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I.
Introduction

The policies and procedures in this manual are applicable to the University of Oklahoma (OU), Norman Campus.

The use of radioactive materials and radiation emitting devices for any purposes is regulated internally through the Radiation Safety Committee and by external regulatory agencies.  Specifically, the use of radioactive materials (RAM) and radiation producing devices used for analytical x-ray devices is regulated by the Oklahoma Department of Environmental Quality (DEQ).  The University of Oklahoma at Norman has a license that permits the use of RAM.  

The OU administration has appointed a Radiation Safety Committee (RSC) which oversees the use of radiation and radioactive materials and a Radiation Safety Officer (RSO) who is responsible for implementing the RSC’s policies and procedures, ensuring regulatory compliance, and providing radiation safety training and consulting to the staff and management.  The Radiation Safety Officer is Dick L. Trim.  The phone number for the Radiation Safety Office is 325-0820.

The use of radioactive materials is controlled through the use of a “User Approval Request” form that must be completed by the individual wishing to use radioactive materials. No work with radioactive materials can be initiated without authorization from the Radiation Safety Committee.  In granting authorization for the use of these materials, consideration is given to the regulatory requirements governing the use of RAM and radiation producing devices and the safety and welfare of radiation workers, staff, members of the general public, as well as property and liability.  To this end, the ultimate responsibility for radiation safety is placed on the individual authorized to use radiation or radioactive materials.  Therefore, all authorized users of radioisotopes and authorized users of radiation producing devices shall be familiar with the contents of this manual, and ensure that the information contained herein is conveyed to staff members who use radiation.  Additional information or clarification can be obtained by contacting the RSO.

OU’s radioactive material use license, x-ray machine registrations, and pertinent regulations are available for review in the Radiation Safety Office.

II.
Forms

General information and forms referenced in this manual can be found on the Radiation Safety Office home page at http://www.ouhsc.edu/rso-norman/.  If you do not have web access, please contact the Radiation Safety Office for the latest version(s) of the forms you need.

III.
The use of x-ray producing devices

A.
The Radiation Safety Office shall be notified of the planned purchase, installation, transfer, or disposal of x-ray producing devices.  Review and approval is required 
prior to execution of any plan, purchase, or disposal.

B.
Additional requirements

1.  
All x-ray producing devices shall be audited for compliance annually. 

2.  
New radiation workers shall receive radiation safety training prior to starting work with x-ray producing devices.  

3.
A personnel dosimeter, if assigned by the Radiation Safety Office, shall be worn.   Dosimeters shall be returned to the Radiation Safety Office as required.

4.
Personnel should maintain the greatest practical distance between themselves and the radiation source.  Non-essential personnel should leave the room when radiation-producing devices are in use.

5.
Consult with the RSO concerning appropriate shielding that should be used when indicated.

IV.
Authorization to use radioactive materials 



A.
Individuals desiring to use radioactive material at the Univer​sity of Oklahoma must be a University faculty/staff member with training and experience in the utilization of radioactive materials or radiation producing devices.

B.
Applicants must submit a "User Approval Request.”  

C.

The Radiation Safety Officer will evaluate the application and make recom​mendations to the Radiation Safety Committee for re​view.  

D.

Applicants with no former authorization status may, at the recommendation of the Radiation Safety Committee, work for a period of 6 months under the supervision of an approved user.  At the end of this period, the request for approval as a user will be reevaluated.

E.

Amendments to project 
1.
A project shall be amended prior to any change to the conditions specified including:

a.
Radionuclides

b.
Possession limits

c.
Labs

d.
Personnel

e.
Performance of iodinations or iodination hood location

f.
Use of radionuclides in animals

V.
Radiation worker training

A.
New employees

1.
All radiation workers are required to attend radiation safety training provided by the Radiation Safety Office prior to beginning work with RAM or radiation producing devices.  Contact the RSO in order to schedule this training.

2.
Additional training may be provided by the Project Director.

B.
Radiation safety refresher training
All radiation workers shall receive radiation safety refresher training as directed by the Radiation Safety Committee.  The need for additional refresher training may be determined as a result of audit findings, or requested by the Project Director.

VI.
Personnel monitoring

A.
External dosimetry

1.
Personnel monitors are devices that are worn by persons to measure their radiation dose.

2.
Dosimeters will be assigned based on the licensed radionuclides, the use of radiation producing devices, and the potential amount of radiation exposure.  

3.
Assigned personnel dosimeters must be worn when radioactive materials are handled, or when the person is in a room in which a radiation-producing device is activated.

4.
Whole body dosimeters shall be worn between the neck and waist.  

5.
Personnel dosimeters shall be stored away from radiation sources.

6.
Contact the RSO if a dosimeter is lost or damaged, so that it may be replaced.
7.
Contact the RSO immediately if you think that a dosimeter may have been inadvertently exposed to non-occupational radiation or if you think that you have been exposed to a high radiation exposure.

8.
To terminate a dosimeter, contact the Radiation Safety Office.

B.
Internal dosimetry

1.
A bioassay is required for workers performing procedures utilizing ( 1 millicurie of 125I.  

2.
Contact the RSO prior to performing such procedures so that a baseline bioassay can be performed.

C.
Personnel monitoring results are:

1.
Forwarded to applicable departments or sections quarterly.

2.
Maintained in the Radiation Safety Office.

3.
Available upon request.

4.
Annually reported to individuals.

VII.
Dose limits

The maximum permissible occupation radiation doses (in mrem) per year are as follows:

	Whole Body

(deep dose)
	5000

	Eye
	15,000

	Skin

(shallow dose)
	50,000

	Extremity
	50,000

	Fetus


	500/gestation period

50 mrem/month**


**RSO must receive written notification of pregnancy from pregnant individual.  
See Section VIII.

VIII.
ALARA

A.
The acronym ALARA, “As Low As Reasonably Achievable,” means that persons using sources of ionizing radiation should make every reasonable effort to keep radiation exposures to individuals and releases of radioactive materials to unrestricted areas as far below regulatory limits as is practicable.
B.
It is the policy of the administration to limit radiation exposure to employees and members of the general public to levels that are ALARA.  This policy will be implemented through the use of procedures and engineering controls and will be managed by the RSC.  

C.
Authorized users shall review their experimental protocols, work habits, and available safety equipment for adherence to the ALARA principle.

D.
The RSO will notify radiation workers when their personal exposures exceed the ALARA trigger and will perform an investigation if necessary.

E.
The ALARA investigation level is 250 mrem per calendar quarter. 
IX.
Prenatal radiation safety

A.
The dose limit to the fetus is 500 mrem per the gestation period and 50 mrem per month.  The application of this dose limit is applicable only when a pregnant radiation worker voluntarily notifies the RSO in writing of her pregnancy.

B.
Upon notification, the RSO shall:

1.
Evaluate the individual’s dose history and laboratory set-up with respect to potential radiation exposure.
2.
Provide information concerning risk and precautions.
3.
Monitor the radiation dose if deemed necessary.

C.
Information published by the Nuclear Regulatory Commission regarding your rights and the radiation risk to the fetus is available in the Radiation Safety Office.

X.
General radiation safety

A.
All Project Directors and radiation workers shall be familiar with the requirements of this manual.  A copy of this manual must be available to all personnel in the laboratory.

B.
Only those individuals authorized and named by the Project Director may handle radioactive materials.

C.
Protective clothing shall be worn when handling RAM.  This shall consist of:

1.
A lab coat.  

2.
The appropriate disposable gloves for the chemical(s) being used.

D.
Personnel shall not eat, drink, or smoke in the laboratory or in RAM storage areas.

E.
No open food containers are permitted in the laboratory.

F.
No mouth pipetting is permitted in the laboratory.
G.
Hands should be monitored with a suitably sensitive survey meter and thoroughly washed after working with RAM.  When working with H-3, a wipe test of the hands should be performed if there is any indication or suspicion that your hands could be contaminated.

H.
Smooth work surfaces, protective bench coverings, contamination monitoring, proper equipment, and segregated work areas shall be used to control contamination.

I.
Stored radioactive materials (stock vials, waste, etc.) may require shielding.  Low density shielding is used for beta emitters and high density shielding for electromagnetic radiation.  Contact the radiation safety officer for assistance.

XI.
Posting and labeling

A.
Posting requirements

1.
Rooms where radioactive materials are used or stored shall be posted with a “Caution, Radioactive Materials” sign.

2.
Additional postings provided by the Radiation Safety Office

a.
The DEQ form entitled “Notice to Employees” is posted throughout the facility.  This form provides information and instructions to workers regarding the DEQ.

b.
The Radiation Safety Office form entitled “Emergency Procedures for Radioisotope Laboratories” shall also be posted in all laboratory areas.  

B.
Labeling requirements

1.
RAM workstations

a.
RAM workstations may be labeled for radioactive use, thereby, alleviating the need to label individual pieces of equipment left within the labeled area.  “Caution, Radioactive Materials” signs or tape shall be used to label the area.  The borders of the radiation work area shall be clearly delineated.

b.
Individuals working at a labeled workstation must wear a lab coat and disposable gloves.

2.
Individual containers

a.
Unattended containers of RAM shall be labeled with a “Caution, Radioactive Materials” sticker, the radionuclide, and an approximate activity.  Multiple containers within a single box or rack do not need to be individually labeled if the box or rack is labeled.

b.
Containers of radioactive waste shall be labeled with a “Caution, Radioactive Materials” label, the radionuclide, and the activity.  The estimated activity can reflect a maximum amount for the given container (e.g., <100 (Ci).  

c.
RAM in containers that are being attended by a radiation worker need not be labeled.

d.
These requirements do not exempt or supercede any other regulations or institutional policies governing the labeling of chemicals or hazardous materials.

3.
Equipment/Apparatus

a.
Fume hoods, refrigerators, and cabinets used to store RAM shall be labeled with a “Caution, Radioactive Materials” label.

b.
Equipment such as centrifuges, pipettes, water baths, etc. that are contaminated with RAM shall be labeled with a “Caution, Radioactive Materials” label.
XII.
Security of radioactive materials

A.
Authorized users are responsible for the security of radioactive materials in their possession.

B.
All unattended containers of radioactive material shall be secured against unauthorized access.

XIII.
Ordering/Receiving radioactive materials

A. Purchase of RAM

1. All RAM must be ordered and received through the RSO. Under no circumstances may radioactive material be received directly by the individual user or lab.
2. Prior to placing a RAM order, a comparison is made between the radiochemical ordered and what is approved for the Authorized User. Discrepancies will be corrected before the order is placed. 

3. The following information is needed for each order:

a.
Authorized User’s name

b.
Account number

c.
Department

d.
Lab room number where source will be kept

e.
Campus phone number

f.
Company from which you wish to purchase the RAM

g.
Catalog number

h.
Compound

i.
Radionuclide

j.
Activity

k.
Date needed

l.
Does freshness matter? Yes or No  
B.
RAM transfers

1.
RAM may be transferred only to an approved Authorized User with the appropriate radionuclide and possession limit authorization.  The transfer must be approved by the Radiation Safety Office.

2.
Transfers of RAM to individuals outside the institution must be approved by the RSO.  A copy of the receiving institution’s NRC/Agreement State License is required.

3.
Interoffice mail will not be used to transport radioactive materials.  Transportation of RAM on campus will be performed or coordinated by the RSO.

4.
Radioactive materials shipments may only be performed by the RSO.

C.
Receipt of radioactive materials

1.
All RAM will be delivered to the RSO.

2.
The Radiation Safety Office will perform the required survey of the packages it receives and will deliver the package.  NOTE:  Radioactive materials packages shall not be transported in private vehicles without specific approval from the Radiation Safety Committee.

3.
All packages shall be opened by the Authorized User upon arrival at the laboratory, checked for damage, and checked to determine that the packing slip matches the material shipped.  Notify the Radiation Safety Office immediately if any problem is noted with the material or its packaging.

4.
The RSO will record the receipt of the package into the Project Director’s RAM inventory.  The date received, the radionuclide, and activity shall be recorded.

5.
Empty packaging shall have all radiation labels removed or obliterated and shall be checked to ensure that no additional radioactive materials are contained therein.

XIV.
RAM inventory 

A.
The RSO maintains a master inventory of individual sources on campus. The master inventory is updated monthly.  The program corrects for decay and calculates the current total active amount of each radioisotope. A summary can be printed of individual radioisotopes as well as a complete summary of unsealed sources.  

B.
The RSO initiates a semi​annual physical inventory of unsealed sources.  Returned individ​ual user inven​tory forms are then reconciled with the master inventory.  

XV.
RAM shipments

Any shipment or transfer of RAM to another institution must be authorized and performed by the RSO.  

XVI.
Transportation of RAM 

Due to U.S. Department of Transportation regulations for package requirements, package surveys, shipping papers, and driver training, no transportation of radioactive materials is authorized without the approval of the Radiation Safety Committee.

XVII. Laboratory monitoring

A.
Contamination surveys

1.
The RSO conducts regular surveys of all laboratories on a frequency determined by the specific radioactive materials in use.

2.
Individual users are responsible for contamination monitoring in their specific laboratories. 

3.
Surveys should be performed on a frequency commensurate with the type and activity of RAM used.  It is generally recommended that a Geiger counter survey be performed each day that P-32 or other high-energy radionuclides are used.  An entry of each survey shall be recorded.

4.
Surveys shall include personal surveys, when appropriate, and areas of potential RAM contamination such as bench tops, the floor adjacent to RAM work stations, the threshold of the lab, faucet handles, freezer handles, doorknobs, etc.

5.
Radiation user survey records shall include:

a.
Date of survey

b.
Radionuclide(s) used 

c.
Indication if survey was greater than 3 times background

d.
The detector used

e.
The initials of the surveyor

B.
Survey methods

1.
Wipe tests

a.
In labs using RAM that cannot easily be detected with a survey meter, wipe testing is used to check for contamination.

b.
Wipe tests are the only method for detecting H-3.

c.
In the case of C-14 and S-35, a Geiger counter will detect the radiation; Geiger counters may be used in conjunction with the wipe tests.
d.
Wipe tests are performed by wiping a 100 cm2 or greater surface area using a filter paper or cotton swab and counting the filter paper in a liquid scintillation counter.

2.
Survey meter

a.
Ensure that the detection probe that you are using is appropriate for the radiation in use.  A pancake Geiger probe is a good choice for most of the radionuclides in use on campus (except for H-3).  Keep in mind that a survey meter with a pancake probe is also useful for detecting C-14 and S-35; however, the detection efficiency is quite low.

b.
A survey meter may not be used exclusively in a high background area (when the background reading exceeds ~25% of the most sensitive meter scale).

c.
Always ensure that the meter has been calibrated within the last year and that the batteries are working.  The Radiation Safety Office provides survey meter calibration services.

d.
The meter probe should be held close to the surface being monitored and moved at rate that should not normally exceed 2 inches per second.

C.
Positive surveys

1.
For surveys using a portable survey meter such as a Geiger counter, contamination exceeding three times background shall be removed.

2.
For removable contamination surveys (wipe tests) using a liquid scintillation counter or gamma counter, contamination ( 200 dpm/100 cm2 shall be corrected.  If a calibration for dpm is not available for a liquid scintillation counter, decontamination shall be performed when the survey indicates levels exceeding three times background in cpm/100cm2.

3.
Following decontamination, a re-survey shall be performed and documented on the daily survey form.

D.
Terminal surveys and maintenance surveys

1.
All facilities and equipment (e.g., liquid scintillation counters, centrifuges, freezers, fume hoods, etc.) used with RAM shall be surveyed prior to being returned to non-controlled use and before any maintenance or repair work is performed.  Project Directors are responsible for performing such surveys and contacting the RSO to confirm the results prior to returning the item/area to non-controlled use or when permitting maintenance to be performed.

2.
Prior to a service representative being permitted to work on a piece of labeled equipment, the Project Director shall:

a.
Survey the equipment for radioactive contamination.

b.
Decontaminate if necessary.

c.
Remove the radioactive materials label if the equipment is free of radioactive contamination.


d.
Contact the Radiation Safety Officer.

E.
Survey instruments/Other applicable equipment

1.
Project Directors shall maintain all survey instruments, including the batteries, in proper working order.  Portable survey meters shall be calibrated annually or after repair (changing batteries is not considered a repair).  Contact the RSO to arrange for calibrations.

2.
Liquid scintillation counters, gas chromatography units, and portable survey meters often contain sealed sources of RAM.  Contact the RSO prior to disposing of any such equipment.

XVIII.
Radioactive waste storage and disposal

A.
General rules for radioactive waste storage

1.
Radioactive waste in the lab must be segregated by radionuclide.

2.
Radioactive waste must be stored in containers labeled “Caution, Radioactive Material” and with the radionuclide and activity present in the container indicated.  The activity specified on the waste container label can be an indication of maximum activity that is expected in the container (e.g., <100 (Ci).

3.
Radioactive liquid waste shall be labeled with the chemical(s) present in the liquid.  Use the chemical information label attached to the 4 liter plastic container.  

4.
Radioactive waste shall be properly shielded in the laboratory (if necessary).

B.
Radioactive waste collection

1.
Radioactive waste will be picked up by the Radiation Safety Office upon request.

2.
All radioactive materials labels must be removed or obliterated except for those labels affixed to H-3 and C-14 dry waste.  
C.
Types of radioactive waste

1.
Dry waste

Any solid material that has been contaminated with radioactive material.  No free standing liquid, non-dry biological material, or other hazardous materials may be mixed with dry waste.

2.
Animal tissue

Any animal tissue containing or contaminated with radioactive material, animal excreta containing radioactive material, or animal bedding containing radioactive material is considered radioactive waste.

3.
Liquid, non-hazardous, water-soluble waste

a.
Waste shall be segregated by radionuclide when possible.

b.
Liquid waste shall be placed in the 1 liter plastic bottle supplied by the RSO.  A bottle shall not be filled to more than 80% of its capacity.

c.
Complete the information on the attached label on the plastic container.

d.
If there is a potential for microbial growth, it is the responsibility of the Project Director to add an appropriate disinfectant.  Chlorine bleach shall not be used for compounds of sulfur or iodine.

4.
Mixed hazardous and radioactive waste

a.
Waste should be segregated by radionuclide.

b.
Liquid waste shall be placed in the 4 liter plastic bottle supplied by the RSO.  A bottle shall not be filled to more than 80% of its capacity.

c.
Complete the information on the attached label on the plastic container.

d.
If there is a potential for microbial growth, it is the responsibility of the Project Director to add an appropriate disinfectant.  Chlorine bleach shall not be used for compounds of sulfur or iodine.

5.
Liquid Scintillation Fluid

a.
Segregate liquid scintillation waste by radionuclide.

b.
Liquid scintillation should be left in the vial, and the vials should be placed in trays.

c.
Label the trays with the identity of the scintillation fluid, radioisotope, approximate activity, and laboratory.

XIX.
Airborne radioactive materials

A.
The use of any gaseous or volatile radioactive material must be approved by the Radiation Safety Committee.

B.
The use of any process by which radioactive materials may become airborne as a gas or aerosol must be approved by the Radiation Safety Committee.

C.
All radioactive materials that might become airborne must be handled in an approved fume hood.

D.
Fume hoods used for handling potentially airborne radioactive materials shall be certified by the Physical Plant prior to initial use.
E.
The use of potentially airborne radioactive materials may require the purchase and installation of filter(s) and effluent monitoring equipment.

XX.
Radioactive spills

A.
Spill kits are available from the Radiation Safety Office 

B.
The RSO must be notified promptly in the event of the following:

1.
Personnel contamination

2.
Indication of ingestion, inhalation, absorption, or puncture involving RAM

3.
Unexpected release of RAM to air or sewer

4.
Loss of RAM

5.
Damaged RAM shipment containers

6.
A RAM spill that is not easily controlled and/or decontaminated

7.
Any RAM spill outside of a labeled area

C.
Minor spills involving microcurie amounts and small volumes of RAM shall be cleaned up by radiation workers in the laboratory as follows:

1.
Control the spill:  prevent the spread of contamination by covering the spill with absorbent material or paper and controlling the access to the area.  Except for circumstances involving greater risk (e.g., fire, hazardous chemical exposure) the spill should not be left unattended.

2.
Notify other persons in the area that a spill has occurred.

3.
Put on gloves and lab coat.  Shoe covers may be appropriate if the spill is on the floor.

4.
Clean up the spill.

a.
Normal cleaning agents are usually sufficient.

b.
Use disposable towels to lift off the spilled material.

c.
Place contaminated cleaning supplies into a plastic bag.

d.
Work from the outer edges of the contaminated area inward, systematically cleaning the entire contaminated area.

e.
Take care not to spread contamination.

f.
Place final contaminated items in radioactive waste.

5.
With the exception of H-3 spills, perform an initial survey using a survey meter and decontaminate until readings are less than 3 times background.

6.
Survey the area for removable contamination using a wipe test.  Continue decontamination until wipe results are less than three times background or less than 200 dpm/100 cm2.  

7.
Record the survey results.

8.
Call the RSO if you need assistance.

XXI.

Radiation safety audits

A.
The Radiation Safety Office will audit active Project Directors regularly.  Frequency of surveys is based on evaluation of the licensed material used as well as the quantity in use.

B.
Laboratories will be inspected regarding their compliance with applicable regulations, the rules specified in this manual, and the conditions specified on the Project Director’s authorizations.

C.
Survey results will be reported to RSC.

XXII.
Useful information

Units
	Activity: 1 Curie (Ci) = 3.7 x 1010 dps

                                   = 2.22 x 1012 dpm

       1 Becquerel (Bq) = 1 dps 

                     1 Curie  = 3.7 x 1010  Becquerels
	dps  = (disintegrations per sec)

dpm = (disintegrations per minute)

	Dose:  1 rad  = 100 ergs/gram



      100 rads = 1 Gray

         1 Gray = 1 Joule/kilogram
	Dose Equivalence: 

        1 rem = 1 rad for beta, x-ray, and gamma
    100 rem = 1 Sievert 


	Radionuclide
	Decay Mode
	Principle Energy (keV)
	Half-life
	Range in Acrylic Shield
	Half Value Layer (Pb)

	H-3
	beta
	Emax = 18.6
	12.3 years
	< 0.006 mm
	

	C-14
	beta
	Emax = 156
	5730 years
	0.25 mm
	

	P-32
	beta
	Emax = 1710
	14.3 days
	6.35 mm
	

	P-33
	beta
	Emax = 248
	25.4 days
	0.51 mm
	

	S-35
	beta
	Emax = 167
	88 days
	0.3 mm
	

	Cr-51
	x-ray
	320
	28 days
	
	2 mm

	Fe-59
	beta

gamma
	Emax = 466, 273

1.292, 1.099
	46.6 days
	
	9.7 mm

	Rb-86
	beta, 

gamma
	Emax = 1774

1077
	18.66 days
	
	1.4 cm

	I-125
	x-ray
	35
	60 days
	
	0.03 mm


To calculate radioactive decay





At = A0 [exp(‑0.693t/ t1/2)]

   






Where  
At   =   activity at time t







        

 
    
A0   =   initial activity







  

 

t      =   time











t1/2   =   half life

SI Prefixes
  
        Number
Prefix   Symbol
        Number     Prefix
  Symbol



109
giga
 G


10-2 
centi
      c



106
mega
 M


10-3 
milli
      m





103
kilo
 k


10-6 
micro       µ








10-9 
nano
      n
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