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Change to NRC Section

		

Title

		

State Section

		

Compatibility Category

		

Summary of Change to CFR

		

Difference Yes/No

		

Significant Yes/No

		

If Difference, Why or Why Not Was a Comment Generated



		§ 19.8(b)

		Information collection requirements: OMB approval

		

		D

		Revised to read as follows:



(b) The approved information collection requirements contained in this part appear in §§ 19.12, 19.13, 19.16, and 19.31.

		NA

		

		N/A



		§ 20.1906(d) 

		Procedures for receiving and opening packages

		

		H&S

		Revised to read as follows:



	(d) The licensee shall immediately notify the final delivery carrier and the NRC Headquarters Operations Center by telephone at the numbers specified in appendix A to part 73 of this chapter, when—

*	*	*	*	*



		

		

		N/A



		§ 20.2201(a)(2)

(ii)

		Reports of theft or loss of licensed material

		

		C

		Revised to read as follows: 



	(a) *	  *	*

	(2) *	  *	*

(ii) All other licensees shall make reports by telephone to the NRC Headquarters Operations Center at the numbers specified in appendix A to part 73 of this chapter.

*	*	*	*	

		

		

		N/A



		§ 20.2202(d)(2)

		Notification of incidents

		

		C

		Revised to read as follows:



	(d) *	  *	*

(2) All other licensees shall make the reports required by paragraphs (a) and (b) of this section by telephone to the NRC Headquarters Operations Center at the numbers specified in appendix A to part 73 of this chapter.

*	*	*	*	*



		

		

		N/A



		Appendix D to Part 20

		United States Nuclear Regulatory Commission Offices

		

		D

		In the first row of the table in appendix D to part 20, remove the title “Division of Incident Response Operations” and add in its place “Division of Preparedness and Response” and remove the email “H001@nrc.gov” and add in its place “Hoo.Hoc@nrc.gov”.

		NA

		

		N/A



		§ 30.50(c)(1)

		Reporting requirements

		

		C

		Revised to read as follows:



*	*	*	*	*

	(c) *	  *	*

(1) Licensees shall make reports required by paragraphs (a) and (b) of this section by telephone to the NRC Headquarters Operations Center at the numbers specified in appendix A to part 73 of this chapter. 	*	*	*

*	*	*	*	*



		

		

		N/A



		§ 34.8(b)

		Information collection requirements: OMB approval

		

		D

		In § 34.8(b), add “34.111,” in numerical order.  

		NA

		

		N/A



		§ 35.390(a)(1)

		Training for use of unsealed byproduct material for which a written directive is required

		58-40

		B

		In § 35.390(a)(1), remove “Committee on Post-Graduate Training” and add in its place “Council on Postdoctoral Training”.

		

		

		



		§ 35.490

		Training for use of manual brachytherapy sources

		58-51

		B

		In § 35.490, in paragraph (a)(1), remove “Committee on Post-Graduate Training” and add in its place “Council on Postdoctoral Training”;



And in paragraph (b)(2), remove “Committee on Postdoctoral” and add in its place “Council on Postdoctoral”.

		

		

		



		§ 35.690

		Training for use of remote afterloader units, teletherapy units, and gamma stereotactic radiosurgery units

		58-71

		B

		In § 35.690, in paragraph (a)(1), remove “Committee on Post-Graduate Training” and add in its place “Council on Postdoctoral Training”;



And in paragraph (b)(2), remove “Committee on Postdoctoral” and add in its place “Council on Postdoctoral”.

		

		

		



		§ 40.8(b)

		Information collection requirements:  OMB approval

		

		D

		In § 40.8, in paragraph (b) add “40.14,” in numerical order, and in paragraph (c)(3) remove “Forms N-71 and associated forms” and add in its place “IAEA Design Information Questionnaire forms”.

		NA

		

		N/A



		§ 40.31(g)(1)

		Application for specific licenses

		

		D

		In § 40.31(g)(1), remove “Form N-71 and associated forms” and add in its place “IAEA Design Information Questionnaire forms”.

		NA

		

		N/A



		§ 40.60(c)(1)

		Reporting requirements

		

		C

		Revised to read as follows:



(c) *	  *	*

(1) Licensees shall make reports required by paragraphs (a) and (b) of this section by telephone to the NRC Headquarters Operations Center at the numbers specified in appendix A to part 73 of this chapter. 	*	  *	*

*	*	*	*	*



		

		

		N/A



		§40.67(c) and (d)

		Requirement for advance notice for importation of natural uranium from countries that are not party to the Convention on the Physical Protection of Nuclear Material.

		

		NRC

		Revised to read as follows:



*	*	*	*	*

	(c) The licensee shall notify the Director, Office of Nuclear Security and Incident Response, by telephone at the numbers for the NRC Headquarters Operations Center specified in appendix A to part 73 of this chapter when the shipment is received in the receiving facility.

(d) A licensee who needs to amend a notification shall notify the Director, Office of Nuclear Security and Incident Response, by telephone at the numbers specified for the NRC Headquarters Operations Center in appendix A to part 73 of this chapter.



		NA

		

		N/A



		§ 61.8(c)

		Information collection requirements:  OMB approval

		

		D

		[bookmark: _Hlk49979513]In § 61.8(c), remove “Form N-71 and associated forms” and add in its place “IAEA Design Information Questionnaire forms”.

		NA

		

		N/A



		§ 61.32(a)

		Facility information and verification

		

		D

		In § 61.32(a), remove “Form N-71 and associated forms” and add in its place “IAEA Design Information Questionnaire forms”.

		NA

		

		N/A



		§ 70.8(c)(1)

		Information collection requirements:  OMB approval

		

		D

		In § 70.8(c)(1), remove “Form N-71 and associated forms” and add in its place “IAEA Design Information Questionnaire forms”.

		NA

		

		N/A



		§ 70.21(g)(1)

		Filing

		

		NRC

		In § 70.21(g)(1), remove “Form N-71 and associated forms” and add in its place “IAEA Design Information Questionnaire forms”.

		NA

		

		N/A



		§ 70.50(c)(1)

		Reporting requirements

		

		C

		Revised to read as follows:



*	*	*	*	*

	(c) *	  *	*

(1) Licensees shall make reports required by paragraphs (a) and (b) of this section, and by § 70.74 and appendix A of this part, if applicable, by telephone to the NRC Headquarters Operations Center at the numbers specified in appendix A to part 73 of this chapter. *	  *	*

*	*	*	*	*



		

		

		N/A



		§ 70.52(a)

		Reports of accidental criticality

		

		NRC

		Revised to read as follows:



(a) Each licensee shall notify the NRC Headquarters Operations Center by telephone at the numbers specified in appendix A to part 73 of this chapter within 1 hour after discovery of any case of accidental criticality. 

*	*	*	*	*

		NA

		

		N/A



		§ 71.97(c)(3)(i)

		Advance notification of shipment of irradiated reactor fuel and nuclear waste

		50-23

		B

		In § 71.97, remove and reserve paragraph (c)(3)(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”]

		

		

		



		Appendix A to Part 71, Table A-1

		A1 and A2 Values for Radionuclides



Exempt Material Activity Concentrations and Exempt Consignment Activity Limits for Radionuclides

		50-25 App A

		[B]

		In Appendix A to part 71, in Table A-1, amend the entry radionuclide Sm-147, by removing “8.5 × 10−1” and adding in its place “8.5 × 10−10”.
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***DRAFT - NOT FOR FILING*** 
 


3701:1-50-23     Advance notification of shipment of irradiated reactor fuel and nuclear waste. 


(A)   


(1) As specified in paragraphs (B), (C) and (D) of this rule, each licensee shall provide advance notification to 
the governor of a state, or the governor's designee, of the shipment of licensed material, through, 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 in compliance with 
section 4163.07 of the Revised Code. 


(2) As specified in paragraphs (B), (C), and (D) of this rule, each licensee shall provide advance notification 
to the tribal official of participating indian tribes referenced in paragraph (C)(3)(c) of this rule, or the 
official's designee, of the shipment of licensed material, within or across the boundary of the indian 
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 in compliance with section 4163.07 of 
the Revised Code. 


(B) Advance notification is also required under this rule for shipments of licensed material, other than irradiated 
reactor fuel, meeting the following three conditions: 


(1) The licensed material is required by this part to be in type B packaging for transportation; 


(2) The licensed material is being transported to or across a state boundary in 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: 


(a) Three thousand times the A1 value of the radionuclides as specified in rule 3701:1-50-25 of the 
Administrative Code for special form radioactive material; 


(b) Three thousand times the A2 value of the radionuclides as specified in rule 3701:1-50-25 of the 
Administrative Code for normal form radioactive material; or 


(c) One thousand terabecquerels (twenty-seven thousand curies). 


(C) Each licensee shall submit an advance notification as follows: 


(1) The notification must 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, 
office of nuclear security and incident response, United States nuclear regulatory commission. 


(2) A notification delivered by mail must be postmarked at least seven days before the beginning of the 
seven-day period during which departure of the shipment is estimated to occur. 


(3) A notification delivered by any other means than mail must reach the office of the governor or of the 
governor's designee or the tribal official or tribal official’s designee at least four days before the 
beginning of the seven-day period during which departure of the shipment is estimated to occur. 


(a)  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). 







***DRAFT - NOT FOR FILING*** 
 


(b) (a) Contact information for each state, including telephone and mailing addresses of governors and 
governors' designees, and participating tribes, including telephone and mailing addresses of tribal 
officials and tribal official's designees, is available on the United States nuclear regulatory 
commission's web site at: https://scp.nrc.gov/special/designee.pdf. 


(c) (b) 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 Material 
Safety, Security, State, and Tribal Programs, Office of Nuclear Material Safety and Safeguards, 
United States Nuclear Regulatory Commission, Washington, DC 20555-0001." 


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


(D) Each advance notification of shipment of nuclear waste must 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 regulation of DOT in 49 
C.F.R. 172.202 and 49 C.F.R. 172.203(D) (as in effect on the effective date of this rule); 


(3) The point of origin of the shipment and the seven-day period during which departure of the shipment is 
estimated to occur; 


(4) The seven-day period during which arrival of the shipment at state boundaries, or tribal reservation 
boundaries is estimated to occur; 


(5) The destination of the shipment, and the seven-day period during which arrival at the destination of the 
shipment is estimated to occur; and 


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


(E) Revision notice. 


(1) A licensee who finds that schedule information previously furnished to a governor or governor's designee 
or a tribal official or tribal official’s designee, in accordance with this section, 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 the tribal official or the tribal official’s designee and inform that individual 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 three 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 offices listed in paragraph (A) of this rule previously notified, and to the 
director, office of nuclear security and incident response, United States nuclear regulatory commission. 


(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 three years. 


 





		3701:1-50-23     Advance notification of shipment of irradiated reactor fuel and nuclear waste.

		(A)  

		(1) As specified in paragraphs (B), (C) and (D) of this rule, each licensee shall provide advance notification to the governor of a state, or the governor's designee, of the shipment of licensed material, through, 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 in compliance with section 4163.07 of the Revised Code.

		(2) As specified in paragraphs (B), (C), and (D) of this rule, each licensee shall provide advance notification to the tribal official of participating indian tribes referenced in paragraph (C)(3)(c) of this rule, or the official's designee, of the shipment of licensed material, within or across the boundary of the indian 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 in compliance with section 4163.07 of the Revised Code.

		(B) Advance notification is also required under this rule for shipments of licensed material, other than irradiated reactor fuel, meeting the following three conditions:

		(1) The licensed material is required by this part to be in type B packaging for transportation;

		(2) The licensed material is being transported to or across a state boundary in 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:

		(a) Three thousand times the A1 value of the radionuclides as specified in rule 3701:1-50-25 of the Administrative Code for special form radioactive material;

		(b) Three thousand times the A2 value of the radionuclides as specified in rule 3701:1-50-25 of the Administrative Code for normal form radioactive material; or

		(c) One thousand terabecquerels (twenty-seven thousand curies).

		(C) Each licensee shall submit an advance notification as follows:

		(1) The notification must 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, office of nuclear security and incident response, United States nuclear regulatory commission.

		(2) A notification delivered by mail must be postmarked at least seven days before the beginning of the seven-day period during which departure of the shipment is estimated to occur.

		(3) A notification delivered by any other means than mail must reach the office of the governor or of the governor's designee or the tribal official or tribal official’s designee at least four days before the beginning of the seven-day period during which departure of the shipment is estimated to occur.

		(a)  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).

		(b) (a) Contact information for each state, including telephone and mailing addresses of governors and governors' designees, and participating tribes, including telephone and mailing addresses of tribal officials and tribal official's designees, is available on the United States nuclear regulatory commission's web site at: https://scp.nrc.gov/special/designee.pdf.

		(c) (b) 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 Material Safety, Security, State, and Tribal Programs, Office of Nuclear Material Safety and Safeguards, United States Nuclear Regulatory Commission, Washington, DC 20555-0001."

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

		(D) Each advance notification of shipment of nuclear waste must 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 regulation of DOT in 49 C.F.R. 172.202 and 49 C.F.R. 172.203(D) (as in effect on the effective date of this rule);

		(3) The point of origin of the shipment and the seven-day period during which departure of the shipment is estimated to occur;

		(4) The seven-day period during which arrival of the shipment at state boundaries, or tribal reservation boundaries is estimated to occur;

		(5) The destination of the shipment, and the seven-day period during which arrival at the destination of the shipment is estimated to occur; and

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

		(E) Revision notice.

		(1) A licensee who finds that schedule information previously furnished to a governor or governor's designee or a tribal official or tribal official’s designee, in accordance with this section, 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 the tribal official or the tribal official’s designee and inform that individual 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 three 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 offices listed in paragraph (A) of this rule previously notified, and to the director, office of nuclear security and incident response, United States nuclear regulatory commission.

		(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 three years.
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Table 25-1 - A1 and A2 values for Radionuclides 
 


 
Element, Atomic No. 


Radionuclide 
A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Actinium (89)       
Ac-225 (a) 


Ac-227 (a) 


Ac-228 


8.0x10-1
 


 


9.0x10-1
 


 


6.0x10-1 


2.2x101
 


 


2.4x101
 


 


1.6x101 


6.0x10-3
 


 


9.0x10-5
 


 


5.0x10-1 


1.6x10-1
 


 


2.4x10-3
 


 


1.4x101 


2.1x103
 


 


2.7 
 


8.4x104 


5.8x104
 


 


7.2x101
 


 


2.2x106 


Silver (47)       
Ag-105 


 


Ag-108m (a) 


Ag-110m (a) 


Ag-111 


2.0 
 


7.0x10-1
 


 


4.0x10-1
 


 


2.0 


5.4x101
 


 


1.9x101
 


 


1.1x101
 


 


5.4x101 


2.0 
 


7.0x10-1
 


 


4.0x10-1
 


 


6.0x10-1 


5.4x101
 


 


1.9x101
 


 


1.1x101
 


 


1.6x101 


1.1x103
 


 


9.7x10-1
 


 


1.8x102
 


 


5.8x103 


3.0x104
 


 


2.6x101
 


 


4.7x103
 


 


1.6x105 


Aluminum (13)       
Al-26 1.0x10-1 2.7 1.0x10-1 2.7 7.0x10-4 1.9x10-2 


Americium (95)       
Am-241 


 


Am-242m (a) 


Am-243 (a) 


1.0x101
 


 


1.0x101
 


 


5.0 


2.7x102
 


 


2.7x102
 


 


1.4x102 


1.0x10-3
 


 


1.0x10-3
 


 


1.0x10-3 


2.7x10-2
 


 


2.7x10-2
 


 


2.7x10-2 


1.3x10-1
 


 


3.6x10-1
 


 


7.4x10-3 


3.4 
 


1.0x101
 


 


2.0x10-1 


Argon (18)       
Ar-37 


 


Ar-39 
 


Ar-41 


4.0x101
 


 


4.0x101
 


 


3.0x10-1 


1.1x103
 


 


1.1x103
 


 


8.1 


4.0x101
 


 


2.0x101
 


 


3.0x10-1 


1.1x103
 


 


5.4x102
 


 


8.1 


3.7x103
 


 


1.3 
 


1.5x106 


9.9x104
 


 


3.4x101
 


 


4.2x107 


Arsenic (33)       
As-72 


 


As-73 
 


As-74 
 


As-76 
 


As-77 


3.0x10-1
 


 


4.0x101
 


 


1.0 
 


3.0x10-1
 


 


2.0x101 


8.1 
 


1.1x103
 


 


2.7x101
 


 


8.1 
 


5.4x102 


3.0x10-1
 


 


4.0x101
 


 


9.0x10-1
 


 


3.0x10-1
 


 


7.0x10-1 


8.1 
 


1.1x103
 


 


2.4x101
 


 


8.1 
 


1.9x101 


6.2x104
 


 


8.2x102
 


 


3.7x103
 


 


5.8x104
 


 


3.9x104 


1.7x106
 


 


2.2x104
 


 


9.9x104
 


 


1.6x106
 


 


1.0x106 


Astatine (85)       
At-211 (a) 2.0x101 5.4x102 5.0x10-1 1.4x101 7.6x104 2.1x106 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Gold (79)       
Au-193 


 


Au-194 
 


Au-195 
 


Au-198 
 


Au-199 


7.0 
 


1.0 
 


1.0x101
 


 


1.0 
 


1.0x101 


1.9x102
 


 


2.7x101
 


 


2.7x102
 


 


2.7x101
 


 


2.7x102 


2.0 
 


1.0 
 


6.0 
 


6.0x10-1
 


 


6.0x10-1 


5.4x101
 


 


2.7x101
 


 


1.6x102
 


 


1.6x101
 


 


1.6x101 


3.4x104
 


 


1.5x104
 


 


1.4x102
 


 


9.0x103
 


 


7.7x103 


9.2x105
 


 


4.1x105
 


 


3.7x103
 


 


2.4x105
 


 


2.1x105 


Barium (56)       
Ba-131 (a) 


Ba-133 


Ba-133m 
 


Ba-140 (a) 


2.0 
 


3.0 
 


2.0x101
 


 


5.0x10-1 


5.4x101
 


 


8.1x101
 


 


5.4x102
 


 


1.4x101 


2.0 
 


3.0 
 


6.0x10-1
 


 


3.0x10-1 


5.4x101
 


 


8.1x101
 


 


1.6x101
 


 


8.1 


3.1x103
 


 


9.4 
 


2.2x104
 


 


2.7x103 


8.4x104
 


 


2.6x102
 


 


6.1x105
 


 


7.3x104 


Beryllium (4)       
Be-7 


 


Be-10 
2.0x101


 
 


4.0x101 
5.4x102


 
 


1.1x103 
2.0x101


 
 


6.0x10-1 
5.4x102


 
 


1.6x101 
1.3x104


 
 


8.3x10-4 
3.5x105


 
 


2.2x10-2 


Bismuth (83)       
Bi-205 


 


 
Bi-206 


 


Bi-207 
 


Bi-210 
 


Bi-210m (a) 


Bi-212 (a) 


7.0x10-1
 


 


 
3.0x10-1


 
 


7.0x10-1
 


 


1.0 
 


6.0x10-1
 


 


7.0x10-1 


1.9x101
 


 


 
8.1 


 


1.9x101
 


 


2.7x101
 


 


1.6x101
 


 


1.9x101 


7.0x10-1
 


 


 
3.0x10-1


 
 


7.0x10-1
 


 


6.0x10-1
 


 


2.0x10-2
 


 


6.0x10-1 


1.9x101
 


 


 
8.1 


 


1.9x101
 


 


1.6x101
 


 


5.4x10-1
 


 


1.6x101 


1.5x103 


 
 


3.8x103
 


 


1.9 
 


4.6x103
 


 


2.1x10-5
 


 


5.4x105 


4.2x104
 


 


 
1.0x105


 
 


5.2x101
 


 


1.2x105
 


 


5.7x10-4
 


 


1.5x107 


Berkelium (97)       
Bk-247 


 


Bk-249 (a) 
8.0 


 


4.0x101 
2.2x102


 
 


1.1x103 
8.0x10-4


 
 


3.0x10-1 
2.2x10-2


 
 


8.1 
3.8x10-2


 
 


6.1x101 
1.0 


 


1.6x103 


Bromine (35)       
Br-76 


 


Br-77 
 


Br-82 


4.0x10-1
 


 


3.0 
 


4.0x10-1 


1.1x101
 


 


8.1x101
 


 


1.1x101 


4.0x10-1
 


 


3.0 
 


4.0x10-1 


1.1x101
 


 


8.1x101
 


 


1.1x101 


9.4x104
 


 


2.6x104
 


 


4.0x104 


2.5x106
 


 


7.1x105
 


 


1.1x106 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Carbon (6)       
C-11 


 


C-14 
1.0 


 


4.0x101 
2.7x101


 
 


1.1x103 
6.0x10-1


 
 


3.0 
1.6x101


 
 


8.1x101 
3.1x107


 
 


1.6x10-1 
8.4x108


 
 


4.5 


Calcium (20)       
Ca-41 


 


Ca-45 
 


Ca-47 (a) 


Unlimited 
 


4.0x101
 


 


3.0 


Unlimited 
 


1.1x103
 


 


8.1x101 


Unlimited 
 


1.0 
 


3.0x10-1 


Unlimited 
 


2.7x101
 


 


8.1 


3.1x10-3
 


 


6.6x102
 


 


2.3x104 


8.5x10-2
 


 


1.8x104
 


 


6.1x105 


Cadmium (48)       
Cd-109 


 


Cd-113m 
 


Cd-115 
 


Cd-115m (a) 


3.0x101
 


 


4.0x101
 


 


3.0 
 


5.0x10-1 


8.1x102
 


 


1.1x103
 


 


8.1x101
 


 


1.4x101 


2.0 
 


5.0x10-1
 


 


4.0x10-1
 


 


5.0x10-1 


5.4x101
 


 


1.4x101
 


 


1.1x101
 


 


1.4x101 


9.6x101
 


 


8.3 
 


1.9x104
 


 


9.4x102 


2.6x103
 


 


2.2x102
 


 


5.1x105
 


 


2.5x104 


Cerium (58)       
Ce-139 


 


Ce-141 
 


Ce-143 
 


Ce-144 (a) 


7.0 
 


2.0x101
 


 


9.0x10-1
 


 


2.0x10-1 


1.9x102
 


 


5.4x102
 


 


2.4x101
 


 


5.4 


2.0 
 


6.0x10-1
 


 


6.0x10-1
 


 


2.0x10-1 


5.4x101
 


 


1.6x101
 


 


1.6x101
 


 


5.4 


2.5x102
 


 


1.1x103
 


 


2.5x104
 


 


1.2x102 


6.8x103
 


 


2.8x104
 


 


6.6x105
 


 


3.2x103 


Californium (98)       
Cf-248 


 


Cf-249 
 


Cf-250 
 


Cf-251 
 


Cf-252  


Cf-253 (a) 


Cf-254 


4.0x101
 


 


3.0 
 


2.0x101
 


 


7.0 
 


1.0x10-1  
  


4.0x101
 


 


1.0x10-3 


1.1x103
 


 


8.1x101
 


 


5.4x102
 


 


1.9x102
 


 


2.7 
 


1.1x103
 


 


2.7x10-2 


6.0x10-3
 


 


8.0x10-4
 


 


2.0x10-3
 


 


7.0x10-4
 


 


3.0x10-3
 


 


4.0x10-2
 


 


1.0x10-3 


1.6x10-1
 


 


2.2x10-2
 


 


5.4x10-2
 


 


1.9x10-2
 


 


8.1x10-2
 


 


1.1 
 


2.7x10-2 


5.8x101
 


 


1.5x10-1
 


 


4.0 
 


5.9x10-2
 


 


2.0x101
 


 


1.1x103
 


 


3.1x102 


1.6x103
 


 


4.1 
 


1.1x102
 


 


1.6 
 


5.4x102
 


 


2.9x104
 


 


8.5x103 


Chlorine (17)       
Cl-36 


 


Cl-38 
1.0x101


 
 


2.0x10-1 
2.7x102


 
 


5.4 
6.0x10-1


 
 


2.0x10-1 
1.6x101


 
 


5.4 
1.2x10-3


 
 


4.9x106 
3.3x10-2


 
 


1.3x108 


Curium (96)       
Cm-240 


 


Cm-241 
 


Cm-242 


4.0x101
 


 


2.0 
 


4.0x101 


1.1x103
 


 


5.4x101
 


 


1.1x103 


2.0x10-2
 


 


1.0 
 


1.0x10-2 


5.4x10-1
 


 


2.7x101
 


 


2.7x10-1 


7.5x102
 


 


6.1x102
 


 


1.2x102 


2.0x104
 


 


1.7x104
 


 


3.3x103 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 
 
 
Cm-243 


 


Cm-244 
 


Cm-245 
 


Cm-246 
 


Cm-247 (a) 


Cm-248 


 
 


9.0 
 


2.0x101
 


 


9.0 
 


9.0 
 


3.0 
 


2.0x10-2 


 
 


2.4x102
 


 


5.4x102
 


 


2.4x102
 


 


2.4x102
 


 


8.1x101
 


 


5.4x10-1 


 
 


1.0x10-3
 


 


2.0x10-3
 


 


9.0x10-4
 


 


9.0x10-4
 


 


1.0x10-3
 


 


3.0x10-4 


 
 


2.7x10-2
 


 


5.4x10-2
 


 


2.4x10-2
 


 


2.4x10-2
 


 


2.7x10-2
 


 


8.1x10-3 


 
 


1.9 
 


3.0 
 


6.4x10-3
 


 


1.1x10-2
 


 


3.4x10-6
 


 


1.6x10-4 


 
 


5.2x101
 


 


8.1x101
 


 


1.7x10-1
 


 


3.1x10-1
 


 


9.3x10-5
 


 


4.2x10-3 


Cobalt (27)       
Co-55 


 


Co-56 
 


Co-57 
 


Co-58 
 


Co-58m 
 


Co-60 


5.0x10-1
 


 


3.0x10-1
 


 


1.0x101
 


 


1.0 
 


4.0x101
 


 


4.0x10-1 


1.4x101
 


 


8.1 
 


2.7x102
 


 


2.7x101
 


 


1.1x103
 


 


1.1x101 


5.0x10-1
 


 


3.0x10-1
 


 


1.0x101
 


 


1.0 
 


4.0x101
 


 


4.0x10-1 


1.4x101
 


 


8.1 
 


2.7x102
 


 


2.7x101
 


 


1.1x103
 


 


1.1x101 


1.1x105
 


 


1.1x103
 


 


3.1x102
 


 


1.2x103
 


 


2.2x103
 


 


4.2x101 


3.1x106
 


 


3.0x104
 


 


8.4x103
 


 


3.2x104
 


 


5.9x106
 


 


1.1x103 


Chromium (24)       
Cr-51 3.0x101 8.1x102 3.0x101 8.1x102 3.4x103 9.2x104 


Cesium (55)       
Cs-129 


 


Cs-131 
 


Cs-132 
 


Cs-134 
 


Cs-134m 
 


Cs-135 
 


Cs-136 
 


Cs-137 (a) 


4.0 
 


3.0x101
 


 


1.0 
 


7.0x10-1
 


 


4.0x101
 


 


4.0x101
 


 


5.0x10-1
 


 


2.0 


1.1x102
 


 


8.1x102
 


 


2.7x101
 


 


1.9x101
 


 


1.1x103
 


 


1.1x103
 


 


1.4x101
 


 


5.4x101 


4.0 
 


3.0x101
 


 


1.0 
 


7.0x10-1
 


 


6.0x10-1
 


 


1.0 
 


5.0x10-1
 


 


6.0x10-1 


1.1x102
 


 


8.1x102
 


 


2.7x101
 


 


1.9x101
 


 


1.6x101
 


 


2.7x101
 


 


1.4x101
 


 


1.6x101 


2.8x104
 


 


3.8x103
 


 


5.7x103
 


 


4.8x101
 


 


3.0x105
 


 


4.3x10-5
 


 


2.7x103
 


 


3.2 


7.6x105
 


 


1.0x105
 


 


1.5x105
 


 


1.3x103
 


 


8.0x106
 


 


1.2x10-3
 


 


7.3x104
 


 


8.7x101 


Copper (29)       
Cu-64 


 


Cu-67 
6.0 


 


1.0x101 
1.6x102


 
 


2.7x102 
1.0 


 


7.0x10-1 
2.7x101


 
 


1.9x101 
1.4x105


 
 


2.8x104 
3.9x106


 
 


7.6x105 


Dysprosium (66)       
Dy-159 


 


Dy-165 
 


Dy-166 (a) 


2.0x101
 


 


9.0x10-1
 


 


9.0x10-1 


5.4x102
 


 


2.4x101
 


 


2.4x101 


2.0x101
 


 


6.0x10-1
 


 


3.0x10-1 


5.4x102
 


 


1.6x101
 


 


8.1 


2.1x102
 


 


3.0x105
 


 


8.6x103 


5.7x103
 


 


8.2x106
 


 


2.3x105 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Erbium (68)       
Er-169 


 


Er-171 
4.0x101


 
 


8.0x10-1 
1.1x103


 
 


2.2x101 
1.0 


 


5.0x10-1 
2.7x101


 
 


1.4x101 
3.1x103


 
 


9.0x104 
8.3x104


 
 


2.4x106 


Europium (63)       
Eu-147 


 


Eu-148 
 


Eu-149 
 


Eu-150 (short lived). 


Eu-150 (long lived). 


Eu-152 


Eu-152m 
 


Eu-154 
 


Eu-155 
 


Eu-156 


2.0 
 


5.0x10-1
 


 


2.0x101
 


 


2.0 
 


7.0x10-1
 


 


1.0 
 


8.0x10-1
 


 


9.0x10-1
 


 


2.0x101
 


 


7.0x10-1 


5.4x101
 


 


1.4x101
 


 


5.4x102
 


 


5.4x101
 


 


1.9x101
 


 


2.7x101
 


 


2.2x101
 


 


2.4x101
 


 


5.4x102
 


 


1.9x101 


2.0x101
 


 


5.0x10-1
 


 


2.0x101
 


 


7.0x10-1
 


 


7.0x10-1
 


 


1.0 
 


8.0x10-1
 


 


6.0x10-1
 


 


3.0 
 


7.0x10-1 


5.4x101
 


 


1.4x101
 


 


5.4x102
 


 


1.9x101
 


 


1.9x101
 


 


2.7x101
 


 


2.2x101
 


 


1.6x101
 


 


8.1x101
 


 


1.9x101 


1.4x103
 


 


6.0x102
 


 


3.5x102
 


 


6.1x104
 


 


6.1x104
 


 


6.5 
 


8.2x104
 


 


9.8 
 


1.8x101
 


 


2.0x103 


3.7x104
 


 


1.6x104
 


 


9.4x103
 


 


1.6x106
 


 


1.6x106
 


 


1.8x102
 


 


2.2x106
 


 


2.6x102
 


 


4.9x102
 


 


5.5x104 


Fluorine (9)       
F-18 1.0 2.7x101 6.0x10-1 1.6x101 3.5x106 9.5x107 


Iron (26)       
Fe-52 (a) 


Fe-55 


Fe-59 
 


Fe-60 (a) 


3.0x10-1
 


 


4.0x101
 


 


9.0x10-1
 


 


4.0x101 


8.1 
 


1.1x103
 


 


2.4x101
 


 


1.1x103 


3.0x10-1
 


 


4.0x101
 


 


9.0x10-1
 


 


2.0x10-1 


8.1 
 


1.1x103
 


 


2.4x101
 


 


5.4 


2.7x105
 


 


8.8x101
 


 


1.8x103
 


 


7.4x10-4 


7.3x106
 


 


2.4x103
 


 


5.0x104
 


 


2.0x10-2 


Gallium (31)       
Ga-67 


 


Ga-68 
 


Ga-72 


7.0 
 


5.0x10-1
 


 


4.0x10-1 


1.9x102
 


 


1.4x101
 


 


1.1x101 


3.0 
 


5.0x10-1
 


 


4.0x10-1 


8.1x101
 


 


1.4x101
 


 


1.1x101 


2.2x104
 


 


1.5x106
 


 


1.1x105 


6.0x105
 


 


4.1x107
 


 


3.1x106 


Gadolinium (64)       
Gd-146 (a) 


Gd-148 


Gd-153 
 


Gd-159 


5.0x10-1
 


 


2.0x101
 


 


1.0x101
 


 


3.0 


1.4x101
 


 


5.4x102
 


 


2.7x102
 


 


8.1x101 


5.0x10-1
 


 


2.0 
 


9.0 
 


6.0x10-1 


1.4x101
 


 


5.4x10-2
 


 


2.4x102
 


 


1.6x101 


6.9x102
 


 


1.2 
 


1.3x102
 


 


3.9x104 


1.9x104
 


 


3.2x101
 


 


3.5x103
 


 


1.1x106 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Germanium (32)       
Ge-68 (a) 


Ge-71 


Ge-77 


5.0x10-1
 


 


4.0x101
 


 


3.0x10-1 


1.4x101
 


 


1.1x103
 


 


8.1 


5.0x10-1
 


 


4.0x101
 


 


3.0x10-1 


1.4x101
 


 


1.1x103
 


 


8.1 


2.6x102
 


 


5.8x103
 


 


1.3x105 


7.1x103
 


 


1.6x105
 


 


3.6x106 


Hafnium (72)       
Hf-172 (a) 


Hf-175 


Hf-181 
 


Hf-182 


6.0x10-1
 


 


3.0 
 


2.0 
 


Unlimited 


1.6x101
 


 


8.1x101
 


 


5.4x101
 


 


Unlimited 


6.0x10-1
 


 


3.0 
 


5.0x10-1
 


 


Unlimited 


1.6x101
 


 


8.1x101
 


 


1.4x101
 


 


Unlimited 


4.1x101
 


 


3.9x102
 


 


6.3x102
 


 


8.1x10-6 


1.1x103
 


 


1.1x104
 


 


1.7x104
 


 


2.2x10-4 


Mercury (80)       
Hg-194 (a) 


Hg-195m (a) 


Hg-197 


Hg-197m 
 


Hg-203 


1.0 
 


3.0 
 


2.0x101
 


 


1.0x101
 


 


5.0 


2.7x101
 


 


8.1x101
 


 


5.4x102
 


 


2.7x102
 


 


1.4x102 


1.0 
 


7.0x10-1
 


 


1.0x101
 


 


4.0x10-1
 


 


1.0 


2.7x101
 


 


1.9x101
 


 


2.7x102
 


 


1.1x101
 


 


2.7x101 


1.3x10-1
 


 


1.5x104
 


 


9.2x103
 


 


2.5x104
 


 


5.1x102 


3.5 
 


4.0x105
 


 


2.5x105
 


 


6.7x105
 


 


1.4x104 


Holmium (67)       
Ho-166 


 


Ho-166m 
4.0x10-1


 
 


6.0x10-1 
1.1x101


 
 


1.6x101 
4.0x10-1


 
 


5.0x10-1 
1.1x101


 
 


1.4x101 
2.6x104


 
 


6.6x10-2 
7.0x105


 
 


1.8 


Iodine (53)       
I-123 


 


I-124 
 


I-125 
 


I-126 
 


I-129 
 


I-131 
 


I-132 
 


I-133 
 


I-134 
 


I-135 (a) 


6.0 
 


1.0 
 


2.0x101
 


 


2.0 
 


Unlimited 
 


3.0 
 


4.0x10-1
 


 


7.0x10-1
 


 


3.0x10-1
 


 


6.0x10-1 


1.6x102
 


 


2.7x101
 


 


5.4x102
 


 


5.4x101
 


 


Unlimited 
 


8.1x101
 


 


1.1x101
 


 


1.9x101
 


 


8.1 
 


1.6x101 


3.0 
 


1.0 
 


3.0 
 


1.0 
 


Unlimited 
 


7.0x10-1
 


 


4.0x10-1
 


 


6.0x10-1
 


 


3.0x10-1
 


 


6.0x10-1 


8.1x101
 


 


2.7x101
 


 


8.1x101
 


 


2.7x101
 


 


Unlimited 
 


1.9x101
 


 


1.1x101
 


 


1.6x101
 


 


8.1 
 


1.6x101 


7.1x104
 


 


9.3x103
 


 


6.4x102
 


 


2.9x103
 


 


6.5x10-6
 


 


4.6x103
 


 


3.8x105
 


 


4.2x104
 


 


9.9x105
 


 


1.3x105 


1.9x106
 


 


2.5x105
 


 


1.7x104
 


 


8.0x104
 


 


1.8x10-4
 


 


1.2x105
 


 


1.0x107
 


 


1.1x106
 


 


2.7x107
 


 


3.5x106 


Indium (49)       
In-111 


 


In-113m 
 


In-114m (a) 


3.0 
 


4.0 
 


1.0x101 


8.1x101
 


 


1.1x102
 


 


2.7x102 


3.0 
 


2.0 
 


5.0x10-1 


8.1x101
 


 


5.4x101
 


 


1.4x101 


1.5x104
 


 


6.2x105
 


 


8.6x102 


4.2x105
 


 


1.7x107
 


 


2.3x104 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 
 
 
In-115m 


 
 


7.0 


 
 


1.9x102 


 
 


1.0 


 
 


2.7x101 


 
 


2.2x105 


 
 


6.1x106 


Iridium (77)       
Ir-189 (a) 


Ir-190 


Ir-192  


Ir-194 


1.0x101
 


 


7.0x10-1
 


 
c1.0 


 


3.0x10-1 


2.7x102
 


 


1.9x101
 


 
c2.7x101


 
 


8.1 


1.0x101
 


 


7.0x10-1
 


 


6.0x10-1
 


 


3.0x10-1 


2.7x102
 


 


1.9x101
 


 


1.6x101
 


 


8.1 


1.9x103
 


 


2.3x103
 


 


3.4x102
 


 


3.1x104 


5.2x104
 


 


6.2x104
 


 


9.2x103
 


 


8.4x105 


Potassium (19)       
K-40 


 


K-42 
 


K-43 


9.0x10-1
 


 


2.0x10-1
 


 


7.0x10-1 


2.4x101
 


 


5.4 
 


1.9x101 


9.0x10-1
 


 


2.0x10-1
 


 


6.0x10-1 


2.4x101
 


 


5.4 
 


1.6x101 


2.4x10-7
 


 


2.2x105
 


 


1.2x105 


6.4x10-6
 


 


6.0x106
 


 


3.3x106 


Krypton (36)       
Kr-79 
Kr-81 


 


Kr-85 
 


Kr-85m 
 


Kr-87 


4.0 
4.0x101


 
 


1.0x101
 


 


8.0 
 


2.0x10-1 


1.1x102 


1.1x103
 


 


2.7x102
 


 


2.2x102
 


 


5.4 


2.0 
4.0x101


 
 


1.0x101
 


 


3.0 
 


2.0x10-1 


5.4x101 


1.1x103
 


 


2.7x102
 


 


8.1x101
 


 


5.4 


4.2x104 


7.8x10-4
 


 


3.0x105
 


 


1.5x101
 


 


1.0x106 


1.1x106 


2.1x10-2
 


 


8.2x106
 


 


3.9x102
 


 


2.8x107 
Lanthanum (57)       
La-137 


 


La-140 
3.0x101


 
 


4.0x10-1 
8.1x102


 
 


1.1x101 
6.0 


 


4.0x10-1 
1.6x102


 
 


1.1x101 
1.6x10-3


 
 


2.1x104 
4.4x10-2


 
 


5.6x105 


Lutetium (71)       
Lu-172 


 


Lu-173 
 


Lu-174 
 


Lu-174m 
 


Lu-177 


6.0x10-1
 


 


8.0 
 


9.0 
 


2.0x101
 


 


3.0x101 


1.6x101
 


 


2.2x102
 


 


2.4x102
 


 


5.4x102
 


 


8.1x102 


6.0x10-1
 


 


8.0 
 


9.0 
 


1.0x101
 


 


7.0x10-1 


1.6x101
 


 


2.2x102
 


 


2.4x102
 


 


2.7x102
 


 


1.9x101 


4.2x103
 


 


5.6x101
 


 


2.0x102
 


 


2.3x101
 


 


4.1x103 


1.1x105
 


 


1.5x103
 


 


5.3x103
 


 


6.2x102
 


 


1.1x105 


Magnesium (12)       
Mg-28 (a) 3.0x10-1 8.1 3.0x10-1 8.1 2.0x105 5.4x106 


Manganese (25)       
Mn-52 


 


Mn-53 
 


Mn-54 
 


Mn-56 


3.0x10-1
 


 


Unlimited 
 


1.0 
 


3.0x10-1 


8.1 
 


Unlimited 
 


2.7x101
 


 


8.1 


3.0x10-1
 


 


Unlimited 
 


1.0 
 


3.0x10-1 


8.1 
 


Unlimited 
 


2.7x101
 


 


8.1 


1.6x104
 


 


6.8x10-5
 


 


2.9x102
 


 


8.0x105 


4.4x105
 


 


1.8x10-3
 


 


7.7x103
 


 


2.2x107 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Molybdenum (42)       
Mo-93 


 


Mo-99 (a), (h) 
4.0x101


 
 


1.0 
1.1x103


 
 


2.7x101 
2.0x101


 
 


6.0x10-1 
5.4x102


 
 


1.6x101 
4.1x10-2


 
 


1.8x104 
1.1 


 


4.8x105 


Nitrogen (7)       
N-13 9.0x10-1 2.4x101 6.0x10-1 1.6x101 5.4x107 1.5x109 


Sodium (11)       
Na-22 


 


Na-24 
5.0x10-1


 
 


2.0x10-1 
1.4x101


 
 


5.4 
5.0x10-1


 
 


2.0x10-1 
1.4x101


 
 


5.4 
2.3x102


 
 


3.2x105 
6.3x103


 
 


8.7x106 


Niobium (41)       
Nb-93m 


 


Nb-94 
 


Nb-95 
 


Nb-97 


4.0x101
 


 


7.0x10-1
 


 


1.0 
 


9.0x10-1 


1.1x103
 


 


1.9x101
 


 


2.7x101
 


 


2.4x101 


3.0x101
 


 


7.0x10-1
 


 


1.0 
 


6.0x10-1 


8.1x102
 


 


1.9x101
 


 


2.7x101
 


 


1.6x101 


8.8 
 


6.9x10-3
 


 


1.5x103
 


 


9.9x105 


2.4x102
 


 


1.9x10-1
 


 


3.9x104
 


 


2.7x107 


Neodymium (60)       
Nd-147 


 


Nd-149 
6.0 


 


6.0x10-1 
1.6x102


 
 


1.6x101 
6.0x10-1


 
 


5.0x10-1 
1.6x101


 
 


1.4x101 
3.0x103


 
 


4.5x105 
8.1x104


 
 


1.2x107 


Nickel (28)       
Ni-59 


 


Ni-63 
 


Ni-65 


Unlimited 
 


4.0x101
 


 


4.0x10-1 


Unlimited 
 


1.1x103
 


 


1.1x101 


Unlimited 
 


3.0x101
 


 


4.0x10-1 


Unlimited 
 


8.1x102
 


 


1.1x101 


3.0x10-3
 


 


2.1 
 


7.1x105 


8.0x10-2
 


 


5.7x101
 


 


1.9x107 


Neptunium (93)       
Np-235 


 


Np-236 (short lived). 


Np-236 (long lived). 


Np-237 


Np-239 


4.0x101
 


 


2.0x101
 


 


9.0x100
 


 


2.0x101
 


 


7.0 


1.1x103
 


 


5.4x102
 


 


2.4x102
 


 


5.4x102
 


 


1.9x102 


4.0x101
 


 


2.0 
 


2.0x10-2
 


 


2.0x10-3
 


 


4.0x10-1 


1.1x103
 


 


5.4x101
 


 


5.4x10-1
 


 


5.4x10-2
 


 


1.1x101 


5.2x101
 


 


4.7x10-4
 


 


4.7x10-4
 


 


2.6x10-5
 


 


8.6x103 


1.4x103
 


 


1.3x10-2
 


 


1.3x10-2
 


 


7.1x10-4
 


 


2.3x105 


Osmium (76)       
Os-185 


 


Os-191 
 


Os-191m 
 


Os-193 


1.0 
 


1.0x101
 


 


4.0x101
 


 


2.0 


2.7x101
 


 


2.7x102
 


 


1.1x103
 


 


5.4x101 


1.0 
 


2.0 
 


3.0x101
 


 


6.0x10-1 


2.7x101
 


 


5.4x101
 


 


8.1x102
 


 


1.6x101 


2.8x102
 


 


1.6x103
 


 


4.6x104
 


 


2.0x104 


7.5x103
 


 


4.4x104
 


 


1.3x106
 


 


5.3x105 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 
 
 
Os-194 (a) 


 
 


3.0x10-1 


 
 


8.1 


 
 


3.0x10-1 


 
 


8.1 


 
 


1.1x101 


 
 


3.1x102 


Phosphorus (15) 5.0x10-1 1.4x101 5.0x10-1 1.4x101 1.1x104 2.9x105 
P-32 


 


P-33 


 
 


4.0x101 


 
 


1.1x103 


 
 


1.0 


 
 


2.7x101 


 
 


5.8x103 


 
 


1.6x105 


Protactinium (91)       
Pa-230 (a) 


Pa-231 


Pa-233 


2.0 
 


4.0 
 


5.0 


5.4x101
 


 


1.1x102
 


 


1.4x102 


7.0x10-2
 


 


4.0x10-4
 


 


7.0x10-1 


1.9 
 


1.1x10-2
 


 


1.9x101 


1.2x103
 


 


1.7x10-3
 


 


7.7x102 


3.3x104
 


 


4.7x10-2
 


 


2.1x104 


Lead (82)       
Pb-201 


 


Pb-202 
 


Pb-203 
 


Pb-205 
 


Pb-210 (a) 


Pb-212 (a) 


1.0 
 


4.0x101
 


 


4.0 
 


Unlimited 
 


1.0 
 


7.0x10-1 


2.7x101
 


 


1.1x103
 


 


1.1x102
 


 


Unlimited 
 


2.7x101
 


 


1.9x101 


1.0 
 


2.0x101
 


 


3.0 
 


Unlimited 
 


5.0x10-2
 


 


2.0x10-1 


2.7x101
 


 


5.4x102
 


 


8.1x101
 


 


Unlimited 
 


1.4 
 


5.4 


6.2x104
 


 


1.2x10-4
 


 


1.1x104
 


 


4.5x10-6
 


 


2.8 
 


5.1x104 


1.7x106
 


 


3.4x10-3
 


 


3.0x105
 


 


1.2x10-4
 


 


7.6x101
 


 


1.4x106 


Palladium (46)       
Pd-103 (a) 


Pd-107 


Pd-109 


4.0x101
 


 


Unlimited 
 


2.0 


1.1x103
 


 


Unlimited 
 


5.4x101 


4.0x101
 


 


Unlimited 
 


5.0x10-1 


1.1x103
 


 


Unlimited 
 


1.4x101 


2.8x103
 


 


1.9x10-5
 


 


7.9x104 


7.5x104
 


 


5.1x10-4
 


 


2.1x106 


Promethium (61)       
Pm-143 


 


Pm-144 
 


Pm-145 
 


Pm-147 
 


Pm-148m (a) 


Pm-149 


Pm-151 


3.0 
 


7.0x10-1
 


 


3.0x101
 


 


4.0x101
 


 


8.0x10-1
 


 


2.0 
 


2.0 


8.1x101
 


 


1.9x101
 


 


8.1x102
 


 


1.1x103
 


 


2.2x101
 


 


5.4x101
 


 


5.4x101 


3.0 
 


7.0x10-1
 


 


1.0x101
 


 


2.0 
 


7.0x10-1
 


 


6.0x10-1
 


 


6.0x10-1 


8.1x101
 


 


1.9x101
 


 


2.7x102
 


 


5.4x101
 


 


1.9x101
 


 


1.6x101
 


 


1.6x101 


1.3x102
 


 


9.2x101
 


 


5.2 
 


3.4x101
 


 


7.9x102
 


 


1.5x104
 


 


2.7x104 


3.4x103
 


 


2.5x103
 


 


1.4x102
 


 


9.3x102
 


 


2.1x104
 


 


4.0x105
 


 


7.3x105 


Polonium (84)       
Po-210 4.0x101 1.1x103 2.0x10-2 5.4x10-1 1.7x102 4.5x103 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Praseodymium (59)       
Pr-142 


 


Pr-143 
4.0x10-1


 
 


3.0 
1.1x101


 
 


8.1x101 
4.0x10-1


 
 


6.0x10-1 
1.1x101


 
 


1.6x101 
4.3x104


 
 


2.5x103 
1.2x106


 
 


6.7x104 


Platinum (78)       
Pt-188 (a) 


Pt-191 


Pt-193 
 


Pt-193m 


Pt-195m 


Pt-197 


Pt-197m 


1.0 
 


4.0 
 


4.0x101
 


 


4.0x101
 


 


1.0x101
 


 


2.0x101
 


 


1.0x101 


2.7x101
 


 


1.1x102
 


 


1.1x103
 


 


1.1x103
 


 


2.7x102
 


 


5.4x102
 


 


2.7x102 


8.0x10-1
 


 


3.0 
 


4.0x101
 


 


5.0x10-1
 


 


5.0x10-1
 


 


6.0x10-1
 


 


6.0x10-1 


2.2x101
 


 


8.1x101
 


 


1.1x103
 


 


1.4x101
 


 


1.4x101
 


 


1.6x101
 


 


1.6x101 


2.5x103
 


 


8.7x103
 


 


1.4 
 


5.8x103
 


 


6.2x103
 


 


3.2x104
 


 


3.7x105 


6.8x104
 


 


2.4x105
 


 


3.7x101
 


 


1.6x105
 


 


1.7x105
 


 


8.7x105
 


 


1.0x107 


Plutonium (94)       
Pu-236 


 


Pu-237 
 


Pu-238 
 


Pu-239 
 


Pu-240 
 


Pu-241 (a) 


Pu-242 


Pu-244 (a) 


3.0x101
 


 


2.0x101
 


 


1.0x101
 


 


1.0x101
 


 


1.0x101
 


 


4.0x101
 


 


1.0x101
 


 


4.0x10-1 


8.1x102
 


 


5.4x102
 


 


2.7x102
 


 


2.7x102
 


 


2.7x102
 


 


1.1x103
 


 


2.7x102
 


 


1.1x101 


3.0x10-3
 


 


2.0x101
 


 


1.0x10-3
 


 


1.0x10-3
 


 


1.0x10-3
 


 


6.0x10-2
 


 


1.0x10-3
 


 


1.0x10-3 


8.1x10-2
 


 


5.4x102
 


 


2.7x10-2
 


 


2.7x10-2
 


 


2.7x10-2
 


 


1.6 
 


2.7x10-2
 


 


2.7x10-2 


2.0x101
 


 


4.5x102
 


 


6.3x10-1
 


 


2.3x10-3
 


 


8.4x10-3
 


 


3.8 
 


1.5x10-4
 


 


6.7x10-7 


5.3x102
 


 


1.2x104
 


 


1.7x101
 


 


6.2x10-2
 


 


2.3x10-1
 


 


1.0x102
 


 


3.9x10-3
 


 


1.8x10-5 


Radium (88)       
Ra-223 (a) 


Ra-224 (a) 


Ra-225 (a) 


Ra-226 (a) 


Ra-228 (a) 


4.0x10-1
 


 


4.0x10-1
 


 


2.0x10-1
 


 


2.0x10-1
 


 


6.0x10-1 


1.1x101
 


 


1.1x101
 


 


5.4 
 


5.4 
 


1.6x101 


7.0x10-3
 


 


2.0x10-2
 


 


4.0x10-3
 


 


3.0x10-3
 


 


2.0x10-2 


1.9x10-1
 


 


5.4x10-1
 


 


1.1x10-1
 


 


8.1x10-2
 


 


5.4x10-1 


1.9x103
 


 


5.9x103
 


 


1.5x103
 


 


3.7x10-2
 


 


1.0x101 


5.1x104
 


 


1.6x105
 


 


3.9x104
 


 


1.0 
 


2.7x102 


Rubidium (37)       
Rb-81 


 


Rb-83 (a) 


Rb-84 


Rb-86 
 


Rb-87 
 


Rb (nat) 


2.0 
 


2.0 
 


1.0 
 


5.0x10-1
 


 


Unlimited 
 


Unlimited 


5.4x101
 


 


5.4x101
 


 


2.7x101
 


 


1.4x101
 


 


Unlimited 
 


Unlimited 


8.0x10-1
 


 


2.0 
 


1.0 
 


5.0x10-1
 


 


Unlimited 
 


Unlimited 


2.2x101
 


 


5.4x101
 


 


2.7x101
 


 


1.4x101
 


 


Unlimited 
 


Unlimited 


3.1x105
 


 


6.8x102
 


 


1.8x103
 


 


3.0x103
 


 


3.2x10-9
 


 


6.7x106 


8.4x106
 


 


1.8x104
 


 


4.7x104
 


 


8.1x104
 


 


8.6x10-8
 


 


1.8x108 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Rhenium (75)       
Re-184 


 


Re-184m 
 


Re-186 
 


Re-187 
 


Re-188 
 


Re-189 (a) 


Re (nat) 


1.0 
 


3.0 
 


2.0 
 


Unlimited 
 


4.0x10-1
 


 


3.0 
 


Unlimited 


2.7x101
 


 


8.1x101
 


 


5.4x101
 


 


Unlimited 
 


1.1x101
 


 


8.1x101
 


 


Unlimited 


1.0 
 


1.0 
 


6.0x10-1
 


 


Unlimited 
 


4.0x10-1
 


 


6.0x10-1
 


 


Unlimited 


2.7x101
 


 


2.7x101
 


 


1.6x101
 


 


Unlimited 
 


1.1x101
 


 


1.6x101
 


 


Unlimited 


6.9x102
 


 


1.6x102
 


 


6.9x103
 


 


1.4x10-9
 


 


3.6x104
 


 


2.5x104
 


 


0.0 


1.9x104
 


 


4.3x103
 


 


1.9x105
 


 


3.8x10-8
 


 


9.8x105
 


 


6.8x105
 


 


2.4x10-8 


Rhodium (45)       
Rh-99 


 


Rh-101 
 


Rh-102 
 


Rh-102m 


Rh-103m 


Rh-105 


2.0 
 


4.0 
 


5.0x10-1
 


 


2.0 
 


4.0x101
 


 


1.0x101 


5.4x101
 


 


1.1x102
 


 


1.4x101
 


 


5.4x101
 


 


1.1x103
 


 


2.7x102 


2.0 
 


3.0 
 


5.0x10-1
 


 


2.0 
 


4.0x101
 


 


8.0x10-1 


5.4x101
 


 


8.1x101
 


 


1.4x101
 


 


5.4x101
 


 


1.1x103
 


 


2.2x101 


3.0x103
 


 


4.1x101
 


 


4.5x101
 


 


2.3x102
 


 


1.2x106
 


 


3.1x104 


8.2x104
 


 


1.1x103
 


 


1.2x103
 


 


6.2x103
 


 


3.3x107
 


 


8.4x105 


Radon (86)       
Rn-222 (a) 3.0x10-1 8.1 4.0x10-3 1.1x10-1 5.7x103 1.5x105 


Ruthenium (44)       
Ru-97 


 


Ru-103 (a) 


Ru-105 


Ru-106 (a) 


5.0 
 


2.0 
 


1.0 
 


2.0x10-1 


1.4x102
 


 


5.4x101
 


 


2.7x101
 


 


5.4 


5.0 
 


2.0 
 


6.0x10-1
 


 


2.0x10-1 


1.4x102
 


 


5.4x101
 


 


1.6x101
 


 


5.4 


1.7x104
 


 


1.2x103
 


 


2.5x105
 


 


1.2x102 


4.6x105
 


 


3.2x104
 


 


6.7x106
 


 


3.3x103 


Sulfur (16)       
S-35 4.0x101 1.1x103 3.0 8.1x101 1.6x103 4.3x104 


Antimony (51)       
Sb-122 


 


Sb-124 
 


Sb-125 
 


Sb-126 


4.0x10-1
 


 


6.0x10-1
 


 


2.0 
 


4.0x10-1 


1.1x101
 


 


1.6x101
 


 


5.4x101
 


 


1.1x101 


4.0x10-1
 


 


6.0x10-1
 


 


1.0 
 


4.0x10-1 


1.1x101
 


 


1.6x101
 


 


2.7x101
 


 


1.1x101 


1.5x104
 


 


6.5x102
 


 


3.9x101
 


 


3.1x103 


4.0x105
 


 


1.7x104
 


 


1.0x103
 


 


8.4x104 







3701:1-50-25 12 
APPENDIX A 


 


 
 


Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Scandium (21)       
Sc-44 


 


Sc-46 
 


Sc-47 
 


Sc-48 


5.0x10-1
 


 


5.0x10-1
 


 


1.0x101
 


 


3.0x10-1 


1.4x101
 


 


1.4x101
 


 


2.7x102
 


 


8.1 


5.0x10-1
 


 


5.0x10-1
 


 


7.0x10-1
 


 


3.0x10-1 


1.4x101
 


 


1.4x101
 


 


1.9x101
 


 


8.1 


6.7x105
 


 


1.3x103
 


 


3.1x104
 


 


5.5x104 


1.8x107
 


 


3.4x104
 


 


8.3x105
 


 


1.5x106 


Selenium (34)       
Se-75 


 


Se-79 
3.0 


 


4.0x101 
8.1x101


 
 


1.1x103 
3.0 


 


2.0 
8.1x101


 
 


5.4x101 
5.4x102


 
 


2.6x10-3 
1.5x104


 
 


7.0x10-2 


Silicon (14)       
Si-31 


 


Si-32 
6.0x10-1


 
 


4.0x101 
1.6x101


 
 


1.1x103 
6.0x10-1


 
 


5.0x10-1 
1.6x101


 
 


1.4x101 
1.4x106


 
 


3.9 
3.9x107


 
 


1.1x102 


Samarium (62)       
Sm-145 


 


Sm-147 
 


Sm-151 
 


Sm-153 


1.0x101
 


 


Unlimited 
 


4.0x101
 


 


9.0 


2.7x102
 


 


Unlimited 
 


1.1x103
 


 


2.4x102 


1.0x101
 


 


Unlimited 
 


1.0x101
 


 


6.0x10-1 


2.7x102
 


 


Unlimited 
 


2.7x102
 


 


1.6x101 


9.8x101
 


 


8.5x10-10 


8.5x10-1
 


 


9.7x10-1
 


 


1.6x104 


2.6x103
 


 


2.3x10-8
 


 


2.6x101
 


 


4.4x105 


Tin (50)       
Sn-113 (a) 


Sn-117m 


Sn-119m 


Sn-121m (a) 


Sn-123 


Sn-125 
 


Sn-126 (a) 


4.0 
 


7.0 
 


4.0x101
 


 


4.0x101
 


 


8.0x10-1
 


 


4.0x10-1
 


 


6.0x10-1 


1.1x102
 


 


1.9x102
 


 


1.1x103
 


 


1.1x103
 


 


2.2x101
 


 


1.1x101
 


 


1.6x101 


2.0 
 


4.0x10-1
 


 


3.0x101
 


 


9.0x10-1
 


 


6.0x10-1
 


 


4.0x10-1
 


 


4.0x10-1 


5.4x101
 


 


1.1x101
 


 


8.1x102
 


 


2.4x101
 


 


1.6x101
 


 


1.1x101
 


 


1.1x101 


3.7x102
 


 


3.0x103
 


 


1.4x102
 


 


2.0 
 


3.0x102
 


 


4.0x103
 


 


1.0x10-3 


1.0x104
 


 


8.2x104
 


 


3.7x103
 


 


5.4x101
 


 


8.2x103
 


 


1.1x105
 


 


2.8x10-2 


Strontium (38)       
Sr-82 (a) 


Sr-85 


Sr-85m 


Sr-87m 


Sr-89 


Sr-90 (a) 


Sr-91 (a) 


Sr-92 (a) 


2.0x10-1
 


 


2.0 
 


5.0 
 


3.0 
 


6.0x10-1
 


 


3.0x10-1
 


 


3.0x10-1
 


 


1.0 


5.4 
 


5.4x101
 


 


1.4x102
 


 


8.1x101
 


 


1.6x101
 


 


8.1 
 


8.1 
 


2.7x101 


2.0x10-1
 


 


2.0 
 


5.0 
 


3.0 
 


6.0x10-1
 


 


3.0x10-1
 


 


3.0x10-1
 


 


3.0x10-1 


5.4 
 


5.4x101
 


 


1.4x102
 


 


8.1x101
 


 


1.6x101
 


 


8.1 
 


8.1 
 


8.1 


2.3x103
 


 


8.8x102
 


 


1.2x106
 


 


4.8x105
 


 


1.1x103
 


 


5.1 
 


1.3x105
 


 


4.7x105 


6.2x104
 


 


2.4x104
 


 


3.3x107
 


 


1.3x107
 


 


2.9x104
 


 


1.4x102
 


 


3.6x106
 


 


1.3x107 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Tritium (1)       
T(H-3) 4.0x101 1.1x103 4.0x101 1.1x103 3.6x102 9.7x103 


Tantalum (73)       
Ta-178 (long lived). 


 


Ta-179 
 


Ta-182 
 


Terbium (65) 


Tb-157 


Tb-158 
 


Tb-160 


1.0 
 


3.0x101
 


 


9.0x10-1
 


 
 


4.0x101
 


 


1.0 
 


1.0 


2.7x101
 


 


8.1x102
 


 


2.4x101
 


 
 


1.1x103
 


 


2.7x101
 


 


2.7x101 


8.0x10-1
 


 


3.0x101
 


 


5.0x10-1
 


 
 


4.0x101
 


 


1.0 
 


6.0x10-1 


2.2x101
 


 


8.1x102
 


 


1.4x101
 


 
 


1.1x103
 


 


2.7x101
 


 


1.6x101 


4.2x106
 


 


4.1x101
 


 


2.3x102
 


 
 


5.6x10-1
 


 


5.6x10-1
 


 


4.2x102 


1.1x108
 


 


1.1x103
 


 


6.2x103
 


 
 


1.5x101
 


 


1.5x101
 


 


1.1x104 


Technetium (43)       
Tc-95m (a) 


Tc-96 


Tc-96m 
 


Tc-97 
 


Tc-97m 
 


Tc-98 
 


Tc-99 
 


Tc-99m 


2.0 
 


4.0x10-1
 


 


4.0x10-1
 


 


Unlimited 
 


4.0x101
 


 


8.0x10-1
 


 


4.0x101
 


 


1.0x101 


5.4x101
 


 


1.1x101
 


 


1.1x101
 


 


Unlimited 
 


1.1x103
 


 


2.2x101
 


 


1.1x103
 


 


2.7x102 


2.0 
 


4.0x10-1
 


 


4.0x10-1
 


 


Unlimited 
 


1.0 
 


7.0x10-1
 


 


9.0x10-1
 


 


4.0 


5.4x101
 


 


1.1x101
 


 


1.1x101
 


 


Unlimited 
 


2.7x101
 


 


1.9x101
 


 


2.4x101
 


 


1.1x102 


8.3x102
 


 


1.2x104
 


 


1.4x106
 


 


5.2x10-5
 


 


5.6x102
 


 


3.2x10-5
 


 


6.3x10-4
 


 


1.9x105 


2.2x104
 


 


3.2x105
 


 


3.8x107
 


 


1.4x10-3
 


 


1.5x104
 


 


8.7x10-4
 


 


1.7x10-2
 


 


5.3x106 


Tellurium (52)       
Te-121 


 


Te-121m 


Te-123m 


Te-125m 


Te-127 


Te-127m (a) 


Te-129 


Te-129m (a) 


Te-131m (a) 


Te-132 (a) 


2.0 
 


5.0 
 


8.0 
 


2.0x101
 


 


2.0x101
 


 


2.0x101
 


 


7.0x10-1
 


 


8.0x10-1
 


 


7.0x10-1
 


 


5.0x10-1 


5.4x101
 


 


1.4x102
 


 


2.2x102
 


 


5.4x102
 


 


5.4x102
 


 


5.4x102
 


 


1.9x101
 


 


2.2x101
 


 


1.9x101
 


 


1.4x101 


2.0 
 


3.0 
 


1.0 
 


9.0x10-1
 


 


7.0x10-1
 


 


5.0x10-1
 


 


6.0x10-1
 


 


4.0x10-1
 


 


5.0x10-1
 


 


4.0x10-1 


5.4x101
 


 


8.1x101
 


 


2.7x101
 


 


2.4x101
 


 


1.9x101
 


 


1.4x101
 


 


1.6x101
 


 


1.1x101
 


 


1.4x101
 


 


1.1x101 


2.4x103
 


 


2.6x102
 


 


3.3x102
 


 


6.7x102
 


 


9.8x104
 


 


3.5x102
 


 


7.7x105
 


 


1.1x103
 


 


3.0x104
 


 


1.1x104 


6.4x104
 


 


7.0x103
 


 


8.9x103
 


 


1.8x104
 


 


2.6x106
 


 


9.4x103
 


 


2.1x107
 


 


3.0x104
 


 


8.0x105
 


 


3.0x105 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 


       
Thorium (90)       
Th-227 


 


Th-228 (a) 


Th-229 


Th-230 
 


Th-231 
 


Th-232 
 


Th-234 (a) 


Th (nat) 


1.0x101
 


 


5.0x10-1
 


 


5.0 
 


1.0x101
 


 


4.0x101
 


 


Unlimited 
 


3.0x10-1
 


 


Unlimited 


2.7x102
 


 


1.4x101
 


 


1.4x102
 


 


2.7x102
 


 


1.1x103
 


 


Unlimited 
 


8.1 
 


Unlimited 


5.0x10-3
 


 


1.0x10-3
 


 


5.0x10-4
 


 


1.0x10-3
 


 


2.0x10-2
 


 


Unlimited 
 


3.0x10-1
 


 


Unlimited 


1.4x10-1
 


 


2.7x10-2
 


 


1.4x10-2
 


 


2.7x10-2
 


 


5.4x10-1
 


 


Unlimited 
 


8.1 
 


Unlimited 


1.1x103
 


 


3.0x101
 


 


7.9x10-3
 


 


7.6x10-4
 


 


2.0x104
 


 


4.0x10-9
 


 


8.6x102
 


 


8.1x10-9 


3.1x104
 


 


8.2x102
 


 


2.1x10-1
 


 


2.1x10-2
 


 


5.3x105
 


 


1.1x10-7
 


 


2.3x104
 


 


2.2x10-7 


Titanium (22)       
Ti-44 (a) 5.0x10-1 1.4x101 4.0x10-1 1.1x101 6.4 1.7x102 


Thallium (81)       
Tl-200 


 


Tl-201 
 


Tl-202 
 


Tl-204 


9.0x10-1
 


 


1.0x101
 


 


2.0 
 


1.0x101 


2.4x101
 


 


2.7x102
 


 


5.4x101
 


 


2.7x102 


9.0x10-1
 


 


4.0 
 


2.0 
 


7.0x10-1 


2.4x101
 


 


1.1x102
 


 


5.4x101
 


 


1.9x101 


2.2x104
 


 


7.9x103
 


 


2.0x103
 


 


1.7x101 


6.0x105
 


 


2.1x105
 


 


5.3x104
 


 


4.6x102 


Thulium (69)       
Tm-167 


 


Tm-170 
 


Tm-171 


7.0 
 


3.0 
 


4.0x101 


1.9x102
 


 


8.1x101
 


 


1.1x103 


8.0x10-1
 


 


6.0x10-1
 


 


4.0x101 


2.2x101
 


 


1.6x101
 


 


1.1x103 


3.1x103
 


 


2.2x102
 


 


4.0x101 


8.5x104
 


 


6.0x103
 


 


1.1x103 


Uranium (92)       
U-230 
(fast lung absorption) (a)(d). 


 


U-230 
(medium lung absorption) (a)(e). 


 


U-230 
(slow lung absorption) (a)(f). 


 


U-232 
(fast lung absorption) (d). 


 


U-232 
(medium lung absorption) (e). 


 


U-232 
(slow lung absorption) (f). 


 


U-233 
(fast lung absorption) (d). 


4.0x101
 


 


 
4.0x101


 
 


 
3.0x101


 
 


 
4.0x101


 
 


 
4.0x101


 
 


 
1.0x101


 
 


 
4.0x101 


1.1x103
 


 


 
1.1x103


 
 


 
8.1x102


 
 


 
1.1x103


 
 


 
1.1x103


 
 


 
2.7x102


 
 


 
1.1x103 


1.0x10-1
 


 


 
4.0x10-3


 
 


 
3.0x10-3


 
 


 
1.0x10-2


 
 


 
7.0x10-3


 
 


 
1.0x10-3


 
 


 
9.0x10-2 


2.7 
 


 
1.1x10-1


 
 


 
8.1x10-2


 
 


 
2.7x10-1


 
 


 
1.9x10-1


 
 


 
2.7x10-2


 
 


 
2.4 


1.0x103
 


 


 
1.0x103


 
 


 
1.0x103


 
 


 
8.3x10-1


 
 


 
8.3x10-1


 
 


 
8.3x10-1


 
 


 
3.6x10-4 


2.7x104
 


 


 
2.7x104


 
 


 
2.7x104


 
 


 
2.2x101


 
 


 
2.2x101


 
 


 
2.2x101


 
 


 
9.7x10-3 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 
 
 
U-233 
(medium lung absorption) (e). 


 


U-233 
(slow lung absorption) (f). 


 


U-234 
(fast lung absorption) (d). 


 


U-234 
(medium lung absorption) (e). 


 


U-234 
(slow lung absorption) (f). 


 


U-235 
(all lung absorption types) 
(a),(d),(e),(f). 


 


U-236 
(fast lung absorption) (d). 


 


U-236 
(medium lung absorption) (e). 


 


U-236 
(slow lung absorption) (f). 


 


U-238 
(all lung absorption types) 
(d),(e),(f). 


 


U (nat) 
 


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


 
U (dep) 


 
 


4.0x101
 


 


 
4.0x101


 
 


 
4.0x101


 
 


 
4.0x101


 
 


 
4.0x101


 
 


 
Unlimited 


 
 


Unlimited 
 


 
4.0x101


 
 


 
4.0x101


 
 


 
Unlimited 


 
 


Unlimited 
 


Unlimited 
 


Unlimited 


 
 


1.1x103
 


 


 
1.1x103


 
 


 
1.1x103


 
 


 
1.1x103


 
 


 
1.1x103


 
 


 
Unlimited 


 
 


Unlimited 
 


 
1.1x103


 
 


 
1.1x103


 
 


 
Unlimited 


 
 


Unlimited 
 


Unlimited 
 


Unlimited 


 
 


2.0x10-2
 


 


 
6.0x10-3


 
 


 
9.0x10-2


 
 


 
2.0x10-2


 
 


 
6.0x10-3


 
 


 
Unlimited 


 
 


Unlimited 
 


 
2.0x10-2


 
 


 
6.0x10-3


 
 


 
Unlimited 


 
 


Unlimited 
 


Unlimited 
 


Unlimited 


 
 


5.4x10-1
 


 


 
1.6x10-1


 
 


 
2.4 


 


 
5.4x10-1


 
 


 
1.6x10-1


 
 


 
Unlimited 


 
 


Unlimited 
 


 
5.4x10-1


 
 


 
1.6x10-1


 
 


 
Unlimited 


 
 


Unlimited 
 


Unlimited 
 


Unlimited 


 
 


3.6x10-4
 


 


 
3.6x10-4


 
 


 
2.3x10-4


 
 


 
2.3x10-4


 
 


 
2.3x10-4


 
 


 
8.0x10-8


 


 
 


2.4x10-6
 


 


 
2.4x10-6


 
 


 
2.4x10-6


 
 


 
1.2x10-8


 


 
 


2.6x10-8
 


 
See 


Table 25-4 
 


See 


Table 25-4 


 
 


9.7x10-3
 


 


 
9.7x10-3


 
 


 
6.2x10-3


 
 


 
6.2x10-3


 
 


 
6.2x10-3


 
 


 
2.2x10-6


 


 
 


6.5x10-5
 


 


 
6.5x10-5


 
 


 
6.5x10-5


 
 


 
3.4x10-7


 


 
 


7.1x10-7
 


 
See 


Table 25-4 
 


See 


Table 25-4 


Vanadium (23)       
V-48 


 


V-49 
4.0x10-1


 
 


4.0x101 
1.1x101


 
 


1.1x103 
4.0x10-1


 
 


4.0x101 
1.1x101


 
 


1.1x103 
6.3x103


 
 


3.0x102 
1.7x105


 
 


8.1x103 


Tungsten (74)       
W-178 (a) 


W-181 


W-185 
 


W-187 
 


W-188 (a) 


9.0 
 


3.0x101
 


 


4.0x101
 


 


2.0 
 


4.0x10-1 


2.4x102
 


 


8.1x102
 


 


1.1x103
 


 


5.4x101
 


 


1.1x101 


5.0 
 


3.0x101
 


 


8.0x10-1
 


 


6.0x10-1
 


 


3.0x10-1 


1.4x102
 


 


8.1x102
 


 


2.2x101
 


 


1.6x101
 


 


8.1 


1.3x103
 


 


2.2x102
 


 


3.5x102
 


 


2.6x104
 


 


3.7x102 


3.4x104
 


 


6.0x103
 


 


9.4x103
 


 


7.0x105
 


 


1.0x104 


Xenon (54)       
Xe-122 (a) 


Xe-123 


Xe-127 


4.0x10-1
 


 


2.0 
 


4.0 


1.1x101
 


 


5.4x101
 


 


1.1x102 


4.0x10-1
 


 


7.0x10-1
 


 


2.0 


1.1x101
 


 


1.9x101
 


 


5.4x101 


4.8x104
 


 


4.4x105
 


 


1.0x103 


1.3x106
 


 


1.2x107
 


 


2.8x104 
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Element, Atomic No. 
Radionuclide 


A1 A2 Specific Activity 


(TBq) (Ci)b (TBq) (Ci)b (TBq/g) (Ci/g) 
 
 
Xe-131m 


 


Xe-133 
 


Xe-135 


 
 


4.0x101
 


 


2.0x101
 


 


3.0 


 
 


1.1x103
 


 


5.4x102
 


 


8.1x101 


 
 


4.0x101
 


 


1.0x101
 


 


2.0 


 
 


1.1x103
 


 


2.7x102
 


 


5.4x101 


 
 


3.1x103
 


 


6.9x103
 


 


9.5x104 


 
 


8.4x104
 


 


1.9x105
 


 


2.6x106 


Yttrium (39)       
Y-87 (a) 


Y-88 


Y-90 
 


Y-91 
 


Y-91m 
 


Y-92 
 


Y-93 


1.0 
 


4.0x10-1
 


 


3.0x10-1
 


 


6.0x10-1
 


 


2.0 
 


2.0x10-1
 


 


3.0x10-1 


2.7x101
 


 


1.1x101
 


 


8.1 
 


1.6x101
 


 


5.4x101
 


 


5.4 
 


8.1 


1.0 
 


4.0x10-1
 


 


3.0x10-1
 


 


6.0x10-1
 


 


2.0 
 


2.0x10-1
 


 


3.0x10-1 


2.7x101
 


 


1.1x101
 


 


8.1 
 


1.6x101
 


 


5.4x101
 


 


5.4 
 


8.1 


1.7x104
 


 


5.2x102
 


 


2.0x104
 


 


9.1x102
 


 


1.5x106
 


 


3.6x105
 


 


1.2x105 


4.5x105
 


 


1.4x104
 


 


5.4x105
 


 


2.5x104
 


 


4.2x107
 


 


9.6x106
 


 


3.3x106 


Ytterbium (70)       
Yb-169 


 


Yb-175 
4.0 


 


3.0x101 
1.1x102


 
 


8.1x102 
1.0 


 


9.0x10-1 
2.7x101


 
 


2.4x101 
8.9x102


 
 


6.6x103 
2.4x104


 
 


1.8x105 


Zinc (30)       
Zn-65 


 


Zn-69 
 


Zn-69m (a) 


2.0 
 


3.0 
 


3.0 


5.4x101
 


 


8.1x101
 


 


8.1x101 


2.0 
 


6.0x10-1
 


 


6.0x10-1 


5.4x101
 


 


1.6x101
 


 


1.6x101 


3.0x102
 


 


1.8x106
 


 


1.2x105 


8.2x103
 


 


4.9x107
 


 


3.3x106 


Zirconium (40)       
Zr-88 


 


Zr-93 
 


Zr-95 (a) 


Zr-97 (a) 


3.0 
 


Unlimited 
 


2.0 
 


4.0x10-1 


8.1x101
 


 


Unlimited 
 


5.4x101
 


 


1.1x101 


3.0 
 


Unlimited 
 


8.0x10-1
 


 


4.0x10-1 


8.1x101
 


 


Unlimited 
 


2.2x101
 


 


1.1x101 


6.6x102
 


 


9.3x10-5
 


 


7.9x102
 


 


7.1x104 


1.8x104
 


 


2.5x10-3
 


 


2.1x104
 


 


1.9x106 


 
a A1 and/or A2 values include contributions from daughter nuclides with half-


lives less than 10 days, as listed in the following: 
Mg-28 Al-28 
Ca-47 Sc-47 
Ti-44 Sc-44 
Fe-52 Mn-52m 
Fe-60 Co-60m 
Zn-69m Zn-69 
Ge-68 Ga-68 
Rb-83 Kr-83m 
Sr-82 Rb-82 
Sr-90 Y-90 
Sr-91 Y-91m 
Sr-92 Y-92 
Y-87 Sr-87m 
Zr-95 Nb-95m 







3701:1-50-25 17 
APPENDIX A 


 


Zr-97 Nb-97m, Nb-97 
Mo-99 Tc-99m 
Tc-95m Tc-95 
Tc-96m Tc-96 
Ru-103 Rh-103m 
Ru-106 Rh-106 
Pd-103 Rh-103m 
Ag-108m Ag-108 
Ag-110m Ag-110 
Cd-115 In-115m 
In-114m In-114 
Sn-113 In-113m 
Sn-121m Sn-121 
Sn-126 Sb-126m 
Te-127m Te-127 
Te-129m Te-129 
Te-131m Te-131 
Te-132 I-132 
I-135 Xe-135m 
Xe-122 I-122 
Cs-137 Ba-137m 
Ba-131 Cs-131 
Ba-140 La-140 
Ce-144 Pr-144m, Pr-144 
Pm-148m Pm-148 
Gd-146 Eu-146 
Dy-166 Ho-166 
Hf-172 Lu-172 
W-178 Ta-178 
W-188 Re-188 
Re-189 Os-189m 
Os-194 Ir-194 
Ir-189 Os-189m 
Pt-188 Ir-188 
Hg-194 Au-194 
Hg-195m Hg-195 
Pb-210 Bi-210 
Pb-212 Bi-212, Tl-208, Po-212 
Bi-210m Tl-206 
Bi-212 Tl-208, Po-212 
At-211 Po-211 
Rn-222 Po-218, Pb-214, At-218, Bi-214, Po-214 
Ra-223 Rn-219, Po-215, Pb-211, Bi-211, Po-211, Tl-207 
Ra-224 Rn-220, Po-216, Pb-212, Bi-212, Tl-208, Po-212 
Ra-225 Ac-225, Fr-221, At-217, Bi-213, Tl-209, Po-213, 


Pb-209 
Ra-226 Rn-222, Po-218, Pb-214, At-218, Bi-214, Po-214 
Ra-228 Ac-228 
Ac-225 Fr-221, At-217, Bi-213, Tl-209, Po-213, Pb-209 
Ac-227 Fr-223 
Th-228 Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208, 


Po-212 
Th-234 Pa-234m, Pa-234 
Pa-230 Ac-226, Th-226, Fr-222, Ra-222, Rn-218, Po-214 
U-230 Th-226, Ra-222, Rn-218, Po-214 
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U-235 Th-231 
Pu-241 U-237 
Pu-244 U-240, Np-240m 
Am-242m Am-242, Np-238 
Am-243 Np-239 
Cm-247 Pu-243 
Bk-249 Am-245 
Cf-253 Cm-249 


 
 


b The values of A1 and A2 in Curies (Ci) are approximate and for information only, 
the regulatory standard units are Terabecquerels (TBq). 


 
c The activity of Ir-192 in special form may be determined from a 


measurement of the rate of decay or a measurement of the radiation level at 
a prescribed distance from the source. 


 
d These values apply only to compounds of uranium that take the chemical form of 


UF6, UO2F2 and UO2(NO3)2 in both normal and accident conditions of 
transport. 


 
e These values apply only to compounds of uranium that take the chemical 


form of UO3, UF4, UCl4 and hexavalent compounds in both normal and 
accident conditions of transport. 


 
f These values apply to all compounds of uranium other than those specified in 


notes (d) and (e) of this table. 
 


g These values apply to unirradiated uranium only. 
 
h A2 = 0.74 TBq (20 Ci) for Mo-99 for domestic use. 
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3701:1-58-40     Training for use of unsealed radioactive material for which a written directive is 
required. 


Except as provided in rule 3701:1-58-21 of the Administrative Code, the licensee shall require an authorized 
user of unsealed radioactive material for the uses authorized under rule 3701:1-58-37 of the Administrative 
Code to be a physician who: 


(A) Is certified by a medical specialty board whose certification process has been recognized by the director, 
United States nuclear regulatory commission, or an agreement state and who meets the requirements in 
paragraph (B)(1)(b)(vi) of this rule. Specialty boards whose certification processes have been recognized by 
the director, the United States nuclear regulatory commission, or an agreement state will be posted on the 
United States nuclear regulatory commission's "Medical Uses Licensee Toolkit" web page at www.nrc.gov. 
To be recognized, a specialty board shall require all candidates for certification to: 


(1) Successfully complete residency training in a radiation therapy or nuclear medicine training program or a 
program in a related medical specialty. These residency training programs must include seven hundred 
hours of training and experience as described in paragraphs (B)(1)(a) to (B)(1)(b)(v) of this rule. Eligible 
training programs must be approved by the "Residency Review Committee of the Accreditation Council 
for Graduate Medical Education," the "Royal College of Physicians and Surgeons of Canada," or the 
"Committee on Post-GraduateCouncil on Postdoctoral Training of the American Osteopathic 
Association;" and 


(2) Pass an examination, administered by diplomates of the specialty board, which tests knowledge and 
competence in radiation safety, radionuclide handling, quality assurance, and clinical use of unsealed 
radioactive material for which a written directive is required; or 


(B)   


(1) Has completed seven hundred hours of training and experience, including a minimum of two hundred 
hours of classroom and laboratory training, in basic radionuclide handling techniques applicable to the 
medical use of unsealed radioactive material requiring a written directive. The training and experience 
must include: 


(a) Classroom and laboratory training in the following areas: 


(i) Radiation physics and instrumentation; 


(ii) Radiation protection; 


(iii) Mathematics pertaining to the use and measurement of radioactivity; 


(iv) Chemistry of radioactive material for medical use; and 


(v) Radiation biology; and 


(b) Work experience, under the supervision of an authorized user who meets the requirements in this rule 
or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory 
commission or agreement state requirements. A supervising authorized user, who meets the 
requirements in paragraph (B) of this rule, must also have experience in administering dosages in 
the same dosage category or categories, such as paragraph (B)(1)(b)(vi) of this rule, as the 
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individual requesting authorized user status. The work experience must involve: 


(i) Ordering, receiving, and unpacking radioactive materials safely and performing the related 
radiation surveys; 


(ii) Performing quality control procedures on instruments used to determine the activity of dosages, 
and performing checks for proper operation of survey meters; 


(iii) Calculating, measuring, and safely preparing patient or human research subject dosages; 


(iv) Using administrative controls to prevent a medical event involving the use of unsealed 
radioactive material; 


(v) Using procedures to contain spilled radioactive material safely and using proper decontamination 
procedures; and 


(vi) Administering dosages of radioactive drugs to patients or human research subjects from the three 
categories in this paragraph. Radioactive drugs containing radionuclides in categories not 
included in this paragraph are regulated under rule 3701:1-58-72 of the Administrative Code. 
This work experience must involve a minimum of three cases in each of the following 
categories for which the individual is requesting authorized user status: 


(a) Oral administration of less than or equal to 1.22 gigabecquerels (thirty-three millicuries) of 
sodium iodide I-131, for which a written directive is required; 


(b) Oral administration of greater than 1.22 gigabecquerels, (thirty-three millicuries) of sodium 
iodide I-131. Experience with at least three cases in this paragraph also satisfies the 
requirement in paragraph (B)(1)(b)(vi)(a) of this rule; 


(c) Parenteral administration of any radioactive drug that contains a radionuclide that is primarily 
used for its electron emission, beta radiation characteristics, alpha radiation characteristics, 
or photon energy of less than one hundred fifty keV, for which a written directive is 
required; and 


(2) Has obtained written attestation that the individual has satisfactorily completed the requirements in 
paragraph (B)(1) of this rule and is able to independently fulfill the radiation safety-related duties as an 
authorized user for the medical uses authorized under rule 3701:1-58-37 of the Administrative Code for 
which the individual is requesting authorized user status. The attestation must be obtained from either: 


(a) A preceptor authorized user who meets the requirements in rule 3701:1-58-21 of the Administrative 
Code, rule 3701:1-58-40 of the Administrative Code, or equivalent United States nuclear regulatory 
commission or agreement state requirements and has experience in administering dosages in the 
same dosage category or categories as the individual requesting authorized user status; or 


(b) A residency program director who affirms in writing that the attestation represents the consensus of 
the residency program faculty where at least one faculty member is an authorized user who meets 
the requirements in rule 3701:1-58-21 of the Administrative Code, rule 3701:1-58-40 of the 
Administrative Code, or equivalent United States nuclear regulatory commission or agreement state 
requirements, has experience in administering dosages in the same dosage category or categories as 
the individual requesting authorized user status, and concurs with the attestation provided by the 
residency program director. The residency training program must be approved by the residency 
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review committee of the "Accreditation Council for Graduate Medical Education," the "Royal 
College of Physicians and Surgeons of Canada," or the "Council on Postdoctoral Training of the 
American Osteopathic Association," and must include training and experience specified in 
paragraph (B)(1) of this rule. 


 





		3701:1-58-40     Training for use of unsealed radioactive material for which a written directive is required.

		Except as provided in rule 3701:1-58-21 of the Administrative Code, the licensee shall require an authorized user of unsealed radioactive material for the uses authorized under rule 3701:1-58-37 of the Administrative Code to be a physician who:

		(A) Is certified by a medical specialty board whose certification process has been recognized by the director, United States nuclear regulatory commission, or an agreement state and who meets the requirements in paragraph (B)(1)(b)(vi) of this rule. Specialty boards whose certification processes have been recognized by the director, the United States nuclear regulatory commission, or an agreement state will be posted on the United States nuclear regulatory commission's "Medical Uses Licensee Toolkit" web page at www.nrc.gov. To be recognized, a specialty board shall require all candidates for certification to:

		(1) Successfully complete residency training in a radiation therapy or nuclear medicine training program or a program in a related medical specialty. These residency training programs must include seven hundred hours of training and experience as described in paragraphs (B)(1)(a) to (B)(1)(b)(v) of this rule. Eligible training programs must be approved by the "Residency Review Committee of the Accreditation Council for Graduate Medical Education," the "Royal College of Physicians and Surgeons of Canada," or the "Committee on Post-GraduateCouncil on Postdoctoral Training of the American Osteopathic Association;" and

		(2) Pass an examination, administered by diplomates of the specialty board, which tests knowledge and competence in radiation safety, radionuclide handling, quality assurance, and clinical use of unsealed radioactive material for which a written directive is required; or

		(B)  

		(1) Has completed seven hundred hours of training and experience, including a minimum of two hundred hours of classroom and laboratory training, in basic radionuclide handling techniques applicable to the medical use of unsealed radioactive material requiring a written directive. The training and experience must include:

		(a) Classroom and laboratory training in the following areas:

		(i) Radiation physics and instrumentation;

		(ii) Radiation protection;

		(iii) Mathematics pertaining to the use and measurement of radioactivity;

		(iv) Chemistry of radioactive material for medical use; and

		(v) Radiation biology; and

		(b) Work experience, under the supervision of an authorized user who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements. A supervising authorized user, who meets the requirements in paragraph (B) of this rule, must also have experience in administering dosages in the same dosage category or categories, such as paragraph (B)(1)(b)(vi) of this rule, as the individual requesting authorized user status. The work experience must involve:

		(i) Ordering, receiving, and unpacking radioactive materials safely and performing the related radiation surveys;

		(ii) Performing quality control procedures on instruments used to determine the activity of dosages, and performing checks for proper operation of survey meters;

		(iii) Calculating, measuring, and safely preparing patient or human research subject dosages;

		(iv) Using administrative controls to prevent a medical event involving the use of unsealed radioactive material;

		(v) Using procedures to contain spilled radioactive material safely and using proper decontamination procedures; and

		(vi) Administering dosages of radioactive drugs to patients or human research subjects from the three categories in this paragraph. Radioactive drugs containing radionuclides in categories not included in this paragraph are regulated under rule 3701:1-58-72 of the Administrative Code. This work experience must involve a minimum of three cases in each of the following categories for which the individual is requesting authorized user status:

		(a) Oral administration of less than or equal to 1.22 gigabecquerels (thirty-three millicuries) of sodium iodide I-131, for which a written directive is required;

		(b) Oral administration of greater than 1.22 gigabecquerels, (thirty-three millicuries) of sodium iodide I-131. Experience with at least three cases in this paragraph also satisfies the requirement in paragraph (B)(1)(b)(vi)(a) of this rule;

		(c) Parenteral administration of any radioactive drug that contains a radionuclide that is primarily used for its electron emission, beta radiation characteristics, alpha radiation characteristics, or photon energy of less than one hundred fifty keV, for which a written directive is required; and

		(2) Has obtained written attestation that the individual has satisfactorily completed the requirements in paragraph (B)(1) of this rule and is able to independently fulfill the radiation safety-related duties as an authorized user for the medical uses authorized under rule 3701:1-58-37 of the Administrative Code for which the individual is requesting authorized user status. The attestation must be obtained from either:

		(a) A preceptor authorized user who meets the requirements in rule 3701:1-58-21 of the Administrative Code, rule 3701:1-58-40 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements and has experience in administering dosages in the same dosage category or categories as the individual requesting authorized user status; or

		(b) A residency program director who affirms in writing that the attestation represents the consensus of the residency program faculty where at least one faculty member is an authorized user who meets the requirements in rule 3701:1-58-21 of the Administrative Code, rule 3701:1-58-40 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements, has experience in administering dosages in the same dosage category or categories as the individual requesting authorized user status, and concurs with the attestation provided by the residency program director. The residency training program must be approved by the residency review committee of the "Accreditation Council for Graduate Medical Education," the "Royal College of Physicians and Surgeons of Canada," or the "Council on Postdoctoral Training of the American Osteopathic Association," and must include training and experience specified in paragraph (B)(1) of this rule.
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3701:1-58-51     Training for use of manual brachytherapy sources. 


Except as provided in rule 3701:1-58-21 of the Administrative Code, the licensee shall require an authorized 
user of a manual brachytherapy source for the uses authorized under rule 3701:1-58-43 of the Administrative 
Code to be a physician who: 


(A) Is certified by a medical specialty board whose certification process has been recognized by the director, the 
United States nuclear regulatory commission, or an agreement state. The names of board certifications which 
have been recognized by the director, the United States nuclear regulatory commission, or an agreement 
state will be posted on the United States nuclear regulatory commission's "Medical Uses Licensee Toolkit" 
web page at www.nrc.gov. To have its certification process recognized, a specialty board shall require all 
candidates for certification to: 


(1) Successfully complete a minimum of three years of residency training in a radiation oncology program 
approved by the "Residency Review Committee of the Accreditation Council for Graduate Medical 
Education" or the "Royal College of Physicians and Surgeons of Canada" or the "Committee on 
Post-GraduateCouncil on Postdoctoral Training of the American Osteopathic Association"; and 


(2) Pass an examination, administered by diplomates of the specialty board, that tests knowledge and 
competence in radiation safety, radionuclide handling, treatment planning, quality assurance, and 
clinical use of manual brachytherapy; or 


(B) Has achieved the following requirements: 


(1) Has completed a structured educational program in basic radionuclide handling techniques applicable to 
the use of manual brachytherapy sources that includes: 


(a) Two hundred hours of classroom and laboratory training in the following areas: 


(i) Radiation physics and instrumentation; 


(ii) Radiation protection; 


(iii) Mathematics pertaining to the use and measurement of radioactivity; and 


(iv) Radiation biology; and 


(b) Five hundred hours of work experience, under the supervision of an authorized user who meets the 
requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United 
States nuclear regulatory commission or agreement state requirements at a medical facility 
authorized to use radioactive materials under rule 3701:1-58-43 of the Administrative Code, 
involving: 


(i) Ordering, receiving, and unpacking radioactive materials safely and performing the related 
radiation surveys; 


(ii) Checking survey meters for proper operation; 


(iii) Preparing, implanting, and removing brachytherapy sources; 


(iv) Maintaining running inventories of material on hand; 
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(v) Using administrative controls to prevent a medical event involving the use of radioactive 
material; and 


(vi) Using emergency procedures to control radioactive material; 


(2) Has completed three years of supervised clinical experience in radiation oncology, under an authorized 
user who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or 
equivalent United States nuclear regulatory commission or agreement state requirements, as part of a 
formal training program approved by the "Residency Review Committee for Radiation Oncology of the 
Accreditation Council for Graduate Medical Education" or the "Royal College of Physicians and 
Surgeons of Canada" or the "CommitteeCouncil on Postdoctoral Training of the American Osteopathic 
Association." This experience may be obtained concurrently with the supervised work experience 
required by paragraph (B)(1)(b) of this rule; and 


(3) Has obtained written attestation that the individual has satisfactorily completed the requirements in 
paragraphs (B)(1) and (B)(2) of this rule and is able to independently fulfill the radiation safety-related 
duties as an authorized user of manual brachytherapy sources for the medical uses authorized under rule 
3701:1-58-43 of the Administrative Code. The attestation must be obtained from either: 


(a) A preceptor authorized user who meets the requirements in this rule or rule 3701:1-58-21 of the 
Administrative Code, or equivalent United States nuclear regulatory commission or agreement state 
requirements; or 


(b) A residency program director who affirms in writing that the attestation represents the consensus of 
the residency program faculty where at least one faculty member is an authorized user who meets 
the requirements in his rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United 
States nuclear regulatory commission or agreement state requirements, and concurs with the 
attestation provided by the residency program director. The residency training program must be 
approved by the residency review committee of the "Accreditation Council for Graduate Medical 
Education," the "Royal College of Physicians and Surgeons of Canada," or the "Council on 
Postdoctoral Training of the American Osteopathic Association," and must include training and 
experience specified in paragraphs (B)(1) and (B)(2) of this rule. 


 





		3701:1-58-51     Training for use of manual brachytherapy sources.

		Except as provided in rule 3701:1-58-21 of the Administrative Code, the licensee shall require an authorized user of a manual brachytherapy source for the uses authorized under rule 3701:1-58-43 of the Administrative Code to be a physician who:

		(A) Is certified by a medical specialty board whose certification process has been recognized by the director, the United States nuclear regulatory commission, or an agreement state. The names of board certifications which have been recognized by the director, the United States nuclear regulatory commission, or an agreement state will be posted on the United States nuclear regulatory commission's "Medical Uses Licensee Toolkit" web page at www.nrc.gov. To have its certification process recognized, a specialty board shall require all candidates for certification to:

		(1) Successfully complete a minimum of three years of residency training in a radiation oncology program approved by the "Residency Review Committee of the Accreditation Council for Graduate Medical Education" or the "Royal College of Physicians and Surgeons of Canada" or the "Committee on Post-GraduateCouncil on Postdoctoral Training of the American Osteopathic Association"; and

		(2) Pass an examination, administered by diplomates of the specialty board, that tests knowledge and competence in radiation safety, radionuclide handling, treatment planning, quality assurance, and clinical use of manual brachytherapy; or

		(B) Has achieved the following requirements:

		(1) Has completed a structured educational program in basic radionuclide handling techniques applicable to the use of manual brachytherapy sources that includes:

		(a) Two hundred hours of classroom and laboratory training in the following areas:

		(i) Radiation physics and instrumentation;

		(ii) Radiation protection;

		(iii) Mathematics pertaining to the use and measurement of radioactivity; and

		(iv) Radiation biology; and

		(b) Five hundred hours of work experience, under the supervision of an authorized user who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements at a medical facility authorized to use radioactive materials under rule 3701:1-58-43 of the Administrative Code, involving:

		(i) Ordering, receiving, and unpacking radioactive materials safely and performing the related radiation surveys;

		(ii) Checking survey meters for proper operation;

		(iii) Preparing, implanting, and removing brachytherapy sources;

		(iv) Maintaining running inventories of material on hand;

		(v) Using administrative controls to prevent a medical event involving the use of radioactive material; and

		(vi) Using emergency procedures to control radioactive material;

		(2) Has completed three years of supervised clinical experience in radiation oncology, under an authorized user who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements, as part of a formal training program approved by the "Residency Review Committee for Radiation Oncology of the Accreditation Council for Graduate Medical Education" or the "Royal College of Physicians and Surgeons of Canada" or the "CommitteeCouncil on Postdoctoral Training of the American Osteopathic Association." This experience may be obtained concurrently with the supervised work experience required by paragraph (B)(1)(b) of this rule; and

		(3) Has obtained written attestation that the individual has satisfactorily completed the requirements in paragraphs (B)(1) and (B)(2) of this rule and is able to independently fulfill the radiation safety-related duties as an authorized user of manual brachytherapy sources for the medical uses authorized under rule 3701:1-58-43 of the Administrative Code. The attestation must be obtained from either:

		(a) A preceptor authorized user who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements; or

		(b) A residency program director who affirms in writing that the attestation represents the consensus of the residency program faculty where at least one faculty member is an authorized user who meets the requirements in his rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements, and concurs with the attestation provided by the residency program director. The residency training program must be approved by the residency review committee of the "Accreditation Council for Graduate Medical Education," the "Royal College of Physicians and Surgeons of Canada," or the "Council on Postdoctoral Training of the American Osteopathic Association," and must include training and experience specified in paragraphs (B)(1) and (B)(2) of this rule.
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3701:1-58-71     Training for use of remote afterloader units, teletherapy units, and gamma stereotactic 
radiosurgery units. 


Except as provided in rule 3701:1-58-21 of the Administrative Code, the licensee shall require an authorized 
user of a sealed source for a use authorized under rule 3701:1-58-55 of the Administrative Code to be a 
physician who: 


(A) Is certified by a medical specialty board whose certification process has been recognized by the director, the 
United States nuclear regulatory commission, or an agreement state and who meets the requirements in 
paragraph (C) of this rule. The names of board certifications which have been recognized by the director, the 
United States nuclear regulatory commission, or an agreement state will be posted on the United States 
nuclear regulatory commission's "Medical Uses Licensee Toolkit" web page at www.nrc.gov. To have its 
certification process recognized, a specialty board shall require all candidates for certification to: 


(1) Successfully complete a minimum of three years of residency training in a radiation therapy program 
approved by the "Residency Review Committee of the Accreditation Council for Graduate Medical 
Education" or the "Royal College of Physicians and Surgeons of Canada" or the "Committee on 
Post-GraduateCouncil on Postdoctoral Training of the American Osteopathic Association"; and 


(2) Pass an examination, administered by diplomates of the specialty board, which tests knowledge and 
competence in radiation safety, radionuclide handling, treatment planning, quality assurance, and 
clinical use of stereotactic radiosurgery, remote afterloaders and external beam therapy; or 


(B) Has achieved the following requirements: 


(1) Has completed a structured educational program in basic radionuclide techniques applicable to the use of 
a sealed source in a therapeutic medical unit that includes: 


(a) Two hundred hours of classroom and laboratory training in the following areas: 


(i) Radiation physics and instrumentation; 


(ii) Radiation protection; 


(iii) Mathematics pertaining to the use and measurement of radioactivity; and 


(iv) Radiation biology; and 


(b) Five hundred hours of work experience, under the supervision of an authorized user who meets the 
requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United 
States nuclear regulatory commission or agreement state requirements, at a medical facility that is 
authorized to use radioactive materials in rule 3701:1-58-55 of the Administrative Code, involving: 


(i) Reviewing full calibration measurements and periodic spot-checks; 


(ii) Preparing treatment plans and calculating treatment doses and times; 


(iii) Using administrative controls to prevent a medical event involving the use of radioactive 
material; 


(iv) Implementing emergency procedures to be followed in the event of the abnormal operation of the 
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medical unit or console; 


(v) Checking and using survey meters; and 


(vi) Selecting the proper dose and how it is to be administered; 


(2) Has completed three years of supervised clinical experience in radiation therapy, under an authorized user 
who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent 
United States nuclear regulatory commission or agreement state requirements, as part of a formal 
training program approved by the "Residency Review Committee for Radiation Oncology of the 
Accreditation Council for Graduate Medical Education" or the "Royal College of Physicians and 
Surgeons of Canada" or the "CommitteeCouncil on Postdoctoral Training of the American Osteopathic 
Association." This experience may be obtained concurrently with the supervised work experience 
required by paragraph (B)(1)(b) of this rule; and 


(3) Has obtained written attestation that the individual has satisfactorily completed the requirements in 
paragraphs (B)(1), (B)(2), and (C) of this rule, and is able to independently fulfill the radiation 
safety-related duties as an authorized user of each type of therapeutic medical unit for which the 
individual is requesting authorized user status. The attestation must be obtained from either: 


(a) A preceptor authorized user who meets the requirements in this rule, rule 3701:1-58-21 of the 
Administrative Code, or equivalent United States nuclear regulatory commission or agreement state 
requirements for the type(s) of therapeutic medical unit for which the individual is requesting 
authorized user status; or 


(b) A residency program director who affirms in writing that the attestation represents the consensus of 
the residency program faculty where at least one faculty member is an authorized user who meets 
the requirements in this rule, rule 3701:1-58-21 of the Administrative Code, or equivalent United 
States nuclear regulatory commission or agreement state requirements, for the type(s) of therapeutic 
medical unit for which the individual is requesting authorized user status, and concurs with the 
attestation provided by the residency program director. The residency training program must be 
approved by the residency review committee of the "Accreditation Council for Graduate Medical 
Education," the "Royal College of Physicians and Surgeons of Canada," or the "Council on 
Postdoctoral Training of the American Osteopathic Association," and must include training and 
experience specified in paragraphs (B)(1) and (B)(2) of this rule. 


(C) Has received training in device operation, safety procedures, and clinical use for the type(s) of use for which 
authorization is sought. This training requirement may be satisfied by satisfactory completion of a training 
program provided by the vendor for new users or by receiving training supervised by an authorized user or 
authorized medical physicist, as appropriate, who is authorized for the type(s) of use for which the individual 
is seeking authorization. 


 





		3701:1-58-71     Training for use of remote afterloader units, teletherapy units, and gamma stereotactic radiosurgery units.

		Except as provided in rule 3701:1-58-21 of the Administrative Code, the licensee shall require an authorized user of a sealed source for a use authorized under rule 3701:1-58-55 of the Administrative Code to be a physician who:

		(A) Is certified by a medical specialty board whose certification process has been recognized by the director, the United States nuclear regulatory commission, or an agreement state and who meets the requirements in paragraph (C) of this rule. The names of board certifications which have been recognized by the director, the United States nuclear regulatory commission, or an agreement state will be posted on the United States nuclear regulatory commission's "Medical Uses Licensee Toolkit" web page at www.nrc.gov. To have its certification process recognized, a specialty board shall require all candidates for certification to:

		(1) Successfully complete a minimum of three years of residency training in a radiation therapy program approved by the "Residency Review Committee of the Accreditation Council for Graduate Medical Education" or the "Royal College of Physicians and Surgeons of Canada" or the "Committee on Post-GraduateCouncil on Postdoctoral Training of the American Osteopathic Association"; and

		(2) Pass an examination, administered by diplomates of the specialty board, which tests knowledge and competence in radiation safety, radionuclide handling, treatment planning, quality assurance, and clinical use of stereotactic radiosurgery, remote afterloaders and external beam therapy; or

		(B) Has achieved the following requirements:

		(1) Has completed a structured educational program in basic radionuclide techniques applicable to the use of a sealed source in a therapeutic medical unit that includes:

		(a) Two hundred hours of classroom and laboratory training in the following areas:

		(i) Radiation physics and instrumentation;

		(ii) Radiation protection;

		(iii) Mathematics pertaining to the use and measurement of radioactivity; and

		(iv) Radiation biology; and

		(b) Five hundred hours of work experience, under the supervision of an authorized user who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements, at a medical facility that is authorized to use radioactive materials in rule 3701:1-58-55 of the Administrative Code, involving:

		(i) Reviewing full calibration measurements and periodic spot-checks;

		(ii) Preparing treatment plans and calculating treatment doses and times;

		(iii) Using administrative controls to prevent a medical event involving the use of radioactive material;

		(iv) Implementing emergency procedures to be followed in the event of the abnormal operation of the medical unit or console;

		(v) Checking and using survey meters; and

		(vi) Selecting the proper dose and how it is to be administered;

		(2) Has completed three years of supervised clinical experience in radiation therapy, under an authorized user who meets the requirements in this rule or rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements, as part of a formal training program approved by the "Residency Review Committee for Radiation Oncology of the Accreditation Council for Graduate Medical Education" or the "Royal College of Physicians and Surgeons of Canada" or the "CommitteeCouncil on Postdoctoral Training of the American Osteopathic Association." This experience may be obtained concurrently with the supervised work experience required by paragraph (B)(1)(b) of this rule; and

		(3) Has obtained written attestation that the individual has satisfactorily completed the requirements in paragraphs (B)(1), (B)(2), and (C) of this rule, and is able to independently fulfill the radiation safety-related duties as an authorized user of each type of therapeutic medical unit for which the individual is requesting authorized user status. The attestation must be obtained from either:

		(a) A preceptor authorized user who meets the requirements in this rule, rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements for the type(s) of therapeutic medical unit for which the individual is requesting authorized user status; or

		(b) A residency program director who affirms in writing that the attestation represents the consensus of the residency program faculty where at least one faculty member is an authorized user who meets the requirements in this rule, rule 3701:1-58-21 of the Administrative Code, or equivalent United States nuclear regulatory commission or agreement state requirements, for the type(s) of therapeutic medical unit for which the individual is requesting authorized user status, and concurs with the attestation provided by the residency program director. The residency training program must be approved by the residency review committee of the "Accreditation Council for Graduate Medical Education," the "Royal College of Physicians and Surgeons of Canada," or the "Council on Postdoctoral Training of the American Osteopathic Association," and must include training and experience specified in paragraphs (B)(1) and (B)(2) of this rule.

		(C) Has received training in device operation, safety procedures, and clinical use for the type(s) of use for which authorization is sought. This training requirement may be satisfied by satisfactory completion of a training program provided by the vendor for new users or by receiving training supervised by an authorized user or authorized medical physicist, as appropriate, who is authorized for the type(s) of use for which the individual is seeking authorization.




