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MEMORANDUM TO:   Monica Ford, Acting Chief 

Medical and Licensing Assistance Branch 
Division of Radiological Safety and Safety 
Region I 

 
Robert Orlikowski, Chief 
Materials Licensing Branch 
Division of Radiological Safety and Safety  
Region III 

 
Michelle Simmons, Acting Chief 
Materials Licensing Branch 
Division of Radiological Safety and Safety  
Region IV 

 
FROM:    Chris Einberg, Chief   
    Medical Safety and Events Assessment Branch 

Division of Materials Safety, Security, State 
  and Tribal Programs 
Office of Nuclear Materials Safety 
  and Safeguards 

 
SUBJECT:   LICENSING OF ALPHA THERAPY NUCLIDES 
 
 

Introduction 

Research into the application of various radioisotopes in Targeted Alpha Therapy (TAT) has 
grown substantially in recent years. TAT involves the precise delivery of highly energetic alpha 
particles to cancer cells, resulting in their destruction while limiting damage to surrounding 
healthy tissues. Due to their high linear energy transfer (LET) as a result of a large atomic mass 
and charge, alpha particles require only 2–10 direct hits to induce lethal double-strand 
deoxyribonucleic acid (DNA) breaks in target cells. Coupled with their short path length (typically 
less than 1 mm), alpha particles are particularly effective for localized destruction of cancer 
cells. This memo addresses some regulatory and practical considerations for the use of all 
currently known alpha-emitting radioisotopes administered under 10 CFR 35.300. However, 
specific emphasis is placed on the five most widely researched isotopes: Actinium-225 (Ac-225), 
Astatine-211 (At-211), Lead-212 (Pb-212), Radium-223 (Ra-223), and Thorium-227 (Th-227). At 
present, only Ra-223 (Xofigo) is U.S. Food and Drug Administration (FDA) approved. The FDA 
has also granted breakthrough therapy designation to Pb-212 DOTAMTATE for treating 
advanced gastroenteropancreatic neuroendocrine tumors (GEP-NETs). 

Background 

The U.S. Nuclear Regulatory Commission (NRC) has conducted a comprehensive review of the 
medical use of therapeutic radiopharmaceuticals that emit alpha particles. This review included 
an evaluation of radiation safety protocols and regulatory requirements, such as radiation 

https://www.ecfr.gov/current/title-10/part-35/subpart-E
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detection and monitoring, personnel training, patient handling, dose administration, and 
radioactive waste management. The NRC determined that current licensing requirements under 
Title 10 of the Code of Federal Regulations (10 CFR) Part 35, Subpart E, "Unsealed Byproduct 
Material—Written Directive Required" (10 CFR 35.300), adequately cover these medical 
applications. Physicians (Authorized Users) authorized under 10 CFR 35.390 or 10 CFR 35.396 
are permitted to use parenteral alpha-emitting radiopharmaceuticals for therapy without the 
need for additional case-specific training, as the radiation safety risks are considered 
comparable to those associated with beta or low-energy photon emitters.  

Radiation surveys 

Licensees are to maintain a sufficient amount of radiation detection and measurement 
instruments to ensure regulatory compliance and maintain radiation safety as stated in 10 CFR 
20.1501. Instruments should undergo regular calibration and performance checks. When 
referring to the alpha isotopes listed here, it is important to note that these isotopes are part of a 
decay chain that might also include the emission of beta and photon radiation. Regular surveys 
and proper radiation instrumentation, and survey methods should always be present. An alpha-
probe, such as a ZnS scintillation detector, may be preferable to a standard Geiger–Muller (GM) 
detector for surveying alpha-emitting radionuclide use areas. Alpha-probes do not detect beta 
particles or photons.  While the detection efficiency of a typical alpha probe is low, the 
background count rate is practically zero cpm and a low minimal detectable activity (MDA) is 
achievable.  The extremely low background allows even the smallest amount of radioactive 
material to be detected by the detector. While a typical GM detector can detect alpha radiation 
above a certain energy, it is better suited for detecting the associated beta and photon 
emissions that are part of the decay chain.  The efficiency of a GM detector is better for high-
energy beta-particles.  The background count rate of a typical GM detector is higher than that of 
an alpha probe. Longer count times can always be implemented to help lower a detector’s MDA 
when needed. Regardless of the detector in use, surveying at too great a distance from an 
alpha radiation field can prevent the alpha radiation from reaching the detector at distances on 
the order of 5 cm.  A low MDA, reasonable efficiency, and good survey techniques are important 
factors for selecting an appropriate detector for measuring the low levels of surface 
contamination needed to meet regulatory requirements.  Additional guidance for radiation 
instrumentation selection, detection capabilities and MDA may be found in NUREG 1507, Rev 1, 
Minimum Detectable Concentration with Typical Radiation Survey for Instruments for Various 
Contaminants and Field Conditions.  

Model Procedures for contamination surveys, including instrumentation, frequency, and 
detection thresholds, are detailed in NUREG 1556, Volume 9, Revision 3, Appendix R, Model 
Procedures for Area Survey.   

Surface Contamination Levels in Restricted Areas (dpm/100 cm2) 

Area, clothing Restricted areas, protective clothing used 
only in restricted area 

alpha emitters 200 

 

  

https://www.ecfr.gov/current/title-10/part-35/subpart-E
https://www.ecfr.gov/current/title-10/section-35.390
https://www.ecfr.gov/current/title-10/section-35.396
https://www.ecfr.gov/current/title-10/section-20.1501
https://www.ecfr.gov/current/title-10/section-20.1501
https://www.nrc.gov/docs/ML2023/ML20233A507.pdf
https://www.nrc.gov/docs/ML2023/ML20233A507.pdf
https://www.nrc.gov/docs/ML2023/ML20233A507.pdf
https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1556/v9/
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Acceptable Surface Contamination Levels in Unrestricted Areas (per 100 cm2) 

Nuclide Average Maximum Removable 

U-nat, U-235, U-238, 
and associated decay 

products 

83.3 Bq 

5,000 dpm 

250 Bq 

15,000 dpm 

16.7 Bq 

1,000 dpm 

Transuranics, I-125, I-
129, Ra-226, Ra-228, 
Pa-231, Ac-227, Th-

230 

1.7 Bq 

100 dpm 

5.0 Bq 

300 dpm 

0.3 Bq 

20 dpm 

I-126, I-131, I-133, Ra-
223, Ra-224, Sr-90, U-

232, Th-nat, Th-232 

16.7 Bq 

1,000 dpm 

50.0 Bq 

3,000 dpm 

3.3 Bq 

200 dpm 

Other alpha emitters 8.33 Bq 500 dpm 25 Bq 

1,500 dpm 

1.67 

100 dpm 

 

Dosage Measurement and Calibration 

Licensees may rely on manufacturer-provided unit dose labels for activity quantification, 
applying decay correction to align the measurement with the time of administration.  For non-
unit doses activity must be quantified through direct or indirect methods, including a combination 
of radioactivity measurements and mathematical modeling or volumetric calculations as 
described in 10 CFR 35.63. As required in 10 CFR 35.60, the licensee must possess and use 
instruments to measure the activity of the unsealed byproduct material that is calibrated in 
accordance with nationally recognized standards or manufacturer instructions. Due to technical 
complexities associated with direct measurement of alpha emissions, especially in the absence 
of detectable gamma or beta emissions in the decay chain, specialized instrumentation, 
traceable to nationally recognized standards where available, may be needed for this 
calibration. Given this complexity, most licensees are expected to use pre-calibrated unit doses. 
Further guidance is provided in NUREG 1556, Volume 9, Revision 3, Section 8.9.3, Dose 
Calibrator and Other Equipment Used to Measure Dosages of Unsealed Byproduct Material. 

Internal Dose 

Alpha-emitting radionuclides pose a significant risk if internalized through inhalation, ingestion, 
or percutaneous exposure. Internal exposure monitoring requirements are specified in 10 CFR 
20.1502(b).  Due to their low Annual Limit on Intake (ALI) limits, many alpha emitters could 
produce internal doses that could require routine and/or emergency monitoring in accordance 
with 10 CFR 20.1502.   

In the event of suspected internal contamination, bioassay is the preferred method for 
estimating intake. Licensees will need to assess the need for an in-house bioassay program or 
for engaging in third-party services.  Additional information on developing internal dose 
assessment programs can be found in NUREG 1556, Volume 9, Revision 3, Section 8.10.2, and 

https://www.ecfr.gov/current/title-10/chapter-I/part-35/subpart-C/section-35.63
https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1556/v9/index.html
https://www.ecfr.gov/current/title-10/part-20/section-20.1502#p-20.1502(b)
https://www.ecfr.gov/current/title-10/part-20/section-20.1502#p-20.1502(b)
https://www.ecfr.gov/current/title-10/section-20.1502
https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1556/v9/index.html
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Appendix M.  Regulatory Guide 8.9; also provides detailed guidance on acceptable 
methodologies and assumptions for bioassay program development. 

Occupational Safety 

Appropriate personal protective equipment (PPE), including gloves and laboratory coats should 
be available and in use. Stocked spill kit should be strategically placed and staff should be 
knowledgeable about the contents. The need for facial protection or higher levels of respiratory 
protection should be considered. 

Package Receipt 

Applicants must develop and implement administrative controls to ensure safe and timely 
receipt of radioactive materials. Licensees must maintain records of material receipt, transfer, 
and disposal in accordance with 10 CFR 30.51, 40.61, 70.51, and 10 CFR Part 74. Packages 
containing alpha emitters must be opened following safety procedures discussed in NUREG 
1556, Volume 9, Revision 3, Section 8.10.9 and Appendix P. Licensee should be aware that 
there are different removable contamination limits for alpha radiation versus beta/gamma 
radiation and may need to revise their package receipt action levels as needed. 

Ordering and inventory 

Applicants must develop and implement administrative controls to ensure compliance with the 
regulations pertinent to procurement and use of radioactive materials. Only authorized 
personnel may receive such materials, and only in types and quantities specified by the license. 
The Radiation Safety Officer (RSO) is responsible for maintaining an accurate inventory of all 
licensed material—whether in use, storage, or disposal—to ensure compliance with possession 
limits. 

Waste Disposal 

Radioactive waste must be stored in secure, properly labeled containers until appropriately 
disposed of. Medical licensees must comply with disposal regulations outlined in 10 CFR 
20.2001–2008 and 10 CFR 35.92. Decay-in-Storage (DIS) is permissible for waste containing 
radionuclides with half-lives ≤120 days. Once decayed to background levels and verified with a 
sensitive instrument in a low-background area, waste may be discarded as regular trash, 
provided all radioactive labels are removed or defaced. For long-lived or non-DIS-suitable 
materials, waste must be transferred to an authorized recipient in accordance with applicable 
regulations. Designated storage areas must be secure and properly labeled per 10 CFR 
20.1902 and 20.1904. Program design should accommodate segregation by half-life and 
occupational dose minimization. 

Patient Release 

Patients treated with alpha-emitting radiopharmaceuticals may be released under 10 CFR 
35.75. Licensees should keep in mind to validate patient exposures in accordance with 10 CFR 
35.75. More guidance can be found in  Regulatory Guide 8.39 and NUREG 1556, Volume 9, 
Revision 3  

Spill procedures 

https://www.nrc.gov/docs/ml0037/ML003739554.pdf
https://www.ecfr.gov/current/title-10/section-35.75
https://www.ecfr.gov/current/title-10/section-35.75
https://www.nrc.gov/docs/ml0833/ml083300045.pdf
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Alpha and beta emitting radionuclides could have a potential for resulting in a shallow-dose 
exposure in excess of regulatory limits from µCi quantities of contamination.  Given the low 
values for the ALIs for alpha emitters, licensees need to be cognizant of the immediate 
notification requirements of 10 CFR 20.2202(a)(2). Licensees are required to develop, 
document, and implement provisions for responding to spills or other contamination events to 
prevent the spread of radioactive material in accordance with 10 CFR 20.1101.  Procedures 
should address, but are not limited to: 

• Detection of the extent and location of a spill 
• Decontamination of personnel 
• Documenting decontamination results, including all surveys, location of surveys, and 

decontamination results. 
• Evaluating and determining personnel radiation exposure.   
• Consider need for bioassays if licensed material may have been ingested, inhaled, or 

absorbed through the skin. 

Additional information on spill procedures can be found in NUREG 1556, Volume 9, Revision 3, 
Section 8.10.5, and Appendix N. 

Authorized User Training 

Individuals seeking designation as Authorized Users, Medical Physicists, Pharmacists, 
Radiation Safety Officers, or related roles must meet the NRC’s training and experience 
requirements outlined in 10 CFR Part 35.390 and 10 CFR Part 35.396. Documentation of 
qualifications must be submitted by the licensee via NRC Form 313A (or equivalent). The NRC 
does not provide individual certifications; rather, qualifications are reviewed as part of the 
licensing process. Interim Staff Guidance NMSS-ISG-03, Guidance for the Implementation of 10 
CFR Part 35 Training and Experience Requirements (ML25051A034) offers detailed instructions 
for complying with these requirements and streamlining the review of licensing actions. 

Reporting Requirements and Medical Events 

Under 10 CFR 35.3045, licensees are required to report medical events. Establishing a clear 
protocol for reporting such events is essential. NUREG 1556, Volume 9, Section 8.10.21, 
provides relevant guidance. Licensees are also encouraged to review NRC Information Notice 
2024-04, Recent Medical Events Involving Administration of Therapeutic Radiopharmaceuticals, 
which offers insights into common contributing factors and risk mitigation strategies. 

Calibration Sources 

Licensee’s are reminded that they can procure alpha emitting sources/standards under the 
requirements of 10 CFR 35.65, Authorization for calibration, transmission, and reference 
sources.  A licensee using calibration, transmission, and reference sources in accordance with 
the requirements in paragraph 10 CFR 35.65(a) or 10 CFR 35.65(b) need not list these sources 
on a specific medical use license 

 

 

Ac-225 Specific Guidance and Radionuclide Impurities  

https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1556/v9/index.html
https://www.nrc.gov/docs/ML2505/ML25051A034.pdf
https://www.ecfr.gov/current/title-10/section-35.65
https://www.ecfr.gov/current/title-10/part-35/section-35.65#p-35.65(a)
https://www.ecfr.gov/current/title-10/part-35/section-35.65#p-35.65(b)
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Below is Ac-225 Decay Scheme:  

 
Source: https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=225AC 

 

 

Ac-225 decays by alpha decay with a half-life of 9.918 days. Its decay chain is Fr-221 (T1/2 = 4.8 
min), At-217 (T1/2 = 32 ms), Bi-213 (T1/2 = 0.76 h), Po-213 (T1/2 = 3.7 µs), Pb-209 (T1/2 = 3.2 h), 
and then to stable Bi-209. 

Actinium-227 (Ac-227) is the principal radionuclidic impurity found in accelerator produced Ac-
225. Ac-227 impurity can be as high as 2%, it is recommended that a statement on the amount 
of Ac-227 from the supplier be acquired to better understand the steps needed to be in 
compliance. Ac-227 possesses a significantly longer half-life (21.8 years) compared to Ac-225 
(10 days). The NRC has determined that materials with half-lives exceeding 120 days are not 
suitable for disposal via decay-in-storage (DIS) or for interim storage. Radioactive impurities and 
decay chain daughter products are not required to be listed explicitly on the NRC license, 
licensees must conduct appropriate radiation surveys and ensure disposal of these materials in 
accordance with the regulatory requirements outlined in 10 CFR Part 20 and 10 CFR Part 35.  

Financial Assurance is required for licensees authorized to possess byproduct material with 
half-lives greater than 120 days and in excess of the limits in 10 CFR 30.35, “Financial 
Assurance and Recordkeeping for Decommissioning.” For alpha-emitters, such as Ac-227, that 
are not listed in Part 30 Appendix B, the default quantity of 0.01 microcuries (μCi) is used. 

Below are tables of occupational value limits, effluent concentration limits, and release to sewer 
limits for Ac-225 and Ac-227:

 

https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=225AC
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Source: https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html

Source: https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html 

 

  

https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html
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At-211 Specific Guidance 

Below is At-211 Decay Scheme:  

 
Source: https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=211AT 

 

At-211 has 7.214 h half-life. It decays 58.2% of the time by electron capture to Po-211 (T1/2 = 
0.516 s) that then decays by 100% alpha emission to stable Pb-207. At-211 also decays 41.8% 
of the time by alpha emission to Bi-207 (T1/2=31.6 years) that then decays to stable Pb-207.  

 

Below are tables of occupational value limits, effluent concentration limits, and release to sewer 
limits for At-211:

 
Source: https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html 

 

  

https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html
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Pb-212 Specific Guidance 

Below is Pb-212 Decay Scheme: 

 
Source: https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=212PB 

 

Pb-212 decays by beta decay with a half-life of 10.64 h. It decays to Bi-212 (T1/2 = 60.55 min), 
which then either decays by alpha decay to Ti-208 (T1/2 = 3.053 min) 35.94% of the time or 
decays by beta decay to Po-212 (T1/2 = 0.299 μs) 64.06% of the time. Ti-208 decays by beta 
decay to stable Pb-208 and Po-212 decays by alpha decay to stable Pb-208.  

Below are tables of occupational value limits, effluent concentration limits, and release to sewer 
limits for Pb-212:

 
Source: https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html 

 

  

https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html
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Ra-223 Specific Guidance 

Below is Ra-223 Decay Scheme:  

 
Source: https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=223RA 

 

 

Ra-223 decays by alpha decay with a half-life of 11.43 days. Its decay chain is Rn-219 (T1/2 = 4 
s), Po-215 (T1/2 = 1.8 ms), Pb-211 (T1/2 = 36 min), Bi-211 (T1/2 = 2.2 min), Ti-207 (T1/2 = 4.8 min), 
and then stable Pb-207.   

Below are tables of occupational value limits, effluent concentration limits, and release to sewer 
limits for Ra-223:

 
Source: https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html 

 

  

https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=223RA
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html
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Th-227 Specific Guidance 

Below is Th-227 Decay Scheme:  

 
Source: https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=227TH 

 

Th-227 decays by alpha decay with a half-life of 18.68 days. Its decay chain is Ra-223 (T1/2 = 
11.4 d), Rn-219 (T1/2 = 4 s), Po-215 (T1/2 = 1.8 ms), Pb-211 (T1/2 = 36 min), Bi-211 (T1/2 = 2.2 
min), Tl-207 (T1/2 = 4.8 min), and then to stable Pb-207. 

 

Below are tables of occupational value limits, effluent concentration limits, and release to sewer 
limits for Th-227:

 
Source: https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html 

 

  

https://www-nds.iaea.org/relnsd/vcharthtml/decaychain.html#NUCID=227TH
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/appb/index.html

