Medical Isotopes
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Medical Isotopes may be in a person’s bloodstream or pulmonary system, or implanted as pellets. Someone who has received a nuclear medical treatment within the past two weeks may trigger a radiation alarm.  (Note:  I-131 patients may set off alarms up to 95 days following a procedure.)

A licensee may authorize the release from its control of any individual who has been administered unsealed byproduct material or implants containing byproduct material if the total effective dose equivalent to any other individual from exposure to the released individual is not likely to exceed 5 mSv (0.5 rem).

Common Medical Isotopes include:
	Brachytherapy
	Nuclear medicine

	Cesium-137 (Cs-137)
	Fluorine-18 (F-18)

	Cobalt-60 (Co-60)
	Gallium-67 (Ga-67)

	Iridium-192 (Ir-192)
	Krypton-82 (Kr-81m)

	Iodine-125 (I-125)
	Rubidium-82 (Rb-82)

	Palladium-103 (Pd-103)
	Nitrogen-13 (N-13)

	Ruthenium-106 (Ru-106)
	Technetium-99m (Tc-99m)

	 
	Indium-111 (In-111)

	 
	Iodine-123 (I-123)

	 
	Xenon-133 (Xe-133)

	 
	Thallium-201 (Ti-201)

	 
	Yttrium-90 (Y-90)

	 
	Iodine-131 (I-131)



Brachytherapy is used to treat cancers throughout the body, including the; prostate, cervix, head and neck, skin, breast, gallbladder, uterus, vagina, lung, rectum, and eyes.
Brachytherapy may be either temporary or permanent:
· In temporary brachytherapy, a highly radioactive material is placed inside a catheter or slender tube for a specific amount of time and then withdrawn. Temporary brachytherapy can be administered at a low-dose rate (LDR) or high-dose rate (HDR).
· Permanent brachytherapy, also called seed implantation, involves placing radioactive seeds or pellets (about the size of a grain of rice) in or near the tumor and leaving them there permanently. After several months, the radioactivity level of the implants eventually diminishes to nothing. The inactive seeds then remain in the body, with no lasting effect on the patient. Sometimes, these inactive metallic seeds can trigger metal detectors at airport security checkpoints.

Nuclear medicine study involves administration of a radionuclide into the body by intravenous injection in liquid or aggregate form, ingestion while combined with food, inhalation as a gas or aerosol, or rarely, injection of a radionuclide that has undergone micro-encapsulation.  
RELEASE CRITERIA
Licensees should use one of the following options to release a patient who has been administered radiopharmaceuticals or permanent implants containing radioactive material in accordance with regulatory requirements.
· Release of Patients Based on Administered Activity
· In compliance with the dose limit in 10 CFR 35.75(a), licensees may release patients from licensee control if the activity administered is no greater than the activity in Column 1 of Table 1.
· Release of Patients Based on Measured Dose Rate
· Licensees may release patients to whom radionuclides have been administered in amounts greater than the activities listed in Column 1 of Table 1 provided the measured dose rate at 1 meter (from the surface of the patient) is no greater than the value in Column 2 of Table 1 for that radionuclide.
· Release of Patients Based on Patient-Specific Dose Calculations
· Licensees may release patients based on dose calculations using patient-specific parameters. With this method, based on 10 CFR 35.75(a), the licensee must calculate the maximum likely dose to an individual exposed to the patient on a case-by-case basis.

	Table 1. Activities and Dose Rates for Authorizing Patient Release†

	Radionuclide
	COLUMN 1 
Activity at or Below Which Patients May Be Released
	COLUMN 2
Dose Rate at 1 Meter, at or Below Which Patients May Be Released*

	
	(GBq)
	(mCi)
	(mSv/hr)
	(mrem/hr)

	Ag-111
	19
	520
	0.08
	8

	Au-198
	3.5
	93
	0.21
	21

	Cr-51
	4.8
	130
	0.02
	2

	Cu-64
	8.4
	230
	0.27
	27

	Cu-67
	14
	390
	0.22
	22

	Ga-67
	8.7
	240
	0.18
	18

	I-123
	6.0
	160
	0.26
	26

	I-125
	0.25
	7
	0.01
	1

	I-125 implant
	0.33
	9
	0.01
	1

	I-131
	1.2
	33
	0.07
	7

	In-111
	2.4
	64
	0.2
	20

	Ir-192 implant
	0.074
	2
	0.008
	0.8

	P-32
	**
	**
	**
	**

	Pd-103 implant
	1.5
	40
	0.03
	3

	Re-186
	28
	770
	0.15
	15

	Re-188
	29
	790
	0.20
	20

	Sc-47
	11
	310
	0.17
	17

	Se-75
	0.089
	2
	0.005
	0.5

	Sm-153
	26
	700
	0.3
	30

	Sn-117m
	1.1
	29
	0.04
	4

	Sr-89
	**
	**
	**
	**

	Tc-99m
	28
	760
	0.58
	58

	Tl-201
	16
	430
	0.19
	19

	Y-90
	**
	**
	**
	**

	Yb-169
	0.37
	10
	0.02
	2


† The activity values were computed based on 5 millisieverts (0.5 rem) total effective dose equivalent.
*If the release is based on the dose rate at 1 meter in Column 2, the licensee must maintain a record as required by 10CFR35.75© because the measurement includes shielding by tissue.  See Regulatory Position 3.1, “Records of Release,” for information on records.
**Activity and dose rate limits are not applicable in this case because of the minimal exposures to members of the public resulting from activities normally administered for diagnostic or therapeutic purposes.
NOTES:  The millicurie values were calculated using Equations 2 or 3 and the physical half-life.  The gigabecquerel values were calculated based on the millicurie values and the conversion factor from millicuries to gigabecquerels.  The dose rate values are calculated based on the millicurie values and the exposure rate constants.  In general, the values are rounded to two significant figures.  However, values less than 0.37 gigabecquerel (10 millicuries) or 0.1 millisievert (10 millirems) per hour are rounded to one significant figure.  Details of the calculations are provided in NUREG-1492 (Ref. 2).  
Although non-byproduct materials are not regulated by the NRC, information on non-byproduct materials is included in this regulatory guide for the convenience of the licensee.  (NRC Regulatory Guide 8.39, “Release of Patients Administered Radioactive Materials.”
Agreement State regulations may vary.  Agreement State licensees should check with their State regulations prior to using these values.
Activities and Dose Rates Requiring Instructions
Based on 10 CFR 35.75(b), for some administrations the released patients must be given instructions, including written instructions, on how to maintain doses to other individuals as low as is reasonably achievable after the patients are released.(1) Licensees may use Column 1 of Table 2 to determine the activity above which instructions must be given to patients. Column 2 provides corresponding dose rates at 1 meter, based on the activities in Column 1. If the patient is breast-feeding an infant or child, additional instructions may be necessary (see Regulatory Position 2.2, "Additional Instructions for Release of Patients Who Could be Breast Feeding After Release").





	Table 2. Activities and Dose Rates Above Which Instructions Should be Given When Authorizing Patient Release*

	Radionuclide
	COLUMN 1
Activity Above Which Instructions Are Required
	COLUMN 2
Dose Rate at 1 Meter Above Which Instructions Are Required

	
	(GBq)
	(mCi)
	(mSv/hr)
	(mrem/hr)

	Ag-111
	3.8
	100
	0.02
	2

	Au-198
	0.69
	19
	0.04
	4

	Cr-51
	0.96
	26
	0.004
	0.4

	Cu-64
	1.7
	45
	0.05
	5

	Cu-67
	2.9
	77
	0.04
	4

	Ga-67
	1.7
	47
	0.04
	4

	I-123
	1.2
	33
	0.05
	5

	I-125
	0.05
	1
	0.002
	0.2

	I-125 implant
	0.074
	2
	0.002
	0.2

	I-131
	0.24
	7
	0.02
	2

	In-111
	0.47
	13
	0.04
	4

	Ir-192 implant
	0.011
	0.3
	0.002
	0.2

	P-32
	**
	**
	**
	**

	Pd-103 implant
	0.3
	8
	0.007
	0.7

	Re-186
	5.7
	150
	0.03
	3

	Re-188
	5.8
	160
	0.04
	4

	Sc-47
	2.3
	62
	0.03
	3

	Se-75
	0.018
	0.5
	0.001
	0.1

	Sm-153
	5.2
	140
	0.06
	6

	Sn-117m
	0.21
	6
	0.009
	0.9

	Sr-89
	**
	**
	**
	**

	Tc-99m
	5.6
	150
	0.12
	12

	Tl-201
	3.1
	85
	0.04
	4

	Y-90
	**
	**
	**
	**

	Yb-169
	0.073
	2
	0.004
	0.4


* The activity values were computed based on 1 millisievert (0.1 rem) total effective dose equivalent
**Activity and dose rate limits are not applicable in this case because of the minimal exposures to members of the public resulting from activities normally administered for diagnostic or therapeutic purposes.
NOTES:  The millicurie values were calculated using Equations 2 or 3 and the physical half-life.  The gigabecquerel values were calculated based on the millicurie values and the conversion factor from millicuries to gigabecquerels.  The dose rate values are calculated based on the millicurie values and the exposure rate constants. 
In general, the values are rounded to two significant figures.  However, values less than 0.37 gigabecquerel (10 millicuries) or 0.1 millisievert (10 millirems) per hour are rounded to one significant figure.  Details of the calculations are provided in NUREG-1492 (Ref. 2).  
Although non-byproduct materials are not regulated by the NRC, information on non-byproduct materials is included in this regulatory guide for the convenience of the licensee.  (NRC Regulatory Guide 8.39, “Release of Patients Administered Radioactive Materials.”
Agreement State regulations may vary.  Agreement State licensees should check with their State regulations prior to using these values.
For procedures involving radiopharmaceuticals, additional instructions may include the following;
· Maintaining distance from other persons, including separate sleeping arrangements.
· Minimizing time in public places (e.g., public transportation, grocery stores, shopping centers, theaters, restaurants and sporting events).
· Precautions to reduce the spread of radioactive contamination.
· The length of time each of the precautions should be in effect.
Example of card given to a patient having a procedure involving radiopharmaceuticals.
A small radioactive source has been placed (implanted) inside your body. The source is
actually many small metallic pellets or seeds, which are each about 1/3 to 1/4 of an inch long, similar in size and shape to a grain of rice. To minimize exposure to radiation to others from the source inside your body, you should do the following for  days.
· Stay at a distance of              feet from           .
· Maintain separate sleeping arrangements.
· Minimize time with children and pregnant women.
· Do not hold or cuddle children.
· Avoid public transportation.
· Examine any bandages or linens that come into contact with the implant site for any pellets or seeds that may have come out of the implant site.
· If you find a seed or pellet that falls out:
· Do not handle it with your fingers.  Use something like a spoon or tweezers to place it in a jar or other container that you can close with a lid.
· Place the container with the seed or pellet in a location away from people.
· Notify   ___________________________ at telephone number _______________.


Appendix 1 Isotopes used in medicine (includes half-life and treatment)
Many radioisotopes are made in nuclear reactors, some in cyclotrons. Generally neutron-rich ones and those resulting from nuclear fission need to be made in reactors; neutron-depleted ones are made in cyclotrons. There are about 40 activation product radioisotopes and five fission product ones made in reactors.
Reactor radioisotopes
(Half-life indicated) 
Bismuth-213 (46 min): Used for targeted alpha therapy (TAT), especially cancers, as it has a high energy (8.4 MeV).
Caesium-137 (30 yr.): Used for low-intensity sterilization of blood.
Chromium-51 (28 d): Used to label red blood cells for monitoring and to quantify gastro-intestinal protein loss or bleeding.
Cobalt-60 (5.27 yr.): Formerly used for external beam radiotherapy, now almost universally used for sterilizing.
Dysprosium-165 (2 h): Used as an aggregated hydroxide for synovectomy treatment of arthritis.
Erbium-169 (9.4 d): Use for relieving arthritis pain in synovial joints.
Holmium-166 (26 h): Being developed for diagnosis and treatment of liver tumors.
Iodine-125 (60 d): Used in cancer brachytherapy (prostate and brain), also diagnostically to evaluate the filtration rate of kidneys and to diagnose deep vein thrombosis in the leg. It is also widely used in radioimmune-assays to show the presence of hormones in tiny quantities.
Iodine-131 (8 d)*: Widely used in treating thyroid cancer and in imaging the thyroid; also in diagnosis of abnormal liver function, renal (kidney) blood flow and urinary tract obstruction. A strong gamma emitter, but used for beta therapy.
Iridium-192 (74 d): Supplied in wire form for use as an internal radiotherapy source for cancer treatment (used then removed). Beta emitter.
Iron-59 (46 d): Used in studies of iron metabolism in the spleen.
Lead-212 (10.6 h): Used in TAT for cancers or alpha radioimmunotherapy, with decay products Bi-212 and Po-212 delivering the alpha particles. Used especially for melanoma, breast cancer and ovarian cancer. Demand is increasing.
Lutetium-177 (6.7 d): Lu-177 is increasingly important as it emits just enough gammas for imaging while the beta radiation does the therapy on small (e.g. endocrine) tumors. Its half-life is long enough to allow sophisticated preparation for use.  It is usually produced by neutron activation of natural or enriched lutetium-176 targets.
Molybdenum-99 (66 h)*: Used as the 'parent' in a generator to produce technetium-99m.
Palladium-103 (17 d): Used to make brachytherapy permanent implant seeds for early stage prostate cancer.
Phosphorus-32 (14 d): Used in the treatment of polycythemia vera (excess red blood cells). Beta emitter.
Potassium-42 (12 h): Used for the determination of exchangeable potassium in coronary blood flow.
Rhenium-186 (3.8 d): Used for pain relief in bone cancer. Beta emitter with weak gamma for imaging.
Rhenium-188 (17 h): Used to beta irradiate coronary arteries from an angioplasty balloon.
Samarium-153 (47 h): Sm-153 is very effective in relieving the pain of secondary cancers lodged in the bone, sold as Quadramet. Also very effective for prostate and breast cancer. Beta emitter.
Selenium-75 (120 d): Used in the form of seleno-methionine to study the production of digestive enzymes.
Sodium-24 (15 h): For studies of electrolytes within the body.
Strontium-89 (50 d)*: Very effective in reducing the pain of prostate and bone cancer. Beta emitter.
Technetium-99m (6 h): Used in to image the skeleton and heart muscle in particular, but also for brain, thyroid, lungs (perfusion and ventilation), liver, spleen, kidney (structure and filtration rate), gall bladder, bone marrow, salivary and lacrimal glands, heart blood pool, infection and numerous specialized medical studies. Produced from Mo-99 in a generator. The most common radioisotope for diagnosis, accounting for over 80% of scans.
Xenon-133 (5 d)*: Used for pulmonary (lung) ventilation studies.
Ytterbium-169 (32 d): Used for cerebrospinal fluid studies in the brain.
Ytterbium-177 (1.9 h): Progenitor of Lu-177.
Yttrium-90 (64 h)*: Used for cancer brachytherapy and as silicate colloid for the relieving the pain of arthritis in larger synovial joints. Pure beta emitter and of growing significance in therapy, especially liver cancer.
Radioisotopes of cesium, gold and ruthenium are also used in brachytherapy.
* fission product
Cyclotron radioisotopes
Carbon-11, Nitrogen-13, Oxygen-15, Fluorine-18: These are positron emitters used in PET for studying brain physiology and pathology, in particular for localizing epileptic focus, and in dementia, psychiatry and neuropharmacology studies. They also have a significant role in cardiology. F-18 in FDG (fluorodeoxyglucose) has become very important in detection of cancers and the monitoring of progress in their treatment, using PET.
Cobalt-57 (272 d): Used as a marker to estimate organ size and for in-vitro diagnostic kits.
Copper-64 (13 h): Used to study genetic diseases affecting copper metabolism, such as Wilson's and Menke's diseases, and for PET imaging of tumors, and therapy.
Copper-67 (2.6 d): Beta emitter, used in therapy.
Fluorine-18 as FLT (fluorothymidine), F-miso (fluoromisonidazole), 18F-choline: tracer, for imaging malignant tumours.
Gallium-67 (78 h): Used for tumor imaging and locating inflammatory lesions (infections).
Gallium-68 (68 min): Positron emitter used in PET and PET-CT units. Derived from germanium-68 in a generator.
Germanium-68 (271 d): Used as the 'parent' in a generator to produce Ga-68.
Indium-111 (2.8 d): Used for specialist diagnostic studies, e.g. brain studies, infection and colon transit studies. Also for locating blood clots, inflammation and rare cancers.
Iodine-123 (13 h): Increasingly used for diagnosis of thyroid function, it is a gamma emitter without the beta radiation of I-131.
Iodine-124: tracer.
Krypton-81m (13 sec) from Rubidium-81 (4.6 h): Kr-81m gas can yield functional images of pulmonary ventilation, e.g. in asthmatic patients, and for the early diagnosis of lung diseases and function.
Rubidium-82 (1.26 min): Convenient PET agent in myocardial perfusion imaging.
Strontium-82 (25 d): Used as the 'parent' in a generator to produce Rb-82.
Thallium-201 (73 h): Used for diagnosis of coronary artery disease other heart conditions such as heart muscle death and for location of low-grade lymphomas. It is the most commonly used substitute for technetium-99 in cardiac-stress tests.
References:
OECD/NEA 2012, A Supply & Demand Update of the Mo-99 Market
IAEA 2015, Feasibility of Producing Molybdenum-99 on a Small Scale Using Fission of Low Enriched Uranium or Neutron Activation of Natural Molybdenum, Technical reports series #478


Appendix 2 Half-Lives and Exposure Rate Constants of Radionuclides Used in Medicine.
	Table 3     Half-Lives and Exposure Rate Constants of Radionuclides Used in Medicine

	Radionuclide
	Physical Half-Life (days)1
	Exposure Rate Constant2 (R/mCi-h at 1 cm)

	Ag-111
	7.45
	0.15

	Au-198
	2.696
	2.3

	Cr-51
	27.704
	0.16

	Cu-64
	0.529
	1.2

	Cu-67
	2.578
	0.58

	Ga-67
	3.261
	0.753

	I-123
	0.55
	1.61

	I-125
	60.14
	1.42

	I-125 implant3
	60.14
	1.114

	I-131
	8.04
	2.2

	In-111
	2.83
	3.21

	Ir-192 implant3
	74.02
	4.594

	P-32
	14.29
	N/A5

	Pd-103 implant4
	16.96
	0.865

	Re-186
	3.777
	0.2

	Re-188
	0.708
	0.26

	Sc-47
	3.351
	0.56

	Se-75
	119.8
	2

	Sn-117m
	13.61
	1.48

	Sr-89
	50.5
	N/A5

	Tc-99m
	0.251
	0.756

	Tl-201
	3.044
	0.447

	Yb-169
	32.01
	1.83

	Y-90
	2.67
	N/A5

	Yb-169
	32.01
	1.83


1  K. F. Eckerman, A. B. Wolbarst, and A. C. B. Richardson, “Federal Guidance Report No. 11, Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion,” Report No. EPA-520/1-88-020, Office of Radiation Programs, U.S. Environmental Protection Agency, Washington, DC, 1988.
2 Values for the exposure rate constant for Au-198, Cr-51, Cu-64, I-131, Sc-47, and Se-75 were taken from the Radiological Health Handbook, U.S. Department of Health, Education, and Welfare, p. 135, 1970. For Cu-67, I-123, In-111, Re-186, and Re-188, the values for the exposure rate constant were taken from D. E. Barber, J. W. Baum, and C. B. Meinhold, “Radiation Safety Issues Related to Radiolabeled Antibodies,” NUREG/CR-4444, U.S. NRC, Washington, DC, 1991. For Ag-111, Ga-67, I-125, Sm-153, Sn-117m, Tc-99m, Tl-201, and Yb-169, the exposure rate constants were calculated because the published values for these radionuclides were an approximation, presented as a range, or varied from one reference to another. Details of the calculation of the exposure rate constants are shown in Table A.2 of Appendix A to NUREG-1492, “Regulatory Analysis on Criteria for the Release of Patients Administered Radioactive Material,” U.S. NRC, February 1997.
3  R. Nath, A. S. Meigooni, and J. A. Meli, “Dosimetry on Transverse Axes of 125I and 192Ir Interstitial Brachytherapy Sources,” Medical Physics, Volume 17, Number 6, November/December 1990. The exposure rate constant given is a measured value averaged for several source models and takes into account the attenuation of gamma rays within the implant capsule itself.
4 A. S. Meigooni, S. Sabnis, R. Nath, “Dosimetry of Palladium-103 Brachytherapy Sources for Permanent Implants,” Endocurietherapy Hyperthermia Oncology, Volume 6, April 1990. The exposure rate constant given is an “apparent” value (i.e., with respect to an apparent source activity) and takes into account the attenuation of gamma rays within the implant capsule itself.
5 Not applicable (N/A) because the release activity is not based on beta emissions.


Appendix 3 Uptake Fractions and Effective half-Lives for Iodine 131 Treatments

	Table 4  Uptake Fractions and Effective Half-Lives for Iodine-131 Treatments

	
	Extrathyroidal Component
	Thyroidal Component

	Medical Condition
	Uptake Fraction F1
	Effective Half-Life T1eff (day)
	Uptake Fraction F2
	Effective Half-Life T2eff (day)

	Hyperthyroidism
	0.201
	0.322
	0.801
	5.21

	Post- Thyroidectomy for Thyroid Cancer
	0.953
	0.322
	0.053
	7.32


1 M. G. Stabin et al., “Radiation Dosimetry for the Adult Female and Fetus from Iodine-131 Administration in Hyperthyroidism,” Journal of Nuclear Medicine, Volume 32, Number 5, May 1991. The thyroid uptake fraction of 0.80 was selected as one that is seldom exceeded by the data shown in Figure 1 in this referenced document. The effective half-life of 5.2 days for the thyroidal component was derived from a biological half-life of 15 days, which was obtained from a straight-line fit that accounts for about 75% of the data points shown in Figure 1 of the Journal of Nuclear Medicine document.
2 International Commission on Radiological Protection (ICRP), “Radiation Dose to Patients from Radiopharmaceuticals,” ICRP Publication No. 53, March 1987. (Available for sale from Pergamon Press, Inc., Elmsford, NY 10523.) The data in that document suggest that the extrathyroidal component effective half-life in normal subjects is about 0.32 days. Lacking other data, this value is applied to hyperthyroid and thyroid cancer patients. For thyroid cancer, the thyroidal component effective half-life of 7.3 days is based on a biological half-life of 80 days (adult thyroid), as suggested in the ICRP document.
3 The thyroidal uptake fraction of 0.05 was recommended by Dr. M. Pollycove, M.D., NRC Medical Visiting Fellow, as an upper-limit post thyroidectomy for thyroid cancer.


Appendix 4 Consolidated Table for release of Patients that have received Radionuclides Used in Medicine.
	Activities for Which Records and Instructions Should Be Prepared,
and Dose Rates Below Which Patients May Be Released

	Radionuclide
	Column 1
	Column 2
	Column 3*
	Column 4**

	 
	Activity Below Which Patients May Be Released
	Dose Rate at 1 Meter Below Which Patients May Be Released
	Activity Above Which Instructions to Patients and Records are Required
	Dose Rate at 1 Meter Above Which Instructions and Records are Required

	 
	mCi
	GBq
	mrem/hr
	mCi
	GBq
	mrem/hr

	Ag-111
	390
	14
	8
	77
	2.9
	2

	Au-198
	93
	3.4
	21
	19
	0.69
	4

	Cu-64
	230
	8.4
	28
	45
	1.7
	5

	I-125
	8.7
	0.32
	1
	1.7
	0.6
	0.2

	I-131
	33
	1.2
	7
	6.5
	0.24
	1

	In-111
	64
	2.3
	21
	13
	0.47
	4

	Ga-67
	224
	8
	17.8
	44.8
	1.6
	3.5

	Pd-103
	40
	1.5
	3
	7.9
	0.29
	0.7

	Re-186
	780
	29
	16
	160
	5.8
	3

	Re-188
	790
	29
	21
	160
	5.9
	4

	Sc-47
	300
	11
	17
	60
	2.2
	3

	Sm-153
	660
	25
	30
	130
	4.9
	6

	Tc-99m
	960
	36
	58
	190
	7.1
	11

	Tl-201
	417
	15
	19
	83.4
	3
	3.8

	Yb-169
	7.6
	0.28
	2
	1.5
	0.06
	0.4


* Values have been rounded to two significant figures.
** Most values have been rounded to the nearest whole number.
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