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Figure A.1  Isotopes of the element hydrogen. 
 

Table A.1  Summary of the basic parts of an atom. 
 

Particle Location Charge Comments 
Protons Nucleus + positive The number of protons determines the element.  If the 

number of protons changes, the element changes. 
 

Neutrons Nucleus No charge Atoms of the same element have the same number of 
protons, but can have a different number of neutrons.  
This is called an isotope. 
 

Electrons Orbit nucleus – negative This negative charge is equal in magnitude to the proton’s 
positive charge. 

Source: Bechtel Jacobs Company, LLC.  Radiological Worker I and II Academics Training, Student 
Handbook, revision 2. 
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___________________________ 
a (“Electromagnetic…” 2002, Appendix A references) 
b (“Exploring …” 2002, Appendix A references) 
c (“Experiment…” 2002, Appendix A references) 
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Figure A.5  Possible radiation pathways. 
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Table A.2  Dose terminology. 
 

Term Description 
absorbed dose quantity of radiation energy absorbed by an organ divided by an 

organ’s mass 
 

dose equivalent absorbed dose to an organ multiplied by a quality factor 
 

effective dose equivalent single weighted sum of combined dose equivalents received by 
all organs 
 

committed dose equivalent effective dose equivalent to an organ over a 50-year period 
following intake 
 

committed effective dose equivalent total effective dose equivalent to all organs in the human body 
over a 50-year period following intake 
 

collective effective dose equivalent sum of effective dose equivalents of all members of a given 
population 
 

quality factor a modifying factor used to adjust for the effect of the type of 
radiation, for example, alpha particles or gamma rays, on tissue 
 

weighting factor tissue-specific modifying factor representing the fraction of the 
total health risk from uniform, whole-body exposure 
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Table A.3  Comparison and description of various dose levels 
 

Dose level Description 

1 mrem (0.01 mSv) Approximate daily dose from natural background radiation, including radon. 
 

2.5 mrem (0.025 mSv) Cosmic dose to a person on a one-way airplane flight from New York to Los Angeles. 
 

10 mrem (0.10 mSv) Annual exposure limit, set by the EPA for exposures from airborne emissions from 
operations of nuclear fuel cycle facilities, including power plants and uranium mines 
and mills 
. 

45 mrem (0.45 mSv) Average yearly dose from cosmic radiation received by people in the Paducah area. 
 

46 mrem (0.46 mSv) Estimate of the largest dose any off-site person could have received from the March 28, 
1979, Three Mile Island nuclear power plant accident. 
 

66 mrem (0.66 mSv) Average yearly dose to people in the United States from human-made sources. 
 

100 mrem (1.00 mSv) Annual limit of dose from all DOE facilities to a member of the public who is not a 
radiation worker. 
 

110 mrem (1.10 mSv) Average occupational dose received by U.S. commercial radiation workers in 1980. 
 

244 mrem (2.44 mSv) Average dose from an upper gastrointestinal diagnostic X-ray series. 
 

300 mrem (3.00 mSv) Average yearly dose to people in the United States from all sources of natural 
background radiation. 
 

1-5 rem (0.01-0.05 Sv) EPA protective action guidelines state that public officials should take emergency action 
when the dose to a member of the public from a nuclear accident will likely reach this 
range. 
 

5 rem (0.05 Sv) Annual limit for occupational exposure of radiation workers set by NRC and DOE. 
 

10 rem (0. 10 Sv) The BEIR V report estimated that an acute dose at this level would result in a lifetime 
excess risk of death from cancer, caused by the radiation, of 0.8% (BEIR 1990). 
 

25 rem (0.25 Sv) EPA guideline for voluntary maximum dose to emergency workers for non-lifesaving 
work during an emergency. 
 

75 rem (0.75 Sv) EPA guideline for maximum dose to emergency workers volunteering for lifesaving 
work. 
 

50-600 rem (0.50-6.00 Sv) Doses in this range received over a short period of time will produce radiation sickness 
in varying degrees.  At the lower end of this range, people are expected to recover 
completely, given proper medical attention.  At the top of this range, most people would 
die within 60 days. 

Adapted from Savannah River Site Environmental Report for 1993, Summary Pamphlet, WSRC-TR-94-076, 
Westinghouse Savannah River Company, 1994. 
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Table A.4  Internal dose factors for an adult. 
 

Intakea  (mrem/pCi) 

 
Isotope 

Half-life 
(years) 

Inhalation 
(soluble) 

Inhalation 
(slightly 
soluble) 

Inhalation 
(insoluble) Ingestion 

237Np 2,100,000 NA 0.49 NA 0.0039 
239Pu 24,000 NA 0.51 0.33 0.0043 
99Tc 210,000 0.00000084 0.0000075 0.12 0.0000013 

230Th 75,000 NA 0.32 0.26 0.00053 
234U 240,000 0.0027 0.0071 0.13 0.00026 
235U 710,000,000 0.0025 0.0067 0.12 0.00025 
238U 4,500,000,000 0.0024 0.0062 0.12 0.00023 

a  Source: U.S. DOE.  July 1988.  Internal Dose Conversion Factors for Calculations of Dose to the 
Public, DOE/EH-0071. 
NA = not available in the above-referenced document 
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