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I.  INTRODUCTION

A specialized part of our Institution's overall safety program is radiation safety.  The elements of our Radiation Safety Program are contained in the following Sections and Appendices.  They have been carefully developed to help all involved individuals conduct their duties in an efficient and safe manner.

Radiation health and safety standards are among the best studied and most thoroughly applied in the safety field.  While allowable human exposures are set well below the hazardous levels, Murray State University also strongly supports the "As Low As Reasonably Achievable" (ALARA) radiation safety philosophy regarding radiation dose.  Appendix A outlines our commitment to this philosophy.

It is essential that all personnel know their duties and responsibilities regarding radiation safety, and constantly practice good safety techniques.  Study these pages.  Know and practice the safety rules.

II.
AUTHORITY AND RESPONSIBILITIES

A.
Radiation Safety Officer (RSO)
The RSO is responsible for the administration of the Radiation Safety Program.  Arrangements may be made as needed for radiation safety consultants to supplement the RSO in conducting surveys, waste management and general radiation safety matters.  The authority and responsibilities of the RSO shall include, but is not limited to, the following:

1.
General supervision of procurement, storage and record keeping of radiation sources.



2.
Instruction of personnel in radiation safety.



3.
Conducting investigations of accidents and reporting to the departments affected.



4.
Authority to terminate immediately a project or activity which is a threat




to health or property.

5.
General surveillance over all radiation source activities and consultative radiation safety services.    

III.
PROCUREMENT OF RADIOACTIVE MATERIALS


A.
Ordering of Routinely Used Material
All orders for and receipts of radioactive material shall be handled through the Radiation Safety Officer (RSO), or his designee.  Specific limited exceptions to this requirement may be granted by the RSO for special situations.
Orders must be placed in the name of the Authorized User and must be limited to the radionuclide, quantities, and forms listed on the authorization.
A full description of the material desired should be provided when the order is placed. This usually would include (1) the manufacturer or vendor, (2) the radionuclide, (3) the activity, (4) the chemical and physical form (5) the catalog number, and any other essential information such as the model number of sealed sources, special precautions, etc.
All radioactive materials will be procured from an NRC or Agreement State licensed vendor or manufacturer.

B.
Receipts, Transfers, Unpacking and Storage
Radioactive materials are normally delivered to the Murray State University campus 
during working hours.  On off-duty hours, the packages will be accepted by security 
personnel following the procedure in Appendix B.

1.
Procedures for Personnel Receiving Packages
Radioactive material shipments will be received by the RSO only, who will 
check it according to the procedure in Appendix C and then notify the User 
that the material has arrived.  Records of package surveys will be maintained 
for review (Appendix D).

2.
Receipt Record

Records indicating the Authorized User, radionuclide, activity, physical and 
chemical form, vendor and date received will be kept by the Authorized User 
and the RSO.  These records will be maintained for review

IV.
INSTRUMENTATION

A.
Radiation Detection Equipment

All survey instruments utilized for radiation protection surveys will be calibrated annually as per 
Appendix E.  All other radiation detection instruments (liquid scintillation, scintillation well, 
multi-channel analyzers, etc.) should be calibrated as per the manufacturer's specifications.

 V.
THE RADIATION SAFETY PROGRAM

A.
General

Individuals working in or frequenting restricted areas in the University must be informed of 


radioactive material presence, storage and use and radiation levels present.  Housekeeping and 


other personnel frequenting areas where radioactive material is utilized or stored will be given 


radiation safety instructions at least annually (see Appendix H).
Personnel who utilize radioactive material will be instructed on applicable provisions of Kentucky Radiation Control regulations (902 KAR 100) and license conditions, including incident reporting responsibilities before commencing work, and annually thereafter.  A copy of the regulations, guides, laboratory rules, procedures, survey results, and personnel monitoring records will be available to these individuals and they will be instructed in appropriate portions (Appendices G and H).
Radiation workers have available protective uniforms or lab coats and gloves.  Uniforms or 
coats are worn during duty hours and gloves donned when handling liquid radioactive material 
or potentially contaminated articles.  Absorbent material will be laid down prior to mixing or 
preparing unsealed sources of radioactive material.  Pipettes, vial shields and handling devices 
(tongs, forceps, etc.) are available and are to be used to minimize extremity and whole body 
dose.

 
B.
Airborne Contamination


No airborne contamination is anticipated as radioactive gases are not currently in use.

C.
Personnel Monitoring
All personnel who directly handle radioactive material that emit hard beta or gamma radiation shall be provided with, and wear, a whole body personnel monitoring device, such as a film badge or thermoluminescent dosimeter (TLD).  The monitoring device is to be worn in a 
manner such that the dose it receives can be expected to approximate the maximum radiation dose to the head and/or trunk of the wearer.   When the monitoring device is not being worn, it 
will be stored in an area adequately shielded from radioactive sources.  Personnel who directly 
handle millicurie amounts of radioactive material shall also be provided with finger film or TLD badges.  Other personnel will be assigned appropriate personnel monitoring devices as deemed appropriate by the RSO.
Individuals may only wear personnel monitoring devices which have been directly assigned to 
them.  Personnel monitoring devices shall not be exchanged with other individuals.  The RSO 
will assign temporary devices in the event of loss, accident or emergency.  Any dose recorded 
by the temporary device will be incorporated into the assigned individual's permanent dose 
record.
The personnel monitoring records, including the name, age, sex, social security number and 
work station of each participant, will be kept on file by the RSO.  The RSO will review these 
records periodically to determine which individuals may be receiving significant exposures.  
New personnel must provide information regarding previous radiation-exposure history.  If new 
personnel have had previous occupational radiation exposure, records of such exposure must 
be requested from the previous employer(s) and made available to Murray State University.
Investigations of overexposures, serious accidents and spills of radioactive material should be 
impartially conducted by the RSO to permit correction of any conditions which could have led 
to the event.  Such investigations are important since they may discover defects in previously 
accepted procedures or equipment.  Positive corrective action can then be taken immediately.  
A written report should be prepared so that others may benefit from the experience.
The various lead brick and other radiation shields in the laboratories are to be used to best 
advantage in reducing exposure rates from radiation sources.
Restricted areas shall be under surveillance by personnel as a security measure.  When 
unattended, stored radioactive material must be secured by lock and key.  Key control is 
maintained through the RSO, Authorized Users, and lab technicians.
Radioactive material will be transported about the University only as absolutely necessary and 
then while properly posted, labeled and shielded.
Radiation safety surveys will be conducted as per Appendix I.
Department or division heads, as well as the Kentucky Radiation Control Branch, will be notified 
whenever overexposures exceed regulatory limits; (a) whole body dose greater than 1.25 
rem/quarter or 5.0 rem/year; (b) extremity dose greater than 18.75 rem/quarter.
Bioassay will be performed on all personnel who handle quantities of radioactive material in 
excess of the limits listed in Appendix J.
Airflow in exhaust fume hoods will be checked annually and the results recorded on a sticker 
affixed to the hood.  Airflow should be at least 100 linear feet per minute.

D.
Sealed Sources

All radioactive sources requiring periodic leak tests will be tested semi-annually according to 902 KAR 100 regulations by persons licensed by the NRC or an Agreement State to perform such services.  An available service is through K&S Associates Inc. 1926 Elm Tree Drive, Nashville, TN 37210.  Sources will be inventoried every 6 months.


E.
Waste Disposal



1.
Solid Waste

Solid waste will be held for decay or disposed of as de minimus as per Appendix K, or 
transferred to an NRC or Agreement State licensed disposal service.  Waste held for 
decay will contain radioactive isotopes with half-lives of 120 days or less.  All material 
transferred to another licensee will be shipped in accordance with KAR and U.S. DOT 
regulations.



2.
Liquids




Liquid radioactive waste may be released via the sanitary sewerage system through the 



designated sink in accordance with 902 KAR 100:021 Section 3 as follows:

a.
The radioactive material MUST be readily soluble or readily dispersible biological material, in water.




b.
Each release of radioactivity SHALL be accomplished by water 






flushing with a flow rate of not less than 10 gallons per hour.  






Water should continue to be released into the sanitary sewer for a 





period of not less than 15 minutes after each release.




c.
The limits set forth in Appendix L must be followed.





Adhering to the table in Appendix L will assure that allowable 





radioactivity in water concentrations are not exceeded.


3.
Liquid Scintillation Fluid

Organic phase solvent based liquid scintillation fluids containing radioactive material will be considered a mixed waste and disposed of in accordance with appropriate KAR, NRC and EPA regulations.  Biodegradable liquid scintillation fluids containing radioactive material can be disposed of as radioactive liquid waste as per Appendix L.


F.
Radiation Emergencies



Much of the total quantity of radioactive material is in a liquid form, normally contained by 


glass or plastic.  Should a container be broken, all the avenues of exposure are then available -- 


direct exposure, surface contamination, airborne contamination, and ingestion.  Radiation 


workers must be alert to prevent conditions which might lead to an emergency situation and to 


respond appropriately should an emergency arise.



The most probable radiation emergencies are considered to be:



1.
Radioactive Material Spills




Spills present a hazard to personnel through direct exposure and contamination.  The 



best protection is through effective preventive, containment, and cleanup efforts.  



Specific spill procedures have been developed (Appendix F) and are posted at 




appropriate locations.  Thorough familiarity with these procedures is important to 



assure proper immediate response.



2.
Fire




Fire is an emergency in itself which may be compounded when radioactive material is 



involved.  Heat may destroy glass and plastic containers of radioactive liquid or melt 



lead radiation shielding.
Combustible materials should be kept to an absolute minimum in areas where radioactive materials are utilized or stored.  Know the University's fire response procedures; how to turn in an alarm and how to contact the local fire department.
Notify the fire department of the presence of radioactive materials and brief its staff on special precautions to be taken when entering a restricted area at the University.

3.
Decontamination

Contamination precautions and decontamination procedures are maintained for the 
protection of the people utilizing radioactive substance.  Rigid techniques help control 
contamination.

Accidents will happen from time to time.  It is an unwritten law for personnel working 
with radionuclides that they decontaminate their own "spills" and area, under the 
supervision of the Radiation Safety Officer.

a. Procedure to Follow

1.
Put on disposable gloves (also boots if necessary) before entering the room or area.

2.  
Prevent liquid from spreading (contain by placing any absorbent material over the spilled liquid.  

3.  
Monitor the spill, equipment, or people involved to determine the amount of radiation being emitted.

4.
All persons not involved and not contaminated should remove themselves from the area.

5.
Contaminated clothing, including shoes, should be removed before the individual leaves the area.  Thorough washing should be accomplished immediately.

6.
Monitor personnel after washing.  Repeat washing as necessary.  

Excessive scrubbing of the body should be avoided.  Use of hot water should be avoided because it increases circulation to the contaminated area of the body and enhances the absorption of radioactivity into the circulating blood.  Warm water and mild soap is recommended.

7.
Radioactive particles are more easily removed from hard surfaces, such as stainless steel basins, than from more porous materials.

8.
Minor cuts should be encouraged to bleed, thereby reducing absorption capabilities.  The treatment of major cuts should be considered before contamination.

9.
Brushes are not good for applying friction to a surface.  The bristles cause splattering and spreading of contamination.

10.
Place all trash and waste in moisture-proof containers for removal from the area.

11.
Wash and monitor yourself thoroughly; this is essential.  Contamination under the fingernails becomes the major problem in the decontamination of hands.

  


12.
Report the incident as required by procedures.

APPENDIX A


MODEL ALARA PROGRAM FOR MAINTAINING OCCUPATIONAL RADIATION


EXPOSURES AT MURRAY STATE UNIVERSITY

1.
Management Commitment

a.
We, the management of this University, are committed to the program described in this paper for keeping exposures (individual and collective) as low as is reasonably achievable (ALARA).  In accord with this commitment, we hereby describe an administrative organization for radiation safety and will develop the necessary written policy, procedures, and instructions to foster the ALARA concept within our institution.  The organization will include a Radiation Safety Officer (RSO).

b.
The RSO will perform a formal annual review of the radiation safety program, including ALARA considerations.  This shall include reviews of operating procedures and past exposure records, inspections, etc., and consultations with the radiation protection staff or outside consultants.

c.
Modification to operating and maintenance procedures and to equipment and facilities will be made where they will reduce exposures unless the cost, in our judgment, is considered to be unjustified.  We will be able to demonstrate, if necessary, that improvement has been sought, that modifications have been considered, and that they have been implemented where reasonable.  Where modifications have been recommended but not implemented, we will be prepared to describe the reasons for not implementing them.

d. In addition to maintaining doses to individuals as far below the limits as is reasonably achievable, the sum of the doses received by all exposed individuals will also be maintained at the lowest practicable level.  It would not be desirable, for example, to hold the highest doses to individuals to some fraction of the applicable limit if this involved exposing additional people and significantly increasing the sum of radiation doses received by all involved individuals.
2.
Radiation Safety Officer (RSO)

a.
Annual and Quarterly Review

1.
Annual review of the Radiation Safety Program.  The RSO will perform an annual review of the Radiation Safety Program for adherence to ALARA concepts.  Review of specific procedures may be conducted on a more frequent basis.

2.
Quarterly review of occupation exposures.  The RSO will review at least quarterly the external radiation exposures of Authorized Users and workers to determine that their exposures are ALARA in accordance with the provisions of Section 6 of this program.

3.
Quarterly review of records of radiation level surveys.  The RSO will review radiation levels in unrestricted and restricted areas to determine that they were at ALARA levels during the previous quarter.

b.
Education Responsibilities for ALARA Program

1.
The RSO will schedule briefings and educational sessions to inform workers of ALARA program efforts.

2.
The RSO will ensure that authorized users, workers, and ancillary personnel who may be exposed to radiation will be instructed in the ALARA philosophy and informed that management and the RSO are committed to implementing the ALARA concept.

c.
Cooperative Efforts for Development of ALARA Procedures

Radiation workers will be given opportunities to participate in formulation of the procedures that they will be required to follow.

1.
The RSO will be in close contact with all users and workers in order to develop ALARA procedures for working with radioactive materials.

2.
The RSO will establish procedures for receiving and evaluating the suggestions of individual workers for improving health physics practices and will encourage the use of those procedures.
d.
Review Instances of Deviation from Good ALARA Practices

The RSO will investigate all known instances of deviation from good ALARA practices and, if possible, will determine the causes.  When the cause is known, the RSO will require changes in the program to maintain exposures ALARA.

3.
Authorized Users

a.
New Procedures Involving Potential Radiation Exposures

1.
The authorized user will consult with, and receive the approval of, the RSO during the planning state before using radioactive materials for a new procedure.

2.
The Authorized User will evaluate all procedures before using radioactive materials to ensure that exposures will be kept ALARA.  This may be enhanced through the application of trial runs.

b.
Responsibility of Authorized User to Persons Under His/Her Supervision

1.
The Authorized User will explain the ALARA concept and his/her commitment to maintain exposures ALARA to all persons under his/her supervision.

2.
The Authorized User will ensure that persons under his/her supervision who are subject to occupational radiation exposure are trained and educated in good health physics practices and in maintaining exposures ALARA.

4.
Persons Who Receive Occupational Radiation Exposure

a.
The worker will be instructed in the ALARA concept and its relationship to working procedures and work conditions.

b.
The worker will know what recourses are available if he/she feels that ALARA is not being promoted on the job.

5.
Establishment of Investigational Levels in Order to Monitor Individual Occupational

Radiation Exposure

This institution hereby establishes investigational levels for occupational external radiation exposure which, when exceeded, will initiate review or investigation by the RSO.  The investigational levels that we have adopted are listed in Table A-1 below.  These levels apply to the exposure of individual workers.

Table A-1

Investigational Levels

                          

     (mrems per calendar quarter)

                              





Level I                    Level II

1.
Whole body; head and trunk;           
   125                           375

active blood-forming organs;    

lens of eyes; or gonads

2.
Hands and forearms; feet      

 1875                         5625

and ankles

3.
Skin of whole body*                           

   750                         2250

*(Not normally applicable to nuclear medicine operations except those using significant

 
quantities of beta-emitting isotopes.)

The RSO will review and record results of personnel monitoring not less than once in 
any calendar quarter as required by 902 KAR 100:19. The following actions will be taken at the 
Investigational Levels as stated in Table A-1:

a.
Quarterly exposure of individuals to less than Investigational Level I.  Except when deemed appropriate by the RSO, no further action will be taken in those cases where an individual's exposure is less than Table A-1 values for the Investigational Level I.

b.
Personnel Exposures Equal to or Greater Than Investigational Level I, but Less Than Investigational Level II.

The RSO will review the exposure of each individual whose quarterly exposures equal or exceed Investigational Level I and will report the results of the reviews to the department following the quarter when the exposure was recorded.  If the exposure does not equal or exceed Investigational Level II, no action related specifically to the exposure is required unless deemed appropriate by the RSO.  RSO will, however, consider each such exposure in comparison with those of others performing similar tasks as an index of ALARA program quality.
c.
Exposure Equal to or Greater than Investigational Level II

The RSO will investigate in a timely manner the cause(s) of all personnel exposures equaling or exceeding Investigational Level II and, if warranted, will take action.  A report of the investigation, actions taken, if any, and a copy of the individual's Form KR-401 or its equivalent will be presented to the department following completion of the investigation.  

                        d.

Reestablishment of an Individual Occupational Worker's Investigational Level II to a Level Above that Listed in Table A-1.


In cases where a worker's or a group of workers' exposures need to exceed Investigational Level II, a new, higher Investigational Level II may be established on the basis that it is consistent with good ALARA practices for that individual or group.  Justification for a new Investigational Level II will be documented.


The RSO will review the justification for, and will approve, all revisions of Investigational Level II.  In such cases, when the exposure equals or exceeds the newly established Investigational Level II, those actions listed in paragraph 6.c above will be followed.

       APPENDIX B


INSTRUCTIONS FOR SECURITY STAFF,


RECEIPT OF PACKAGES CONTAINING


RADIOACTIVE MATERIAL

Procedures for the receipt of radioactive material shipments have been established.  When presented with a shipment of radioactive materials, follow these steps:


1.
Visually examine the package and verify the correct shipping address.  If 


the package appears to be in good condition and the address is correct, accept the delivery.

2.  Log in the package and initial the entry.  This can facilitate tracking any misplaced items.

3.  During off-duty hours, security personnel should accompany the package so that it can be locked in the Authorized Users laboratory.  The RSO or his designee should be notified of the receipt of the package as soon as practical.

4.  If any package is wet or appears to be damaged, immediately contact one of the following individuals.  If the final carrier is still present, ask the carrier to remain at the university until he and the vehicle can be surveyed for possible contamination.



Susan Miller, RSO
           Office -  (270) 809-3974
   Cell – (270) 293-0737      

APPENDIX C

PROCEDURES FOR SAFELY OPENING PACKAGES


CONTAINING RADIOACTIVE MATERIAL

1.
Special requirements will be followed for packages containing quantities of radioactive material in excess of the quantity limits as specified in 902 KAR 100:019, Section 28.  They will be monitored for surface contamination and external radiation levels within 3 hours after receipt if received during normal working hours.  If the package is received after normal working hours, it will be wiped and surveyed at the beginning of the next work day.  All shipments of liquids in access of a Type A quantity pursuant to 902 KAR 100:010 will be tested for leakage.  Radiation Control, Cabinet for Human Resources in Frankfort, Kentucky and the final carrier will be notified immediately if the removable contamination exceeds 2,200 dpm/100 cm2 or the external radiation levels exceed levels specified in 902 KAR 100:070, Section 14.

2.
For all packages, the following procedures for opening packages will be carried out.

a.
Put on gloves to prevent hand contamination.

b.
Visually inspect packages for any signs of damage (e.g., wetness, crushed).  If damage is noted, stop the procedure and notify the RSO (Radiation Safety Officer).

c.
Measure the exposure rate at 3 feet from the package surface and record the result.  If the reading is more than 10 mR/hr, stop the procedure and notify the RSO.

d.
Measure the exposure rate at the surface of the package and record the result.  If the reading is more than 200 mR/hr, stop the procedure and notify the RSO.

e.
Open the package with the following precautions:

1.
Open the outer package following the manufacturer's directions (if supplied) and remove the packing slip.

2.
Visually inspect the integrity of the final source container.  Look for broken seals or vials, loss of fluid, or discoloration of the packing material.

3.
Check also that the shipment does not exceed possession limits.

f.
For packages in excess of 500 Ci, wipe the external surface of the final source container.  Remove the wipe to a low background area (<0.05 mR/hr) and assay the wipe with a suitably sensitive G-M survey meter.  If the radioactive material is a weak beta emitter such as C-14 and H-3, assay the wipe with a liquid scintillation monitor.  If assay results indicate removable contamination is present on the wipe, take precautions against the spread of this contamination as necessary.

g.
Monitor the packing material and packages with a suitably sensitive G-M meter in a low background area.  If the material is suspected to be contaminated, treat it as radioactive waste.  If not, then obliterate all labels before discarding it in the regular trash.

APPENDIX D

RADIOACTIVE SHIPMENT RECEIPT REPORT

1.
P.O. No. ______________ Survey Date __________________  Time ______________

               Surveyor _____________________________________________

2.
Condition of Package:

_____________O.K.  ____________ Punctured _____________ Status _____________ Wet  ______________Crushed ____________  Other

3.
Radiation Units of Label:  ____________________ Units (mR/hr)

4.
Measured Radiation Levels:

a.  Package Surface ____________mR/hr

b.  3 feet or 1 meter from surface ____________mR/hr

5.
Do Packing Slip and Vial Contents Agree:

a.  Radionuclide ___________ yes  ___________ no,  difference _______________

b.  Amount  _______________ yes  ___________ no,  difference _______________

c.  Chem Form _____________ yes  ___________ no,  difference _______________

6.
Wipe Results From:

a.  Outer ____________CPM = _______ DPM

eff = (  )

b.  Final Source Container ___________CPM = _________DPM

eff = (  )

7.
Survey Results of Packing Material and Cartons _____________mR/hr, CPM

8.
Disposition of Package After Inspection ________________________________

9.
If Cabinet for Human Resources/Carrier Notification Required, Give Time, Date, and 

Persons Notified.





_______________________________  
__________________

                                      

 Signature                                        

Date

APPENDIX E

CALIBRATION OF RADIATION DETECTION INSTRUMENTATION

Survey Instruments

1.
Survey instruments will be calibrated at least annually and following repair or maintenance that may affect the calibration of the instrument.

2.
Calibration will be performed at two points in each scale used for radiation protection purposes, i.e., at least up to 1 R/hr.  The two points will be approximately 1/3 and 2/3 of full scale.  A survey instrument may be considered properly calibrated when the instrument readings are within plus or minus ten (10) percent of the calculated or known values for each point checked.  Readings within plus or minus twenty (20) percent are considered acceptable if a calibration chart, graph, or response factor is prepared, and attached to the instrument, and used to interpret readings to within plus or minus ten (10) percent.  Also, when higher scales are not checked or calibrated, an appropriate precautionary note will be posted on the instrument.

3.
Survey instruments will be calibrated by the manufacturer or a consultant such as K&S Associates, Inc., in Nashville, Tennessee, using procedures and sources approved by the Kentucky Radiation Control Branch of the Cabinet for Human Resources.  Only persons with a specific license issued by the Cabinet for Health Services, US NRC, or an agreement state will calibrate the survey instruments.  The calibration report will contain the information on the consultants reporting form as attached.

4.
Constancy and battery checks of survey instruments used for radiation purposes shall be made on each day of use.

5.
Records demonstrating that the licensee has complied with the procedures indicated above in items 1 through 3 shall be maintained for review.

APPENDIX F
EMERGENCY PROCEDURES

Minor Spills
1.
NOTIFY:  Notify persons in the area that a spill has occurred.

2.
PREVENT THE SPREAD:  Cover the spill with absorbent paper.

3.
CLEAN UP:  Use disposable gloves and remote handling tongs.  Carefully fold the absorbent paper and pad.  Insert into a plastic bag and dispose of in the radioactive waste container.  Also insert into the plastic bag all other contaminated materials such as disposable gloves.

4.
SURVEY:  With a low-range, thin-window G-M survey meter, check the area around the spill, hands and clothing for contamination.

5.
REPORT:  Report incident to the Radiation Safety Officer.

Major Spills
1.
CLEAR THE AREA:  Notify persons not involved in the spill to evacuate the room.

2.
PREVENT THE SPREAD:  Cover the spill with absorbent pads, but do not attempt to clean it up.  Confine the movement of all personnel potentially contaminated to prevent the spread.

3.
SHIELD THE SOURCE:  If possible, the spill should be shielded, but only if it can be done without further contamination or without significantly increasing your radiation exposure.

4.
CLOSE THE ROOM:  Leave the room and lock the door(s) to prevent entry.

5.
CALL FOR HELP:  Notify the Radiation Safety Officer immediately.

6.
PERSONNEL DECONTAMINATION:  Contaminated clothing should be removed and stored for further evaluation by the Radiation Safety Officer.  If the spill is on the skin, flush thoroughly and then wash with mild soap and lukewarm water.

RADIATION SAFETY OFFICER: Susan Miller
OFFICE PHONE:  (270) 809-3974
CELL PHONEL (270) 293-0737
When a spill has occurred, estimate the amount of radioactivity spilled.  Initiate a major or minor spill procedure based on the following table.

	Radionuclides
	Minor                           
	Spill
	Major Spill

	
	Not 

Reportable
	Reportable
	Reportable

	3H, 14C, 18F, 33P, 35S, 47Ca, 47Sc, 51Cr, 55Fe, 57Co, 67Ga, 71Ge, 72Ga, 85Kr, 99Mo, 99mTc, 103Pd, 113mIn, 115Cd, 133Xe, 141Ce, 177Lu, 197Hg, 201Ti, 202Tl
	less than

1 mCi
	less than

100 mCi
	equal to or greater than

100 mCi

	22Na, 32P, 36Cl, 42K, 45Ca, 46Sc, 54 Mn, 58Co, 59Fe, 63Ni, 65Zn, 74As, 75Se, 85Sr, 86Rb, 90Y, 95Nb, 99Tc, 103Ru, 105Ag, 109Cd, 111In, 113Sn, 123I, 129mTe, 129I, 132Te, 140Ba, 140La, 147Pm, 153Gd, 192Ir, 169Yb, 198Au, 203Hg
	less than 

0.1 mCi
	less than

10 mCi
	equal to or greater than

10 mCi



	60Co, 125I, 131I, 134Cs, 137Cs, 144Ce
	less than

0.01 mCi

(10 Ci)


	less than

1 mCi
	equal to or greater than

1 mCi

	90Sr, 210Po
	less than

0.001mCi

(1 Ci)
	less than

0.1 mCi
	equal to or greater than

0.1 mCi


APPENDIX G
GENERAL RULES FOR SAFE USE OF RADIOACTIVE MATERIAL

1.
Wear laboratory coats or other protective clothing at all times in areas where radioactive materials are used.

2.
Wear disposable gloves at all times while handling radioactive materials.

3.  Monitor hands and clothing for contamination after each procedure or before leaving the area.

4.
a.   Do not eat, drink, smoke, or apply cosmetics in any area where radioactive material

is stored or used.

b.   Do not store food, drink, or personal effects with radioactive material.

5.
Wear personnel monitoring devices (film badge or TLD) at all times while in areas where radioactive materials are used or stored.  These devices should be worn at chest or waist level.  Personnel monitoring devices when not being worn to monitor occupational exposures should be stored in a designated low background area.

 6.
Wear TLD finger badges when handling millicurie quantities of radioactive material.  Ring badges should be worn toward the palm side of the hand for measuring hand exposure.

 7.
Dispose of radioactive waste only in specially designated and properly shielded receptacles.

 8.
Never pipette by mouth.

 9.
Perform surveys and wipe tests as required.  Decontaminate in accordance with survey

procedures.

10.
Confine radioactive solutions in covered containers plainly identified and labeled with name of compound, radionuclide, date, activity and radiation level, if applicable.

11.         Always transport radioactive material in shielded containers.


APPENDIX H

MURRAY STATE UNIVERSITY


RADIATION SAFETY INSTRUCTIONS, JANITORIAL STAFF

Radioactive material is one of many which are considered to be hazardous material.  For your protection, certain precautions are listed in these instructions.  Do not hesitate to go about your duties in a normal manner when in a restricted area (a room where "CAUTION-RADIOACTIVE MATERIAL" signs are seen).  Simply follow these rules:

1.
DO NOT TOUCH ANY OBJECT WHICH MAY CONTAIN RADIOACTIVE MATERIAL.

2.
DO NOT EMPTY ANY WASTE CONTAINER WHICH IS MARKED WITH A RADIOACTIVE MATERIAL SIGN.

3.
ADDITIONAL INSTRUCTIONS WILL BE GIVEN TO INDIVIDUALS WHO ARE ASKED TO PERFORM SPECIAL TASKS.  DO NOT HESITATE TO ASK ANY QUESTIONS ABOUT YOUR SAFETY.

4.  ALL STAFF MEMBERS WHO MUST FREQUENT RADIATION USE AREAS MUST ATTEND YEARLY TRAINING SESSIONS.  UPON COMPLETING THE SESSION, INDIVIDUALS WILL SIGN A COPY OF THE FORM IN THIS APPENDIX AND THE INDIVIDUAL CONDUCTING THE TRAINING SESSION WILL FORWARD THIS FORM TO THE RSO.

APPENDIX I
AREA SURVEY PROCEDURES

Laboratories where quantities in excess of 200 microcuries are used are surveyed weekly.

Laboratory areas where only small quantities of radioactive material are used (less than 200 microcuries) will be surveyed at the frequency prescribed by the RSO.

All surveys will consist of:

a.
A measurement of radiation levels with a survey meter sufficiently sensitive to detect 0.1 mR/hr.

b.
A series of wipe tests to measure contamination levels.  The method for performing wipe tests will be sufficiently sensitive to detect 200 dpm per 100 cm2 for the contaminant involved.  Wipes of elution and preparation areas or other "high background" areas will be removed to a low background area for measurement.

A permanent record will be kept of all survey results, including negative results.  The record will include:

a.
Location, dates and identification of equipment used, the serial number and pertinent counting efficiencies.

b.
Name of person conducting the survey.

c.
Drawing of area surveyed, identifying relevant features such as active storage areas, active waste areas, etc.

d.
Measured exposure rates, keyed to locations on the drawing (point out rates that require corrective action).

e.
Detected contamination levels, keyed to locations on the drawing.

f.
Corrective action taken in the case of contamination or excessive exposure rates, reduced contamination levels or exposure rates after corrective action, and any appropriate comments.

Areas will be cleaned if the contamination level exceeds 200 dpm/100 cm2 (100 dpm/100 cm2 for H-3).

Area Survey Form from Quattro Pro

RADIATION MONITORING REPORT

 ______________________________________________

 Name of Authorized User                              Date
Your lab room ______________________ was tested ____________________.  Radiation levels were _______________________    above background at the area indicated on the following sketch.  This area needs to be cleaned as soon as possible.  The area will be retested on ____________________________.

Tested by:                                             

______________________________________________

        Name                                                          Date

Retested by:

______________________________________________

        Name                                                          Date
Results of Retest:
Create 

Sample Room Drawing
APPENDIX J
ROUTINE BIOASSAY RECOMMENDATIONS

There may arise situations where the amount of or procedural situation could indicate a potential for internal radiation exposure.  As a guide, bioassay monitoring should be done according to the table:

Radionuclide



Activity in Millicuries per Single Use

  In Fume Hood or

In Open Areas

   
Controlled Air System
H-3




10



1000

C-14




 4



 400

Na-22




 1



 100

P-32




 3



  30

S-35




10



 400

Ca-45




20



 200

Cr-51




10



1000

Fe-59




 2



  20

Sr-90




 2



  20

I-125




 1



  10

I-131




 1



  10

Since the single-use activities in fume hoods listed in this table in every case represent amounts larger than the licensed possession limits for this institution, the likelihood of a need for a bioassay is very remote.  However, if a bioassay is ever needed, regional health care facilities and physicians will be consulted before the single-use situation to determine the type of bioassay needed and will be employed after the single-use situation to do the bioassay.  The results of such a bioassay are to be made available the RSO to be maintained on file indefinitely.  If a situation necessitates that maximum activities per single use be determined for other radionuclides, the RSO and/or consulting physicists will make the determination prior to any use of the material.
APPENDIX K
PROCEDURE FOR THE DISPOSAL OF WASTE

HELD FOR DECAY OR VIA DE MINIMUS

All waste held for decay will be disposed in the following manner:

1.
The waste will be stored in an appropriate container lined with a plastic liner, and properly shielded.

2.
The waste will be held for at least ten (10 half-lives).

3.
The waste will be surveyed with a suitably sensitive survey instrument in a low background area (<0.05 mR/hr).  No waste may be disposed in the regular trash unless it is at background.

4.
When the conditions of 2 and 3 above are complied with, remove all radioactive markings or labels and dispose of the waste in the regular trash.

5.
Records of such disposals, including survey instrument readings and the serial number of the instrument used must be kept for review.

All waste disposed under the de minimus section of 902 KAR 100:021, Section 5 will be handled as follows:

1.
Solid waste (test tubes, pipet tips, etc.) that is below the 0.05 Ci/g limit for H-3, C-14, and I-125 can be disposed in the regular trash if all labels and radiation symbols are obliterated.

2.
Records of such disposals must be kept for review.


APPENDIX L

MAXIMUM DAILY RELEASE OF SELECTED RADIONUCLIDES


INTO THE SANITARY SEWER SYSTEM

RADIONUCLIDE







DAILY LIMIT
    









    
    (in Ci)

C-14








   
   500

Co-57 & Co-58







   
   100

Cr-51









   100

Fe-59









     50

H-3









 1000

I-125









   200

S-35









   100

P-32









   200

The above limits are based on a maximum release of all radionuclides (except H-3 and C-14) of 1 Ci per year.  The annual limit for H-3 and C-14 is an additional 5 Ci and 1 Ci respectively.  (See below for a typical calculation.)

A sample calculation of maximum daily release of radioactive material into the sanitary sewer based on the estimated water consumption for the Blackburn Science Building at Murray State University, Murray, KY of 10,900 gallons per day and the MPC's listed in 902 KAR 100:025, Table 1, Column 2 is as follows:

Consider I-125, which at 4 x 10-5 Ci/ml, is the most restrictive MPC of the nine radionuclides listed above.

I-125 release rate = (10,900 gal/day) x (3735 ml/gal) x (4 x 10-5 Ci/ml)

I-125 release rate - 1,650 Ci/day

However, such a release rate would exceed the annual limit for all radionuclides.  The values above were selected to meet the annual release limits of 902 KAR 100:021, Section 4, and in fact, are well below these limits.


APPENDIX M

TRITIUM PROTECTION GUIDELINES

Tritium (T), or hydrogen-3, is the only known radioactive isotope of hydrogen (H).  It has a 12.4 year half-life and disintegrates to helium-3 with the emission of a beta particle having a maximum energy of 18.0 KeV.  This section outlines the precautions considered necessary for handling tritium compounds in a safe manner.

The external hazard from tritium in the elemental form (HT or T2) is small because of the low energy of the beta particles emitted.  The internal hazard from tritium is reduced by the fact that absorption is less than 0.1 percent by the lung tissue and negligible through the skin.

However, the oxides of tritium (HTO and T20) are readily absorbed into the body and become uniformly distributed throughout the body fluids within 90 minutes.  Almost 100 percent of tritium water vapor entering the lungs is absorbed, and the oxides may be absorbed directly through the intact skin as well.  Thus, the hazards associated with the oxide are often 1,000 times that of the gas.  Since varying amounts of tritium oxide are associated with the release of any form of tritium, precautions should be taken for controlling exposures to tritium oxide when working with tritium in any form.  Ingested H-3 labeled DNA precursors will be preferentially incorporated into those cells which are in DNA synthesis.  This will constitute a major fraction of the marrow, testes, GI tract, skin and lymphoid tissue.  The radiation dose from these ingested materials will then be concentrated in higher metabolic rate areas rather than the total body.

The radiobiological significance of this situation and the exact precursors of importance are unknown.  However, these points should be noted as important radiation safety considerations.  It is recommended that special care be taken to eliminate radioactive contamination and accidental ingestion of radioactivity when working with H-3 labeled nucleic acid precursors such as thymidine, cytosine, adenosine, guanosine and uracil.

EXPOSURE CONTROL
Tritium should be handled and stored only in well ventilated areas and under carefully controlled conditions.  Since brief exposures to high concentrations of tritium may cause excessive absorption into the body, special ventilation and other requirements are necessary for handling tritium in large amounts.

All equipment which has come in contact with tritium gas or tritiated water vapor will retain some of the tritium and should be considered to be contaminated.  This is particularly true of stopcock grease, vacuum pump oils, and plastics.  Material such as glass and stainless steel retain smaller amounts of tritium.

Because absorption through the skin occurs quite easily, persons working with tritium should wear disposable gloves.  If the gloved hands are exposed for prolonged periods of time, the gloves should be changed every 20 to 30 minutes because the oxide may penetrate the glove material in that period of time.

Wipe testing is the only practical method for measuring tritium contamination on work surfaces and equipment.  Wipe tests should be conducted routinely in any laboratory using large quantities of labeled materials.  The test is done by wiping the surfaces of interest (approximately 100 cm2 per wipe) with an absorbent material (cotton ball, filter paper or plastic foam), inserting the wipe in a liquid scintillation counting vial filled with counting cocktail and counting.  Convert the CPM to DPM using the known efficiency for the radionuclide of interest.  The current guideline limits are 1000 DPM per 100 cm2 for H-3.

PERSONNEL MONITORING FOR TRITIUM
Urinalysis is the bioassay method for tritium.  The internal exposure of tritium can be evaluated as follows:

1.
Collect several milliliters of urine from the second voiding after the assumed end of the potential exposure period, and place the urine in a labeled container.

2.
Add two (2) milliliters of the urine to a liquid scintillation counting vial containing fifteen (15) milliliters of counting cocktail and shake.

3.
Count samples in a liquid scintillation counter in the tritium window.

4.
Using the known efficiency of tritium, determine the disintegrations per minute (DPM) per milliliter of the urine sample.

5.
Using the conversion factor of 2.2 x 102 DPM per microcurie, find the specific activity of the urine sample.  A tritium measurement of 0.1 Ci/ml will require further investigation.

