
Nuclear Radiation:  A Primer 
(Source:  Karen Timberlake (2005) Basic Chemistry, San Francisco:  Pearson Publishing, Ch. 15) 
 
Nuclear Radioactivity: 
 
Isotopes: Atoms of the same element (same number of  protons) with varying number of neutrons 
 
Radioactive Isotope: An isotope of an element whose nucleus is unstable -->  It will spontaneously emit energy to 
become more stable. 
 
Radiation: The form the release energy from an unstable nucleus takes; it can be in the form of a particles (Alpha or 
Beta) or pure energy (Gamma Ray).  Release of energy produces a more stable , lower energy nucleus. 
 
Some elements have some isotopes that are stable and some that are radioactive.  Others, especially elements with atomic 
numbers > 84, have only isotopes that are radioactive because so many protons and neutrons crowded together in their 
nuclei that the strong repulsion's between the protons makes the nuclei unstable. 
 
Examples:   Mg-24 -- stable   Mg-23 and Mg-27 --  radioactive 
  I-127 --  stable   I-125 and I-131 -- radioactive 
  U- no stable isotopes  U-235 and U-238 --  radioactive 
 
Types of Radiation: 
  
Alpha particles (  ) 

• contains 2 protons and 2 neutrons 
• has a charge of 2+ 
• equivalent to a He nucleus 
• example source:  Radium-226, Uranium-238,Plutonium and radon gas are an alpha emitters.  

 
Beta particles (  ) 

• high energy electron 
• has a charge of 1- 
• given a mass number of 0 (negligible compared to a proton) 
• produced when a neutron in the unstable nucleus is transformed into a proton and electron 
• the electron is emitted as beta radiation 
• example source:  Carbon-14; Strontium-90 and tritium are two beta-emitting radionuclides routinely 

released from nuclear power reactors during normal operation 
• Our bodies often mistake strontium-90 for calcium, collecting it in our bones that make our new blood 

cells. 
 
 

Positron (  +) 
• similar to an electron except with a positive charge 
• produced when a proton is transformed into a neutron and a positron 
• given a mass number of 0 
• is an example of antimatter (exact opposite of an electron); when an electron and positron collide, their tiny 

masses are converted to energy in the form of gamma rays 
• example source:  manganese-49 

 
Pure energy, Gamma Rays (  ) 

• high energy radiation 
• released when an unstable nucleus undergoes a rearrangement of its particles to give a more stable, lower energy 

nucleus 
• no mass or charge associated with gamma rays 
• there are very few gamma ray emitters, although gamma radiation accompanies most alpha and beta radiation 
• example source:  Technetium-99m (the m stands for metastable) 
• Tc-99m is produced by bombarding Molybdenum-98 with neutrons in a nuclear reactor.    the Mo-99 which forms 

then decays by beta particle emission to Tc-99 which then decays by gamma ray emission.  the gamma rays are 
useful for diagnostic work because they pass through he body to detection equipment. 



• Cesium-137 is a gamma emitter often released from nuclear reactors. It mimics potassium, collecting in 
muscle. 

• Iodine-131and Iodine-129 are also gamma-emitters released through bomb testing and at atomic 
reactors 
 

Protection 
Alpha Particles 

• Heaviest 
• travel only 2-4  cm in air and collide with air molecules, pick up electrons, become He atoms 
• paper, clothing, skin, lab coats, gloves protect against alpha particles 
• INGESTION and INHALATION:  can cause serious internal damage 

 
Beta Particles 

• very  small mass 
• move fast and far 
• can penetrate paper an 4-5 mm into body tissue 
• externally can burn the skin but are stopped before they reach internal organs 
• heavy clothing, lab coats, goggles, gloves are need to protect skin from beta particles 

 
Gamma Rays 

• travel great distances 
• pass through many materials, including body tissues 
• Lead or concrete shielding will stop them 
• exposure to gamma rays is extremely hazardous 

 
**The greater the distance  from the radioactive source, the lower the intensity of radiation received.  Doubling your 
distance, drops the radiation to a quarter of its strength. 
 
Radiation Measurement 
 
Geiger counter  -  detects beta and gamma radiation  
  - the argon gas inside produces ions with the beta and gamma radiation which is produces a current and 
is detected and amplified to give a click 
 
Radiation measurement:  Two ways 
  
1.  Activity of a Radioactive Sample 

• measure # of nuclear disintegrations per second 
• measure in curies (Ci) (named for Marie Curie, who discovered radioactive elements radon and polonium) 
• one Ci = # disintegrations in one second for 1 g of radium = 2.3 x 1010 disintegrations per second 
• in the metric system, a becquerel (Bq) is one disintegration per second 

 
 
2.  Determine the Impact on Biological Tissue 

• rad (radiation absorbance dose) = amount radiation absorbed by a gram of body tissue 
• (in the metric system, one gray (Gy) equals 100 rads) 
• rem (radiation equivalent in humans) measures the biological effects of different kinds of radiation 
• recall, alp;ha particles don’t travel very far but if ingested cause much  damage; beta particles can penetrate skin 

and cause more damage; gamma rays travel far and create a great deal of ionization 
• a rem dose is determined by multiplying the absorbed dose (rads) by a factor that adjusts for the biological 

damage cause by a particular form of radiation. 
• Biological damage (rem) = absorbed dose (rad) x factor 
• Factors: 
• beta and gamma factor is 1 
• high energy protons and neutrons factor is 10 
• alpha particles factor is 20 

 
 
 
 



 
 
 
 
 
 
 
 
 
Background Radiation 

• we are exposed to low levels of radiation every day.  radioactive isotopes occur naturally and get incorporated 
into wood, brick, concrete, food, water and air.   

• Examples of common e exposures to radiation: 
 

Average Annual Radiation Received by a Person in the U.S. 
 Source Dose (mrem/year) 

Natural The ground 15 
 Air, water, food 30 
 Cosmic rays 40 
 Wood, concrete, brick 50 

Medical Chest X-ray 50 
 Dental X-ray 20 
 Upper GI tract X-ray 200 

Other TV 2 
 Air Travel 1 
 Radon 200 (varies widely) 
 Cigarette smoking 35 

mrem = millirem = 1/1000 rem 
 
 

Radiation  Effects 
• the larger the dose of radiation received at one time, the greater the effect on the body 
• doses , 25 rem usually are not detected 
• whole body exposure of 100  rem causes temporary decrease in # of white blood cells 
• exposures > 100 rem leads to radiation sickness:  nausea, vomiting, fatigue,  decrease in WBCs 
• exposure = 300 rem, WBC count drops to 0 with diarrhea, hair loss, and infection 
• exposure = 500 rem expected to cause death in 50% of people 
• exposure > 600 is fatal to all within a few weeks 

 
Medicine and Radiation 

• patients are given radioisotopes known to concentrate in specific organs and a scanner produces images of the 
organ 

• example:  I-131. I-131 taken up by they thyroid.  An overactive thyroid takes up more I than normal.  Patient  is 
given an oral dose of I-131 and 24 hours later a detection tube determines the amount of I-131 in the thyroid.  To 
treat the overactive thyroid, a high dose of I-131 is given to kill some of the thyroid cells 

• other isotopes used: 
• Ce-141 in the GI tract; Ga-68 in the pancreas; P-32 treats leukemia; I-125 treats brain cancer; Tc-99m is the mostly 

widely used radioisotope for imaging the skeleton, heart muscle, brain, liver, lungs, bone, spleen, kidney and 
thyroid 
 

Nuclear Fission  
• 1930s   discovery that bombarding U-235 with neutrons splits the nucleus into: two medium weight nuclei and a 

great amount of energy (atomic energy) and several neutrons and gamma rays. 
• the neutrons released have high energy and bombard more U-235 nuclei 
• if enough U-235 is brought together (a critical mass), there is a rapid increase in the number of high-energy 

neutrons released leading to a CHAIN REACTION.  So much heat and energy build up than an atomic explosion 
occurs. 

 



 BioEthics:  Radiation:  A Primer 
 
 
What is radiation? 
 
“A process where energetic particles or energetic waves travel.”  They radiate – travel in all directions. 
 
Classification 
 
Two types:     IONIZING     NON-IONIZING 
 
 
 
 
 
Types of Radiation: 
  
Alpha particles  

• contains:   
• charge:     mass:   
• example source:  Radium-226, Uranium-238, Plutonium and radon gas are an alpha emitters.  

 
Beta particles  

• is:   
• charge:     mass:   
• formed when  neutron  à  proton + electron,  electron then emitted 
• example source:  Carbon-14; Strontium-90 and tritium (common from nuclear power plants) 
• INTERESTING FACT:  Our bodies often mistake strontium-90 for calcium, collecting it in our bones 

that make our new blood cells. 
 
Positron  

• similar to:   charge:    mass:   
• formed when a proton à neutron and a positron 
• example of antimatter (exact opposite of an electron); when an electron and positron collide, their tiny masses are 

converted to energy in the form of gamma rays 
• example source:  manganese-49 

 
Gamma Rays 

• is:   
• released:  unstable nucleus à rearrangement à  release energy 
• charge:    mass: 
• there are very few gamma ray emitters, although gamma radiation accompanies most alpha and beta radiation 
• example source:  Technetium-99m (the m stands for metastable) 
• Cesium-137 (from nuclear reactors)   It mimics potassium, collecting in muscle. 
• Iodine-131and Iodine-129 (bomb testing and atomic reactors) 

 
Protection 
Alpha Particles 

• Heaviest 
• travel only 2-4  cm in air and collide with air molecules, pick up electrons, become He atoms 
• paper, clothing, skin, lab coats, gloves protect against alpha particles 
• INGESTION and INHALATION:  can cause serious internal damage 

 
 

Beta Particles/Positrons 
• very small mass;  move fast and far 
• can penetrate paper and 4-5 mm into body tissue 
• externally can burn the skin but not reach internal organs 
• heavy clothing, lab coats, goggles, gloves Gamma Rays 



 
Gamma Rays 

• travel great distances 
• pass through many materials, including body tissues 
• Lead or concrete shielding will stop them 
• exposure to gamma rays is extremely hazardous 

  
Geiger counter  Can detect the presence of Beta and Gamma radiation; ions created in turn create current which is 

converted into the “clicks.” 
 
Radiation Measurement:  Two ways 
  
1.  Activity of a Radioactive Sample 

• measure # of nuclear disintegrations per second 
• one Ci = # disintegrations in one second for 1 g of radium = 2.3 x 1010 disintegrations per second 
• metric system, a becquerel (Bq) is one disintegration per second 

 
2.  Determine the Impact on Biological Tissue 

• rad (radiation absorbance dose) = amount radiation absorbed by a gram of body tissue 
• rem (radiation equivalent in humans) measures the biological effects of different kinds of radiation 
• Biological damage (rem) = absorbed dose (rad) x weighting factor 
• Factors: 
• beta and gamma factor is 1 
• high energy protons and neutrons factor is 10 (found in nuclear reactors) 
• alpha particles factor is 20 

 
 

Background Radiation:                      Average Annual Radiation Received by a Person in the U.S. 
 Source Dose (mrem/year) 

Natural The ground 15 
 Air, water, food 30 
 Cosmic rays 40 
 Wood, concrete, brick 50 

Medical Chest X-ray 50 
 Dental X-ray 20 
 Upper GI tract X-ray 200 

Other TV 2 
 Air Travel 1 
 Radon 200 (varies widely) 
 Cigarette smoking 35 

mrem = millirem = 1/1000 rem 
 
Radiation  Effects 

• the larger the dose of radiation received at one time, the greater the effect on the body 
• 25 rem usually are not detected 
• whole body exposure of 100  rem causes temporary decrease in # of white blood cells 
• exposures > 100 rem leads to radiation sickness:  nausea, vomiting, fatigue,  decrease in WBCs 
• exposure = 300 rem, WBC count drops to 0 with diarrhea, hair loss, and infection 
• exposure = 500 rem expected to cause death in 50% of people 
• exposure > 600 is fatal to all within a few weeks 

 
Medicine and Radiation --  Example I-131 
 
Nuclear Fission:  --  Chain Reaction  
 
Discovery of Radiation – See Timeline: 
 
Emphasis on the concurrent discovery of radiation with the recognition of it’s detrimental health effects 
 


