
Mathematics of Radiation 
 

Nuclear power plants have caused grave concerns about radiation damage to human beings.  Let’s try to 
understand radiation dosages a little better. 
 
Radiation consists of several types of subatomic particles, principally those called gamma rays, neutrons, 
electrons, and alpha particles, that shoot through space at very high speeds, something like 100,000 miles 
per second. They can easily penetrate deep inside the human body, damaging some of the biological cells 
of which the body is composed. Every person in the world is struck by about 15,000 of these particles of 
radiation every second of his or her life, and this is true for every person who has ever lived and for every 
person who ever will live.  
 

1. If you are struck by 15,000 radioactive particles a second, about how many particles strike you in 
one year? 

 
 

2. How many particles would strike you in a lifetime if you live 80 years? 
 
 

These particles are from natural sources. In addition, our technology has introduced new sources of 
radiation like medical X-rays. 
 
In order to discuss radiation exposure quantitatively, we must introduce the unit in which it is measured, 
called the millirem, abbreviated mRem. One millirem of exposure corresponds to being struck by 
approximately 7 billion particles of radiation.  In nearly all of our discussions about radiation, we will be 
considering doses below about 10,000 mRem, which is commonly referred to as low-level radiation. 
 
Radiation is also measured in  

Rems, 1 Rem = 1,000 mRem 
And Seiverts, 1 Seivert = 100 Rems 

	  
This is where those15,000 particles from natural sources that strike us each second throughout our lives 
come from;  

o We are constantly bombarded from above by cosmic rays showering down on us from outer space, 
hitting us with 30 mRem per year;  

o From below by radioactive materials like uranium, potassium, and thorium in the ground — 20 
mRem/year;  

o From all sides by radiation from the walls of our buildings (brick, stone, and plaster are derived from 
the ground) — l0 mRem/year;  

o And from within, due to the radioactivity in our bodies (mostly potassium) — 25 mRem/year.  
 
All of these combined give us a total average dose of about 85 mRem per year from natural sources, or 1 
mRem every 4 days. 
	  
On the next page we have a pie chart of those exposure sources.  This figure shows the various kinds of 
radiation sources that contribute to your annual dosage.  



	  
Some of these sources you can do nothing about. For example,  

o Natural Radionuclides in Body refers to the radioactive elements out of which your bones and 
tissues are constructed.  

o Nuclear Fuel Cycle refers to atmospheric forms of radioactivity that are there because of nuclear 
power plants. Other forms can be reduced or increased depending on where you choose to live, or 
your personal situation. For example,  

o Medical refers to annual dental x-rays or nuclear imaging. If you have cancer and undergoing 
radiotherapy, you may be exposed to much more radiation than someone else.  

o Cosmic refers to sources of radiation in the form of cosmic rays that come from the sun or from 
space. The atmosphere shields us from most of these, but if you live at higher elevations or are a 
frequent airline passenger, this exposure can be higher.  

o Terrestrial refers to sources of radiation in soils or rocks. The clay in some areas contains higher 
concentrations of radioisotopes than in other locations, also if you are living near large deposits of 
granite, there may be higher quantities of uranium or other radioactive ores embedded in the rock.  

o Consumer Products can include food. Bananas are rich in potassium, but also contain slight 
quantities of the radioactive isotope of potassium. By far, the biggest contribution comes from  

o Radon Gas that can be trapped in your basement, and is a major source of lung cancer. This is why 
you should keep your basement properly ventilated, and periodically checked for radon! 

	  
There are also man-made sources of radiation exposure. 

• Medical radiation exposure - A typical radiation dose from a chest x-ray is about 10 mRem. The total 
average dose from medical x rays is 40 mRem in a year. In addition to x rays, radioactive isotopes 
are used in medicine for diagnosis and therapy. The total average dose is 14 mRem in a year. 

 Consumer products - Examples include TV's, older luminous dial watches, some smoke detectors, 
and lantern mantles. This dose is relatively small as compared to other naturally occurring sources 
of radiation and averages 10 mRem in a year.  

 Atmospheric testing of nuclear weapons  - Another man-made source of radiation includes 
residual fallout from atmospheric nuclear weapons testing in the 1950's and early 1960's. 
Atmospheric testing is now banned by most nations. The average dose from residual fallout is about 
2 mRem in a year.  

 Industrial uses  - Industrial uses of radiation include x-ray machines and radioactive sources 
(radiography) used to test pipe welds, boreholes, etc. Most people receive little if any dose from 
these sources.  

 
These sources of natural and human-made radiation are referred to as background radiation.  The average 
annual radiation dose to a member of the general population from ALL background sources is about 360 
millirems (mRem).  
 

3. What is, by far, the largest percent of radiation that we absorb daily from background radiation? 
 
 



Radon Gas in the Basement: A Radiation Hazard 

 
Most family rooms (dens) are located in the basements of homes. This is also the place where radon gas 
can collect over time. When inhaled, over time, radon gas adds to your lifetime natural background radiation 
exposure and is a significant risk factor for various forms of lung and respiratory cancer. The above figure 
shows the three radon zones based on a study by the US Environmental Protection Agency. (Radon is 
measured in picoCuries per liter. 

[A picoCurie (pCi) is 1/trillionth of a Curie (Ci).  A Curie is a unit of measure named after Marie and 
Pierre Curie that represents the intensity of radioactivity in a sample of material.] 

o Zone 1:  4 picoCuries/Liter  
o Zone 2: 3 picoCuries/Liter  
o Zone 3: 2 picoCuries/Liter.  

 
A picoCurie/Liter is a measure of the amount of air-born radioactivity in a volume of gas equal to 1 liter. If 
you were exposed to 4 picoCuries/liter for a full-year this would be equal to about 3 Rems. By comparison, 
all other forms of radiation exposure are about 0.2 Rem each year. 
 
 
Problem 1: A typical family may only spend 4 hours a day in the basement room. What fraction of a full year does this 
represent? 

	  
 

 
Problem 2: In Zone-1, a full year's exposure to radon gas equals 3 Rem. From your answer to Problem 1, what would 
you predict as the total annual exposure, in milliRems, for a member of this family if they were living in  

a. Zone-1?  
 

 
b. Zone-2?  

	  
 

c. Zone-3?  (Note: 1 Rem = 1,000 milliRem) 
 
 
 

 
Problem 3: If a typical lifetime is 80 years, what would be the total lifetime radiation exposure from radon in Rem for 
the family members in Problem 1 if they lived in  

a. Zone-1?	  
	  
	  

b. Zone-2? 	  
	  
	  



c. Zone-3?	  
	  

	  
Problem 4:  Nancy was born in Denver where the cosmic rays produce 120 milliRem/year and an additional 
105 milliRem/year comes from the ground. After 30 years, she moves to Baton Rouge, Louisiana where 
cosmic rays produce 35 milliRem/year and 40 milliRem/year come from the ground. At both locations, she 
buys the same kind of house and she receives 100 milliRem/year from radon gas in the basement. Assume 
that all other lifestyle sources contribute 50 milliRem/year during her entire life, and that she is now 65 years 
old 

a. What was her total annual dosage while she lived in Denver?  
 
 
 

b. What was her total annual dosage after she moved to Baton Rouge? 
 
 
 

c. During the 30 years in Denver, what was her total exposure to radiation in Rems rounded to the 
nearest tenth? 

 
 

d. During her 35 years in Baton Rouge, what was her total exposure to radiation in Rems rounded to the 
nearest tenth? 

 
 

e. To the nearest tenth of a Rem, what was Nancy's total radiation exposure during her 65 years? 
 
 
 
Extra for Experts: Nancy lived in Denver until age 30, then decided to become an astronaut. From Denver, 
she moved to Houston near the NASA Johnson Spaceflight Center, which is the hub of manned spaceflight 
activities. At this location her annual dosage is 220 milliRem/year. At age 40 she becomes the co-pilot for 
the Space Shuttle Atlantis on a 13- day trip, during which time her radiation dosage is 19 milliRem/day. If 
she takes three of these trips before age 65, to the nearest tenth of a Rem, what is her total lifetime 
exposure so far? 
 
 
 
 
Problem 5: An astronaut travels to the Moon and spends two weeks on the lunar surface before returning 
to Earth. The radiation dosage is 19 milliRem/day in Earth orbit for each of two days. The 1/2 day trip 
through the Van Allen belts is 300 milliRem/day. The journey to the Moon takes two days at 50 
milliRem/day. The stay on the lunar surface under shielded conditions is 30 milliRem/day. The astronaut 
returns to Earth retracing the previous conditions. Plot her dosage history and calculate the total exposure 
in Rems to the nearest tenth. 

 
 
 
 
 
 
 
 
 

 



Fukushima Daiichi, Japan 
 
In March 2011, after an earthquake and tsunami hit the Fukushima Dalichi Nuclear power plant in Japan, 
there was a large release of radioactive isotopes at the plant and in surrounding areas. 
It is now estimated that a person working on that cleanup operation might have received doses of 400 to 
1,000 mSv/hour.  Remember that 1 Seivert = 100 Rems and 1 mSv=1/1000 of Sv = 1/1,000 (100 Rems)= 
1/10 rem  or 1 mSV= .1 Rem. 
 
Problem 6:  What range of radiation dosage did those cleanup workers receive per day in Rems if we 
assume they worked in 8-hour shifts? 
 
 
 
We do know that 3 helicopter crews (17 airmen) were exposed to about 1 month of low level radiation doses 
when they were exposed near Sendai as they flew a disaster relief mission.  The U.S.Navy is very familiar 
with decontamination procedures and took immediate action by destroying the crew's infected uniforms and 
ensuring they washed with soap and water to remove the plume.  Then the crew underwent another series 
of tests with the results showing no contamination. Next it repositioned its aircraft carriers from the 7th fleet 
away from Japan's crippled Fukushima Dai-Ichi nuclear power station.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sources: 
http://www.new.ans.org/pi/resources/dosechart/ 
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Radiation_Math.html 
http://www.phyast.pitt.edu/~blc/book/chapter5.html 
http://www.howstuffworks.com/nuclear.htm 
http://web.princeton.edu/sites/ehs/osradtraining/backgroundradiation/background.htm 
 
A note from the Author of the NASA link, 
Radiation is one of those topics that have been a source of public concern ever since the first ‘atom bomb’ was detonated. Before 
the Atmospheric Test Ban Treaty was signed in the mid 1960’s, hundreds of nuclear bombs were detonated above ground, spewing 
forth kilotons of radioactive dust and debris that took up temporary residence in the atmosphere. Cows ate grasses and produced 
milk with high levels of strontium-90, while other isotopes of iodine and potassium also made their way into our food, at least for a 
decade or two. Then came the development of nuclear power plants, the accidents at Three Mile Island and Chernobyl. Non-
nuclear sources of radiation also became a growing public concern, including high-voltage power lines and cell phones. So, it is not 
surprising that the Public, through numerous media reports, accidents, and scientific studies, have learned to be wary of ‘radiation’ 
and to consider it not only bad in all forms, but something that our Government should strictly regulate. 
The problem is that radiation exposure is a biologically complex subject that cannot be described in a few sound bites or slogans. 
Like it or not, we exist in a sea of radiation that we can do nothing about. Cosmic rays, natural radioactivity in our soils and clays, 
and radon gas in our basements, make up 80% of our natural background dose, and cannot be eliminated. Even the bananas we 
eat give us a measurable dosage of radioactivity. 
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