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UH NRC License

 The US Nuclear Regulatory Commission issues 
the University of Hawaii’s radioactive materials 
license.

 The license is issued to the Office of the 
President and expires on August 31, 2015.

 The license is a Broad Scope, Type A license 
which allows the us to use isotopes from atomic 
numbers 3-83.



UH License

 It allows us to use isotopes at sea.  All material must be 
brought back and disposed properly.  No disposal at 
sea is allowed.

 Sealed sources on the license are used for calibration of 
instruments, gas chromatographs, moisture gauges and 
instruction.

 If you need an isotope not listed on the license, contact 
the RSO to add it on the license.  It takes about 90 days 
for the amendment approval.



UH License

 US NRC is a Federal agency with headquarters 
located at Arlington, Texas (Region IV).

 All rule and regulations found in the Code of 
Federal Regulations, Title 10, Chapter 1, Parts 
19, 20, 21, 30, 31, 70, 71 among others.

 There are 3 parts which we will cover separately 
as follows.





10 CFR Part 19

 This part allows radiation workers to work in a safe 
place.

 If you feel that your work site is unsafe, you may call 
the RSO to correct the situation.  You may also call the 
NRC directly at Region IV office or at the NRC 
Hotline phone number located on the NRC Form 3.

 You may talk with the inspector and accompany the 
inspector on his inspection.

 You are also protected from being fired from your job 
under this part.





NRC Form 3

 The information on Form 3 is the same as that 
in Part 19.  The phone numbers to call for 
inspections are located on the bottom of the 
page.

 The note on the top left hand corner of the 
poster indicates that all information pertaining 
to the license, notices of violations and all 
supporting documents can be found at EHSO.





10 CFR 20

 The Standards for Protection Against Radiation 
are stated in Part 20.

 The UH Radiation Safety Manual is based on 
this Part.  

 Please read the manual prior to working with 
isotopes.





10 CFR 21

 Reporting of Defects and Noncompliance
 This parts states that if the University is in 

noncompliance we must notify the NRC.
 The severity of the violation determines how 

soon we need to report it to the NRC.
 We must also tell them of our corrective actions 

taken by the University to correct the violation.
 Breach of security is a Level 3 violation out of 4.



Types of Radioactive Emission

 β+ Beta plus emission
 β - Beta minus emission
 α Alpha emission
 γ Gamma emission
 κ Electron capture
 Ν Spontaneous fission



Radioactive emissions

 An atom is composed of a nucleus containing 
protons and neutrons with electrons going 
around the nucleus.

 The number of electrons in the electron orbit 
depends on the number of protons in the 
nucleus.

 The number of protons also determines the 
element that you have.



Radioactive emissions

 You can add different number of neutrons to the 
protons to get different isotopes of each element.

 If you have the right number of neutrons, the atom is 
stable, so you have a stable isotope.

 If you have too many or too few neutrons, the atom is 
unstable and you have a radioactive isotope.

 The atom will go through have a radioactive emission 
to become a stable isotope by one of the following.



Beta Plus Emission

If n/p low, proton changes to neutron emits β+ particle 
(positive electron) in nucleus:

p →  n + β+



Beta Minus Emission

If n/p ratio high, neutron changes to proton, emits β-

(beta) particle (electron) in nucleus:
n → p + β-



Alpha Emission

In a heavy nucleus, 2n + 2p can join and emerge as a unit, 
an alpha particle. (helium nucleus)



Gamma Emission

If nucleus is excited, it may lose its extra energy by 
emitting a gamma ray photon as it rearranges itself 
internally, without losing any charged particles.



Electromagnetic Spectrum

Gamma radiation is part of the electromagnetic 
spectrum with a short wavelength and high frequency 
so it can ionize neighboring atoms.



K-Electron Capture

If p/n ratio is high, an orbital electron may be captured 
by a nuclear proton, making a neutron.  Another 
electron comes in to take its place in orbit and releases 
a photon in the process or “electron conversion” (EC).



Half-Life

Half-life is defined as the time needed for half of 
a given population of radioactive nuclei to decay 
into another isotope.

Symbol for half-life = T1/2



Activity

 Activity is the number of decays or 
disintegrations per second in a radioactive 
substance.

 Activity = decays/second
 Activity is directly proportional to the number 

of radioactive atoms present and inversely 
proportional to half life



ACTIVITY

 A = Nλ
A = N (0.693/T1/2) 

λ is called the decay constant.



RADIODECAY EQUATION

A = Ao e – λt or A = Ao e –0.693/T
1/2 t

Where A = any measure of dose rate or activity at time t.
Ao = same measure as above at some previous 

time.
λ = decay constant.
t = elapsed time, between the two measurements.



THE CURIE

The Curie  (Ci) = 3.7 x 1010 dis/sec

1 Ci = 1,000 millicuries (mCi)
1 Ci = 1,000,000 microcuries (μCi)
1 Ci = 1,000,000,000,000 pico curies (pCi)

3.7 x 10-2 dis/sec = 2.22 disintegrations/minute



SI unit for Activity

 Becquerel = Bq
 1 disintegration per second

Named after Henri Becquerel who discovered 
radioactivity.

Used by the US DOT for transporting radioactive 
materials.



BREMSSTRAHLUNG X-RAYS

“Braking radiation” occurs when high energy electrons are 
slowed down in the presence of the field of the atom.

An example of this is when P-32 beta particles hit the 
atoms in shielding which gives off bremsstrahlung.



X-RAYS AND GAMMA RAYS

X-rays are produced by transitions in the orbital 
electron system of the atom.

Gamma rays are produced in the decaying nuclei 
of the atom.

The basic difference between x-rays and gamma 
rays is the way they are produced.



PHOTONS

Photons or electromagnetic energy packets have:
Zero rest mass
Zero change
Speed of light
Electromagnetic force fields that can interact 

with atomic charges



Units for Radiation Exposure

ROENTGEN = Unit of Exposure to Radiation
x- or gamma radiation sufficient to produce 
2.083 x 109 ion pairs in one cubic centimeter of 
air.

RAD = Unit of Absorbed dose
a dose of any type of ionizing radiation 
accompanied by an absorption of 100 ergs in 1 
gram of any kind of tissue.



Units for Radiation Exposure

REM = Unit of Biologically Effective Dose
(Roentgen Equivalent Man)

A dose of any type of radiation which produces 
the same biological damage as that resulting 
from the absorption of 1 rad of x or gamma 
radiation.



THE REM

The REM is the biologically effective dose for 
humans.

REM = RAD x Quality Factor (QF)



The REM

Radiation Type Absorbed Dose QF Dose in
REMS

Gamma 0.3 Rad 1 0.3
Beta 0.1 Rad 1 0.1
Alpha 0.04 Rad 20 0.8

Total = 1.2 Rems



SI UNIT CONVERSIONS

 ACTIVITY
 The SI unit for activity is the Becquerel (Bq)
 1 Bq = 1 disintegration per second = 2.7 x 10-11 Ci
 1 Ci = 3.7 x 1010 Bq = 37 GBq



SI UNIT CONVERSIONS

EXPOSURE
Roentgen = Coulombs per kilogram of air

1 C/kg = 3.876 R
1 R = 2.58 x 10-4 C/kg



SI CONVERSIONS

EXPOSURE
Dose Rate

1 Gray (Gy) = 100 Rads
1 Rad = 0.01 Gy



SI CONVERSIONS

EXPOSURE
Radiation Dose (dose equivalent)

1 Sievert (Sv) = 100 Rems
1 Rem = 0.01 Sv



EXTERNAL EXPOSURE 
CONTROLS

TIME
DISTANCE
SHIELDING
CONTAMINATION CONTROLS



External Exposure Controls

 TIME
 Think of radiation dose as a dose rate, i.e., dose per 

unit time.
 So, if you work fast and spend less time being 

exposed, you will get less dose and less exposure.



External Exposures Controls

DISTANCE
Inverse Square Law

The radiation field strength falls inversely with the distance squared



EXTERNAL EXPOSURE 
CONTROL

SHIELDING EFFICIENCIES



MAXIMUM PERMISSIBLE 
ANNUAL EXPOSURE LIMITS

Total Effective Dose Equivalent 5 rems
(TEDE) for radiation workers, whole body
Public Exposure 0.1 rem
Declared pregnant woman, 0.5 rem
Embryo/fetus during gestation period

Student under 18 years of age 0.1 rem
Skin 50 rems
Hands 50 rems
Organ dose 50 rems
Lens of the eye 15 rems
Planned Special Exposure 5 rems



University Exposure Limits

 The University’s Radiation Safety Committee 
has set everyone’s exposure limit to 10% of the 
allowable NRC limits.

 For example, 5 REMS per year for whole body 
dose for NRC is 0.5 REM per year for UH.



CONTAMINATION CONTROL

Surveys
By Geiger-Mueller, Proportional or Scintillation 

Counters
Use appropriate meter for the isotope surveying for

By wipe tests
Use for low beta emitters which GM cannot see
Use for monthly or semi-monthly surveys



CONTAMINATION COUNTERS

SURVEYS BY GEIGER COUNTER
Check the calibration sticker for next due date.

Do not use if past that date.
Call RSP for calibration and use of loaner.

Check if batteries okay.  Insert new batteries if 
necessary.

Turn speaker on.
Set the response switch to fast.



CONTAMINATION SURVEYS

SURVEY BY GEIGER COUNTER (cont.)
Check background levels (about 50 cpm)
Move detector slowly ~1 to 2 inches per second, 

over the area surveying.
Hold detector as close to surface without 

touching.  Always check the floors below work 
areas, under shoes and clothing.

Record findings on you survey floor plan map in 
dpm, not cpm



CONTAMINATION SURVEYS

SURVEY BY GEIGER COUNTER (cont.)
Convert counts per minute to disintegrations 

per minute
Dpm = cpm ÷ efficiency of detector

Example:
100 cpm ÷ 0.75 = 133 dpm



CONTAMINATION SURVEYS

SURVEYS BY GEIGER COUNTER
Write down findings on floor plan.
Clean up areas readings >500 dpm/100 cm2.

Must show an after cleanup survey to verify 
background levels were achieved.
Include the date of survey, model and serial 
number of detector and a signature of surveyor.



CONTAMINATION SURVEYS

SURVEYS BY WIPE TEST
Wipe test used for detecting isotopes that are 

difficult to find using a Geiger counter.
Wipe tests must be performed for semi-monthly 

lab surveys.
Write the number of the wipe on your floor plan 

to show where the wipe was taken.
Include the date, model and S/N of detector and 

the signature of the surveyor.



CONTAMINATION SURVEYS

How to survey using wipes
1. Number wipes by writing number on wipe
2. Use gloves to perform survey
3. Wipe 100 cm2 area = 4 x4 inch area for each 

wipe.  You can also make a 16 inch letter “S”.
4. Number caps of wipe vials to ensure same 

number wipe goes into the vial.



CONTAMINATION SURVEYS
Survey by wipe tests, cont.

Include a background vial = clean wipe in a vial
Run wipe vials in scintillation counter or gamma 

counter depending on radiation given off by 
isotope.

Add scintillation cocktail to vials for LSC 
counting.

Record wipe test results in dpm; convert from 
cpm if necessary.



INTERNAL RADIATION 
CONTROL

MODES OF ENTRY
Inhalation
Absorption
Ingestion



INTERNAL CONTROL

INHALATION
If using a volatile isotope, work inside a chemical fume 
hood pulling 80-100 lfpm.
Baseline bioassays will be performed prior to use. 
Bioassays performed after use of isotopes.   Thyroid 
scans taken on those using NaI for iodinations.
Urinalysis taken on those using tritiated water.  All 
tritiated water inhaled becomes totally incorporated into 
body water.



INTERNAL CONTROLS

ABSORPTION
1. Applying makeup in the lab is prohibited.
2. Open wounds should be well covered to prevent 

getting contamination inside the wound and going 
into your bloodstream.

3. Use of proper personal protection equipment such as 
lab coat, long pants, gloves, and covered shoes will 
protect your skin.

4. Protective eyewear prevents splashes going into your 
eyes.



INTERNAL CONTROLS

INTERNAL EXPOSURE
Sources of radiation taken into the body can be 
by inhalation or ingestion.

Radioisotopes may pass through and/or 
concentrate in some organ(s).

Effects may be local or whole body irradiations.
WASH UP BEFORE YOU EAT, SMOKE OR 
DRINK COFFEE!!!



EFFECTS AT THE CELLULAR 
LEVEL

Ionizing radiation damages cells
Cell nucleus (DNA) is the target
Double strand DNA breaks can cause point 
mutations, translocations

Linear No Threshold Theory
Accepted theory for radiation exposure by the 
Radiation Safety community



EFFECTS AT THE CELLULAR 
LEVEL

EFFECTS OF RADIATION ON CELL 
DIVISION

 Most pronounced if irradiated during G1 or M 
phases of cell cycle.
 Delay of division, then normal or,
 Death at interphase, before division, or
 Death at division (sticky chromosomes), or
 Death after division (daughter cells)



EFFECTS AT THE CELLULAR 
LEVEL

OTHER CELL DAMAGE
Interphase Death

Produces toxins
Denatures Proteins

Chromosome aberrations
Repair mechanisms



EFFECTS AT THE CELLULAR 
LEVEL

RADIOSENSITIVITY OF CELL TYPES
Greater to least sensitivity
 Spermatagonia & lymphocytes
 Erythroblasts
 Myeloblasts, monoblasts
 Epithelial cells
 Endothelial cells
 Connective tissue cells
 Kidney tubule cells
 Bone cells
 Brain cells
 Muscle cells



ACUTE EXPOSURE

 ACUTE EXPOSURE TO RADIATION
 Large doses of radiation over a short period of time.
 1-4 hours after exposure, transient effects up to 3 

weeks
 Manifest itself as Acute Radiation Syndrome

 Death due to accidental exposures
 Recovery – but risk of cancer, leukemia and life span 

shortening increases due to higher dose exposures



CHRONIC EXPOSURE

 Chronic Exposure
 Low levels of radiation exposure over a long period 

of time
 Body better able to repair any damage caused by 

radiation
 Risk of cancer , leukemia and life span shortening 

increases, but risk is very small ~ 0.03% more per 1 
REM over 25 years.



Carcinogenesis in Adults

 Cause of cancer not known, but thought to be due to 
somatic cell mutations

 Data base used to determine exposure limits based on 
high doses, e.g., Hiroshima nuclear bomb survivor data

 Radiation is just one of many carcinogens
 Probably need >1 “hit” on DNA strand for effect
 Estimated 10-4 increased cancer risk per REM within 25 

years



Dying on the Job

There are other occupations with a higher than 
average risk of cancer.

Chemist Brain, lymph system, pancreas
Foundry worker Lung
Painter Blood
Farmer Skin



Background Radiation

Background radiation exposure received from other than 
work sources

Terrestrial (rocks and soil) 3%
Cosmic (Outer space) 5%
Internal (Inside human body K-40) 5%
Man Made (x-rays, nuclear med, 

CT scans, fluoroscopy) 48%
Radon & thoron 37%
Consumer, occupational, industrial 2%



Natural Background



Radiation Effects on the Fetus
In Utero Effects

Type Mother Embryo/fetus

K-40 14-18 mREM 10-14 mREM
Radon ---- ----
C-14 0.5-1.3 mREM 0.5-1.3 mREM
Terrestrial 36 mREM 36 mREM
Cosmic 37 mREM 37 mREM

90 mREM <86 mREM



Other effects on the fetus

 If embryo given large doses of radiation prior to 
implantation, may have embryo death and 
reabsorption or no death and normal growth 
and development.

 If large doses given between weeks 2-8, during 
organogenesis, fetus may develop small head 
size, functional impairments, growth retardation 
(temporary) and morphological abnormalities of 
the CNS and some limbs.



Other effects on the fetus

 Between weeks 8-40, principal effects are 
developmental abnormalities, CNS 
abnormalities, permanent growth retardation, 
and maybe death (low frequency).

 Organs most affected are the CNS, skeleton, 
eyes and genitalia (can lead to sterility in 
females).

 May be increased risk of cnacer and leukemia in 
the first 12 years of life.



Effects of Radiation on Sterility

 If you receive a large dose of radiation, you should 
allow your body 6 to 12 months to repair cell damage 
before you try to conceive a baby.

 In males, a dose of 50 rads = temporary sterility for 
about 40 weeks.  100-300 rads = slow recovery, 
permanent low sperm count.  400-600 rads = sterile

 In females, dose of 50 rads = temporary sterility. 400 
rads = permanent sterility, pronounced menopausal 
hormone changes.  1200 rads = menopause at a 
younger age than normal.



Application for Authorization

 All personnel must be authorized to use 
radioisotopes.

 Principal Investigators apply for use
 Authorized users work under a PI
 Users must be trained and/or have sufficient 

handling experience
 All users must submit a Statement of Training and 

Experience form, RPS-2



Procurement of Radioactive Material

 All purchases of radioactive materials must be 
approved by the Radiation Safety Program 
(RSP)

 An RSP-4 form must be completed and 
submitted to RPS prior to purchases

 All radioactive materials shipments must be 
delivered to RSP from the vendor.  RSP will 
deliver your shipment to your lab.







New shipment procedures
 RAM comes in to RSP from vendor
 RSP finds matching RSP-4 form and surveys the outside of 

package.
 A ship code is assigned to each shipment and is written on RSP-

4 form, packing slip and on 4 stickers for your use.
 The lab receives package from RSP and surveys the inside of the 

package and wipe tests the vial to check for leakage.
 Keep record of wipe test with packing slip information.
 If outside package is clean, deface all radioactive markings and 

wording prior to disposal.  If contaminated, place into rad waste 
box.





New shipment procedures

 Place one of the stickers onto the shipment “pig”,  i.e., 
shipping plastic/lead container.

 Track use of the radioactive material in that pig with the 
ship code number for inventory and waste disposal.

 A new UH waste disposal report form will accompany 
the 4 stickers with the ship code number.  The form 
can be used if you want to use it or not if you already 
have a system in place.



Record Keeping and Inventories

 PI must maintain copies of all laboratory 
contamination surveys.  Surveys must indicate 
clean up of contaminated areas reading >500 
dpm/100 square centimeters.

 The PI must maintain an inventory of 
radioisotopes on hand, decayed, disposed via 
sanitary sewers and transferred to RSP and other 
PI.



Training

 The PI must ensure that everyone working in 
frequenting any restricted lab must be properly 
trained.

 Everyone must know where radioisotopes are 
stored, used and disposed.

 Precautions and procedures to minimize 
exposures

 How to use protective devices
 Must read the UH Radiation Safety Manual



Security

 No radioactive material shall be used or stored 
in unrestricted areas.

 Radioactive material must be secured from 
unauthorized removal i.e., must be locked when 
not in use.

 Radioactive material not in storage must be 
tended under the immediate control of the PI or 
any authorized user.



Waste disposal
 All radioactive waste must be secured from unauthorized 

removal since it’s still licensed material.
 Only solid dry waste can be placed in rad waste boxes.  No 

liquids allowed in dry waste boxes.
 RSP supplies rad waste boxes for your use.
 Line boxes with plastic bags.
 Separate long-lived from short-lived half life material.  Waste 

streams are treated differently depending on its half-life.
 Remove all radioactive markings on pigs prior to disposal if 

short-lived half life. 
 No lead pigs in radwaste boxes.



Waste disposal, cont.

 Liquid waste should be kept in non-breakable bottles, 
no larger than 4-liters, if possible.

 Seal bottles so they won’t leak and pack them in boxes 
so they will not shift in transit. Deface any original 
labels if recycling bottles. Label with information of its 
contents, e.g., waste H-3 thymidine.

 Aqueous liquid waste can be disposed via sanitary sewer 
if its pH is between 8 and 6.

 Check the fact sheets for your isotope for the amount 
of activity allowed down sanitary sewer each day.





Chemical/Radioactive waste

 Called mixed waste.
 Try to minimize the amount of mixed waste produced.
 Difficult to dispose of this type of material so try to use 

chemical that is not considered hazardous, if possible.
 Use the Mixed Waste Pick Up request form when 

giving RSP mixed waste.  Use ship code numbers, 
chemical name, form, percentage by volume, 
radioisotope, activity and date.





Biological/Radioactive mixed waste

 Inactivate the biological agent first, then dispose of the 
radwaste in the waste box.

 Do not put any liquids in the solid rad waste box.
 If autoclaving, deface the biohazard sign on the bags 

prior to disposal into the rad waste box.
 Ensure that autoclaving will not cause the radioisotope 

to become airborne.
 Dispose of radioactive sharps into a white colored 

sharps container.  When full, tape shut and call RSP for 
waste pickup.

 Call Hubert Olipares, BSO, if you have questions.



Additional readings

 Read the articles in the second handout titled, 
“Questions and Answers Concerning Prenatal 
Radiation Exposure” and Appendix to 
Regulatory Guide 8.29, “Instruction Concerning 
Risks From Occupational Radiation Exposure.”

 Look at the Notes on Radiation Safety in the 
Laboratory, General Handling Procedures int 
Radiochemistry Laboratory.



Radiation Emergency Procedures

 Read this section and the Appendix F Nuclide 
Fact Sheets.

 If you are using an isotope not covered by a Fact 
Sheet, please ask Irene Sakimoto for a fact sheet.



Radiation Safety Initial Training 
Quiz

 Please take the attached quiz on the handout 
and return to Irene Sakimoto for grading.

 Those who attend will receive a Certificate of 
Training.
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