


Radiation Safety Basic Terms 

Radiation 

Radiation is energy in transit in the form of high speed particles and electromagnetic waves. We 

encounter electromagnetic waves every day. They make up our visible light, radio and television 

waves, ultra violet (UV), and microwaves and are part of a large spectrum of energies. These 

examples of electromagnetic waves do not cause ionizations of atoms they interact with because 

they do not carry enough energy to remove electrons from atoms. Radiation can be ionizing or 

non-ionizing.  

Ionizing radiation 

Ionizing radiation is radiation with enough energy so that during an interaction with an atom, it 

can remove tightly bound electrons from their orbits, causing the atom to become charged or 

ionized. Examples are gamma rays and neutrons. 

Non-ionizing radiation 

Non-ionizing radiation is radiation without enough energy to remove tightly bound electrons 

from their orbits around atoms. Examples are microwaves and visible light. 

Health Physics 

Health Physics is an interdisciplinary science and its application, for the radiation protection of 

humans and the environment. Health Physics combines the elements of physics, biology, 

chemistry, statistics and electronic instrumentation to provide information that can be used to 

protect individuals from the effects of radiation,  

Radioactivity 

Radioactivity is the spontaneous transformation of an unstable atom and often results in the 

emission of radiation. This process is referred to as a transformation, a decay or a disintegrations 

of an atom. 

Radioactive Material 

Radioactive Material is any material that contains radioactive atoms. 

Radioactive Contamination 

Radioactive contamination is radioactive material distributed over some area, equipment or 

person. It tends to be unwanted in the location where it is, and has to be cleaned up or 

decontaminated. 

http://imagine.gsfc.nasa.gov/docs/science/know_l1/emspectrum.html


 

Common Types of Radiation 

Gamma Rays 

Gamma rays are electromagnetic waves or photons emitted from the nucleus (center) of an atom. 

Betas 

A beta is a high speed particle, identical to an electron, that is emitted from the nucleus of an 

atom 

Alphas 

An alpha is a particle emitted from the nucleus of an atom, that contains two protons and two 

neutrons. It is identical to the nucleus of a Helium atom, without the electrons. 

Neutrons 

Neutrons are neutral particles that are normally contained in the nucleus of all atoms and may be 

removed by various interactions or processes like collision and fission 

X rays 

X Rays are electromagnetic waves or photons not emitted from the nucleus, but normally emitted 

by energy changes in electrons. These energy changes are either in electron orbital shells that 

surround an atom or in the process of slowing down such as in an X-ray machine. 

 

Common Units - USA  

These are the common units used in the United States in health physics.  

Roentgen (R) 

The roentgen is a unit used to measure a quantity called exposure. This can only be used to 

describe an amount of gamma and X-rays, and only in air. One roentgen is equal to depositing in 

dry air enough energy to cause 2.58 x 10-4 coulombs per kg. It is a measure of the ionizations of 

the molecules in a mass of air. The main advantage of this unit is that it is easy to measure 

directly, but it is limited because it is only for deposition in air, and only for gamma and x rays. 

Rad (radiation absorbed dose) 



The rad is a unit used to measure a quantity called absorbed dose. This relates to the amount of 

energy actually absorbed in some material, and is used for any type of radiation and any material. 

One rad is defined as the absorption of 100 ergs per gram of material. The unit rad can be used 

for any type of radiation, but it does not describe the biological effects of the different radiations. 

Rem (roentgen equivalent man) 

The rem is a unit used to derive a quantity called equivalent dose. This relates the absorbed dose 

in human tissue to the effective biological damage of the radiation. Not all radiation has the same 

biological effect, even for the same amount of absorbed dose. Equivalent dose is often expressed 

in terms of thousandths of a rem, or mrem. To determine equivalent dose (rem), you multiply 

absorbed dose (rad) by a quality factor (Q) that is unique to the type of incident radiation. 

Curie (Ci) 

The curie is a unit used to measure a radioactivity. One curie is that quantity of a radioactive 

material that will have 37,000,000,000 transformations in one second. Often radioactivity is 

expressed in smaller units like: thousandths (mCi), one millionths (uCi) or even billionths (nCi) 

of a curie. The relationship between becquerels and curies is: 3.7 x 1010 Bq in one curie. 

Common Units - SI - International Standard 

Note: These are the common units used throughout the world in health physics.  

Gray (Gy) 

The gray is a unit used to measure a quantity called absorbed dose. This relates to the amount of 

energy actually absorbed in some material, and is used for any type of radiation and any material. 

One gray is equal to one joule of energy deposited in one kg of a material. The unit gray can be 

used for any type of radiation, but it does not describe the biological effects of the different 

radiations. Absorbed dose is often expressed in terms of hundredths of a gray, or centi-grays. 

One gray is equivalent to 100 rads. 

Sievert (Sv) 

The sievert is a unit used to derive a quantity called equivalent dose. This relates the absorbed 

dose in human tissue to the effective biological damage of the radiation. Not all radiation has the 

same biological effect, even for the same amount of absorbed dose. Equivalent dose is often 

expressed in terms of millionths of a sievert, or micro-sievert. To determine equivalent dose 

(Sv), you multiply absorbed dose (Gy) by a quality factor (Q) that is unique to the type of 

incident radiation. One sievert is equivalent to 100 rem. 

Becquerel (Bq) 



The Becquerel is a unit used to measure a radioactivity. One Becquerel is that quantity of a 

radioactive material that will have 1 transformations in one second. Often radioactivity is 

expressed in larger units like: thousands (kBq), one millions (MBq) or even billions (GBq) of a 

becquerels. As a result of having one Becquerel being equal to one transformation per second, 

there are 3.7 x 1010 Bq in one curie. 

 

SI Prefixes 

Many units are broken down into smaller units or expressed as multiples, using standard metric 

prefixes. As examples, a kilobecquerel (kBq) in 1000 becquerels, a millirad (mrad) is 10-3 rad, a 

microrem (µrem) is 10-6 rem, a nanogram is 10-9 grams, and a picocurie is a 10-12 curies. 

SI Prefixes 

Factor  Prefix  Symbols  
 

Factor  Prefix  Symbols  

1018 exa E 
 

10-1 deci d 

1015 peta P 
 

10-2 centi c 

1012 tera T 
 

10-3 milli m 

109 giga G 
 

10-6 micro µ 

106 mega M 
 

10-9 nano n 

103 kilo k 
 

10-12 pico p 

102 hecto h 
 

10-15 femto f 

101 deka da 
 

10-18 atto a 

 













 
 

Radioactive Materials Disposal and Wipe Test Results (Month/Year) _____________ 
Please Print 

 
Principle Investigator ___________________________________________  
 
Person Completing From: ________________________________________ 
 
Building ________________Room:_______________ 
 
_____ Check if no radioactive materials used during month and return. 
 

 
Disposal: Report all values as Millicuries (0.010 mCi instead of 10uCi). 

 
 

Activity C14 H3 I125 Na22 P32 P33 
Liquid Waste 

       

Solid Waste 
       

  
 

Radioactive Wipe Test Report: Wipe tests must be reported as DPM  not CPM. 
 

Date Survey or 
Wipe 

Location MR/H for 
Survey 

DPM for 
Wipe 

Isotope Initials Comments 

       

       

       

       

       

       

       

       

       

       

       

       

       
Attach drawing of room indicting wipe locations.  













Radiation Safety Report 

Receipt of Radioactive Materials 

P.O #_____________________ Isotope_________________________ 

Date Ordered_______________  Activity (mCi)__________________ 

Date Received______________ Investigator_____________________ 

Shipping Label  Package Condition 

White I ____ Good______ 

Yellow II ____ Other______ 

Yellow III ____    (Describe Below) 

Other ____ 

None ____ 

Shipper__________________________ Carrier_________________________ 

Agreement Between P.O. and Packing Slip: 

Purchase order Packing Slip Agree (Y?N?) 

Isotope ____________ ___________ ____________ 

Activity (mCi) ____________ ___________ ____________ 

Chemical Form ____________ ___________ ____________ 

Package Check 

Surface Monitored G/M Shielded (mR/hr) Filter Wipe (dpm) 

Blank/Bkgrd _________________ _______________ 

Outer Box _________________ _______________ 

Inner Box _________________ _______________ 

Container/Pig _________________ _______________ 

Vial _________________ _______________ 

Inspected by: ________________________________ Date______________ 

PACKAGE CHECK RESULTS MUST BE SENT TO RSO WITHIN 3 HOURS OF  PACKAGE RECEIPT. 

FAX 2-3662  E-MAIL TBIALKE@KENT.EDU 



Radioactive Materials Inventory and Wipe Testing  
 
Inventory 
 
The State of Ohio Bureau of Radiation Protection limits the amount of radioactive materials Kent 
State may have on hand at any one time. This amount varies with the isotope.   For example, we are 
allowed to have a maximum of 50 mCi of P-32 and 10 mCi of I-125. The maximum amounts are listed 
in our Radioactive Materials License issued by the State of Ohio. 
 
To ensure that we do not exceed those amounts, it is necessary to maintain an inventory of the activity 
of the radioactive materials. As radioactive materials are purchased, the RSO adds the activity to each 
authorized user’s inventory and calculates the amount of activity lost to decay each month. 
 
To maintain an accurate accounting of the activity of each isotope, every authorized user must keep 
track of the activity of radioactive materials that is disposed as solid or liquid waste. These data is to 
be reported to the RSO every month via the Disposal Wipe Test Form 2015. 
 
All though the NRC allows sewer disposal of minute quantities of isotopes to the sewer KSU has 
chosen not to allow this practice. 
 
Wipe Testing 
 
The State of Ohio requires that wipe testing be preformed at least once per month in each laboratory or 
counting room where radioactive materials are used.  
 
Reporting and Record Keeping 
 
To ensure that these activities are accomplished on a timely manner, a daily log of radioactive isotope 
usage should be kept in each laboratory listing the activity of each isotope used and its disposition.  
 
Each laboratory or counting room should be routinely wipe test on a set schedule each month. 
 

1. The above inventory data and wipe test results are to be reported to the RSO by the 1th of the 
following month. A Disposal/Wipe test form will be e-mailed to each authorized user the third 
week of the current month. The completed form must be signed by the user and faxed (2-2658) 
or sent via campus mail to the RSO. If no radioactive materials were used in the month, the 
appropriate box must be checked before sending to the RSO. 

 
The RSO will not authorize the purchase of radioactive materials without the inventory data 
and wipe test results from the previous month.    







 
 

 

How to Maintain an Inventory for Radioactive 
Materials in Your Laboratory  

 
  

Principal Investigators (PI) are charged with maintaining records of receipt, transfer, current inventory and 
disposal of all radioactive materials.  

Maintaining an accurate inventory of your radioactive materials will help you to: 

• Plan your experiments. 
• Estimate the residual activity in your radiological waste. 
• Properly fill out your required quarterly inventories. 

Steps to Follow When Receiving a Radioactive Shipment from the Radiation Safety Officer are: 

• Maintain the radioactive material inventory sheet in a notebook near the material storage location. 
• Every time material is used, update the log sheet accounting for all radioactive material used or disposed.  
• Each primary vial should have an assigned inventory log sheet. 

Note: Decay corrections for short-lived radioisotopes should be performed!  

Below is an example of a Radioisotope Inventory Sheet. Call RSO at 2-4996 if you need assistance in 
implementing an inventory program for your laboratory or if you have any questions. 

 



 
 

RADIOISOTOPE INVENTORY – Example 
 
PI:  I. B. Glowing 
Radioisotope: 3H 
Lot Number: H650  
Date Rec'd: 9/15/98 
mCi Received: 1.6  
Vendor: Amersham 
Storage Site: Refrigerator - Williams 111 
Vial ID: 1  

Date Total mCi 
Received 

Activity 
Used 

Activity (mCi) 
Disposed 

Disposal 
Method 

Date of 
Disposal 

Balance of mCi on 
Hand 

. . ml mCi User mCi . . . 
9/15/99 1.6  . . . . . . . 
9/16/99 1.6  . 0.2 GDW 0.2 Dry Waste  9/16/98  1.4  
9/17/99 . . 0.2 GDW . .  . . 
9/18/99 . . 0.2 GDW . .  . . 
9/19/99 . . 0.1 GDW 0.5 Scint. Vials  9/19/98  0.9  
9/26/99 . . 0.3 GDW . .  . . 
9/28/99 . . 0.2 GDW 0.5 Liquid  9/28/98  0.4  
9/29/99 . . 0.4 GDW 0.4 Dry  09/29/98  0.0  
. . . . . . . . . 
. . . . . . . . . 
. .  Vial #1 disposed of 9/29/98 I. B. Glowing 
. . . . . . . . . 

 
NOTE: Each vial received should have an inventory form completed. 

A blank Radioactive Inventory sheet follows. 



LABORATORY RADIOACTIVE MATERIAL INVENTORY 

PI:  _______________ 

Radioisotope: ___________________ Vial ID: ___________________ 

Date Rec’d: ___________________ mCi Rec’d ___________________ 

Vender: ___________________ Storage Site: ___________________ 

Each vial received is to have an inventory form completed. After disposal of empty vial copy and send form to RSO.  

Date Total mCi 
Received 

 Activity 
Used 

ml                 mCi 

Activity (mCi) 
Disposed 

User                  mCi 

Disposal  
Method 

Date of 
Disposal 

Balance of mCi 
On Hand 
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