What the Radiology Resident Needs to Know about Radiation Safety
	Ordering Receiving Packages
	ABR Training in Nuclear Medicine – Compliance with NRC Regulations
Effective with the publication of the final revised version of the new 10 CFR part 35 in March, 2005, the Nuclear Regulatory Commission (NRC) established new guidelines for physicians who wish to achieve the status of Authorized User (AU). The ABR is committed to compliance by:

· providing information about the required components of training and experience;

· requiring from program directors written attestation and case log documentation (for I-131 therapy) that the proper training has been given, and;

· testing knowledge of the required subjects in both its written and oral examinations.

Candidates seeking certification for diagnostic radiology must meet the specific training and experience requirements described in 10 CFR 35.290(c) (1) (i) and (c) (1) (ii) and 10 CFR 35.392(c) (1) and (c) (2). Radiation safety, radionuclide handling and quality control and related topics specified in 10 CFR 35.290 and 10 CFR 35.392 must be covered.

Specifically, each candidate for AU status through the ABR pathway must have completed a minimum of 700 hours of training and experience in imaging and localization studies, including classroom and laboratory training in basic radionuclide handling techniques applicable to the medical use of unsealed byproduct material for imaging and localization studies. In addition, each candidate must also meet the training and experience requirements specified in § 35.392 for medical uses of radioiodine I-131 (≤ 33mCi) that require a written directive. The training and experience must include, at a minimum, the following:

1. Classroom and laboratory training in the areas of

a) Radiation physics and instrumentation;
b) Radiation protection;
c) Mathematics pertaining to the use and measurement of radioactivity;
d) Chemistry of by-product material for medical use; and 
e) Radiation biology.

2. Work experience for imaging and localization studies under the supervision of an AU, who meets the requirements in § 35.290, or 35.290(c)(1)(ii)(G) and 35.390 or equivalent Agreement State requirements, involving the following:

a) ordering, receiving, and unpacking radioactive materials safely and performing the related radiation surveys;
b) performing quality control procedures on instruments used to determine the activity of dosages and performing checks for proper operation of survey meters;
c) calculating, measuring, and safely preparing patient or human research subject dosages;
d) using administrative controls to prevent a medical event involving the use of unsealed byproduct materials;
e) using procedures to safely contain spilled radioactive material and using proper decontamination procedures;
f) administering dosages of radioactive drugs to patients or human research subjects; and
g) eluting generator systems appropriate for preparation of radioactive drugs for imaging and localization studies, measuring and testing the eluate for radionuclidic purity, and processing the eluate with reagent kits to prepare labeled radioactive drugs.

3. Work experience for the oral administration of sodium iodide I-131 requiring a written directive. This experience must be obtained under the supervision of an AU who meets the requirements in § 35.390, 35.392, 35.394 or equivalent Agreement State requirements. A supervising AU who meets the requirements in § 35.390 (b) must also have experience in the oral administration of sodium iodide I-131 for which a written directive is required. This work experience must involve the following:

a) ordering, receiving, and unpacking radioactive materials safely and performing the related radiation surveys;
b) performing quality control procedures on instruments used to determine the activity of dosages and performing checks for proper operation of survey meters;
c) calculating, measuring, and safely preparing patient or human research subject dosages;
d) using administrative controls to prevent a medical event involving the use of unsealed byproduct materials;
e) using procedures to safely contain spilled radioactive material and using proper decontamination procedures; and
f) administering doses to patients or human research subjects that include at least three cases involving the oral administration of ≤33mCi of sodium iodide I-131.

Case experience, including that specified above, must be documented as follows:
Regarding § 35.392, candidates must have completed a minimum of three cases that involved administration of ≤33mCi of I-131 for therapy under an AU who meets the requirements in § 35.390, 35.392, 35.394 or equivalent Agreement State requirements. A supervising AU who meets the requirements in § 35.390 (b) must also have experience in the oral administration of sodium iodide I-131 for which a written directive is required. A logbook of these therapies must be kept by the resident and submitted in the following format: 
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Quality Control Procedures
Dose Calibrators

A quality control program for dose calibrators consists of measurements of accuracy, constancy, linearity and geometry dependence.  Accuracy is usually measured by the manufacturer at installation and then annually thereafter.  Constancy is checked daily.

Linearity is measured at installation and then quarterly thereafter.  Geometric calibration is performed at installation and whenever a change is made in the type of vial or syringe used in radiopharmaceutical processing, and after the chamber is repaired.

	
	Accuracy
	Constancy
	Linearity
	Geometry

	When Performed
	At installation and annually
	Daily
	At installation and quarterly
	At installation and after repair or change in vial or syringe

	How Performed
	
	Use long-lived standard like Cs-137. Measure reading at each of the frequently used radionuclide settings. Plot against calculated decay and record.
	
	

	
	
	
	
	

	
	
	
	
	


Ordering Receiving Packages

Receiving Packages

Any package that is known to contain radioactive material must be monitored for radioactive contamination and radiation levels if there is evidence of degradation of package integrity, such as packages that are crushed, wet, or damaged. When monitoring or opening labeled packages, do the following: 

1. Put on disposable gloves and a laboratory coat to prevent person contamination 

2. Visually inspect packages for any sign of damage (wetness, crushed, etc). If damage is noted, stop the procedure and notify the RSO 

3. For packages with a White-I label, measure the maximum exposure rate at the package surface and record that value. If the exposure rate is greater than 0.5 mR/hr, stop the procedure and notify the RSO. 

4. For packages with a Yellow-II label, measure the maximum surface exposure rate and record that value. If greater than 50 mR/hr, stop the procedure and notify the RSO.

5. Wipe 300 cm2 of the external surface of the shipping container. Assay the wipe and record the amount of removable radioactivity on Form RS-7. If the removable contamination is greater than 22 dpm per cm2 for  emitting nuclides or 2.2 dpm per cm2 for non-emitters, stop procedure and notify the RSO 

6. Open the outer package following the manufacturer's instructions, if supplied, and remove the packing slip 

7. Open the inner package and verify that the contents agree with those on the packing slip. Compare requisition, packing slip, and label on the bottle 

8. Check the integrity of the final source container (i.e., inspect for breakage of seats or vials, loss of liquid or discoloration of packaging material)

9. Monitor the packaging material and packages for contamination before discarding. If contaminated, treat as radioactive waste. If not contaminated, radiation labels must be obliterated before disposing in the regular trash 

10. Maintain records of receipt and package surveys for your inventory record 

11. Record results of swipe test on appropriate formand submit copy to RSO.
a.  Wearing gloves, wipe-test the package for removable contamination. If removable contamination exceeds 2200 DPM per 100 cm2 (0.001 m Ci/100 cm2) stop procedure and notify the RSO.

b.  Note radiation limits stated on package, and verify them using the survey meter. Record on receipt. If exposure rate is greater than 10 mR/hr at one meter or 200 mR/hr at the surface, stop this procedure and notify the RSO.

c.  If the material is potentially volatile, place the package in a chemical fume hood.

d.  Wearing gloves, open the outer package, and remove packing slip. Open inner package and verify that the contents agree in name and quantity with the packing slip. The inner package should be wipe tested at this point, to determine if there is any removable contamination. Record the results. 

e.  Measure the radiation field of the inner package. If necessary place package behind shielding to reduce field to allowable limits as listed in section 6.1 and 6.2.

f.  Check for breakage of seals or containers, loss of liquid, or change in color of absorbing material.

g.  The liner, shield, and radionuclide container may have surface contamination; if so, they must be either decontaminated (if it is lead) or discarded as radioactive waste (if it is plastic).

h.  Record the date, purchase order number, radionuclide and activity on the "Radioactive Materials Receipt Form" which is available from the RSO.

i.  Forward the receipt to the Radiation Safety Office.

j.  Monitor the packing materials for contamination and remove any radioactive signs prior to disposal.

 

Calculating, Measuring Doses

Using Administrative Controls
Procedures for Spills

Radiation Emergency Procedures

Spills Involving Radioactive Material

Major spill: A spill involving more than 50 mCi in liquid, or 100 mCi or more of a volatile form or easily dispersible solid (e.g., powder form), requires the following actions be taken:

· Evacuate the room immediately. Any person either involved in the spill or potentially contaminated should remain in the general vicinity (e.g., adjacent lab) to minimize the spread of contamination. 

· Prevent access to the area by posting a person at the door or by locking the room and conspicuously posting the door to indicate the presence of contamination. 

· Contact the RSO and the PH for instructions. Do not attempt to decontaminate prior to RSO instruction. 

· Prepare and submit, within 14 days, a written report about the accident, actions taken, and what measures will be taken to prevent a recurrence.

Significant spill: A spill involving between 1 mCi and 50 mCi in liquid form, or less than 100 mCi of a volatile form or easily dispersible solid (e.g., powder form), requires the following actions be taken:

· Notify everyone in the area of the spill. 

· Permit only a minimal number of personnel to remain in the area. 

· Prevent the spread of contamination. 

· Monitor all persons involved in the spill and request any contaminated individuals to remain in the general vicinity. 

· Notify the RSO via telephone. 

· Prepare and submit, within 14 days, a written report about the accident, actions taken, and what measures will be taken to prevent a recurrence.

Minor spill: A spill involving less than 1 mCi of any nonvolatile, liquid radionuclide requires the following actions be taken:

· Notify everyone in the area of the spill. 

· Confine the spill. Liquid spills may be confined by placing absorbent paper on the spill. As a reminder, disposable gloves should be worn when attempting to confine these spills to prevent skin contamination. 

· Monitor all persons involved in the spill and request any contaminated individuals to remain in the general vicinity. 

· Contact the RSO and proceed with decontamination unless instructed otherwise. 

· Prepare and submit, within 14 days, a written report about the accident, actions taken (e.g., survey and decontamination results), and what measures will be taken to prevent a recurrence.
Alternate Guide taken from NUREG 1556-
Use Table P.1 as general guidance to determine whether a major spill procedure or a minor spill procedure will be implemented.

Estimate the amount of radioactivity spilled. Initiate a major or minor spill procedure, based on the following information. Spills above these mCi amounts are considered major, and below these levels are considered minor.
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Spill Kit
· Disposable gloves and housekeeping gloves;

· Disposable lab coats;

· Disposable head coverings;

· Disposable shoe covers;

· Roll of absorbent paper with plastic backing;

· Masking tape;

· Plastic trash bags with twist ties;

· “Radioactive Material” labeling tape;

· Marking pen;

· Pre-strung “Radioactive Material” labeling tags;

· Contamination wipes;

· Instructions for “Emergency Procedures”;

· Clipboard with copy of Radioactive Spill Report Form;
· Pencil; and

· Appropriate survey instruments, including batteries.
Therapy with Radionuclides
Release of Patients Administered Radioactive Materials
Waste Disposal
Surveys

BASIC PROCEDURES FOR UTILIZING A SURVEY METER 

Surveying for Direct Radiation Exposure 

1. The user of the survey meter should thoroughly read the instruction manual and become familiar with the switches and settings. 

2. It is important to verify the instrument's batteries are charged by setting the scale selector switch to "battery check" or by pressing the "battery test" button. The needle should read on or near the appropriate indicator on the scale. If low batteries are indicated, they should be replaced. 

3. If a "check source" is attached to the instrument, the probe should be placed against the source and the reading observed to assure the probe is functional. If the check source reading is recorded somewhere on the instrument, the measured level should be compared with the recorded reading. Variations of more than ten percent may be an indication of probe malfunction. If a check source is not attached to the instrument, it is advisable to check the probe operation with any available radiation source (e.g., stock vial) 

4. The instrument should be switched "on" before approaching any radiation source. Some GM tubes can be "saturated" when exposed to high radiation fields resulting in false negative readings. 

5. At the beginning of the survey, the scale switch should be set on the highest scale (usually x10 or x100) and sequentially reduced to the next lowest position until the needle begins to register. It is important to pause at each scale setting to allow the needle to stabilize. 

6. If the meter needle "pegs" (goes off scale) during the survey, sequentially increase the scale selector, again, pausing at each setting to allow the meter to stabilize. Some instruments have a "reset" button which "zeroes" the needle on each scale setting. 

7. Throughout the survey, the meter readings should be documented (remember to multiply by the appropriate scale setting). Documentation should also include the name of the person performing the survey, the survey meter model # and serial #, and the date of the survey. 

8. Upon completion of the survey, the instrument should be switched off to avoid discharging the batteries. It should be noted that some instruments have a separate switch (and batteries) for the speaker; therefore, it is important to switch off the speaker of these instruments as well to avoid discharging the speaker batteries. 

9. If the instrument is not used for an extended period of time, the batteries should be removed to prevent instrument damage from corrosion. 

Surveying for Contamination 

1. Before initiating a survey for contamination with a survey meter, steps one through four from "Surveying for Direct Radiation Exposure" (previous page) should be followed. 

2. When surveying for contamination, the scale switch should initially be set on the lowest scale and sequentially adjusted to the next highest scale should the meter needle go off scale. 

3. It is important to move the probe slowly when performing these surveys and the probe should pass within two cm of a potentially contaminated area. It is equally important to avoid contaminating the survey probe. 

4. Speakers and/or headphones are very helpful when surveying for contamination because they respond more rapidly than the meter needle to variations in the contamination levels being detected by the probe. 

5. It should be noted that exposure rate readings (i.e. mR/hr) are intended for photon (e.g. x-rays or gamma rays) radiation only. Beta radiation readings should be read and recorded as cpm if the instrument is equipped with a cpm scale. Otherwise, beta radiation measurements may be recorded in arbitrary units of mR/hr; however, such measurements of beta radiation do not necessarily reflect the actual skin dose rate. The efficiency of a Geiger counter and survey probe for various energies of a beta-emitting radiation is provided on a tag at the time of instrument calibration. To determine the activity being detected, use the following formula: dpm = cpm/efficiency 

6. Steps six through nine from "Surveying for Direct Radiation Exposure" should be followed to complete the survey for contamination. Swipe surveys are required in areas where contamination is detected by the survey meter to determine if the contamination is fixed or removable. Decontamination procedures should be implemented as necessary.

Dose Limits for Individuals

Maximum Permissible Radiation Dose Limits for Individuals

Workers
External/Internal Exposure Limits for Occupationally Exposed Individuals

	 
	Adult ($18 yrs)
	Minor (< 18 yrs)

	Whole body*
	5000 mrem/yr
	500 mrem/yr

	Lens of eye 
	15000 mrem/yr
	1500 mrem/yr

	Extremities
	50000 mrem/yr
	5000 mrem/yr

	Skin
	50000 mrem/yr
	5000 mrem/yr

	Organ
	50000 mrem/yr
	5000 mrem/yr


*Effective dose equivalent

· For the purpose of external exposure, whole body includes the head and trunk area (i.e., arms above the elbows, legs above the knee, and the gonads). Extremities include the hand, elbow, arm below the elbow, foot, knee, or leg below the knee. 

· The whole body limit requires that internal and external exposures be summed. External exposure is determined by the use of personnel monitoring. Internal exposure may be determined by calculation and/or by the performance of bioassays (see PERSONNEL MONITORING - Bioassays). Compliance with NRC regulations is determined by comparing the amount of radioactivity in the body to the appropriate Annual Limit on Intake (ALI) in 10 CFR20, Appendix B. The limits for individuals under 18 years of age are 10% of the adult limits. 

Maximum Permissible Doses and Concentrations- Workers and General Public
Dose Limits 

· The maximum permissible doses as established by "10 CFR Part 20" are as follows: 

	Organ
	Dose Limit (mrem/year)
	Comments

	Whole Body
	5,000
	Includes dose from both internal and external emitters

	Lens of the Eye
	15,000
	 

	Extremities
	50,000
	Extremeties include the arm or leg above the knee or elbow

	Skin
	50,000
	 

	Embryo/Fetus
	500
	This limit applies only when a Declaration of Pregnancy has been submitted (see below)

	Occupational Exposure of a Minor
	500
	Applies to anyone under 18 years of age

	Member of the General Public
	100
	 


Survey Instruments
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Investigational Levels NUREG - 1556, Vol. 9, Rev 1 M-4
If an individual is likely to receive more than 10% of the annual dose limits, NRC requires the licensee to monitor the dose, to maintain records of the dose, and, on at least an annual basis, to inform the worker of his/her dose.
When the cumulative annual exposure to a radiation worker exceeds Investigational Level I in Table M.1 (i.e., 10% of the annual limit for occupational exposure), the RSO or the RSO’s designee should investigate the exposure and review the actions that might be taken to reduce the probability of recurrence. 

When the cumulative annual exposure exceeds Investigational Level II in Table M.1 (i.e., 30% of the annual limit for occupational exposure), the RSO or the RSO’s designee will investigate the exposure and review actions to be taken to reduce the probability of recurrence, and management should review the report of the actions to be taken to reduce the probability of occurrence.
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Half Lives and Exposure Rate Constants of Medically Used Radionuclides
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