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FORWARD 

 

By authority delegated from the University President, the Vice President for Business Affairs is 

responsible for the safety of all University facilities.  Under this authority, policies are developed to 

provide a safe teaching, research, service, housing and recreational environment. 

 

The Environmental Health and Safety Division was established in 1974 and given the responsibility 

for the management of all safety practices and the effective administration of the program. 

 

The mission of the Environmental Health and Safety (EH&S) Division is to minimize injury to 

faculty, staff, students and visitors and to minimize damage to University property.  Inherent in this 

mission is the charge to provide a safe and healthy environment in which the University’s activities 

can be pursued. 

 

All applicable federal and state safety laws, rules and regulations are adopted by the University.  In 

order to carry out its duties and responsibilities, the Environmental Health and Safety Division will 

reference standards or codes related to safety which have been adopted and promulgated by 

nationally recognized standards-setting organizations.  The interpretation of safety codes and 

standards is the responsibility of the Environmental Health and Safety Division. 

 

EH&S is divided into six functional departments.  Facility and Fire Safety includes the Pest Control 

and Fire Equipment Service Units.  Radiation Control and Radiological Services is responsible for 

University-wide radiation protection.  Occupational and Research Safety is responsible for 

monitoring all biological and chemical research activities, clinic safety, accident prevention 

programs and also oversees safety issues at IFAS off-campus stations.  Diving Science and Safety 

supports scientific diving for the University of Florida.  Hazardous Materials Management 

coordinates the disposal of radioactive chemical waste.  Industrial Hygiene is responsible for 

asbestos, indoor air quality and other industrial hygiene programs. 

 

In order to assure an effective Environmental Health and Safety program for the University of 

Florida, it is imperative that all individuals associated with the University comply fully with the 

polices and procedures set forth in this manual. 
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INTRODUCTION 

 

 

 
This study guide serves as part of the text for the University of Florida Radiation Control 
Department's training short course entitled "Basic Radiation Safety".  This course is offered 
periodically in conformance with State and Federal Regulations requiring that individuals working 
with radioactive materials and radiation-producing equipment be adequately trained. 

 
The concepts and ideas presented in the text require a fundamental understanding of biology, 
physics, and mathematics.  While the material is presented in its most basic form, undoubtedly some 
ambiguities will remain.  A bibliography and extensive reference section is provided for the 
interested student to further his or her knowledge in this area. 

 
The Radiation Control Department is available to answer any question or aid any user in the 
radiation science field.  We welcome all inquiries and would appreciate comments and suggestions 
on how to improve this Study Guide, training course or our radiation safety program. 

 

 

 

 

 

 

 

 

 



iii 

CHAPTER 1 

ADMINISTRATIVE STRUCTURE OF RADIATION CONTROL PROGRAM 
 

 PAGE 
 

Policy Statement/Delineation of University Responsibilities ............................................................ 1-3 

Radiation Protection Programs .......................................................................................................... 1-6 

I. Introduction ............................................................................................................................ 1-8 

 A. Radiation Control Committee .................................................................................... 1-8 

 B. Radiation Control Officer .......................................................................................... 1-9 

 C. Responsibilities of Principal Investigator ................................................................ 1-10 

 D. Human Use of Radioisotopes and Radiation Committee ........................................ 1-10 

 E. Radioactive Drug Research Committee ................................................................... 1-11 

II. Authorization to Use Radioactive Materials and Radiation Producing Devices ................. 1-11 

 A. Initial Approval ........................................................................................................ 1-11 

 B. Transfer of Responsibilities ..................................................................................... 1-12 

 C. Procurement and Receipt of Radioactive Materials ................................................. 1-12 

  1. Approval 

  2. Purchase Order Numbers 

 D. Procurement of Radiation Producing Devices ......................................................... 1-13 

 E. Receipt of Radioactive Material Shipments ............................................................ 1-13 

III. Radiation Detection Instrumentation and Safety Equipment ............................................... 1-13 

 A. Radiation Detection Instruments (Survey Meters) ................................................... 1-13 

 B. Personnel Monitoring ............................................................................................... 1-13 

  1. Luxel/Film//TLD Badges 

  2. Pocket Ion Chambers 

 C. Exposure Reports ..................................................................................................... 1-14 

IV. Laboratory Surveying and Monitoring ................................................................................. 1-14 

V. Maximum Permissible Exposures ....................................................................................... 1-15 

 A. Occupational Dose Limits for Adults ...................................................................... 1-15 

 B. Occupational Dose Limits for Minors  .................................................................... 1-15 

 C. Dose to an Embryo or Fetus for Women Who Have Declared Pregnancy .............. 1-15 

 D. Maximum Permissible Exposures to Concentrations of 

  Radioactive Material in Restricted Areas ................................................................ 1-17 

 E. Reporting Overexposures ......................................................................................... 1-18 

VI. Bioassay Program................................................................................................................. 1-19 

 A. Biological Samples .................................................................................................. 1-19 

 B. Partial body/whole body counting ........................................................................... 1-20 

 C. Participation ............................................................................................................. 1-20 

 



iv 

 PAGE 
 
VII. Training in the Use of Radioactive Materials and Other Sources of Ionizing Radiation..... 1-20 

 A. Definitions................................................................................................................ 1-20 

 B. Training and Experience Requirements for Radionuclide Use ................................ 1-20 

 C. Training and Experience Requirements For Use  

  of Sealed Sources or Machines ................................................................................ 1-21 

 D. Formal or Informal Coursework .............................................................................. 1-21 

 E. Violation of Standards ............................................................................................. 1-21 

VIII. Transfer of Radionuclides and Other Sources of Ionizing Radiation .................................. 1-22 

 A. On Campus Transfers .............................................................................................. 1-22 

 B. Off Campus Transfers .............................................................................................. 1-22 

 C. Disposal of Equipment Containing Radioactive Material ....................................... 1-22 

IX. Radioactive Waste Disposal ................................................................................................ 1-22 

 A. Procedures ................................................................................................................ 1-22 

 B. Waste Reduction Methods ....................................................................................... 1-22 

X. Radionuclide Inventory ........................................................................................................ 1-23 

XI. Radiation Caution Signs, Notices and Posters ..................................................................... 1-23 

XII. Radiation Facilities .......................................................................................................... 1-24 

XIII. Sealed Source Leak Tests .................................................................................................... 1-24 

XIV. Registration of Devices Capable of Producing Ionizing Radiation ..................................... 1-24 

XV. Radiation Safety Criteria Violation Enforcement Policy ..................................................... 1-25 

 A. Introduction .............................................................................................................. 1-25 

 B. Enforcement Follow-up Procedures ......................................................................... 1-25 

XVI. Emergency Procedures ......................................................................................................... 1-26 

 A. Minor Spills ............................................................................................................. 1-26 

 B. Major Spills .............................................................................................................. 1-26 

XVII. Special Procedures for Animal Use in Research ................................................................. 1-27 

 A. General ..................................................................................................................... 1-27 

 B. Radionuclides ........................................................................................................... 1-27 

XVIII. Radiation Control and Radiological Services Department .................................................. 1-27 

 A. Goal .......................................................................................................................... 1-27 

 B. Functional Areas ...................................................................................................... 1-28 

APPENDIX 1 - COMMITTEES AND MEMBERSHIP ................................................................. 1-30 

APPENDIX 2 - FORMS .................................................................................................................. 1-35 

 

 

 

 



v 

CHAPTER 2 

FUNDAMENTAL RADIATION CONCEPTS 

PAGE 

 

I.  What is Radiation?  .............................................................................................. 2-2 

 

II. The Radioactive Atom ......................................................................................... 2-2 

 

III. Radioactive Decay Modes.................................................................................... 2-4 

 A. Beta Decay ............................................................................................... 2-4 

 B. Positron Decay ......................................................................................... 2-4 

 C. Alpha Decay ............................................................................................. 2-5 

 C. Electron Capture ...................................................................................... 2-5 

 E. Nuclear Transition - Gamma Ray Emission ............................................ 2-6 

 

IV.  Half-Life ............................................................................................................... 2-7 

 

V. Radioactive Decay Equation ................................................................................ 2-7 

 

VI. Radioactivity Units .............................................................................................. 2-9 

 

VII. Interactions of Radiations with Matter .......................................................... ….2-10 

 A. Interaction of Charges Particles ............................................................. 2-11 

  1. Alpha Particles ........................................................................ ....2-12 

  2. Beta Particles .............................................................................. 2-12 

   a) Bremsstrahlung X-ray Production .......................................... 2-12 

 B. Interaction of X-Rays and Gamma-Rays ............................................... 2-13 

  1. The Photoelectric Effect ............................................................. 2-13 

  2. The Compton Effect ................................................................... 2-14 

  3. Pair Production ........................................................................... 2-15 

 

VIII. Radiation Quantities and Units .......................................................................... 2-17 

 A. Count Rate ............................................................................................. 2-17 

 B. Exposure ................................................................................................ 2-17 

 C. Absorbed Dose ....................................................................................... 2-18 

 C. Equivalent Dose / Dose Equivalent ....................................................... 2-18 

 E. Effective Dose / Effective Dose Equivalent .......................................... 2-19 

 F. Committed Effective Dose / Committed Effective Dose Equivalent .... 2-20 

 G. Total Effective Dose / Total Effective Dose Equivalent ........................ 2-20 

 

IX. Conversion of Traditional Units to S.I. Units .................................................... 2-21 

 

X. Sources of Information on Radionuclides .......................................................... 2-21 



vi 

CHAPTER 3 

RADIATION PROTECTION 

 

PAGE 

 

I. External Radiation Protection ................................................................................................ 3-3 

 A. Time ........................................................................................................................ 3-3 

 B. Distance ...................................................................................................................... 3-3 

  1. The Inverse Square Law ................................................................................. 3-3 

  2. Gamma Constants .......................................................................................... 3-4 

  3. Gamma Exposure Rate Formula .................................................................... 3-5 

 C. Shielding .................................................................................................................... 3-6 

  1. Alpha and Beta Radiation .............................................................................. 3-6 

  2. X- and Gamma Radiation .............................................................................. 3-6 

  3. Half Value Layer ............................................................................................ 3-8 

 D. External Exposure Personnel Monitoring .................................................................. 3-9 

  1. Types of Personnel Dosimeters ...................................................................... 3-9 

  2. Use of Personnel Dosimeters ....................................................................... 3-11 

  3. Maximum Permissible Exposure Limits ...................................................... 3-14 

 E. Posting and Labeling of Radioactive Materials ....................................................... 3-15 

  1. Cautionary Signs .......................................................................................... 3-15 

  2. Department of Transportation Warning Labels ........................................... 3-16 

 

II. Internal Radiation Protection ............................................................................................... 3-17 

 A. Radioactive Materials in the Body ........................................................................... 3-17 

 B. Guidelines ................................................................................................................ 3-18 

 C. Limits ...................................................................................................................... 3-18 

 D. Internal Exposure Monitoring .................................................................................. 3-19 

 

III. General Precautions and Rules of Thumb............................................................................ 3-20 

 

IV. Specific Handling Precautions for Various Radionuclides .................................................. 3-23 

 A. H-3 ...................................................................................................................... 3-24 

 B. C-14 ...................................................................................................................... 3-25 

 C. P-32 ...................................................................................................................... 3-26 

 D. P-33 ...................................................................................................................... 3-27 

 E. S-35 ...................................................................................................................... 3-28 

 F. Cr-151 ...................................................................................................................... 3-29 

 G. I-125 ...................................................................................................................... 3-30 

 H. Radioiodination and Safety ...................................................................................... 3-31 

 

Appendix 1:  Application of Bioassay for Tritium .......................................................................... 3-35 

 

Appendix 2:  Applications of Bioassay for I-125 and I-131 ............................................................ 3-38 

 



vii 

 

Appendix 3:  Selected Constants and Data ...................................................................................... 3-42 

 Gamma radiation levels for selected radionuclides ............................................................. 3-43 

 Reference data for selected radioisotopes ............................................................................ 3-44 

 Penetration ability of beta radiation ..................................................................................... 3-45 

 Mass attenuation coefficients ............................................................................................... 3-46 

 Density of elements and common materials ........................................................................ 3-50 

 Half-value layer for gamma and x-ray radiations ................................................................ 3-52 

  
 



viii 

CHAPTER 4 

RADIATION DETECTORS AND SURVEY INSTRUMENTS: 
THEORY OF OPERATION AND LABORATORY APPLICATIONS 

PAGE 

 

I. Portable Survey Instruments .................................................................................................. 4-3 

 A. Ionization Chambers .................................................................................................. 4-3 

 B. Geiger Counter ........................................................................................................... 4-3 

II. Use of Radiation Survey Instruments .................................................................................... 4-4 

 

III. Calibrations and Efficiency .................................................................................................... 4-4 

 

IV. Geiger-Müller Counters - Detailed ........................................................................................ 4-5 

 

 A. G-M Tube Characteristics .......................................................................................... 4-5 

 B. G-M Tube Description ............................................................................................... 4-5 

 C. Counting-Rate versus Voltage Curve ........................................................................ 4-6 

 D. Production of the Discharge ....................................................................................... 4-8 

 E. Quenching the Discharge ........................................................................................... 4-8 

 F. Resolving Time .......................................................................................................... 4-8 

 G. Windows .................................................................................................................... 4-9 

 H. Counting Efficiency ................................................................................................... 4-9 

 

V. Liquid Scintillation Counting ................................................................................................ 4-9 

 A. Optimum Counting Conditions ................................................................................ 4-11 

 B. Counting Efficiency and Quenching ........................................................................ 4-11 

1. Internal Standard 4-12 

2. Sample Channels Ratio .............................................................................................................. 4-13 

3. External Standard 4-14 

 C. Sample Preparation .................................................................................................. 4-15 

 D. Liquid Scintillation Counting - Detailed .................................................................. 4-16 

1. Physical Interactions .................................................................................................................. 4-17 

2. Solvent and Fluor Characteristics .............................................................................................. 4-18 

3. Liquid Scintillation Counter ...................................................................................................... 4-19 

4. Liquid Scintillation Counter Features ........................................................................................ 4-20 

5. Quenching and Quench Correction ............................................................................................ 4-22 

6. Counting Efficiency Determination ........................................................................................... 4-23 

   a)  Internal Standard ..................................................................................... 4-23 

   b)  Sample Channels Ratio ........................................................................... 4-24 

   c)  External Standard .................................................................................... 4-24 

   d)  External Standard Channels Ratio .......................................................... 4-25 

7. Dual Label Counting .................................................................................................................. 4-26 

 



ix 

PAGE 

 

VI. Gamma Scintillation Counting ............................................................................................ 4-27 

 A. Gamma Ray Interactions with Matter ...................................................................... 4-27 

1. Photoelectric Effect ...................................................................................... 4-27 

2. Compton Effect ............................................................................................ 4-27 

3. Pair Production............................................................................................. 4-28 

 B. Gamma Scintillation Detector .................................................................................. 4-28 

 C. Gamma Scintillation Spectrometer .......................................................................... 4-30 

 D. Spectrum Analysis ................................................................................................... 4-32 

 E. Detector Resolution ................................................................................................. 4-33 

 

 

CHAPTER 5 

BIOLOGICAL EFFECTS OF IONIZING RADIATION 

 

I. Introduction ............................................................................................................................ 5-3 

 

II. Sequential Pattern of Biological Effects ................................................................................ 5-3 

 A. Latent Period .............................................................................................................. 5-3 

 B. Period of Demonstrable Effects on Cells and Tissues ............................................... 5-3 

 C. Recovery Period ......................................................................................................... 5-4 

 

III. Determinants of Biological Effects ........................................................................................ 5-4 

 A. The Dose-Response Curve ......................................................................................... 5-4 

 B. Rate of Absorption ..................................................................................................... 5-5 

 C. Area Exposed ............................................................................................................. 5-5 

 D. Variation in Species and Individual Sensitivity ......................................................... 5-5 

 E. Variation in Cell Sensitivity ....................................................................................... 5-5 

 

IV. Short Term Effects ................................................................................................................. 5-6 

 A. Stages in the Acute Radiation Syndrome ................................................................... 5-6 

 1.  Prodrome ............................................................................................................... 5-6 

 2.  Latent Stage ........................................................................................................... 5-6 

 3.  Manifest Illness Stage ........................................................................................... 5-6 

 4.  Recovery or Death................................................................................................. 5-6 

 B. Relation of Dose to Type of Acute Radiation Syndrome........................................... 5-7 

 C. Summary .................................................................................................................... 5-7 

  Table 1--Symptoms of Acute Radiation Syndrome  

           in Relation to Postexposure Time and Dose  .................................................... 5-9 

 



x 

PAGE 

 

V. Long Term Effects ............................................................................................................... 5-10 

 A. Introduction .............................................................................................................. 5-10 

 B. Carcinogenic Effects ................................................................................................ 5-11 

 1.  Possible Carcinogenic Effects ............................................................................. 5-11 

 2.  Human Evidence for Radiation Carcinogenesis ................................................. 5-12 

 3.  Significance of Human Studies on Radiation Carcinogenesis ............................ 5-15 

 C. Embryological Effects .............................................................................................. 5-16 

  1. Embryological Effect vs. Stage of Pregnancy .............................................. 5-17 

  2. Human Evidence for Embryological Effects ............................................... 5-17 

  3. The Problem of Unsuspected Pregnancy ..................................................... 5-18 

 D. Cataractogenic Effects ............................................................................................. 5-19 

 E. Lifespan Shortening ................................................................................................. 5-19 

  1. Mechanisms ................................................................................................. 5-19 

  2. Human Evidence .......................................................................................... 5-20 

 F. Radiation Hormesis .................................................................................................. 5-20 

 G. Genetic Effects ......................................................................................................... 5-20 

  1. Background .................................................................................................. 5-20 

  2. Observing Mutations .................................................................................... 5-22 

  3. Animal Evidence of Genetic Effects ............................................................ 5-23 

  4. Human Evidence of Genetic Effects ............................................................ 5-23 

  5. Health Significance of Genetic Mutations ................................................... 5-24 

 

VI. Instruction Concerning Prenatal Radiation Exposure .......................................................... 5-25 

 A. Introduction .............................................................................................................. 5-25 

 B. Discussion ................................................................................................................ 5-25 

 C. Regulatory Position .................................................................................................. 5-26 

 D. Effect on the Embryo/Fetus of Exposure 

  to Radiation and other Environmental Hazards ....................................................... 5-26 

  1. Radiation Risks ............................................................................................ 5-27 

  2. Nonradiation Risks....................................................................................... 5-28 

 E. Pregnant Worker's Guide ......................................................................................... 5-31 

 F. NRC State Position .................................................................................................. 5-33 

 G. Radiation Exposure Limits ...................................................................................... 5-33 

 H Advice for the Employee & Employer ..................................................................... 5-34 

 I. Internal Hazards ....................................................................................................... 5-34 

 J. Radionuclide Characteristics ................................................................................... 5-35 

  1. Tritium ......................................................................................................... 5-35 

  2. Organically Bound Tritium and Carbon ...................................................... 5-35 

  3. Iodine ........................................................................................................... 5-36 

 

VII. References ............................................................................................................................ 5-37 

 

VIII. Contribution of Radiation Sources to Population Exposure ................................................ 5-39 



xi 

CHAPTER 6 

RADIONUCLIDE LABORATORY TECHNIQUES 
PAGE 

 
I. Protective Clothing ............................................................................................................... 6-2 
 
II. The Workplace ...................................................................................................................... 6-2 
 
III. Manipulations of Radioactive Materials ............................................................................... 6-2 
 
IV. Radioactive Material Spills ................................................................................................... 6-3 
 A. Minor Spills .............................................................................................................. 6-3 
 B. Major Spills ............................................................................................................... 6-4 
 
V. Radioactive Contamination Limits ....................................................................................... 6-4 
 A. Decontamination Procedures .................................................................................... 6-5 
  1. Preparation 
  2. Decontamination Procedure 
  3. Follow up 
  4. Summary 
   Personnel Decontamination Chart ............................................................................ 6-7 
  Area and Material Decontamination Chart ............................................................. 6-12 
 B. Laboratory Monitoring ............................................................................................ 6-17 
  Radiation Control Technique #1:  Instructions for Obtaining Swipe Samples ....... 6-18 
  Safety Checklist ...................................................................................................... 6-20 
  Radionuclide Utilization Form  .............................................................................. 6-21 
  Contamination Survey Form ................................................................................... 6-22 
  Surface Contamination Survey Frequency Requirement ........................................ 6-23 
 
VI. Procedure for Opening Packages Containing Radionuclides .............................................. 6-24 
 
VII. How to Handle Radionuclide Shipments ............................................................................6-25 

 

CHAPTER 7 

RADIOACTIVE WASTE DISPOSAL 
 
I. Radioactive Waste Disposal .................................................................................................. 7-2 
 
II. Radiation Control Technique #2 
 Instructions for Preparation of Radioactive Waste for Disposal ............................................ 7-2 
 
III. Radioactive Mixed Waste Chemical Constituents ................................................................. 7-8 
 
IV. Radioactive Waste Pick-Up Request Form .......................................................................... 7-25 

 

 

GLOSSARY OF BASIC RADIATION PROTECTION TERMINOLOGY 

 

BIBLIOGRAPHY 


