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• The floor area in which radioactive waste containers are stored should be delineated with 
radioactive labeling tape. 

• All waste must be properly labeled. This consists of two labels, 180o apart, with the isotope(s) 
clearly identified. 

• Radioactive waste containers should be shielded using an appropriate material, if the 
unshielded dose rate exceeds 1 mR/hr. 

• All infectious material must be detoxified, in accordance with the experimental protocol, prior 
to requesting RCO pick-up. 

C. Packaging of Waste 
It is important that waste be packaged in a manner that will lead to safe processing.  Remember to use 
the smallest container possible. 

• Dry waste can be collected in cardboard boxes lined with yellow plastic bags, plastic pails or 
yellow plastic bags.   

• Sharps must be collected in a puncture resistant container.  An item is considered a sharp if it 
can puncture a plastic bag.  Pails are the preferred container. 

• All liquids can be collected in polyethylene jugs or plastic pails, while aqueous liquids can also 
be disposed of in cubitainers. 

• Biological waste must be placed in polyethylene jugs or plastic pails.  Animal bedding, blood 
stained diapers and bench covers may be disposed of in double yellow bags. 

• Animal Bodies must be in double yellow bags or pails. 
• Scintillation Vials may be stacked upright in the original vial box and sealed with filament tape, 

or in a cardboard box lined with a yellow bag.  They can also be placed in a plastic pail. 
• Bulk scintillation cocktail can be disposed of in a polyethylene jugs or plastic pails. 

Do not mix dry and liquid waste.   
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D. Completion of the waste card. 
See figure 41 

A. Your Approval Holder’s name 
B. Your Approval number 
C. The building and room where the waste is located.  This must be an approved RAM laboratory. 
D. The name and phone number of the person preparing the waste.  This individual must be 

available during normal business hours  
E. Physical form of waste.  Only one type of waste should be checked. 
F. Radioactive nuclide(s) present. 
G. Activity present.  This must be in units of mCi or μCi. 
H. Radioactive material receipt number.  This can be found on the vial or on the RC-48 

(Radioactive material/survey log). 
I. Assay date. 

 
The back of the waste card is only filled out when the waste is organic or inorganic liquid. 

 
 

 
J. Check all of the hazards that could apply. 
K. The chemical name (each chemical must be on it’s own line) 
L. Original concentration 
M. Percent of total volume.  The total must equal 100%.  Do not forget to include water. 

Mixtures containing organic solvents, halogenated liquids and metal containing liquids should be 
separated for all other chemicals, as they are expensive or impossible to dispose of.  Nonradioactive 
waste shall never be placed into the radioactive waste. 
 
Estimations will have to be made on the amount of radioactive material in the liquid and dry waste.  A 
rule of thumb is that 10-20% of the radioactive material is in the dry waste with the remaining in the 
liquid waste. 
 
 To schedule a radioactive waste pickup go to our website at www.radcon.arizona.edu  and 
under “Quick Links” go to “Rad Waste Pickup Request”.  
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E. Common Waste Mistakes 

1.  Incorrect waste packaging 
2.  Sharps items must be in boxes or pails.  Scintillation vials shall be in pails; boxes lined with plastic 

bags, or in trays packed in boxes.  Liquids shall be in plastic bottles or pails.  Boxes and bags 
should be sealed with duct tape or filament tape.  Bottles and pails should have tightly sealed lids 
with tightened screw caps (if applicable) and have thick walls (i.e. no soda bottles, bleach bottles) 
to prevent leaks.  All pails must have at least 2” of headspace at the top (i.e. DO NOT fill it to the 
lid/cap).   

 
3.  Waste not ready for pickup 
4.  All waste containers should be fully sealed and waste tags filled out BEFORE pickup is requested.  

The RCO personnel may not be able to wait while a tag is being filled out or a package sealed, and 
may request that pickup be arranged on another day. 

 
5.  Waste not visible or in multiple locations 
6.  Waste pickups are typically made in the early morning, before lab staff arrives.  If circumstances 

require waste to be in "invisible" areas (in cabinets, under sinks, etc.) or in multiple locations, 
please leave a note for the Radiation Control staff to prevent waste from being left behind.  

 
7.  Multiple nuclides listed on single line of waste card 
8.  Only a single radionuclide and RMR number may appear on a given line.  If more lines are 

required than are available on a waste card, use an additional card, but, in the future, consider 
having your waste picked up more often.  If multiple approval holders have waste in a single 
container, each approval holder needs a separate waste card. 

 
9.  Activity expressed as a specific activity or volume 

 
10.  Enter actual activity used.  Do not enter the activity as "less than" a given amount (i.e., <1 uCi).  

If "trace" is a more appropriate description of waste activity, use it.  Please avoid using scientific 
notation since not everyone is familiar with it.    

 
11.  Activity expressed in units other than mCi or uCi 

 
12.  Multiple assay dates listed on a single line 

 
13.  Short-lived nuclides listed with no assay date 
14.  All entries must have an assay date, regardless of activity or radionuclide.   

 
15.  Not all of the Chemical constituents of liquid waste listed 



 

 

XII. Appendix A, CHARACTERISTICS OF RADIOACTIVE MATERIALS
 

Nuclide 
Half Life 

Type of 
Radiation  

Energy of 
Radiation Shielding Recommended 

Personnel 
Monitor Monitoring Requirements 

Gamma Dose Rate 
 (mR/Hr/mCi at  One Meter) 

3H 
12.3 Years β Very Low None NO Liquid Scintillation Counter (wipes) N/A 
Special Precautions:  Cannot be monitored directly, so important to keep work area clean.  Hazard from internal contamination, but not from external radiation.  Some compounds penetrate gloves and skin.  

14C 
5730 Years β Very Low None NO Liquid Scintillation Counter (wipes) N/A 

Special Precautions:  Cannot be reliably monitored directly, so important to keep work area clean.  Hazard from internal contamination, but not from external radiation. 

35S 
87.4 Days β Very Low None NO Liquid Scintillation Counter (wipes) N/A 

Special Precautions:  Same as for 14C.  

45Ca 
163 Days β Low None NO Liquid Scintillation Counter (wipes) N/A 

Special Precautions:  Same as for 14C. 

32P 

14.3 Days β High 1 cm of Plexiglas YES* 
Pancake, Side Window, or Thin End Window G-M, and 
wipes  N/A 

Special Precautions:  Radiation can penetrate 8 mm deep into the body, and is therefore an external hazard.  Finger rings required for 1 mCi or more in a single use. 
55Fe 2.6 Years γ, χ Low  Lead Foil  YES* Pancake or Thin End Window G-M, and wipes N/A 

125I 
60 Days γ, χ, e- Low  Lead Foil  NO Low Energy Gamma Scintillator and wipes 0.07 

Special Precautions:  Extreme caution required with volatile compounds.  Iodinations must be performed in fume hoods, and thyroid bioassays are required.  Some compounds may penetrate gloves. 
99mTc 6.049 Hours γ, χ, e- Medium  Lead  YES* Pancake or Thin End Window G-M, and wipes 0.07 
51Cr 27.7 Days γ, χ, e- Medium  Lead YES* 

Pancake, Side Window or Thin End Window G-M, and 
wipes  0.018 

57Co 270 Days γ, χ, e- Medium  Lead YES* 
Pancake, Side Window or Thin End Window G-M, and 
wipes  0.09 

131I 
8.0 Days β,γ,χ  High  Lead YES Pancake or Side Window G-M, and wipes 0.21 

Special Precautions:  Extreme caution required with volatile compounds.  Iodinations must be performed in fume hoods, and thyroid bioassays are required.  
22Na 2.6 Years β, γ High 1 cm of Plexiglas next to source, then lead  YES Pancake or Side Window G-M, and wipes 1.12
24Na 15.01 Hours β, γ High 1 cm of Plexiglas next to source, then lead  YES Pancake or Side Window G-M, and wipes  1.8
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You must complete this problem set prior to attending the course.  Bring the answer sheet to the course with 
you.  There is only one answer per question. 
 

1. The atomic mass number is equal to the sum of: 
a. Neutrons and Protons in the nucleus of an atom 
b. Electrons in the electron cloud 
c. Protons in the nucleus of an atom 
d. Combined amount of Neutrons, Protons and Electrons in the whole atom 
e. The radionuclides half life (in days) 

 
2.  Which particle has no charge? 

a. Electron 
b. Neutron 
c. Proton 
d. Negatron 
e. Positron 

 
3.  Alpha particles are: 

a. Only an internal hazard and are easily shielded 
b. Radioactive particles that cause ionization over long distances 
c. Commonly used in wet chemistry research in University laboratories 
d. Radioactive particles that are identical to an electron 
e. Ionizing photons that are identical to gamma rays 

 
4.  Beta particles are: 

a. Similar to electrons 
b. Similar to protons 
c. Similar to neutrons 
d. Similar to alpha particles 
e. Similar to gamma rays, however originating from the orbital electron cloud 

 
5.  The average annual background radiation dose to the U.S. population is approximately: 

a. 360 rem/yr 
b. 36 rem/yr 
c. 3.6 rem/yr 
d. 360 mrem/yr 
e. 36 mrem/yr 

 
6.  The largest source of natural background radiation comes from: 

a. Cosmic rays 
b. Fallout 
c. Radon 
d. Medical and dental x-rays 
e. Food products 
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7.  The rad is a unit of absorbed dose: 
a. In any material 
b. In humans 
c. For a radiation worker 
d. For patients 
e. For any living organism 

 
8.  The most common molecule to potentially be ionized in the body is: 

a. DNA 
b. H2O 
c. ATP 
d. O2 
e. H2O2 

 
9.  The macromolecule of concern with regard to biological effects of radiation is: 

a. DNA 
b. H2O 
c. ATP 
d. O2 
e. H2O2 

 
10. Personal dosimeters are not appropriate for measuring external exposures to: 

a. Gammas and high energy betas 
b. X-rays and gammas 
c. Neutrons and gammas 
d. High and low energy betas 
e. Low energy betas and alphas 

 
11. A radiation worker is exposed to a gamma radiation for 15 minutes. A survey reveals that the dose rate 

is approximately 40 R/hr of gamma exposure. What is the worker’s absorbed dose equivalent?  Use the 
Radioactive Material Reference Guide to calculate the absorbed dose equivalent.  

a. 100 sieverts 
b. 10 rem 
c. 15 sievert 
d. 20 rem 
e. 100 millirem 

 
12.  Acute radiation syndromes apply to persons receiving: 

a. A small radiation dose over a long period of time 
b. A small radiation dose over a short period of time 
c. A large radiation dose over a short period of time 
d. A large radiation dose over a long period of time 
e. No radiation dose over a lifetime 

 
  



Radioactive Material Protection Course Problem Set 
 

3 
 

13.  Radiation exposure most commonly damages cells by: 
a. Rapidly accelerating their growth 
b. Rapidly mutating and shrinking them 
c. Chemically altering them with free radicals 
d. Thermally altering them until they combust 
e. Polarizing them rapidly like a microwave oven 

 
14. A common example of a threshold dose effect to humans is (are): 

a. Skin reddening 
b. Cataract formation 
c. Temporary male sterility 
d. All the above 
e. None of the above 

 
Question 15 -18: Match the type of radiation to the most appropriate shielding 
15. Beta   a. Paper 
16. Alpha   b. Lead or concrete 
17. Gamma and X-ray c. Plexiglas, aluminum, or lucite 
18. Neutron  d. Water 

 
19. The best shielding material choice for 3H and 14C: 

a. Aluminum 
b. Lead 
c. Plexiglas 
d. Paper 
e. No shielding is required  

 
20. Plexiglas, aluminum and lucite are common shielding materials for high energy beta particles because: 

a. They protect against the beta particles without creating significant additional Alpha particles 
b. They protect against the beta particles without creating significant additional gamma rays 
c. They protect against the beta particles without creating significant additional X-rays 
d. Lead is very heavy to pick up and should be used sparingly 

   
21. An unused 250 microcurie vial of P-32 (half- life = 14.3 days) has decayed for 28.6 days. 

The remaining activity is: 
a. 130 microcuries 
b. 83 microcuries 
c. 62.5 microcuries 
d. 8.7 microcuries 
e. 820 microcuries 

 
22. An unused 250 microcurie vial of S-35 (Half- Life = 87.4 days) has decayed for 262.2 days.  The 

remaining activity is: 
a. 83.3 microcuries 
b. 58 microcuries 
c. 0.95 microcuries 
d. 580 microcuries 
e. 31.25 microcuries 
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23. What is the significance of the radioactive material's assay date and activity? 
a. All radioactive materials are considered waste 1 year after the assay date 
b. It can be used to determine the activity of a sample on any date 
c. It can be used to accurately determine the chemical form of a sample 
d. It can be used to determine the energy of any radioactive material 
e. It can be used to determine the half value layer for shielding requirements 

 
24. What type of portable contamination survey instrument probe is required when performing a 

contamination survey to detect Iodine – 125? 
a. Pancake probe 
b. Liquid scintillation counter 
c. Low energy gamma (LEG) scintillation probe 
d. End window probe 
e. None of the above 

 
25. The Radioactive Material Protection Course must be completed before you may work with any unsealed 

radioactive material. 
a. True 
b. False 
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