

U-234 4.0X101 1.1X103 2.ox1o·2 5.4X10-1 2.3X1o·4 6.2X10.3 

(medium 
lung 
absorption) 
~) 

U-234 (slow 4.0X101 1.1X103 6.0X10-3 1.6X1 o·, 2.3X10.4 6.2x10·3 

lung 
absorption) 
(_f) 

U-235 (all Unlimited Unlimited Unlimited Unlimited 8.0X10"8 2.2x1 o·s 
lung 
absorption 
types) 
@),@.~).(_f) 

U-236 (fast Unlimited Unlimited Unlimited Unlimited 2.4X10.6 6.5X10.5 

lung 
absorption) 
(g) 

U-236 4.0X101 1.1X103 2.ox1o·2 5.4X10-1 2.4X1o·s 6.5X10.5 

(medium 
lung 
absorption) 
~) 

U-236 (slow 
lung 

4.0X101 1.1X103 6.ox10·3 1.6X10", 2.4X1o·6 6.5X10"5 

absorption) 
(_f) 

U-238 (all Unlimited Unlimited Unlimited Unlimited 1.2X10.8 3.4X1 o-7 

lung 
absorption 
types) 
@.~),(_f) 

U (nat) Unlimited Unlimited Unlimited Unlimited 2.6X10-8 7.1X10-7 

U (enriched Unlimited Unlimited Unlimited Unlimited See Table A- See Table A-4 
to 20% or 4 
less) (g) 

U (dep) Unlimited Unlimited Unlimited Unlimited 
See Table A- (See Table A-
4 3) 

V-48 Vanadium (23) 4.0X10-1 1.1X101 4.0X10-1 1.1X101 6.3X103 1.7X105 

V-49 4.0X101 1.1X103 4.0X101 1.1X103 3.0X102 8.1X103 

W-178 @) Tungsten (74) 9.0 2.4X1 02 5.0 1.4X102 1.3X103 3.4X104 

Jw-181 I 3.0X101 8.1X102 3.0X101 8.1X102 2.2X1 02 6.0X103 

Jw-185 I 4.0X101 1.1X103 8.ox1o·1 2.2X101 3.5X102 9.4X103 

-
Jw-187 j2.o js.4X101 j6.0X10-1 j1.6X101 j2.6X104 7.0X105 

Jw-188 @) J4.0X10"1 
l1.1x10

1 13.0X1o_, 18.1 13.7X10
2 

11.0X10
4 

Xe-122 @) Xenon (54) 4.0X10-1 1.1X101 4.0X1o_, 1.1X101 4.8X104 1.3X1 06 

Xe-123 2.0 5.4X101 7.ox1o_, 1.9X101 4.4X105 1.2X107 

Xe-127 4.0 1.1X102 2.0 5.4X101 1.0X103 2.8X104 

Xe-131m 4.0X101 1.1X103 4.0X101 1.1X103 3.1X103 8.4X104 

Xe-133 2.0X101 5.4X102 1.0X101 2.7X102 6.9X103 1.9X105 

I Xe-135 I 13.0 J8.1X101 2.0 5.4X101 9.5X1 04 2.6X106 

IY-87 @) I Yttrium (39) ,1.0 J2.7X10
1 

11.0 2.7X101 1.7X104 4.5X105 

jY-88 14.0X10-1 
J1.1X101 4.ox10·1 

· 1.1X101 5.2X1 02 1.4X1 04 

JY-90 I 13.0X10-1 
18.1 j3.0X10-1 8.1 2.0X104 5.4X105 
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l Y-91 6.0X10"1 1.6X101 6.0X10"1 1.6X101 9.1X102 2.5X104 

JY-91m I 12.0 15.4X101 j2.o 15.4X10
1 

J1.5X10
6 

J4.2X107 

Y-92 2.0X10"1 5.4 2.ox1o·1 5.4 3.6X105 9.6X106 

IY-93 3.0X10"1 8.1 3.0X10"1 8.1 1.2X1 05 3.3X106 

Yb-169 Ytterbium (70) 4.0 1.1X102 1.0 2.7X101 8.9X102 2.4X104 

Yb-175 3.0X101 8.1X102 9.0X10"1 2.4X101 6.6X103 1.8X105 

Zn-65 Zinc (30) 2.0 5.4X101 2.0 5.4X101 3.0X102 8.2X103 

Zn-69 3.0 8.1X101 6.ox1o·1 1.6X101 1.8X106 4.9X107 

Jzn-69m @) I 13.0 j8.1X101 16.0X10"1 11.6X10
1 j1.2X105 3.3X106 

J Zr-88 I Zirconium (40) 13.0 8.1X101 3.0 8.1X101 6.6X102 1.8X1 04 

--
Jzr-93 I Juniimited Unlimited Unlimited Unlimited 9.3X1o·5 2.5X10"3 

Zr-95 @) 2.0 5.4X101 8.ox10·1 2.2X101 7.9X102 2.1X104 

Jzr-97 @) I 4.0X10"1 1.1X101 4.ox10·1 1.1X101 7.1X104 1.9X106 

• A1 and/or A2 values mclude contnbut1ons from daughter nuclides w1th half-lives less than 10 days. 
b The values of A1 and A2 in Curies (Ci) are approximate and for information only; the regulatory standard units are Terabecquerels (TBq), (see 
paragraph (1) of Schedule 10-6 -Determination of A; and A;:, of this rule.). 
c The quantity may be determined from a measurement of the rate of decay or a measurement of the radiation level at a prescribed distance 
from the source. 
d These values apply only to compounds of uranium that take the chemical form of UFa, UOzFz and UOz(N03)z in both normal and accident 
conditions of transport. 
• These values apply only to compounds of uranium that take the chemical form of U03, UF4, UCI4 and hexavalent compounds in both normal 
and accident conditions of transport. 
r These values apply to all compounds of uranium other than those specified in notes (d) and (e) of this table. 
9 These values apply to unirradiated uranium only. 
h A1 = 0.1 TBq (2.7 Ci) and Az = 0.001 TBq (0.027 Ci) for Cf-252 for domestic use. 
1 Az = 0.74 TBq (20 Ci) for Mo-99 for domestic use. 

Table A-2-EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES 

Activity concentration 
Activity 

Activity limit for Activity limit for 
Symbol of Element and atomic 

for exempt material 
concentration for exempt exempt 

radio nuclide number 
(Bq/g) 

exempt material 
consignment (Bq) consignment (Ci) 

(Ci/g) 

Ac-225 Actinium (89) 1.0X101 2.7X10-10 1.0X104 2.1x1o·7 

Ac-227 1.ox1o·1 2.7X10-12 1.0X1 03 2.7X1o-s 

Ac-228 1.0X101 2.7X1 o·10 1.0X106 2.1x1o·5 

Ag-105 Silver (47) 1.0X102 2.7X10"9 1.0X106 2.1x1o·5 

Ag-108m (Q) 1.0X101 2.7X10-10 1.0X1 06 2.1x1o·5 

Ag-110m 1.0X101 2.7X1 o·10 1.0X106 2.7X1 o·5 

jAg-111 I 11.0X103 ~2.7X10"8 
J1.0X10

6 2.1x1o·5 

IAI-26 I Aluminum (13) J1.0X101 2.7X10-10 1.0X105 2.1x1o·6 

Am-241 Americium (95) 1.0 2.7X10-11 1.0X1 04 2.7X1o·7 

Am-242m (Q) 1.0 2.7X10-11 1.0X104 2.7X1o·7 

Am-243 (Q) 1.0 2.7X10-11 1.0X103 2.7X1o-s 

Ar-37 Argon (18) 1.0X106 2.7X1 o·5 1.0X1 08 2.1x1o·3 

Ar-39 1.0X107 2.1x1o·4 1.0X104 2.7X1o·7 

jAr-41 I j1.0X102 J2.7X10"9 
J1.0X10

9 2.7X1o-z 

IAs-72 I Arsenic (33) j1.0X101 J2.7X10-10 
J1.0X10

5 2.7X1 o-a 

!As-73 I 1.0X1 03 12.7X10"8 11.0X107 j2.1X1o·4 

IAs-74 I 
-

j1.0X101 12.7X10-10 11.0X106 J2.7X1o-s 

As-76 1.0X102 2.7X10"9 1.0X1 05 2.7X1o·6 

As-77 1.0X103 2.7X1o-s 1.0X106 2.1x1o·5 

At-211 Astatine (85) 1.0X103 2.7X10"8 1.0X107 2.1x1o·4 
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jAu-193 I Gold (79) 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

IAu-194 I l1.0X101 ,2.7X10-10 
,1.0X106 j2.7X1o-5 

-

Au-195 1.0X1 02 2.7X10'9 1.0X107 2.7X1o-4 

Au-198 1.0X102 2.7X10'9 1.0X1 06 2.7X1o-5 

Au-199 1.0X1 02 2.7X10'9 1.0X106 2.7x10-5 

Ba-131 Barium (56) 1.0X102 2.7X10'9 1.0X106 2.7X1 o-5 

Ba-133 1.0X102 2.7X10'9 1.0X1 06 2.7X1o-5 

Ba-133m 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

I Ba-140 (Q) I 11.0X101 ,2.7X10-10 1.0X1 05 2.7X10-6 

jBe-7 I Beryllium (4) 1.0X103 2.7X10'8 1.0X107 2.7X10'4 

I Be-10 I ,1.0X104 12.7X10'7 
11.0X106 ,2.7X10'5 

Bi-205 Bismuth (83) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

I Bi-206 I 11.0X101 12.7X10-10 
11.0X105 j2.7X10-6 

Bi-207 1.0X101 2.7x10-10 1.0X1 06 2.7X10'5 

Bi-210 1.0X103 2.7X10'8 1.0X106 2.7X10'5 

Bi-210m 1.0X101 2.7X1 o-lo 1.0X1 05 2.7X10'6 

I Bi-212 (Q) I ,1.0X101 ,2.7X10-10 
11.0X10

5 2.7X10'6 

I Bk-247 I Berkelium (97) 
-

1.0 2.7X10-11 1.0X104 2.7X10'7 

lBk-249 1.0X103 2.7X10'8 1.0X1 06 2.7X10'5 

I Br-76 I Bromine (35) 11.0X101 ,2.7X10-10 ,1.0X105 12.7X1 o-6 

I Br-77 I 11.0X10
2 2.7X1 o-s 1.0X1 06 2.7X1o-5 

Br-82 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

C-11 Carbon (6) 1.0X101 2.7x10-10 1.0X1 06 2.7X10'5 

C-14 1.0X104 2.7X10'7 1.0X107 2.7X10'4 

Ca-41 Calcium (20) 1.0X105 2.7X10'6 1.0X107 2.7X1 o-4 

Ca-45 1.0X104 2.7X10-7 1.0X107 2.7X10'4 

Ca-47 1.0X101 2.7x10-10 1.0X106 2.7X10'5 

I Cd-1 09 I Cadmium (48) 11.0X104 2.7X10'7 1.0X1 06 2.7X10'5 

led-113m I j1.0X103 2.7X10-8 1.0X106 2.7x10-5 

Cd-115 1.0X1 02 2.7X10'9 1.0X1 06 2.7X10'5 

led-115m 1.0X103 2.7X10'8 1.0X106 2.7X10'5 

Ce-139 Cerium (58) 1.0X102 2.7X10-9 1.0X106 2.7X10'5 

Ce-141 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

Ce-143 1.0X1 02 2.7X10'9 1.0X106 2.7X10'5 

Ce-144 (Q) 1.0X102 2.7X10-9 1.0X105 2.7X10'6 

I Cf-248 I Californium (98) ,1.0X101 2.7X10-10 1.0X104 2.7X10'7 

!ct-249 I ,1.0 2.7X10-11 1.0X1 03 2.7X10'8 

I Cf-250 I ,1.0X101 12.7X10-10 
,1.0X10

4 2.7X1 o-7 

Cf-251 1.0 2.7x10-11 1.0X1 03 2.7X10'8 

I Cf-252 I 1.0X101 2.7X10-10 1.0X104 2.7X1 o-7 

Cf-253 1.0X102 2.7X10'9 1.0X1 05 2.7X10'6 

Cf-254 1.0 2.7X10-11 1.0X103 2.7X10'8 

Cl-36 Chlorine (17) 1.0X104 2.7X10'7 1.0X1 06 2.7X10'5 

icl-38 I ,1.0X101 2.7X10-10 1.0X105 2.7X10'6 

Cm-240 Curium (96) 1.0X102 2.7X10'9 1.0X105 2.7X10'6 
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Cm-241 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

jcm-242 I 11.0X10
2 12.7X1o-9 1.0X105 2.7X1o-6 

Cm-243 1.0 2.7X10-11 1.0X104 2.7X1o-7 

jcm-244 I j1.0X101 j2.7X10-10 1.0X1 04 2.7X10'7 

Cm-245 1.0 2.7X10-11 1.0X103 2.7X1o-a 

Cm-246 1.0 2.7X10-11 1.0X103 2.7X1o-a 

Cm-247 1.0 2.7X10-11 1.0X1 04 2.1x1o·7 

Cm-248 1.0 2.7X10-11 1.0X103 2.7X10'8 

Co-55 Cobalt (27) 1.0X101 2.7X10-10 1.0X106 2.7X1o-s 

jco-56 I j1.0X101 2.7X10-10 1.0X1 05 2.7X1 o-6 

jco-57 1.0X102 2.1x1o·9 1.0X106 2.7X1o-s 

leo-58 I j1.0X101 j2.7X10-10 1.0X106 2.7X1o-s 

Co-58m 1.0X1 04 2.7X10'7 1.0X107 2.1x1o·4 

Co-60 1.0X101 2.7X10-10 1.0X105 2.7X1o-6 

Cr-51 Chromium (24) 1.0X103 2.7X1o-a 1.0X107 2.7X1o-4 

Cs-129 Cesium (55) 1.0X1 02 2.1x1o·9 1.0X105 2.7X1o-6 

I Cs-131 I j1.0X103 2.7X1o-a 1.0X106 2.7X1o-s 

I Cs-132 1.0X101 2.7X10-10 1.0X105 
12.7X10'

6 

Cs-134 1.0X101 2.7X10-10 1.0X104 2.7X1o-7 

lcs-134m I j1.0X103 12.7X1o-a j1.0X10
5 2.7X1o-6 

I Cs-135 I j1.0X104 12.7X1o-7 11.0X10
7 12.7X1o-4 

Cs-136 1.0X101 2.7X10-10 1.0X105 2.7X1o-a 

Cs-137 (Q) 1.0X101 2.7X10-10 1.0X1 04 2.7X1o-7 

Cu-64 Copper (29) 1.0X102 2.7X10'9 1.0X106 2.7X1o-s 

Cu-67 1.0X102 2.1x1o·9 1.0X106 2.7X1o-s 

Dy-159 Dysprosium (66) 1.0X103 2.7X1o-a 1.0X107 2.7X1o-4 

Dy-165 1.0X103 2.7X10'8 1.0X1 06 2.7X1o-s 

Dy-166 1.0X1 03 2.7X1o-a 1.0X106 2.7X1o-s 

j Er-169 I Erbium (68) j1.0X104 2.1x1o·7 1.0X107 2.7X1o-4 

Er-171 1.0X102 2.7X10'9 1.0X106 2.7X1o-s 

Eu-147 Europium (63) 1.0X102 2.7X1o-9 1.0X106 2.7X1o-s 

Eu-148 1.0X101 2.7X1 o-10 1.0X106 2.7X1o-s 

Eu-149 1.0X102 2.7X10'9 1.0X107 2.1x1o·4 

Eu-150 (short 
1.0X103 2.7X1o-a 1.0X106 2.7X1o-s 

lived) 

Eu-150 (long 
1.0X101 2.7X1o-10 1.0X106 2.7X1o-s 

lived) 

Eu-152 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Eu-152m 1.0X102 2.7X1o-9 1.0X106 2.7X1o-s 

Eu-154 1.0X101 2.7X10-10 1.0X1 06 2.7X1o-s 

Eu-155 1.0X102 2.7X1o-9 1.0X107 2.7X1o-4 

Eu-156 1.0X101 2.7X10-10 1.0X106 2.7X1o-s 

F-18 Fluorine (9) 1.0X101 2.7X10-10 1.0X106 2.7X1o-s 

IFe-52 j1ron (26) 1.0X101 2.7X10-10 1.0X1 06 2.7X1o-s 

IFe-55 I 11.0X10
4 12.7X1 o-7 11.0X10

6 2.7X1o-s 

I Fe-59 I j1.0X101 2.7X10-10 1.0X106 2.7X1o-s 
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Fe-60 1.0X102 2.7X10'9 1.0X105 2.7X1 o-6 

Ga-67 Gallium (31) 1.0X102 2.7X10'9 1.0X1 06 2.7X10'5 

Ga-68 1.0X101 2.7X10-10 1.0X105 2.7X10'6 

Ga-72 1.0X101 2.7X10-10 1.0X105 2.7X10'6 

Gd-146 Gadolinium (64) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Gd-148 1.0X101 2.7X10-10 1.0X104 2.7X10'7 

Gd-153 1.0X102 2.7X10'9 1.0X1 07 2.7X10'4 

Gd-159 1.0X103 2.7X10-8 1.0X106 2.7X10-5 

JGe-68 I Germanium (32) 1.0X101 2.7X10-10 1.0X105 2.7X10'6 

Ge-71 1.0X1 04 2.7X10'7 1.0X108 2.7X10'3 

JGe-77 I 
·-

j1.ox1o1 2.7X1 o-1o 1.0X105 2.7X10'6 

I Hf-172 I Hafnium (72) 11.0X101 2.7X10-10 1.0X1 06 2.7X10'5 

jHf-175 I 11.0X102 2.7X10'9 1.0X106 2.7X10'5 

Hf-181 1.0X101 2.7X10-10 1.0X106 2.7X1 o-5 

Hf-182 1.0X1 02 2.7X10'9 1.0X1 06 2.7X10'5 

Hg-194 Mercury (80) 1.0X101 2.7X10-10 1.0X106 2.7X1 o-5 

Hg-195m 1.0X1 02 2.7X10'9 1.0X106 2.7X10-5 

I Hg-197 I J1.0X102 12.7X10'9 11.0X107 J2.7X10'4 

Hg-197m 1.0X102 J2.7X10'
9 1.0X106 2.7X10'5 

JHg-203 I 1.0X1 02 r.7X10'9 1.0X1 05 2.7X10'6 

I Ho-166 I Holmium (67) 11.0X103 2.7X10'8 1.0X105 2.7X10'6 

Ho-166m 1.0X101 2.7X10-10 1.0X1 06 2.7X10'5 

1-123 Iodine (53) 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

1-124 1.0X101 2.7X1 o·1o 1.0X106 2.7X10'5 

1-125 1.0X1 03 2.7X10-8 1.0X106 2.7X10'5 

1-126 1.0X102 2.7X10'9 1.0X106 2.7X1 o-5 

1-129 1.0X1 02 2.7X10-9 1.0X1 05 2.7X10'6 

11-131 I J1.0X10
2 2.7X10'9 1.0X106 2.7X10'5 

11-132 I 11.0X101 
-

2.7X10-10 1.0X105 2.7X10'6 

1-133 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

1-134 1.0X101 2.7X1 o-1o 1.0X105 2.7X10'6 

1-135 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

ln-111 Indium (49) 1.0X102 2.7X10-9 1.0X106 2.7X10'5 

In-113m 1.0X1 02 2.7X10-9 1.0X1 06 2.7X10'5 

In-114m 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

In-115m 1.0X1 02 2.7X10'9 1.0X1 06 2.7X10'5 

Jlr-189 Jlridium (77) 11.0X102 2.7X10'9 1.0X107 2.7X10'4 

Jlr-190 I J1.0X101 J2.7X10-10 
J1.0X10

6 2.7X10'5 

lr-192 1.0X101 2.7X10-10 1.0X104 2.7X10'7 

Jlr-194 I 1.0X1 02 2.7X1 o-9 1.0X105 2.7X10-6 

K-40 Potassium (19) 1.0X102 2.7X10-9 1.0X106 2.7X10'5 

K-42 1.0X102 2.7X1 o·9 1.0X106 2.7X1 o-5 

K-43 1.0X101 2.7X10-10 1.0X1 06 2.7X10'5 

Kr-81 Krypton (36) 1.0X104 2.7X10'7 1.0X107 2.7X1 o-4 

I Kr-85 I 11.0X10
5 2.7X10'6 1.0X104 2.7X10'7 
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Kr-85m 1.0X103 2.7X10'8 1.0X1 010 2.7X10'1 

1 Kr-87 1 J1.0X10
2 

J2.7X10'
9 J1.0X109 2.7X10'2 

La-137 Lanthanum (57) 1.0X103 2.7X10'8 1.0X107 2.7X10'4 

La-140 1.0X101 2.7X10-10 1.0X105 2.7X10'6 

Lu-172 Lutetium (71) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Lu-173 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

Lu-174 1.0X102 2.7X10'9 1.0X107 2.1x1o·4 

Lu-174m 1.0X102 2.7X10-9 1.0X107 2.7X10'4 

Lu-177 1.0X103 2.7X10'8 1.0X107 2.7X10'4 

Mg-28 Magnesium (12) 1.0X101 2.7X10-10 1.0X1 05 2.7X10'6 

JMn-52 I Manganese (25) 1.0X101 2.7X10-10 1.0X105 2.7X10'6 

r Mn-53 I 1.0X104 2.7X10'7 1.0X109 2.7X10'2 

[Mn-54 I J1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Mn-56 1.0X101 2.7X10-10 1.0X105 2.7X10'6 

Mo-93 Molybdenum (42) 1.0X103 2.7X10'8 1.0X108 2.7X10'3 

Mo-99 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

-N-13 Nitrogen (7) 1.0X102 2.7X10'9 1.0X109 2.7X10'2 

Na-22 Sodium (11) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

I Na-24 I 1.0X101 2.7X10-10 1.0X105 2.7X10'6 

Nb-93m Niobium (41) 1.0X104 2.7X10'7 1.0X107 z.1x1o·4 

Nb-94 1.0X101 2.7X10-10 1.0X1 06 2.7X10'5 

I Nb-95 I j1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Nb-97 1.0X101 2.7X10-10 1.0X1 06 2.7X10'5 

Nd-147 Neodymium (60) 1.0X102 2.7X10'9 1.0X106 2.7X1 o-5 

Nd-149 1.0X1 02 2.7X10-9 1.0X1 06 2.7X10'5 

Ni-59 Nickel (28) 1.0X104 2.7X10'7 1.0X108 2.7X10'3 

Ni-63 1.0X105 2.7X10-6 1.0X1 08 2.7X10'3 

JNi-65 I 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

Np-235 Neptunium (93) 1.0X1 03 2.7X10'8 1.0X1 07 2.7X10'4 

Np-236 (short-
1.0X103 2.7X10'8 1.0X107 2.7X10'4 

lived) 

Np-236 (long-

I ,1.0X10
2 

,2.7X10'
9 

,1.0X10
5 2.7X10'6 

lived) 

Np-237 (Q) 1.0 2.7X10-11 1.0X1 03 2.7X10-8 

1 Np-239 I 11.0X10
2 J2.7X10'9 j1.0X107 J2.7X10'4 

Os-185 Osmium (76) 1.0X101 2.7X10-10 1.0X1 06 2.7X10'5 

Os-191 1.0X102 2.7X10'9 1.0X107 2.7X10'4 

Os-191m 1.0X103 2.7X1 0'8 1.0X107 2.7X10'4 

Os-193 1.0X102 2.7X10'9 1.0X108 2.7X10'5 

Os-194 1.0X102 2.7X10'9 1.0X105 2.7X10'6 

P-32 Phosphorus (15) 1.0X103 2.7X10'8 1.0X105 2.7X10'6 

P-33 1.0X105 2.7X10'6 1.0X1 08 2.7X10'3 

Pa-230 Protactinium (91) 1.0X101 2.7X10-10 1.0X106 2.7X10'5 

[ Pa-231 I 11.0 J2.7X10-11 
J1.0X10

3 
J2.7X10'8 

JPa-233 11.0X10
2 f2.7x1o-9 

11.0X10
7 J2.7X10'4 

I Pb-201 J Lead (82) 1.0X101 2.7X10-10 1.0X1 06 2.7X10'5 
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I Pb-202 I 11.0X103 12.7X1o·s 11.0X10
6 2.7X10'5 

I Pb-203 I 11.0X102 12.7X1o·9 
11.0X10

6 12.7X10'5 

Pb-205 1.0X1 04 2.7X10'7 1.0X1 07 2.7X10'4 

Pb-210 {Q) 1.0X1 01 2.7X10'1" 1.0X104 2.7X10'7 

Pb-212 {Q) 1.0X101 2.7X10.1
" 1.0X1 05 2.7X1 o·6 

Pd-103 Palladium (46) 1.0X1 03 2.7X10'8 1.0X108 2.7X1o·3 

Pd-107 1.0X105 2.7X10'6 1.0X1 08 2.7X1o·3 

Pd-109 1.0X1 03 2.7X10'8 1.0X106 2.7X1o·5 

I Pm-143 I Promethium (61) 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

Pm-144 1.0X101 2.7X1o-1
" 1.0X106 2.7X10'5 

I Pm-145 I 11.0X10
3 2.7X1o·s 1.0X107 2.7X10'4 

Pm-147 1.0X104 2.7X10'7 1.0X107 2.7X10'4 

1Pm-148m I 11.0X101 12.7X10'1" 11.0X10
6 12.7X1o·5 

Pm-149 1.0X103 2.7X10'8 1.0X106 2.7X10'5 

Pm-151 1.0X102 2.7X10'9 1.0X106 2.7X10'5 

Po-210 Polonium (84) 1.0X101 2.7x1o-1
" 1.0X104 2.7X10'7 

Pr-142 Praseodymium (59) 1.0X102 2.7X10'9 1.0X105 2.7X10'6 

Pr-143 1.0X104 2.7X10'7 1.0X106 2.7X10'5 

I 

Pt-188 Platinum (78) 1.0X101 2.7X10'1" 1.0X106 2.7X10'5 

I Pt-191 I j1.0X102 12.7X10'9 
11.0X10

6 12.7X1o·5 

Pt-193 1.0X104 2.7X10'7 1.0X107 2.7X10'4 

Pt-193m 1.0X103 2.7X10'8 1.0X1 07 2.7X10'4 

Pt-195m 1.0X102 2.7X1o·9 1.0X1 06 2.7X1 o·5 

Pt-197 1.0X103 2.7X10'8 1.0X1 06 2.7X1o·5 

Pt-197m 1.0X102 2.7X10'9 1.0X106 2.7X1o·5 

Pu-236 Plutonium (94) 1.0X101 2.7X1o-1
" 1.0X1 04 2.7X10'7 

Pu-237 1.0X103 2.7X10'8 1.0X107 2.7X10'4 

Pu-238 1.0 2.7X10'11 1.0X1 04 2.7X10'7 

I Pu-239 I 11.0 12.7X10-11 j1.0X104 2.7X10'7 

Pu-240 1.0 2.7X10'11 1.0X1 03 2.7x1o-s 

Pu-241 1.0X102 2.7X10'9 1.0X105 2.7X1o·6 

Pu-242 1.0 2.7X10-11 1.0X1 04 2.7X10'7 

Pu-244 1.0 2.7X10'11 1.0X1 04 2.7X10'7 

Ra-223 {Q) Radium (88) 1.0X102 2.7X10'9 1.0X1 05 2.7X1o·6 

Ra-224 {Q) 1.0X101 2.7X1o-1
" 1.0X105 2.7X10'6 

Ra-225 1.0X102 2.7X10'9 1.0X1 05 2.7X10'6 

Ra-226 {Q) 1.0X101 2.7x1o-1
" 1.0X1 04 2.7X10'7 

I Ra-228 {Q) I J1.0X101 J2.7X10'1" 1.0X105 2.7X1o·6 

I Rb-81 I Rubidium (37) 11.0X101 J2.7X1o-1
" 1.0X1 06 2.7X10'5 

Rb-83 1.0X102 2.7X1o·9 1.0X1 06 2.7X1o·5 

Rb-84 1.0X101 2.7x1o-1
" 1.0X1 06 2.7X10'5 

Rb-86 1.0X102 2.7X1o·9 1.0X1 05 2.7X10'6 

Rb-87 1.0X104 2.7X10'7 1.0X107 2.7X10'4 

Rb(nat) 1.0X104 2.7X10'7 1.0X1 07 2.7x1o·4 

1 
Re-184 Rhenium (75) 1.0X101 2.7X10'1" 1.0X1 06 2.7X10'5 
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Re-184m 1.0X102 2.7X1o·9 1.0X106 2.7X10-5 

I Re-186 I 11.ox1o3 12.7X10"6 1.ox1 o" 2.1x1o·5 

Re-187 1.ox1 o" 2.7X1o·5 1.0X1 09 2.7X10-2 

I Re-188 I 1.0X102 2.7X10"9 1.0X105 2.7X10"6 

Re-189 1.0X102 2.1x1o·9 1.0X106 2.7X10"5 

Re(nat) 1.ox1 o" 2.7X10"5 1.0X109 2.1x1o·z 

Rh-99 Rhodium (45) 1.0X101 2.7X10-10 1.0X106 2.1x1o·5 

Rh-101 1.0X102 2.7X10-9 1.0X107 2.1x1o·4 

IRh-102 I 11.0X101 12.7X10-10 
11.0X10

6 2.1x1o·s 

I Rh-102m I 11.0X10
2 12.7X10-9 1.0X106 2.1x1o·s 

I Rh-103m I ,1.0X104 12.7X10-7 
11.0X10

6 12.7X1o·3 

I Rh-1 05 I 11.0X102 12.7X10"9 1.0X107 2.1x1o·4 

Rn-222 (Q) Radon (86) 1.0X101 2.7X10.10 1.0X106 2.1x1o·3 

Ru-97 Ruthenium (44) 1.0X102 2.7X1o·9 1.0X107 2.7X1 o·4 

Ru-103 1.0X102 2.7X10"9 1.0X106 2.7X1o·5 

Ru-105 1.0X101 2.7X10.10 1.0X106 2.7X1o·5 

Ru-106 (Q) 1.0X102 2.7X10"9 1.0X105 2.7X10"6 

S-35 Sulphur (16) 1.0X105 2.7X1o·" 1.0X106 2.1x1o·3 

lsb-122 I Antimony (51) ,1.0X102 12.7X1o·9 ,1.0X104 2.7X10-7 

I Sb-124 I 11.0X101 12.7X10.10 11.0X10
6 2.1x1o·5 

lsb-125 I 1.0X102 2.7X10"9 1.0X106 2.1x1o·5 

Sb-126 1.0X101 2.7X10.10 1.0X105 2.7X1o·" 

Sc-44 Scandium (21) 1.0X101 2.7X10.10 1.0X105 2.7X1o·" 

Sc-46 1.0X101 2.7X1 o·10 1.0X106 2.1x1o·5 

Sc-47 1.0X102 2.7X10"9 1.0X106 2.1x1o·5 

Sc-48 1.0X101 2.7x10-10 1.0X105 2.7X10"6 

Se-75 Selenium (34) 1.0X102 2.7X10"9 1.0X106 2.1x1o·5 

Se-79 1.0X1 04 2.7X10-7 1.0X107 2.1x1o·4 

I Si-31 I silicon (14) 11.0X103 12.7X10.6 
11.0X10

6 2.7X1 o·5 

Si-32 1.0X1 03 2.7X10"6 1.ox1 o" 2.1x1o·5 

Sm-145 Samarium (62) 1.0X102 2.7X10"9 1.0X1 07 2.7X10"4 

Sm-147 1.0X101 2.7X10-10 1.0X1 04 2.7X1o·7 

Sm-151 1.0X104 2.7X10-7 1.ox1 o" 2.1x1o·3 

Sm-153 1.0X102 2.7X10"9 1.0X106 2.1x1o·5 

Sn-113 Tin (50) 1.0X103 2.7X10.6 1.0X107 2.1x1o·4 

J Sn-117m I J1.0X102 12.7X10"9 
11.0X10

6 2.1x1o·5 

Sn-119m 1.0X103 2.7X10.6 1.0X107 2.7X1o·4 

Jsn-121m 1.0X103 12.7X10"6 
,1.0X10

7 12.7X1o·4 

Sn-123 1.0X103 2.7X10"6 1.0X106 2.7X10"5 

Sn-125 1.0X102 2.7X10"9 1.0X105 2.7X1 o·" 

Sn-126 1.0X101 2.7x10-10 1.0X105 2.7X1 a·" 
Sr-82 Strontium (38) 1.0X101 2.7X10-10 1.0X105 2.7X1 o·" 

Sr-85 1.0X102 2.1x1o·9 1.ox1 o" 2.7X1o·5 

Sr-85m 1.0X102 2.7X10-9 1.0X107 2.1x1o·4 

Sr-87m 1.0X102 2.7X10-9 1.0X106 2.7X10"5 
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I Sr-89 I 11.0X103 2.7X10-6 1.0X106 2.7X10'5 

Jsr-90 {Q) I 11.0X102 ,2.7X10-9 1.0X104 2.7X10-7 

I Sr-91 I 11.0X101 12.7X10-10 1.0X105 2.7X10-6 

I Sr-92 I 11.0X101 2.7X10-10 1.0X106 2.7X10-5 

T(H-3) Tritium (1) 1.0X106 2.7X10-5 1.0X109 2.7X10-2 

Ta-178 (long-
Tantalum (73) 1.0X101 2.7X10-10 1.0X106 2.7X10-5 

lived) 

Ta-179 1.0X103 2.7X10-6
. 1.0X107 2.7X10'4 

Ta-182 1.0X101 2.7X10-10 1.0X104 2.7X10-7 

Tb-157 Terbium (65) 1.0X104 2.7X10'7 1.0X107 2.7X1 o-4 

ITb-158 I 11.0X101 12.7X10-10 
-

1.0X106 2.7X10-5 

ITb-160 I 11.0X101 12.7X10-10 1.0X106 2.7X10-5 

JTc-95m I Technetium (43) 11.0X101 12.7X10-10 
11.0X10

6 J2.7X10-5 

ITc-96 r J1.0X101 

I 
J2.7X10-10 

J1.0X10
6 J2.7X1o-s 

-
JTc-96m I 11.0X103 12.7X10-6 

J1.0X10
7 2.7X10-4 

ITc-97 I J1.0X103 12.7X10-6 1.0X106 2.7X10-3 

Tc-97m 1.0X1 03 2.7X10-6 1.0X107 2.7X10'4 

Tc-98 1.0X101 2.7X10-10 1.0X106 2.7X10-5 

Tc-99 1.0X104 2.7X10-7 1.0X107 2.7X10-4 

ITc-99m I 11.0X102 J2.7X10-9 
J1.0X10

7 2.7X10'4 

Te-121 Tellurium (52) 1.0X101 2.7X10-10 1.0X1 06 2.7X10-5 

Te-121m 1.0X102 2.7X10-9 1.0X105 2.7X10-6 

ITe-123m I 11.0X102 J2.7X1o-9 
J1.0X10

7 ,2.7X10'4 

Te-125m 1.0X103 2.7X10-6 1.0X107 2.7X10-4 

Te-127 1.0X103 2.7X10-6 1.0X106 2.7X10-5 

Te-127m 1.0X103 2.7X10'6 1.0X107 2.7X10'4 

Te-129 1.0X102 2.7X10-9 1.0X106 2.7X1 o-5 

Te-129m 1.0X1 03 2.7X10'6 1.0X106 2.7X10-5 

Te-131m 1.0X101 2.7X10-10 1.0X106 2.7X10-5 

Te-132 1.0X102 2.7X10-9 1.0X107 2.7X10-4 

ITh-227 I Thorium (90) j1.0X101 J2.7X10-10 1.0X1 04 2.7X10'7 

I Th-228 {Q) I 11.0 J2.7X10-11 
J1.0X10

4 ,2.7X10-7 

Th-229 {Q) 1.0 2.7X10-11 1.0X1 03 2.7X10'6 

ITh-230 I 11.0 J2.7X10-11 11.0X104 12.7X10-7 

Th-231 1.0X103 2.7X10'6 1.0X107 2.7X1 o-4 

Th-232 1.0X101 2.7X10-10 1.0X104 2.7X10-7 

Th-234 {Q) 1.0X1 03 2.7X1 0'6 1.0X105 2.7X10-6 

I Th (nat) {Q) I 1.0 2.7X10-11 1.0X103 2.7X10'6 

ITi-44 I Titanium (22) j1.0X101 2.7X10-10 1.0X105 2.7X10-6 

IT1-2oo I Thallium (81) J1.0X101 J2.7X10-10 
-

J1.0X10
6 J2.7X1o-5 

IT1-2o1 I 11.0X102 J2.7X10-9 
J1.0X10

6 J2.7X10-5 

IT1-2o2 I 11.0X102 J2.7X1o-9 1.0X1 06 2.7X10-5 

Tl-204 1.0X104 2.7X10-7 1.0X1 04 2.7X10-7 

Tm-167 Thulium (69) 1.0X102 2.7X10-9 1.0X106 2.7X1 o-5 

Tm-170 1.0X1 03 2.7X10-6 1.0X106 2.7X1 o-5 

Tm-171 1.0X104 
• 2.7X10-7 1.0X106 2.7X10-3 
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U-230 (fast Uranium (92) 1.0X101 2.7X10-10 1.0X1 05 2.7X10-6 

lung 
absorption) 
(Q),(Q) 

U-230 (medium 1.0X101 2.7x10-10 1.0X104 2.7X10-7 

lung 
absorption) ~) 

11.0X10' 12.7X10·'" 11.0X10' 12.7X1o·• 
--

U-230 (slow 
lung 
absorption) (_f) 

U-232 (fast 1.0 2.7x10-11 1.0X1 03 2.7X10-8 

lung 
absorption) 
(Q),(_Q) 

U-232 (medium 1.0X101 2.7x10-10 1.0X104 2.7X10'7 

lung 
absorption) ~) 

U-232 (slow 11.0X10' 12.7XW" 11.0X10' 12.7XW 
lung 
absorption) (_f) 

U-233 (fast 1.0X101 2.7x10-10 1.0X1 04 2.7X10-7 

lung 
absorption) (Q) 

U-233 (medium 1.0X102 2.7X10'9 1.0X1 05 2.7X10-6 

lung 
absorption) ~) 

U-233 (slow 1.0X101 2.7x10-10 1.0X105 2.7X10-6 

lung 
absorption) (_f) 

U-234 (fast 1.0X101 2.7x10-10 1.0X104 2.7X10-7 

lung 
absorption) (Q) 

U-234 (medium 1.0X102 2.7X10-9 1.0X1 05 2.7X10-6 

lung 
absorption) ~) 

U-234 (slow 1.0X101 2.7x10-10 1.0X105 2.7X10-6 

lung 
absorption) (_f) 

U-235 (all lung 1.0X101 2.7x10-10 1.0X104 2.7X10'7 

absorption 
types) 
(Q),(Q),~),(_f) 

U-236 (fast 1.0X101 2.7x10-10 1.0X1 04 2.7X10-7 

lung 
absorption) (Q) 

U-236 (medium 1.0X102 2.7X10-9 1.0X105 2.7X10-6 

lung 
absorption) ~) 

U-236 (slow 1.0X101 2.7x10-10 1.0X104 2.7X10-7 

lung 
absorption) (_f) 

U-238 (all lung I'.OX10' 12.7XW'" 1.0X104 2.7X10'7 

absorption 
types) 
(Q),(Q),~),(_f) 

U (nat) (Q) 1.0 2.7X10-11 1.0X103 2.7X10-8 

U (enriched to 1.0 2.7X10-11 1.0X103 2.7X10-8 

20% or less) 
(g) 

j U (dep) I 11.0 2.7X10-11 1.0X103 2.7X10-8 

jv-48 I Vanadium (23) 11.0X101 12.7X1 o-1o 1.0X105 2.7X10-6 
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V-49 1.0X104 2.7X10'7 1.0X107 

lw-178 I Tungsten (74) 11.0X101 12.7X10-10 1.0X106 

W-181 1.0X1 03 2.7X1o-a 1.0X107 

lw-185 I 11.0X104 12.7X10'7 1.0X107 

W-187 1.0X102 2.7X1o·9 1.0X106 

W-188 1.0X102 2.7X10'9 1.0X1 05 

Xe-122 Xenon (54) 1.0X102 2.7X10'9 
J1.0X10

9 

lxe-123 I 11.0X10
2 12.7X10'9 11.0X10

9 

lxe-127 I 11.0X10
3 2.7X1o-e 1.0X105 

I Xe-131 m I 11.0X10
4 12.7X10'7 11.0X104 

lxe-133 I 11.0X10
3 12.7X10'8 

11.0X10
4 

Xe-135 1.0X1 03 2.7X10'8 1.0X1010 

IY-87 I Yttrium (39) J1.0X101 2.7X10-10 1.0X106 

Y-88 1.0X101 2.7X10-10 1.0X1 06 

Y-90 1.0X103 2.7X10'8 1.0X1 05 

Y-91 1.0X103 2.7X1 o-a 1.0X106 

Y-91m 1.0X102 2.7X1o·9 1.0X106 

JY-92 I 11.0X10z 2.7X10'9 1.0X105 

Y-93 1.0X1 02 2.7X10'9 1.0X105 

IYb-169 I Ytterbium (70) 11.0X10
2 J2.7X1o·9 J1.0X107 

Yb-175 1.0X1 03 2.7X10'8 1.0X1 07 

Zn-65 Zinc (30) 1.0X101 2.7X10-10 1.0X1 06 

Zn-69 1.0X104 2.7X10'7 1.0X106 

Zn-69m 1.0X102 2.7X1o·9 1.0X106 

Zr-88 Zirconium (40) 1.0X102 2.7X10'9 1.0X106 

Zr-93 (.!2) 1.0X103 2.7X10'8 1.0X107 

I Zr-95 I 1.0X101 2.7X10-10 1.0X106 

I Zr-97 (.!2) 1.0X101 2.7X10-10 1.0X105 

a [Reserved] 
b Parent nuclides and their progeny included in secular equilibrium are listed in the following: 

Sr-90 

Zr-93 

Zr-97 

Ru-106 

Cs-137 

Ce-134 

Ce-144 

Ba-140 

Bi-212 

Pb-210 

Pb-212 

Rn-220 

Rn-222 

Ra-223 

Ra-224 

Ra-226 

Ra-228 

Y-90 

Nb-93m 

Nb-97 

Rh-106 

Ba-137m 

La-134 

Pr-144 

La-140 

Tl-208 (0.36), Po-212 (0.64) 

Bi-210, Po-210 

Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Po-216 

Po-218, Pb-214, Bi-214, Po-214 

Rn-219, Po-215, Pb-211, Bi-211, Tl-207 

Rn-220, Po-216, Pb-212, Bi-212, Tl-208(0.36), Po-212 (0.64) 

Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210 

Ac-228 
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2.7X10'4 

2.7X10'5 

2.7X1 o·4 

2.7X10-4 

2.7X10'5 

2.7X10'6 

2.7X1o-z 

2.7X1o-z 

2.7X10'6 

2.7X10'7 

12.7X1 o·7 

2.7X10'1 

2.7X10'5 

2.7X10'5 

2.7X10'6 

2.7X1o·5 

2.7X10'5 

2.7X10'6 

2.7X10'6 

J2.7X10'4 

2.7X10'4 

2.7X1o·5 

2.7X10'5 

2.7X1o·5 

2.7X1o·5 

2.7X10'4 

2.7X1o-5 

2.7X10-6 

--
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Th-226 

Th-228 

Th-229 

Th-nat 

Th-234 

U-230 

U-232 

U-235 

U-238 

U-nat 

U-240 

Np-237 

Am-242m 

Am-243 

Ra-222, Rn-218, Po-214 

Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209 

Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Pa-234m 

Th-226, Ra-222, Rn-218, Po-214 

Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 (0.36), Po-212 (0.64) 

Th-231 

Th-234, Pa-234m 

Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210 

Np-240m 

Pa-233 

Am-242 

Np-239 

c (Reserved] . 
d These values apply only to compounds of uranium that take the chemical form of UF6, U02F2 and U02(N03)2 in both normal and accident 
conditions of transport. 
• These values apply only to compounds of uranium that take the chemical form of U03 , UF4, UCI4 and hexavalent compounds in both normal 
and accident conditions of transport. 
1 These values apply to all compounds of uranium other than those specified in notes (d) and (e) of this table. 
9 These values apply to unirradiated uranium only. 
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TABLE A-3-GENERAL VALUES FOR A1 AND A2 

I I A1 I A2 Activity Activity Activity limits Activity limits 

Contents 
concentration for concentration for for exempt for exempt 

(TBq) (Ci) (TBq) (Ci) exempt material exempt material consignments consignments 
(Bq/g) (Ci/g) (Bq) (Ci) 

Only beta or 1 X 10-1 2.7 X 10° 2 X 10 -2 5.4 X 10-1 1 X 101 2.7 x10-10 1 X 104 2.7 x1o·7 

gamma emitting 
radionuclides are 
known to be 
present 

Only alpha 2x 10·1 5.4 X 10° 9 X 10·5 2.4 X 10-3 1 X 10-1 2.7 x10-12 1 X 103 2.7 x10-8 

emitting 
radionuclides are 
known 
to be present 

No relevant data 1 X 10-3 2.7 X 10-2 9 x 1 o-5 2.4 x 1 o·3 1 X 10-1 2.7 X 10-12 1 X 103 2.7 X 10:8 

are available 

TABLE A-4-ACTIVITY-MASS RELATIONSHIPS FOR URANIUM 

Uranium Enrichment1 Specific Activity 

wt % U-235 present TBq/g Ci/g 

0.45 1.8 X 10-8 5.0 X 10-7 

0.72 2.6 X 10-8 7.1 x10·7 

1 12.8 X 10·8 7.6 X 10-7 

1.5 3.7 X 10-8 1.0 X 10-6 

5 1.0 X 10-7 2.7 X 10-6 

10 1.8x10-7 4.8 X 10-6 

20 3.7 X 10-7 1.0x 10·5 

35 7.4 X 10"7 2.0 X 10-5 

50 9.3 X 10-7 2.5 X 10-5 

90 2.2 X 10-6 5.8x10-5 

93 2.6 X 10-6 7.0 X 10-5 

195 13.4 X 10·6 9.1 X 10-5 

. . 
The figures for uramum mclude representative values for the act1v1ty of the uramum-234 that is concentrated during the enrichment process . 

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq. 
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I certify that this is an accurate and complete copy of rulemaking hearing rules, lawfully promulgated and adopted 
by the Commissioner on 10/20/2014, and is in compliance with the provisions of T.C.A. § 4-5-222. 

I further certify the following: 

Notice of Rulemaking Hearing filed with the Department of State on: 08/05/14 

Rulemaking Hearing(s) Conducted on: (add more dates). 10/07/14 

Date: ___________________ _ 

Signature: ___________________ _ 

Name of Officer: Robert J. Martineau, Jr. 

Title of Officer: Commissioner 

Subscribed and sworn to before me on: ---------------------
Notary Public Signature: _________________________ _ 

My commission expires on: ________________________ _ 

All rulemaking hearing rules provided for herein have been examined by the Attorney General and Reporter of the 
State of Tennessee and are approved as to legality pursuant to the provisions of the Administrative Procedures 
Act, Tennessee Code Annotated, Title 4, Chapter 5. 

Department of State Use Only 

SS-7039 (July 2014) 

Herbert H. Slatery Ill 
Attorney General and Reporter 

Date 

Filed with the Department of State on: _________________________ __ 

Effective on: 

SNOllVJI.l80d 
3lv1S :W ..\~\113tl33S 

~I :~ Wd £- HVW SIOZ 

tJ3/\i383t:1 
41 

---------------------------

Tre Hargett 
Secretary of State 
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Public Hearing Comments 

One copy of a document containing responses to comments made at the public hearing must accompany the 
filing pursuant to T.C.A. § 4-5-222. Agencies shall include only their responses to public hearing comments, 
which can be summarized. No letters of inquiry from parties questioning the rule will be accepted. When no 
comments are received at the public hearing, the agency need only draft a memorandum stating such and include 
it with the Rulemaking Hearing Rule filing. Minutes of the meeting will not be accepted. Transcripts are not 
acceptable. 

There were no comments received during the public comment period. 
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Regulatory Flexibility Addendum 
Pursuant to T.C.A. §§ 4-5-401 through 4-5-404, prior to initiating the rule making process as described in T.C.A. 
§ 4-5-202(a)(3) and T.C.A. § 4-5-202(a), all agencies shall conduct a review of whether a proposed rule or rule 
affects small businesses. 

All substantive changes in this rulemaking are required by the Nuclear Regulatory Commission ("NRC") and these 
amendments are consistent with the NRC approved state suggested regulations. Therefore, these substantive 
changes are exempt from the provisions of the Regulatory Flexibility Act of 2007, Acts 2007, § 6 of Public Chapter 
464 because they are federally mandated. The non-substantive changes consist in changing the mailing address 
of the division in the regulations and results in no effect on small businesses. 

(1) The type or types of small business and an identification and estimate of the number of small businesses 
subject to the proposed rule that would bear the cost of, or directly benefit from the proposed rule. 

No small business will bear the cost of the address change. 

(2) The projected reporting, recordkeeping, and other administrative costs required for compliance with the 
proposed rule, including the type of professional skills necessary for preparation of the report or record. 

There is no additional reporting, recordkeeping or other administrative cost associated with the mailing 
address change. 

(3) A statement of the probable effect on impacted small businesses and consumers. 

This is no impact on small businesses resulting in the change of mailing address. 

(4) A description of any less burdensome, less intrusive or less costly alternative methods of achieving the 
purpose and objectives of the proposed rule that may exist, and to what extent the alternative means 
might be less burdensome to small business. 

No alternative exists to achieve the change of mailing address. 

(5) A comparison of the proposed rule with any federal or state counterparts. 

A comparison is not needed to change the mailing address. 

(6) Analysis of the effect of the possible exemption of small businesses from all or any part of the 
requirements contained in the proposed rule. 

An exemption is not possible. 
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Impact on Local Governments 

Pursuant to T.C.A. §§ 4-5-220 and 4-5-228 "any rule proposed to be promulgated shall state in a simple 
declarative sentence, without additional comments on the merits of the policy of the rules or regulation, whether 
the rule or regulation may have a projected impact on local governments." (See Public Chapter Number 1070 
(http://state.tn.us/sos/acts/1 06/pub/pc1 070.pdf) of the 2010 Session of the General Assembly) 

The Department anticipates that these amended rules will not have a financial impact on local governments. 
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Additional Information Required by Joint Government Operations Committee 

All agencies, upon filing a rule, must also submit the following pursuant to T.C.A. § 4-5-226(i)(1 ). 

(A) A brief summary of the rule and a description of all relevant changes in previous regulations effectuated by 
such rule; 

The purpose of this rulemaking is to bring the regulations of the Division of Radiological Health into compliance 
with various changes that the U.S. Nuclear Regulatory Commission (NRC) has made to Title 10 of the Code of 
F~deral Regulations. This compatibility is required for Tennessee to remain an Agreement State. The 
rulemaking amends Chapters 0400-20-04, 0400-20-05, 0400-20-08 and 0400-20-10 to update the requirements 
that regulate packaging and transportation of radioactive material, including: 

• Amendments pertaining to the notification process requiring licensees to provide advance notification to 
participating Federally-recognized Tribal governments regarding shipment of nuclear waste for any 
shipment that passes within or across their reservations. 

• Amendments to make technical corrections in certain parts of the regulations, including typographical 
and spelling errors, and other edits to update the Division's mailing address. 

• Deleting references to "related to irradiated reactor fuel" because Tennessee does not have regulatory 
authority over it. 

• Addition of language pertaining to Industrial Radiography training guidance that was previously omitted 
from the rules. 

(B) A citation to and brief description of any federal law or regulation or any state law or regulation mandating 
promulgation of such rule or establishing guidelines relevant thereto; 

I These rules are promulgated under the authorities of T.C.A. §§ 68-202-101 et seq. and 4-5-201 et seq. 

(C) Identification of persons, organizations, corporations or governmental entities most directly affected by this 
rule, and whether those persons, organizations, corporations or governmental entities urge adoption or 
rejection of this rule; 

Industrial radiographers and shippers of nuclear waste passing through federally-recognized Tribal governments 
will be affected by these amendments. There were no comments received on these amendments from any 
source during the comment period. 

(D) Identification of any opinions of the attorney general and reporter or any judicial ruling that directly relates to 
the rule; 

I The Department is not aware of any. 

(E) An estimate of the probable increase or decrease in state and local government revenues and expenditures, 
if any, resulting from the promulgation of this rule, and assumptions and reasoning upon which the estimate 
is based. An agency shall not state that the fiscal impact is minimal if the fiscal impact is more than two 
percent (2%) of the agency's annual budget or five hundred thousand dollars ($500,000), whichever is less; 

I This rulemaking will not impact state or local government revenues or expenditures. 

(F) Identification of the appropriate agency representative or representatives, possessing substantial knowledge 
and understanding of the rule; 

Anthony Hogan 
Division of Radiological Health 
Department of Environment and Conservation 
(615) 532-0364 
Anthonv.Hooan@tn.aov 

(G) Identification of the appropriate agency representative or representatives who will explain the rule at a 
scheduled meeting of the committees; 
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Emily Urban 
Assistant General Counsel 
Office of General Counsel 

(H) Office address, telephone number, and email address of the agency representative or representatives who 
will explain the rule at a scheduled meeting of the committees; and 

Office of General Counsel 
Tennessee Department of Environment and Conservation 
William R. Snodgrass Tennessee Tower 
312 Rosa L. Parks Avenue, 2nd Floor 
Nashville, Tennessee 37243 
(615) 532-8685 
Emily.Urban@tn.gov 

(I) Any additional information relevant to the rule proposed for continuation that the committee requests. 

I The Department is not aware of any additional relevant information. 
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