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INTRODUCTION: Radiation Safety at CRI
 

CRI is licensed by the Office of Atoms for Peace (OAP), Ministry of Science and Technology of Thailand, to import, possess and use of limited types and microCurie amounts of radioisotopes, i.e. P-32, P-33, S-35 and H-3 (all are unsealed, beta-emitted, and non-volatile). Therefore, this safety manual is specific for these isotopes used. If any other radioactive isotopes needs to be used, renew version of this manual will be revised, and re-submit the request (to the OPA?) re-submitted for import and possession of the new isotope(s) as needed. These licenses have been issued only because CRI has established policies and procedures designed to ensure the accountability of the licensed radioactive materials and which will to minimize the exposure of its employees. 
There are eight key components to CRI’s radiation safety program: 

· The Vice-president for Research

· The Safety Committee

· The Occupational Health & Safety Officer (OHS)

· The Biosafety sub-committee

· The Radiation Safety Officer (RSO)

· The Office of Research 
· The Authorized user

· The Radiation Worker 
The roles and responsibilities of each are described below:

The Vice-president for Research  

· Be the Institute permit holder for import and possession of radioactive materials from OAP

· Authorizes the use of radioactive materials and new radioactive laboratory
The Safety Committee  
· Oversees CRI’s Radiation Safety Program, in addition to the other safety programs, e.g. Biosafety, Chemical Safety and Occupational Safety

· Respond to and review employee complaints related to safety issues, including health hazards related to radiation

· Review safety training plans to ensure compliance with any national or international safety practices and CRI safety policies

· Investigate radiation work-related incidents, such as injuries, including reviewing the incident report and determining a strategy for abatement for submission to the Vice-president for Research

· Coordinate with the Occupational Health and Safety unit on occupational health and safety issues directly relating to radiation safety
· Recommends authorization approval for the use of radioactive materials and new radioactive laboratory to Vice-president for research 

· sets policies for the use of sources of radiation 
The Biosafety Safety sub-committee 

· oversees the radiation safety program, and training
· recommends authorization for the use of radioactive materials in CRI  (both new type of radioactive materials or setting up of a new radioactive lab)
· gives general supervision to the implementation of radiation safety policies 

The Radiation Safety Officer

· processes paper work regarding license for import and possession of radioactive material at CRI
· Tracks and controls radioactive material requested by each authorized user

· Processes  the order of radioactive material requested by authorized user
· assumes the role of liaison between CRI and the OAP

· personal monitoring and dosimetry services 

· conducts monthly laboratory radiation surveys

· incident, spill and contamination management 

· reviews incidents involving radioactive materials

· radioactive waste management 

· oversees the inventory, disposal and survey records 

· coordinates with the safety officer to provide radiation safety training 
· advises authorized users and radiation workers on radiation safety and regulatory compliance issues and to provide the following services 
· Coordinates with Office of Research to arrange and ensure periodic updates to the certification of equipment (such as radiation survey meter) and the training of personnel as required

The Occupational Health & Safety Officer 

· coordinates with the radiation safety officer to provide radiation safety training 

· pregnancy counseling 
· maintains files of reports, incidents & spills related to radiation work 
· Oversees periodic inspections to ensure that all CRI activities related to radiation are complied with the radiation safety manual or best standard practices 

The office of Research


• Promotes the importance of radiation safety

• Supports a broad-based research safety program that will protect CRI laboratory personnel, visitors, and students from ill-health effects and injuries associated with the use of radioactive material in use in CRI facilities

• Assigns responsibility for the program components to appropriate individuals, task forces or committees and identifying and implementing clear lines of authority 

• Providing facilities that meet the Institute requirements for working with radioactive material 

· Provide assistance in preparing the necessary documents for applying for licenses for the import and possession of radioactive material with the OAP

The Authorized User 
Authorized Users are CRI’s Laboratory head or PI who have been approved by the Vice-president for reserach to use radioactive materials under specific conditions. An Authorized User is granted approval to possess and use specific isotopes only for the uses described in the authorization application and is issued a possession limit for each of those isotopes. Any person using radioactive materials at CRI is either an Authorized User or is a radiation worker using radioactive materials under an Authorized User’s supervision. 

Each Authorized User is responsible for:   
· the health and safety of Radiation Worker or anyone affected by the use of radioactive materials under his or her direction or supervision. 

· personally attending the CRI radiation safety training and ensuring that his/her employees, staff and visiting scholars receive appropriate training. 

· ensuring that his/her employees, staff and visiting scholars comply with relevant regulations, policies and procedures. 
· Requesting radioactive material to be ordered by the RSO
The Radiation Worker 
A radiation worker is anyone who uses radioactive materials under the supervision of an Authorized User. The radiation worker’s thorough training, compliance with regulations and procedures, careful work habits and respect for the health and safety of fellow workers are an integral part of the radiation safety program. Only those who have undergone the required training can become Radiation Workers.

A radiation worker’s responsibilities include the following:

· Completes the CRI radiation safety training

· Be familiar with the isotopes in use; know their radiological, physical and chemical properties, methods of detection, types of hazards presented, and the specific precautions and handling requirements. 

· Be familiar with all the relevant procedures of the radiation safety program, including isotope purchasing and waste disposal. 

· Knows how to properly use the appropriate radiation survey meter. 

· Knows how to use personal dosimeters and exchange them promptly at the end of wear period. 

· Maintains appropriate inventory, disposal and survey records. 

· Secures radioactive materials by making sure that radioactive materials are locked away or are under immediate supervision within the laboratory. 

· Informs coworkers and visitors in the vicinity of the work area about the presence of radioactive materials and of any precautions they should take. 

· Labels the work area, including all equipments and containers, to clearly indicate radiation contamination.

· Knows who to call in any incident involving sources of radiation and how to handle spills and personal contamination. 
· Keeps work area tidy and clean.
  

SECTION 2: Using Radioisotopes Safely
In some cases the practices described below are required by regulation or by license conditions but in all cases these practices represent good laboratory practices that will promote the safe use of radioactive materials.

Protective Clothing 

All isotopes used at CRI are unsealed sources that could easily involve spills or splashes that contaminate exposed wrists, legs and feet. 
For any work with radioactive materials, wear: 

· double gloves. Remove the first layer before leaving the isotope room
· a full-length lab coat, worn closed with sleeves rolled down 

· close-toed shoes provided in the radioactive room. Do NOT wear sandals or other open-toed shoes while working with radioactivity 
It is strongly recommended that you wear safety glasses for any procedure, but it is essential that you ware safety glasses whenever there is a potential for the build-up of pressure.

Keep an extra set of clothing and shoes in the lab in the event that clothing becomes contaminated.

Avoid using petroleum-based hand creams when wearing gloves because petroleum-based hand creams may increase glove permeability.

Food and Beverages 

· Do not eat, drink or smoke in any room in which radioactive materials are used. 

· Do not store food, beverages, or medicines in refrigerators, freezers or coldrooms where open sources of radioactive materials are used or stored. 

· Do not store food, beverages, medicines, cosmetics, coffee cups, eating utensils, etc. on open surfaces near lab benches where contamination can be readily spread. 

Mouth Pipetting 

· Never mouth pipet radioactive solutions. 

Security 

· Lock radioactive stock materials in a secured container or a secured storage area when not in use. A stock material is radioactive material as provided by the vendor and does not include material withdrawn from the original stock for experimental use. 

· Do not leave radioactive materials unsecured in an unattended lab, even for a short time, unless the lab is locked. 

· Supervise visitors to the lab. 

· When visitors who are not accompanied by authorized lab personnel enter the lab, find out who they are and why they are there. 

· If you discover that radioactive material is missing or lost and cannot be accounted for, notify the RSO immediately for later notification to the OAP. 

Labels 

· Labeling contaminated items and containers of radioactive material, as well as the work area, is an important tool for contamination control and is a courtesy to other laboratory personnel. 

· Any container of radioactive material, any room or piece of equipment in which radioactive material is stored and any contaminated area or item, regardless of the level of radioactivity, should be labeled as Radioactive. 

Biological and Chemical Hazards 

In addition to radiation hazards, some experimental protocols may pose biological and chemical hazards as well. Be familiar with all the risks associated with an experiment, follow any necessary precautions, and know the proper disposal techniques for the resulting wastes. Please refer to the CRI Chemical Hygiene Plan and Biosafety Manual for more information.
Keeping Radiation Exposure ALARA

The acronym ALARA, which stands for As Low As Reasonably Achievable, means that radiation workers should make every reasonable effort to keep
radiation exposures as far below regulatory dose limits as practical. Adhering to the following practices can help keep radiation doses ALARA. 

· Be familiar with the properties of the radioisotope to be used and with any precautions and concerns specific to that radioisotope and material. (See Appendix B for detailed information about the radioisotopes used at CRI).

· Unfamiliar radioisotope procedures should be rehearsed before radioactive material is actually used.
· Wear protective clothing.
· Wear personal dosimeters when appropriate. 

· Have all the necessary materials and equipments available and ready at the start of a procedure. 

· Survey frequently and extensively. Don't assume that contamination will only be found on the bench top. 

· Clean up contamination in the work area promptly. 

· Change gloves and lab coats as they become contaminated. 

· Cover radioactive waste cans at all time and store waste cans away from areas in which people spend substantial amounts of time. Provide shielding for waste cans with significant external radiation levels. 

· Do not store contaminated materials, including gels, membranes, etc. at any desk area. 

· Survey yourself and your clothing when radioisotope work is finished and before leaving the lab. 
  

SECTION 3: Acquiring Radioactive Materials
The RSO must track and control all radioactive materials received to ensure that the CRI’s possession limits for radioactive materials (under licenses issued by the OAP) are not exceeded. Therefore, the ordering and acquisition of radioisotopes must follow very specific rules and procedures. 

There are a few important rules for the purchase and acquisition of radioactive materials that laboratory workers must keep in mind.
Rule #1: Never place orders for radioactive materials directly with a vendor. All radioisotope orders must be placed with the vendor by the RSO. Replacements for incorrect orders or unusable shipments must be negotiated by the RSO.
Rule #2: Each laboratory using radioactive materials has been issued an Authorization for each isotope. This Authorization spells out the lab’s
possession limit for that isotope and the conditions of use. An order will not be placed if the order will cause the lab’s Authorization limit to be exceeded.

Ordering Procedures 

Radioisotopes are ordered by the RSO upon request from Authorized User.
Loans or Other Transfers of Radioactive Materials 

Transfers of radioactive material between CRI’s labs are permitted if the lab transferring the material is responsible for ensuring that the recipient lab is authorized to possess (and use?) the radioisotope in question.
SECTION 4: Receipt of Radioisotope Packages and Inventory Control
Receiving a Package  ??    IF WE DO NOT HAVE ANY OTHER LAB TO WORK WITH ISOTOPE, THIS RULE WON’T EXIST!!
1. All radioactive material packages are delivered to a central radioisotope receiving area. Environmental Health & Safety (EHS) or WHO SHOULD BE ? staff open the package, check the packaging for contamination, inspect the packing list and vial label to verify that the vial contains the material actually ordered, and enter the shipment into the CRI’s radioisotope inventory. 

[DS: I think it has to be the RSO.]

2. Although EHS staff delivers packages to each department, the respective departments are responsible for establishing departmental procedures for transferring packages to laboratory personnel.
[DS: I would use the term laboratory instead of department. You could say that once the RSO logs in the receipt information into the records, she will notify the various laboratories to go and pick up the material.]
3. When a package is delivered to the lab, the person who accepts the package is asked to sign a receipt log. Before signing for a package, examine the packing list and the labels on the package to verify that this package is the same package described on the receipt log.                 

4. After signing for any package, make sure that the package is immediately placed in a secured location. 

5. After signing for a package, promptly notify the person who ordered the material or who will use it that the package has arrived. 
[DS: Ultimately, the RSO should somehow be made aware of receipt of the material to be able to update the inventory so maybe the receipt process should go through the RSO?]
Opening Packages 

The precautions described below are necessary because packages are occasionally delivered with the wrong materials, may contain highly contaminated inner vials, or vials may unintentionally become pressurized during transport. 

1. Wear protective clothing and open the stock vial in a fume hood when practical. (If you say when practical, it may or may not be done. Is there some other criteria other than practicality that may be better for determining when to open in a fume hood?)

2. Verify that the stock vial contains the material you ordered in the amount you ordered. If there are any discrepancies, call RSO and the Purchasing Office ??  immediately. (This is why I suggest having all receipt of material go through the RSO. Would this be too much work? If you want to keep the “Purchasing Office” in the process, it should be included at the beginning in the components of the radiation safety program.)

3. Before the package is delivered to the laboratory, the RSO surveys the packing materials or packing containers for contamination. However, you should wipe test the inner container or stock vial to check for gross contamination (See Section 5 for information on performing a survey). (Again, I think if this is the case, receipt should be directly through the RSO).

4. Extensive contamination of the inner vial should be reported immediately to RSO or the biosafety/radiation sub-committee  ?? (how to determine contamination?)
[DS: I think the role of the RSO is more important than the Biological Safety Sub-committee in this regard because of the requirements of the OAP? Specific training is required. For example, if I have not been trained, I as a sub-committee member am not going to be able to give better advice or make better decisions on radiation safety issues than the RSO. Thus, I think we should keep the role of the RSO emphasized.]
Discarding Packaging Materials

1. Survey any box or packaging material to be sure it is not contaminated before placing it out for the regular trash or sending it for recycling. (how to determine contamination?)

2. Completely mark out, tape over, or remove all radioactive material labels on any empty packaging before placing the package out for pickup as non-radioactive trash. 

Inventory Control

· Record all withdrawals of material from a stock vial on the Vial Use Log. (should it be “vial use” or “material use”)
· When a stock vial is placed into radioactive waste, place the Vial Use Log into the Inventory File (in the isotope room). (I don’t understand this. What is the Inventory File? Is it a folder? So, basically, once material in a vial has been used up, the use log should be recorded to reflect that, and then the use log should then be placed in a folder for archiving?)
· The inventory File is kept for at least 3 years for the OAP (?) inspection.
· If a lab discovers that radioactive material is missing or lost and cannot be accounted for, the RSO must be notified no later than the next business day. 
SECTION5:Surveys and Contamination Control
Frequent surveys performed by knowledgeable (trained?) laboratory personnel are the main line of defense to detect spills and to prevent the spread of contamination within and beyond the laboratory. This section summarizes the requirements for performing surveys. See Appendix A for detailed information about the types of contamination surveys, how to use a survey meter, how to perform a survey using a survey meter and how to perform a wipe test.

Survey Instrumentation

Table 5. 1 summarizes the instrumentation and method of choice for the isotopes used at CRI.

Survey Instrumentation Guide

	Radioisotope
	Acceptable Survey Method
	Comments

	H-3
	LSC
	There are no other acceptable survey methods

	P-32
	G-M or LSC
	G-M detects low levels of contamination

	P-33
	G-M or LSC
	LSC is most sensitive; G-M detects moderate to high levels of contamination; do not cover G-M with parafilm

	S-35
	G-M or LSC
	LSC is most sensitive; G-M detects moderate to high levels of contamination; do not cover G-M with parafilm.


[DS: the table cells are not aligned]

Table Key:
G-M = Survey meter with a Geiger-Muller detector
LSC = liquid scintillation counting


Performing a Meter Survey 

The following list is a brief survey checklist: 

· Perform a battery test (is this specific for the equipment? How is it conducted?)
· Perform an operational check the first time you use the meter each day (What would be considered an appropriate “operational check”? Give an example?)
· Check meter background. Meter background should be < 100 counts per minute (cpm) for a G-M meter 
· Perform the survey

· Decontaminate or label contaminated areas and items.

· Document survey results in the lab survey log. 
[DS: with regards to all the forms, e.g. logs, mentioned in this RSM, I think we should attach them in an Appendix to this manual]
Defining Contamination 
If an item or area with a sustained count rate of five (three ?? for Princeton) times background or more is found, the item or area should be considered to be contaminated. 

[DS: And then what should be done? Label? Decontaminate? For example, if this is described elsewhere in the manual, we should say “please see section X on page y for how to decontaminate.]
When to Survey 

Laboratory personnel must conduct individual work area surveys (surveys of floors, workbenches, handles, experimental equipment, etc.) and personal surveys (surveys of one’s person and clothing) under the following conditions: 
· When entering the radioactive room, sign in the log book, survey the areas with the G-M counter and record prior to starting the experiment (daily, or each time, i.e. multiple times a day?)
· at the end of an experimental procedure 

· at the end of each day for multi-day procedures;
· frequently during the manipulation of millicurie quantities of open sources; 

· following the opening of radioactive material packages;

· following withdrawals from stock vials containing more than 1 mCi;

· prior to exiting the laboratory (for personal surveys) 
· RSO conducts wipes tests in the lab monthly   น่าจะทำ (
Where to Survey

Survey areas where splashes or spills may (Based on what? Reports? Do you mean “can occur”, i.e. in designated work areas) have occurred and areas where a person could unknowingly transfer contamination.( see Appendix D for the survey map and survey form) Typical survey locations include:

· Bench tops, including the edges

· Shields (face shields or what kind of shields?)
· Refrigerator and freezer door handles

· Sinks designated for radioactive material disposal (sink basin, surrounding bench, faucet handles)

· Floors: at working areas, laboratory entrances, waste containers
· Communal equipment, such as pipettors, timers, incubators, centrifuges, water baths, etc. 

· Non-radioactive trash (to ensure that contaminated waste is not disposed of as regular trash) 

· Clean areas (offices, desks, doorknobs, phones, computers esp. keyboards)

When to Document Surveys

· At least monthly in the normal situation

· when radioactive material in amounts of 250 µCi or more have been handled
· whenever contamination is discovered, regardless of the amount used (how can contamination be discovered?)
· to show follow-up actions, whenever contamination has been cleaned up. 
[DS: are there situations when tests are done but don’t need to be documented?]
How to Document Surveys

Record survey results in the laboratory survey log. Appendix D contains a copy of a blank survey log page. Each log entry should contain the following information:

· Name of person performing the survey

· Date of survey

· Brief description of the area surveyed

· Survey meter results (in cpm), even for background count rates

· Meter identification (model, serial number, last calibration date)
· Follow-up action taken when contamination is found.

When to Report Contamination 

· Skin contamination, regardless of level of contamination, must always be immediately reported to the RSO. 

· Uncontained spills (e.g., spills outside of contained areas on the work bench or hood) in excess of 10 µCi must be promptly reported to the RSO. 

· Widespread contamination in any amount should be promptly reported to the RSO. Contamination is considered to be widespread if it is found in several locations, which are not normally expected to be contaminated (e.g., on floors and handles, in non-radioisotope areas, etc.). 

Purchase, Repair and Calibration of Survey Meters 

Call the RSO for recommendations and information about purchasing a radiation survey meter. 

The RSO processes documentation and sends the survey meter to be calibrated at the Thailand Institute of Nuclear and Technology (TINT) to perform an electronic calibration annually. 

Call the RSO whenever a survey meter is not functioning properly or needs to be repaired for any reason. The RSO will call for TINT or a company (what company?) to arrange for repair. Repaired meters are then calibrated?
SECTION6:Dose Limits and Personal Monitoring
Annual Radiation Dose Limits

Each worker who is monitored for external or internal radiation exposure at CRI is notified about the doses he or she receives. (Who does the monitoring?)
WE ONLY HAVE PERSONAL MONITORING  BY THE FILM BADGE  .. no whole body or internal dose exam  

By the way..we work with P-32 emits beta particle of  1.7 MeV  (>250 keV) do we need monitoring? b/c only  small amount of radioacivities ,  < 0.5mCi per month will be used. It will never reach the annual  limit !!! (This depends primarily on the OAP regulations and then secondarily on our OHS program)
CRI has established investigational levels at doses considerably less than the dose limits. When a worker accumulates during any part of a year a dose at or above the investigational level, Occupational Health & Safety Officer (OHS) will investigate to determine causes of the dose and to recommend practices to minimize radiation exposure in the future. 
[DS: Since this has not been mentioned, I assume the OAP does not have regulations for this? Is the term “investigational levels” a standard term? What does it mean? We should include a definition. When you say “dose limits”, what do you mean? Do you mean the limits of the safe dose, i.e. going over is unsafe? Who sets this?]
Further information about radiation exposure from radioactive materials taken up internally is provided in Appendix B in the listings of Annual Limits of Intake (ALI), the amount of a specific radioisotope taken internally which will produce a whole body dose of 5000 millirems. For example, Appendix B states that the ALI for H-3 is 80 mCi. If a worker is notified that he or she has had an intake of 80 mCi of H-3 with a resulting dose of 5 mrem, then the table below indicates this dose to be 0.1% of the annual radiation dose limit.
Table 6.1 Dose Limits according to ICRP130                                                        

	
	   Exposure Limit(in a year)  


	Organ limits (in a year)



	
	
	Lens of the eye         
	Extremities, skin   

	Occupational exposure
	20 mSv(2rem) averaged over five years,

50 mSv in any single year

100 mSv(total) in five years
	150 mSv


	500 mSv

	Public exposure
	1 mSv averaged over five years, 

5mSv in any single year 

10 mSv(total) in five years 
	15 mSv
	50mSv

	Fetal (Declared pregnant occupational workers) 
	1mSv(100mrem) to the embryo/fetus
	-
	-


*ICRP : International Commission on Radiological Protection
ICRP103 : International Commission on Radiological Protection Publication103

[DS: where is this agency located?]
The ALARA Principle 

Although CRI must keep radioactive dose levels for students, staff and visitors below the dose limits, and also work to keep doses as far below the dose limits as can readily be achieved or keep doses As Low As Reasonably Achievable (ALARA). Consequently CRI has established investigational dose levels and will investigate any dose exceeding these levels in an effort to address causes of unnecessary radiation exposure.
[DS: Are “readily be achieved” and “reasonably achievable” different?]
Required Monitoring 
Monitoring of external radiation exposure is required for the persons using radioactive materials in the following amounts and types of use: 

	Types of use
	Examples
	Amounts for which monitoring is required

	Use of Open sources of B-emitters with energies > 250 keV*
	P-32
	5 mCi or more


* Monitoring is not required for operations that only involve aliquoting from a stock vial and do not involve any other manipulation of radioactive materials.
Monitoring is not generally provided for persons working in laboratories in which only alpha emitters or low energy beta emitters (< 250 keV) are used. (It seems like a follow-up sentence is missing, e.g. “In such cases, monitoring may be specifically requested if…”). Alternatively, you can delete “generally”.

How to Request a Monitoring Badge

Contact the RSO to request radiation monitoring services, and supply the following information: name, age, name of the laboratory, type of radioisotopes being used, purpose of request (i.e., new service, replacement for a lost/damaged badge, etc.).

The Rules for Wearing a Monitoring Badge Wear
· Wear badges so the name label faces toward the source of radiation.

· Store badges in low radiation background areas. 

· Do not expose badges to elevated temperatures (e.g., don’t store badges on hot sunny surfaces or near radiators).

· Notify OHS immediately if you suspect you may have received an unusual exposure. (I think it should be the RSO?)
· Do not wear your badges when you receive medical x-rays or are exposed to other medical sources of radiation.

· If your badges become contaminated, damaged or lost, call OHS or RSO ??  immediately to request replacements. (RSO?)
· Badges are generally exchanged once a month (the service is changing the new type of badge and not sure if they are going to change once every 2 or 3 mths ) (who currently provides the service?)
· Return the used old badge promptly at the end of the monitoring period promtly, after you receive your new set of badges. (how many badges are given out at a time?)

How to Find Out Monitoring Results 

Monitoring reports can be received individually online via the OAEP (is the official abbreviation OAP as we’ve been using in this manual or OAEP?) website (www.oaep.go.th) and printed results are sent directly to the RSO at the end of the monitoring period. 

Internal Monitoring do we  need the internal monitoring? b/c the radioactive used are not volatile or airborne but can be accidentally intaken
Radioactive materials can be taken up internally when volatile or other airborne radioactive materials are inhaled and when radioactive materials are absorbed through skin or ingested. Internal uptakes may occur when lab personnel unknowingly handle contaminated objects, when permeation occurs through highly contaminated gloves, or when spills occur. To determine the dose resulting from an intake, bioassays must be performed. For the radioisotopes commonly used at CRI, bioassays usually involve urinalysis or external thyroid counting.(for the volatile isotope in which CRI does not use)
[DS: what are the OAP or OAEP regulations? We should follow that.]
Declared Pregnant Worker Program 
The two most important aspects of the NRC’s (National Research Council?) fetal dose regulations are:

· The fetal dose regulations apply only to a woman who has voluntarily informed her employer, in writing, of her pregnancy and the estimated date of conception. 

· The dose to the fetus resulting from occupational exposure of a declared pregnant woman may not exceed 500 mrem for the entire pregnancy. 

How to Submit a Declaration of Pregnancy

Any radiation worker who is pregnant or believes that she may be pregnant should contact the OHS office (and notify the RSO?). All communication on this issue will be kept in strict confidence. OHS will take the following steps:

1. Provide an opportunity to submit a Declaration of Pregnancy. A Declaration of Pregnancy form is included in Appendix E or may be obtained from the OHS office. If a written declaration of pregnancy is not submitted to the OHS office, then the worker’s dose continues to be controlled under the normal dose limits for radiation workers.

2. Provide information concerning risk of fetal radiation exposure.

3. Evaluate the worker’s dose history and exposure potential. For the type of radiation work performed at CRI, it is rarely necessary to recommend reassignment or changes to job duties.

4. Make recommendations for reducing radiation exposure.

5. Monitor the worker’s radiation dose with regard to worker and fetal dose limits.
[DS: is this information provided as part of standard training? I think it should be.]

SECTION 7: Radioactive Waste Disposal
The Radioactive Waste Management Program

Several factors determine the route by which radioactive wastes are disposed. These factors include: half-life, radionuclide, chemical constituents, physical form (liquid or solid), dose rate, and other physical characteristics.

· Separate radioactive waste in particular containers labeled for solid waste and liquid waste, and separate containers for each type of radionuclides.   

· Most solid wastes that contain isotopes with half-lives not exceeding 120 days are handled by storage for ultimate disposal as non-radioactive waste. (What does this mean? Are they stored for a certain amount of time somewhere before being disposed as regular lab waste?) The storage program is operated by each lab with oversight by the RSO. 
· Solid radioactive wastes contaminated with radionuclides with half-lives greater than 120 days are disposed via shipment off-site (TINT services). A TINT waste management request form (see APPENDIX E) should be completed and submitted to the RSO to mange the arrangements with TINT for pick-up of the radioactive waste. 
· All liquid scintillation wastes are disposed of through a contracted radioactive waste disposal services contracted as part of the Off-Site Radioactive Waste Disposal Program managed by OHS. (This is the first time I have heard of this Off-site Radioactive Waste Disposal Program. It should be described in more detail in this RSM. Again, not sure who should manage it.)
· Special wastes that include radioactive contaminated animal or other biological waste, or hazardous chemical wastes such as phenol, are disposed by storage until the isotope decays or at least for 8 half-lives (for the short half-life radionuclides) before processing through special arrangement. (What are special arrangements? Examples?) Contact RSO? OHS to make disposal arrangements. 



Liquid Scintillation Counting (LSC) Wastes 

· The use of toluene-, xylene- and pseudocumene-based solutions is prohibited.

· LSC solutions must have a flashpoint of 140º F. or greater. Acceptable LSC solutions include:

· BCS 

· CytoScint ES 

· Formula 989 

· BCS-NA 

· Ecolite 

· Scintiverse BD 

· BetaMax ES 

· Ecolume 

· Universol ES 

· Bio-Safe II 

· Econo-Safe 

· Fisher’s ScintiSafe solutions 

· Bio-Safe NA 

· Ecoscint 

· All LSC wastes, regardless of the isotope, are disposed of through the Off-site Disposal Program. 

LSC Waste Disposal Procedures

1. Obtain a lined 5-gallon pail from the department waste contact (?) or from RSO. 

2. To minimize costs, certain isotopes (?) should be segregated from other isotopes. 
3. Pour liquid LSC waste into a poly ethylene tank supplied with tag label of the type of radionuclide, and date of starting collection. 
4. Rinse vials twice with water and pour the rinsed water into the same tank !!!  ??  as 3. (What do the exclamation points mean?)
5. Rinse vials with plenty of water in a pail, overflow with tap water.
6. Wash vials after no radioactivity is detected.
7. Contact the RSO for off-site shipment off-site of H-3-waste (by TINT). P-32 waste should be stored (where?) until no radioactivity is detected and then disposed of as non-radioactive waste. 
Liquid Waste Disposal Procedures 
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1. Segregate P-32 wastes from all
lother isotopes.

/2. P-33, 535 and 1-125 can be
lcollected together.

3. Collect wastes in special
bottles provided by DIS Manager.

la. Fill out a waste card for each
bottle of waste.

5. Take bottles of waste to the
|departmental waste facility in
laccordance with the department's
procedures.







[DS: We don’t have EHS. Diagram needs to be modified. We should also reference this? Do we have a secondary disposal sink? Where is it located? Where is our decay-in-storage facility?]
Solid Waste Disposal Procedures 
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[DS: Same comments as for liquid waste]
SECTION8: Transporting and Shipping Radioactive Materials
Whenever radioactive material is moved, e.g. from one laboratory to another laboratory, package it and move it in a way that will avoid spilling the material and unnecessary exposure to anyone. Take the following steps: 

1. Contact RSO in advance, if the material is being moved along or across any public street. (outside the Institute or inside the Institute or both?)

2. Surround any container of radioactive liquid with sufficient absorbent material to absorb at least twice the volume of liquid. Use materials such as paper towels, or absorbent padding.


3. Provide adequate shielding, for example a lead container for P-32. (Do we have this and where can it be found?)


4. Label the inner container of radioactive materials with a Radioactive Materials label, Reference date and date of aliquot.

APPENDIX A: Contamination Surveys

Types of Contamination

Removable contamination can be readily removed using proper decontamination procedures. Removable contamination in any amount may present both an external and internal hazard because it can be picked up on skin and possibly ingested.

Fixed contamination cannot be readily decontaminated. Fixed contamination generally does not present a significant hazard unless the material comes loose or is present in such large amounts that it presents an external radiation hazard. 

Types of Survey

Meter surveys, using Geiger detectors or scintillation probes, can identify gross contamination (total contamination consisting of both fixed and removable contamination) but will detect only certain isotopes.

Wipe surveys, using “wipes” counted on a liquid scintillation counter or a gamma counter, can identify removable contamination only but will detect most isotopes used at CRI. Wipe tests are the most versatile and most sensitive method of detecting low-level contamination in the laboratory. 

Survey Instrumentation 
The portable Geiger-Muller (G-M) survey meter is best used for P-32, a high-energy beta emitter. A G-M meter can also be used to identify areas heavily contaminated with lower energy betas, such as C-14 or S-35, for which the G-M meter has a relatively low efficiency. 
The liquid scintillation counter, used for counting wipe tests, is not portable but is the most versatile counting instrument because it has a high counting efficiency for a wide range of radionuclides. 

How to Perform a Meter Survey

1. Check the survey meter’s battery by turning the meter knob to the battery test position. If the battery is adequately charged, the meter needle will swing to the battery test position on the meter face. Replace the batteries if the batteries are low. (I had a question about this earlier in the RSM. You could refer to this section for more details about the battery test)

2. Perform an operational check the first time you use the meter each day or when you suspect it may have been misused or damaged. Look at the calibration sticker on the side of the meter and note what the expected reading for the operational check source should be. Turn the meter on and turn the meter’s multiplier switch to a setting that will measure the check source and will provide a mid-scale reading but will not cause the needle to swing beyond full scale. For a Ludlum G-M survey meter the multiplier knob should generally be set to the X1 position. Place the probe firmly against the check source on the side of the meter and note the meter response. If the observed meter response differs from the expected response by more than 20%, the meter should be considered nonfunctional and should be taken out of service. (Again, I also had a question about the operational check, so you could again refer to this section for more details)

3. Take the meter to an area away from sources of radiation and note the meter background reading. Typically, the background for a G-M meter with a pancake survey probe should be less than 100 counts per minute (cpm) while the background reading for a meter with a NaI scintillation crystal should be less than 300 cpm. If the meter’s background reading is substantially greater than expected, confirm that there are no unexpected sources of radiation or radioactive materials in the vicinity, and then call the RSO to report a contaminated meter. 

4. Do not cover the probe surface with parafilm or other protective covering. Parafilm and similar materials will shield the low energy betas from C-14, P-33 and S-35 and will prevent the meter from detecting contamination.

5. Slowly move the probe about 1 centimeter above the area of interest. 

6. If an item or area with a sustained count rate more three five?  times background is found, the item or area should be considered to be contaminated. 

7. Immediately label the area or item and promptly decontaminate it. Decontamination procedures are provided in Section 1. If an area cannot be decontaminated, the contaminated area should be marked and labeled to indicate the isotope, date and level of contamination. 

8. Sometimes, especially in the presence of other radioactive materials, the meter survey may be equivocal. When the meter survey indicates that low-level contamination may be present, a wipe survey should be performed to confirm or disprove the presence of contamination.

9. Document the survey results whenever contamination is discovered or if 250 µCi or more have been handled. Record survey results in the laboratory survey log. This is a CRI requirement. 
How to Perform a Wipe Test

Wipe surveys must be performed when H-3 is used and is the survey method of choice to detect the presence of low levels of removable C-14, P-33 and S-35 contamination. Wipe surveys should also be performed to confirm the presence of contamination when a meter survey suggests that low-level contamination may be present. 

1. Using a piece of filter paper (about 1” in diameter), Q-tip or other swab, wipe the area being surveyed. If the area is very large, subdivide it into smaller areas and use several wipes to better pinpoint the location of contamination. For some surfaces, including skin and clothing, the wipe media should be moistened with water or other appropriate solvent. 

2. Prepare the sample for counting as suggested in the counter’s operating manual. Analyze the wipe samples in a liquid scintillation counter for H-3 and other beta emitters and preferably in a gamma counter for Cr-51 and I-125. 

3. Sample activity is determined by dividing the sample count by the counter’s efficiency for the isotope in question. The counter’s operating manual should provide information about efficiencies and activity determination.

4. Call the RSO with questions about liquid scintillation and gamma counter use.

APPENDIX B: The Characteristics of Common Radioisotopes
This section provides useful information, including physical characteristics, shielding needs, handling precautions and waste disposal information for the six radioisotopes most commonly used at Princeton University: 

 

	Isotope
	Half-life
	Emission
	Max. Energy (keV)
	ALI* for Ingestion (mCi)
	Badging Needed?
	Shielding
	Detection***

	H-3
	12.3y
	B-
	19
	80
	no
	none
	LSC only

	C-14
	5730y
	B-
	156
	2
	no
	none**
	LSC;G-M

	P-32
	14.3d
	B-
	1710
	0.6
	>5mCi
	Plexiglas
	G-M

	P-33
	25d
	B-
	250
	6
	no
	none**
	LSC

	S-35
	87.4d
	B-
	167
	10
	no
	none**
	LSC


*Annual Limit on Intake

**Unless handling tens of millcuries

***LSC: Liquid Scintillation Counting

G-M: Geiger-Muller Counting



Hydrogen-3 

Physical Characteristics:
· Half-life: 12.3 years 

· Emissions: Beta particles with a maximum energy of 18.6 keV and an average energy of 5.7 keV. 

· Maximum Range in Air: 4.7 mm in air; 6 mm in tissue. 

· Fraction transmitted through the dead layer of the skin: none 

Dose and Shielding:
· Dose rate to the skin at 10 cm: None 

· Dose rate to epidermal basal cells from skin contamination of 1 mCi/cm2: None 

· Shielding: None needed. 

· Annual Limit on Intake (ALI): 80 millicuries via ingestion, assuming intake as tritiated water. The ingestion of one ALI will produce a dose of 5 rem. 

Detection:
Liquid scintillation counting is the preferred method for detecting H-3. Most G-M detectors will not detect the presence of H-3. 

Precautions:
H-3 contamination cannot be detected with a G-M meter, and special precautions are needed to keep the work environment clean. The regular use of wipe testing, using a liquid scintillation counter, is the only way to insure that your work space does not contain contamination.

Waste Disposal:
· Solid Wastes/Liquid Scintillation Wastes: through the Off-Site Radioactive Waste Disposal Program 

· Liquid Wastes: through the Sewer Disposal Program. The monthly secondary disposal limit is 3 mCi. 



Phosphorus-32
Physical Characteristics:
· Half-life: 14.3 days 

· Emissions: Beta particles with a maximum energy of 1.71 MeV and an average energy of 0.7 MeV. 

· Maximum Range: 620 cm in air; 0.8 cm in tissue; 0.6 cm in plexiglas 

· Fraction transmitted through the dead layer of the skin: 0.95 

Dose and Shielding:
· Dose rate to the skin at 10 cm: 4070 mrad/hour/mCi 
(for an unshielded point source) 

· Dose rate to epidermal basal cells from skin contamination of 1 mCi/cm2: 9200 mrad/hour 

· Shielding: 3/8” plexiglas/lucite will shield all P-32 betas. For high activity sources exceeding a few millicuries, it may be desirable to add lead shielding outside the plexiglas shielding to shield against bremsstrahlung x-rays. Plexiglas should be placed closest to the P-32 source as primary shielding, and lead should be used outside the plexiglas as secondary shielding. 

· Annual Limit on Intake (ALI): 600 microcuries via ingestion. The intake of one ALI will produce a dose of 5 rem. 

Detection:
A G-M detector will readily detect low-level P-32 contamination, although liquid scintillation counting is also an acceptable method for detecting removable P-32 contamination.

Precautions:
High localized doses are possible while handling millicurie amounts of P-32 and as a result of skin contamination. Reduce doses by wearing safety glasses (for shielding the eyes), using remote handling tools such as tongs, using shielding extensively to shield storage and experimental containers and work areas, and performing thorough and frequent surveys of the work area, clothing and the body. 

Waste Disposal:
· Solid Wastes: through the Decay-in-Storage Program. 

· Liquid Wastes: through the Sewer Disposal Program. The monthly secondary disposal limit is 300 µCi. 

Phosphorus-33 

Physical Characteristics:
· Half-life: 25.3 days 

· Emissions: Beta particles with a maximum energy of 249 keV and an average energy of 76 keV. 

· Maximum Range: 45 cm in air; 0.06 cm in tissue 

· Fraction transmitted through the dead layer of the skin: 0.35 


Dose and Shielding:
· Dose rate to the skin at 10 cm: 2000 mrad/hour/mCi 
(for an unshielded point source) 

· Dose rate to epidermal basal cells from skin contamination of 1 mCi/cm2: 4500 mrad/hour 

· Shielding: None needed, when used in millicurie quantities or less, under normal laboratory conditions 

· Annual Limit on Intake (ALI): 6 millicuries via ingestion. The intake of one ALI will produce a dose of 5 rem. 

Detection:
Liquid scintillation counting is the preferred method for detecting P-33. Most G-M detectors are not likely to detect the presence of P-33 in amounts less than about 100,000 dpm (0.05 µCi).

Precautions:
Low-level P-33 contamination cannot be easily detected with a G-M meter, and special precautions are needed to keep the work environment clean. The regular use of wipe testing, using a liquid scintillation counter, is the only way to insure that the work space does not contain low-level removable contamination.

Waste Disposal:
· Solid Wastes: through the Decay-in-Storage Program. 

· Liquid Wastes: through the Sewer Disposal Program. The monthly secondary disposal limit is 3 mCi. 



Sulfur-35 

Physical Characteristics:
· Half-life: 87.6 days 

· Emissions: Beta particles with a maximum energy of 167 keV and an average energy of 49 keV. 

· Maximum Range: 24 cm in air; 0.030 cm in tissue. 

· Fraction transmitted through the dead layer of the skin: 0.12 

Dose and Shielding:
· Dose rate to the skin at 10 cm: 625 mrad/hour/mCi 
(for an unshielded point source) 

· Dose rate to basal cells from 
skin contamination of 1 mCi/cm2: 1460 mrad/hr 

· Shielding: None needed, when used in millicurie quantities under normal laboratory conditions 

· Annual Limit on Intake (ALI): 10 millicuries via ingestion for most compounds of sulfur. The intake of one ALI will produce a dose of 5 rem. 

Detection:
Liquid scintillation counting is the preferred method for detecting S-35. Most G-M detectors are not likely to detect the presence of S-35 in amounts less than about 100,000 dpm (0.05 µCi). 

Precautions:
· 35S-labeled methionine/cysteine compounds can volatilize. Stock solutions and thawed materials should be opened within a fume hood. Activated charcoal can be used to trap contamination within equipment such as incubators. Contact EHS for further information. 

· Low-level S-35 contamination cannot be easily detected with a G-M meter, and special precautions are needed to keep the work environment clean. The regular use of wipe testing, using a liquid scintillation counter, is the only way to insure that the work space does not contain low-level removable contamination. 

Waste Disposal:
· Solid Wastes: through the Decay-in Storage Program 

· Liquid Wastes: through the Sewer Disposal Program. The monthly secondary disposal limit is 3 mCi. 
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