
External Radiation Guidelines for Rodent Experimental Subjects 
Purpose: These guidelines have been developed to provide minimum standards for radiation  of laboratory animals at LBNL and assure that all LBNL procedures involving radiation of experimental animals are in compliance with Animal Welfare Regulations and follow standards described in the Guide for Care and Use of Laboratory Animals. It is the responsibility of the investigator to ensure use of techniques and procedures which result in the least pain and distress to the animal, while adequately addressing the needs of the experimental design. All protocols involving radiation must be reviewed and approved by the AWRC prior to their implementation. Exceptions to these guidelines are possible if justified for the experiment and reviewed and approved by the AWRC.

Training: It is the responsibility of the investigator to assure that all individuals performing radiation on animals are adequately trained to do so. 

General:  

As with many research procedures involving animals as experimental subjects, the requirements and conditions go beyond those for the protection and valid use of animals.  For external exposures to radiation; for example, test the effect radiation on tumor development and growth or image internal organs or structures; the conditions and requirements of the X-ray Authorization must be met.  For internal use of radiotracers, either as imaging agents or tracing the metabolic fate of drugs, nutrients, or environmental pollutants, the stipulations and mandates of the Radiological Work Authorization must be met.  Please provide the alphanumeric codes of the applicable authorizing documents in the space provided. 

Additional Procedures to be considered for this ARM/Group

Anesthesia or Pain and Distress Alleviation

Restraint 

Administration of chemicals in addition to radiotracers

Required Training/Certification prior to performing procedure


Facility Orientation
Training required by currently approved X-ray Authorization (if applicable)

Training required by currently approved Radiation Work Authorization (if applicable)
General:  

As with many research procedures involving animals as experimental subjects, the requirements and conditions go beyond those for the protection and valid use of animals.  For external exposures to radiation; for example, test the effect radiation on tumor development and growth or image internal organs or structures; the conditions and requirements of the X-ray Authorization must be met.  For internal use of radiotracers, either as imaging agents or tracing the metabolic fate of drugs, nutrients, or environmental pollutants, the stipulations and mandates of the Radiological Work Authorization must be met.  Please provide the alphanumeric codes of the applicable authorizing documents in the space provided. 

External Radiation Exposure in Rodent Research – Code: XRadRod

The following conditions must be met:


1.  The X-ray authorization must be followed.


2.   The training requirements and the proficiency in executing them for the X-


irradiator and for the handlng of animals to be exposed must be met and 


verified by the applicable technical oversight staff (Radiological Control 


Technician;  Scott Taylor, LSD X-ray System Supervisor; and Nina Hahn, 


Attending Veterinarian). 




3.  Access to the X-ray room during irradiation is limited to those with Proxcard 


access to the room and authorization to operate the X-ray machine.  No 


one else should be in the room at the time of setting up the exposures.

The Standard Operating Procedure (SOP) for placement of the animals in the beam follows as part of this document. Consulting this procedure will help the user to appropriately address the “Conditions” above.  This SOP must be followed in step-by-step detail in all aspects of   how to operate the instrument and set up the dosimeter, and record dosimetry data.
Note that placement of animals in a restraining device as shown in the appendix to the SOP necessitates checking “Restraint” in the procedures list and filling in the details requested in the “Restraint” procedure section as you  fill out “Procedures” in completing the “Animal Arm”.

Exposure of animals to external irradiation is often used in conjunction with other procedures in the same protocol: such as survival surgery, administration of chemical and/or biological agents, tumor growth and the health monitoring procedures for all of these.  Please check the other procedures in this protocol to be used in conjunction with external exposure to irradiation and fill in the appropriate information in completing the “Animal Arm”.
Bldg. 977 Barrier Care Facility
Standard Operating Procedure for X-RAD 320 X-ray System

Purpose: Usage of X-ray machine in B977/136 for irradiation of mice 
Content:

1.0 Pre-operation steps

2.0 Dosimetry

3.0 Operation of X-ray machine

4.0 Post-Exposure steps

Appendix A: Accu-Pro dosimeter

Appendix B: Mouse cage card with exposure record
1.0 Pre-operation steps and Machine Warm-up

1. Enter user information in log book.

2. Obtain key from X-ray Authorization (XA) binder in room 126, place key in switch in Operator’s Panel.

3. Turn key from OFF to STAND BY. This will switch on power control panels and pump.

· Panel will show current date and time.

· Water faucet will appear in lower right corner if collant flow is in order.

· Allow 5 minutes for complete start up of computer and calibration process before turning unit from STAND BY to ON. If insufficient time is allowed, you will get an ERROR 43 message. If this occurs, turn off unit and restart the process.

 4. To adjust sample table to appropriate height:

· Open door with both hands 

· If needed, turn on overhead lamp located just inside of door.

· Set height of sample shelf using key operated adjustment switch located on control panel. The system must be in the STAND BY or ON modes for the adjustment motor to have power. Use height guide on the inside right wall to determine height.

 5. To adjust collimator field:

· Turn field illumination switch on (x-ray system must be in STAND BY or ON modes)

· Adjust X and Y knobs to determine projection field.

· Turn field illumination switch off.

· Close the door (DO NOT SLAM the door) If you have problems with the door latch, contact the X-ray Systems Supervisor Scott Taylor so he can make an adjustment).

· Push “ENTER” (the bent arrow switch) on the control panel to ensure computer recognizes that the interlocks are engaged.

 6. Turn key from STAND BY to ON.

 7. If a warm-up run is necessary, screen will show voltage of the last run.

· Warm up should be run at 310 kV and 12.5 mA.

 8. To change the high voltage (kV) setting:

· Push the F1 key

· Set the value with the numeric keypad to 310 kV.

· Press ENTER

9. To change the current (mA) setting:

· Push the F2 key.

· Set the value with the numeric key pad to 12.5 mA.

· Press ENTER

10. After the system performs calculations to determine length of warm up time needed, the screen will prompt “Push START Button” in black message strip located across the lower portion of the screen.

· Swipe card across Prox Card Reader.

· Push X-Ray On (green) Button.

· Yellow light on panel, white x-ray warning light on top of X-ray unit and lightening bolt symbol on display screen will all turn on.

· Warm-up time remaining will appear on bottom of display screen (warm-up time will vary depending on when the machine was last used).

· To stop x-ray in the middle of the warm up procedure, push the red STOP x-ray button.

· The operator has three more warm-up attempts in case of malfunction or operator stop. After a total of four attempts, the x-ray System Supervisor must be contacted to reactivate the unit.

 11. After completion of the warm-up, the message “110:Warm-up program completed. ENTER.” will appear on the screen. Push the ENTER key to acknowledge the completion of the warm-up. The system is now ready to operate.

2.0 Dosimetry (Refer to Appendix A: Accu-Pro dosimeter)

1. Change the x-ray settings to 300 kV and 10 mA.

2. Make sure the white x-ray light on top of the machine is off before opening doors. 

3. Position the turn-table height at 75 cm.

4. Place the white probe (ion chamber) inside clean mouse retainer and place the retainer in white plastic tray. Position tray in the center of the turning table inside the x-ray cabinet. Do not turn on the turntable. Close the cabinet door.

5. Turn on the Accu-Pro dosimeter and with no x-rays present, use the up and down keys on the dosimeter to SELECT Accumulated Dose. Wait for the self-test program to complete and the dosimeter to zero itself.

6. Log in with your Proxy Key and press x-ray On (green) button. Yellow light on panel, white x-ray warning light on top of x-ray unit and lightening bolt symbol on display screen will all turn on. Elapsed time, running current and voltage will be displayed on the screen.

7. The ion chamber will read the accumulated dose. During each session, note the time it takes to reach desired accumulated dose (ie. for 6 Gy, it takes about 3 min and 14 seconds). After X-ray exposure has finished, the white x-ray warning light on top of the x-ray machine will turn off and it will be safe to open the x-ray machine door.

8. Set the time of exposure to the time measured in previous step (Step 7), and repeat dose measurement to confirm the dose delivered in the selected time amount (i.e. 3:14 min for 6 Gy). 

9. A new dosimetry should be performed every 2-3 moue irradiations to monitor the consistency of the delivered dose. Record the dose measured by the dosimeter on the Exposure log (T8_SOP3). 

10. Switch off the dosimeter after use.

3.0 Operation of X-ray machine

Note: This Operation procedure has been reviewed and approved by the LBNL X-ray Safety Officer (XSO) Robert Fairchild, who is a certified radiation physicist. It cannot be modified without expressed consent of the XSO. This is the only approved procedure for this X-ray machine (located in Bldg. 977). Each user of this machine MUST use this procedure.

1. X-ray settings should remain the same as those used for dosimetry (300 kV and 10 mA) 

2. Place your sample on the turn-table and turn the turn-table on (the on/off switch is located on the side of the turn-table) and close the cabinet door.

3. Set the appropriate time for irradiation run as determined by dosimetry.

4. Swipe your card across the Prox Card Reader and press the x-ray on (green) button. Yellow light on panel, white x-ray warning light on top of x-ray unit and lightening bolt symbol on display screen will all turn on. Elapsed time, running current and voltage will be displayed on the screen.

5.  
To change samples between exposures: 

· Make sure X-ray light on top of cabinet is OFF 

· Open the cabinet door and change samples.

· Close the door, log in with Prox Key

· Press x-ray on (green) button

6. The x-ray can be stopped at any time by pushing x-ray off button.

7. If you open the door between runs, you must push ENTER after closing the door before initiating the next run.

8. After completion of all runs, move key switch from ON to OFF, remove key and return to XA Binder. The system will continue with its cool down process without the key in the lock.

4.0 Post Exposure Steps

1. After each exposure, gently release the mouse from the plastic retainer back into its cage. Clean retainer between each use with MB10 Disinfectant or 70% ethanol.

2. Make sure each cage has food and water.

3. Double check that the cage card is labeled with the correct information (mouse code, mouse weight, dose received and time of exposure).

APPENDIX A: 

Operation of the Accu-Pro dosimeter (Author: Torsten Groesser)

NOTE: Do not turn the turning table on while the ACCU-Pro dosimeter is being used.

Turn on the Accu-Pro™: Press the green power button. A beep sounds and a set of vertical rectangles marches across the display to assure it is operating, the calibration date is displayed, and self-test is performed. During turn-on the control unit reads the type and calibration factors of each sensor, measures the ion chamber temperature and the ambient pressure. When self-test completes, the display will show the chamber information:

0.18cc Corr 1.00

HV Stabilize 13s

while the ion chamber and bias supply stabilize. The 0.18cc Corr value is the temperature/pressure correction that will be applied to ion chamber readings. The stabilize value counts down to zero.

When it reaches zero, pressure and temperature display:

Press 99.2 kPa

Temp 20.1 deg C

The top line of the display will then show:

Change or SELECT

and the second line will show “accumulated dose” or whatever measurement mode was active the last time power off occurred.

If self-test is unsuccessful, a failure message is displayed. Pressing UP or DN allows operation to proceed; however you must resolve the problem before accurate measurements can be performed. See the User’s Guide for error message information.

Display:

Instrument operating status and measurement results are shown on the 2-line display. In some cases there are more measurements than will fit on 2 lines. Press select to scroll additional readings onto the display. Characters at the left side of the display have special meaning:

For dose measurements:

? indicates dose-sensor signal was outside calibrated range.

> indicates high-sensitivity mode measurement.

[ indicates low-sensitivity mode measurement.

] indicates cumulative (zero-corrected) dose is negative.

> in Setup indicates a parameter choice. Press select to chose.

Sounds:

A short beep signals a key-press. A long beep signals an error.

Making a measurement:

The UP and DN arrows move through the main menu. The top line of the display continues to show

Change or SELECT

while the second line shows the measurement you may select (should show “Accumulated Dose”). Pressing select starts the measurement. Pressing UP or DN during a measurement while a function is selected ends the measurement and returns to the main menu. Pressing select during a measurement may restart the function or scroll the display.

In the following section the test button simulates an x-ray exposure. Normal measurements would be performed in the same manner.

Accumulated Dose

Use UP or DN to reach Accumulated Dose then press select (don’t start the exposure yet – background levels are measured at this point). The display will briefly show

0.18cc Corr 1.00

measuring zero

after which it will become

Accumulated Dose

0.0 mGy/min

The up arrow indicates low-sensitivity mode. Press and hold test (or make an exposure).

The display becomes

[Accumulated Dose]

999.5 mGy/min

Once the measurement has been completed, the display retains the values. A subsequent exposure does not replace them until the measurement is complete. The > appears to the left of the exposure value to indicate signal-present. When it disappears, a beep sounds and the new reading is displayed.

Appendix B: Mouse Restraining Device 

"Rodent restrainers”: With animal under control as prescribed for handling and manual restraint, place the head at opening of the box while maintaining tension on the tail.  Allow the animal to crawl in and place the securing block appropriately.

The reference for the paper is:

Introduction to basic mouse handling techniques.  Donovan et al.  2003.  Curr Protoc Hum Genet.  PMID 18428337
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