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RADIOACTIVITY
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EFFECTS OF RADIATION ON THE HUMAN BODY
LEGAL LIMITS FOR RADIATION EXPOSURE





WHICH ELEMENTS ARE RADIOACTIVE?

• Virtually all elements have unstable (radioactive) 
isotopes.
• 38 elements have no stable isotopes (Atomic Number 

43, 61, & >83).



RADIOACTIVE ISOTOPES DECAY (CHANGE THEIR 
ATOMIC NUMBER AND MIGHT CHANGE MASS) BY 

ONE OF FOUR PROCESSES.
• Alpha Decay 
• Beta Decay
• Positron Emission 
• Electron Capture

• Radioactive decay may or may not be accompanied 
by a Gamma ray.



ALPHA DECAY

• Helium atom ejected.
• Atomic Number decreases by 2.
•Mass decreases by 4.



BETA DECAY

• An electron is ejected from a neutron.
• The neutron becomes a proton.
• Atomic number increases by 1.
•Mass remains the same.



POSITRON EMISSION

• A positron is ejected from a proton.
• The proton becomes a neutron.
• Atomic number decreases by 1.
•Mass remains the same.



ELECTRON CAPTURE

• An orbital electron is captured by a proton.
• The proton becomes a neutron.
• Atomic number decreases by 1.
•Mass remains the same.





HOW LONG DO RADIOACTIVE ISOTOPES LAST?

• Some last billions of years.
• Some only last a fraction of a second.
• The half-life of an isotope is the time it takes for 

half the mass of a sample to decay to other 
isotopes.



EXAMPLE HALF-LIVES
• Nitrogen-16: 7.13 seconds.
• Cesium-133: 2 years.
• Cobalt-60: 5.3 years.
• Plutonium-239: 24,100 thousand years.
• Technium-99: 211,000 years.
• Uranium-235: 700 million years.
• Uranium-238: 4.5 billion years



TYPES OF RADIATION FROM NUCLEAR POWER 
PLANTS

1. Neutron – average of 2.4 high energy neutrons per fission of 
U-235, with 2 “fission fragments” one about 3/5 mass of U-
235 the other about 2/5 (ie CS-133 and Tc-99).

2. Gamma – from fission and decay of fission products & 
activated structural materials.

3. Beta – from decay of fission products & activated structural 
materials.

4. Alpha – from decay of fission products.



PARTICLE RADIATION EFFECTS ON THE BODY

• High energy ionized particles  (Alpha or 
Beta)passing through a cell strip electrons from 
atoms in the cell creating free radicals.
• Free radicals are very reactive chemically.
• Subsequent chemical reactions damage cells in

various ways.



GAMMA RADIATION EFFECTS ON THE BODY

• Gamma rays are not physical particles.
• Gamma rays interact with atoms along their path

releasing high energy electrons.
• These electrons behave like Alpha and Beta 

particles.



NEUTRONRADIATION EFFECTS ON THE 
BODY

• Neutrons collide with the nucleus of atoms 
causing them to recoil and loose their electrons 
(they become ionized).
• These ionized particles behave like Alpha and Beta 

particles.



RADIATION MEASUREMENT UNITS

• RAD – Radiation Absorbed Dose, a measurement of 
how much energy absorbed by a gram of material.
• There is a difference between how much biological

damage is done by 1 RAD depending on the type of
radiation. This is accounted for by a “Quality Factor” 
(QF).



ROENTGEN EQUIVALENT IN MAN

• REM –Roentgen Equivalent in Man. 1REM = 1RAD x 
QF.
• Quality Factors:
• Gamma and Beta = 1.
• Alpha = 20.
• Neutron = 10.



LEGAL LIMITS FOR RADIATION OCCUPATIONAL 
RADIATION WORKER EXPOSURE

• Whole body: 5 REM per year
• Any organ: 50 REM per year
• Skin: 50 REM per year
• Extremity: 50 REM per year
• Lens of eye: 15 REM per year



LEGAL LIMITS FOR OCCUPATIONAL RADIATION 
EXPOSURE TO THE PUBLIC

• Whole body: 0.1 REM per year






