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Motivating Scenario: 
 
NOVA: Dirty Bomb clips:  
 
Health affects and background radiation (28:50-29:40) 
Description: When calculating the risk of radiation scientists take into account 
background radiation from the surroundings. Radiation is all around us. This clip shows 
scientist measuring background radiation and includes an introduction to potassium-40, 
the second most abundant radioactive isotope on Earth. Radiation and radioactivity 
occur naturally around us, but how much is safe? Most scientists agree that levels of 80 
times higher than normal could overwhelm our natural defenses, and increase the risk of 
cancer to one in ten people.  
 
Radiation uses (41:52-42:54) 
Description: We are surrounded by sources of radiation and we need them. We rely on X-
rays for medical and security purposes. We utilize gamma radiation to kill anthrax and 
other biological hazards, and to sterilize products like band aids and food. The US has 
over two million sources of radioactive isotopes, but only a small fraction of this number, 
a couple hundred thousand, would pose high security risk. 
 
Lesson Goals: Does radiation occur naturally? If so, how much? What 
causes it? What levels of radiation are considered unsafe?  
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Lesson 2 - Scenarios:  
 
Scenario A:  Ship at a Port of Entry – Granite Container 
 
You are a US Customs and Border Protections (CBP) Officer working at a port of entry. 
A cargo ship has entered the port. You are one of the officers in charge of inspecting the 
cargo. You have to inspect containers of granite sent from various countries. Most of the 
granite is from Brazil. You have heard that the granite from Brazil and Namibia have the 
highest levels of radioactive isotopes in them because often they will have a vein of 
uranium or another radioactive isotope in them. These isotopes usually decay to the 
element radon, a dangerous radioactive gas. The granite has been sealed in a container for 
six weeks as it traveled to this US port of entry. You need to determine if these containers 
of granite contain acceptable levels of radiation. You use the radiation monitors available 
and detect 0.076 mR/h.  
 
Questions:   
Is the granite emitting radiation at levels that would be considered safe? Should you 
allow the container of granite to go through, or do you have the containers inspected 
further? 
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Scenario B:  Ship at a Port of Entry – Kitty Litter Part 1 
 
You are a US Customs and Border Protections (CBP) Officer working at a port of entry. 
A cargo ship has entered the port. You are one of the officers in charge of inspecting the 
cargo. It is your first day on the job. You have to inspect crates of kitty litter, cat food, 
and toys. You have already heard about the sensitivity of the detectors and how they 
often are set off by kitty litter. Your brother-in-law, a physicist, has even mentioned that 
he read in a popular science magazine about kitty litter setting off the radiation detectors. 
You recall your hazardous materials instructor discussing that kitty litter naturally has a 
percentage of the radioactive isotope 40K, as do bananas, and humans. You use the 
monitors available to scan the container of kitty litter. You get 30 counts per minute.  
 
Questions: 
Is the kitty litter safe? Do you let the kitty litter go through customs and border 
protections? 
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Hands-on Investigation:  Determination of Activity of “Everyday” 
Items 
 
• In this investigation, you will be working with a 

digital radiation monitor that contains a GM tube. The 
GM tube has a thin mica window at the front of the 
monitor, where the small wire grid can be seen 
(Figure 1). You will be investigating what objects in 
your environment (natural and man-made) emit 
ionizing radiation in the form of either α, β, and/or γ 
radiation. Remember, while other forms of radiation 
exist, GM tubes are only good at detecting these three 
types. Review the Detector Technology section in 
Lesson 1 to learn more about the types of technology 
needed to detect various types of radiation. 

 
1. What objects in your environment might emit 

radiation? Brainstorm with your lab partners and make a list of items you think may 
emit radiation. 

Figure 1: Vernier Digital Radiation 
Monitor.   
Image Source:  Digital Radiation Monitor 
extended manual. 

 
  

  

  

  

  

 
2. Obtain a monitor for your team and measure the level of background radiation in your 

classroom.  Make 10 one-minute measurements of the background level and record 
the values in the table below.   

 
To make certain your monitor is counting for one-minute, slide the mode switch in 
and out of the Total/Timer position. Use the “+” and “-” buttons in the front of the 
monitor to set the Timer to 0:01.  When you are ready to begin counting, push the set 
button. The monitor will make a loud beep to let you know it is counting.  The 
number of particles it detects will be displayed on the counter with an hourglass, 
letting you know it is still counting.  After one minute the monitor will make another 
set of very loud beeps and the number will stop increasing.   To reset the detector and 
begin counting for another minute, slide the mode switch out of Total/Timer and 
back, and then push the “set” button again.   
 
Record the average, maximum, and minimum values of your ten measurements 
below: 
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Total counts in one minute 

  
Maximum CPM:  

  
  

Minimum CPM:  

  
  

Average CPM:  

 
Where do you think this radiation coming from? 
 
 

 
 
3. You teacher has a set of items at the front of the room that may emit radiation. Obtain 

four of these items and collect any other items from your list in Step 1 that can be 
found in your classroom. Using the technique you devised in the detection of 
radiation investigation, measure the activity of each of your items.  

 
With the limited equipment you have, it will be difficult to identify which type of 
radiation is emitted with simply your GM tube. However, you might try the ideas you 
had in Lesson 1 for this and see if they work here. Can you identify the type of 
radiation (α, β and/or γ) produced? 
 

Sample type Total counts Count time Radiation type Other observations 

     

     

     

     

     

     

     

     

     

     

     

 
4. Which items in your list are emitting radiation?  Are there any items that you are 

uncertain about?  Why? 
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Radiation Terminology 
In your investigations of radiation, you measured the number of radioactive particles 
detected by the monitor every minute (counts per minute). This represents the number of 
nuclei in the sample that decay by emitting ionizing radiation per minute. Scientists call 
this quantity the activity of the sample. The standard unit for reporting activity is the 
Bequerel (1 Bq = 1 decay/second). Another common unit for reporting activity is the 
Curie (1 Ci =37 billion decays/second).  
 
In some cases, radiation is measured in a quantity called the roentgen (R). This is a 
measure of the exposure in air that is possible from a radioactive object that emits 
gamma radiation or x-rays. This exposure is the amount of charge produced by the 
gamma-rays or x-rays as they ionize the air through which they are traveling. It is very 
easy to measure the charge produced, so this is a common quantity to report, however 
“exposure” is limited in usefulness since it only provides information about gamma-rays 
and x-rays. People working primarily with x-rays and gamma rays defined exposure, 
however since it ignores other forms of radiation, it is not as useful in general situations. 
The Nuclear Regulatory Commission reports that this quantity is being phased out in 
favor of dose measurements that are described below. 
  
For biological objects (including humans), more important quantities are the absorbed 
dose or the dose equivalent from radiation. A dose measures the affect of the radiation 
absorbed by biological objects. Different radioactive isotopes emit radiation of differing 
kinetic energies and momenta. More energetic radiation has a greater potential to cause 
damage to the cells that are exposed to it than less energetic radiation of the same type. 
The radiation absorbed dose (rad) factors in the amount of energy the radiation deposits 
in the material they pass through. While the rad is a unit used in the US, the standard 
metric unit is the gray. If an object absorbs one joule of energy per kilogram of material, 
it has received an absorbed dose of one gray (1 Gy = 1 J/kg). 

This is not, however, the end of the story. Radiation with charge interacts more strongly 
with the material that it passes through, so charged radiation (like alpha and beta 
particles) has a larger affect than uncharged radiation (like gamma rays and x-rays). Thus 
the dose equivalent is also important. The dose equivalent is a measure of the energy 
deposited and the amount of damage the radiation can cause.  Dose equivalent is a 
product of the absorbed dose times a quality factor, which depends on the type of 
radiation depositing the energy. The dose equivalent is typically measured in rem 
(roentgen equivalent man) or the metric unit of sievert (Sv).  
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Radiation All Around Us
Sources of Radiation

Uses of Radiation

Doses in Our Daily Lives

Related Information

Radioisotopes in Today's

World 

Medical Procedure Doses

Procedure
Dose

(mrem)

X-Rays  

Abdomen 40

Chest 6

Pelvis 60

Dental 3

Mammography 170

CT (full body) 130

Nuclear Medicine 400

Natural Radioactivity in Food

Food  40K
(pCi/kg)

 226Ra
(pCi/kg)

Bananas 3,520 1

Carrots 3,400 0.6 - 2

White Potatoes 3,400 1 - 2.5

Lima Beans
(raw)

4,640 2 - 5

Red Meat 3,000 0.5

Brazil Nuts 5,600 1,000 - 7,000

Beer 390 ---

Drinking Water --- 0 - 0.17

 
Index | Site Map | FAQ | Facility Info | Reading Rm | New | Help | Glossary | Contact Us

Home > About NRC > Radiation Protection > Radiation All Around Us > Doses in Our Daily Lives

Doses in Our Daily Lives

On average, Americans receive a dose of about 0.3 rem
(300 millirem) each year from natural background
radiation. Most of this exposure comes from radon
in the air, with smaller amounts from cosmic rays and
the Earth itself. (The chart to the right shows these
radiation doses in perspective.) In general, a yearly
dose of 0.36 rem (360 millirem) from all radiation
sources has not been shown to cause humans
any harm.

On this page:

Doses from Medical Procedures
Radioactivity in Food
Personal Annual Radiation Dose
Calculator

Doses from Medical Procedures

In addition to natural background radiation, Americans
receive an average dose of about 0.06 rem (60 millirem)
per year from man-made sources of radiation, including
medical, commercial, and industrial sources. Of these
sources, medical procedures provide the largest contribution
to human exposure to man-made radiation. For example, a
chest x-ray typically gives a dose of about 0.006 rem (6
millirem), as shown in the table to the left.

Among these medical procedures, x-rays, mammography,
and CT use radiation or perform functions similar to those of
radioisotopes. However, they do not involve radioactive
material and, hence, are not regulated by the U.S. Nuclear
Regulatory Commission (NRC). Instead, most of these
procedures are regulated by State health agencies. In fact,
among these procedures, the NRC and its Agreement States
only license and regulate the possession and use
of radioactive materials for nuclear medicine.

Radioactivity in Food

All organic matter (both plant and animal)
contains some small amount of radiation
from radioactive potassium-40 (40K),
radium-226 (226Ra), and other isotopes.
In addition, all water on Earth contains
small amounts of dissolved uranium and
thorium. As a result, the average person
receives an average internal dose of about
30 millirem of these materials per year
from the food and water that we eat and
drink, as illustrated by the following table.
(Amounts are shown in picocuries per
kilogram.)

About NRC Nuclear
Reactors

Nuclear
Materials

Radioactive
Waste

Nuclear
Security

Public Meetings
& Involvement

Protecting People and the Environment

UNITED STATES NUCLEAR REGULATORY COMMISSION

http://www.nrc.gov/about-nrc/radiation/around-us/doses-daily-lives.html 1
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Sources of Radiation Exposure during Common Activities in the 
US

Figure 3: Sources of radiation exposure.   
Image source: NRC http://www.nrc.gov/images/about-
nrc/radiation/factoid2-lg.jpg

Figure 2: NRC image 
Image Source: http://www.nrc.gov/about-nrc/radia tion/around-
us/sources.html

Humans are exposed to 
radiation every day from 
a variety of sources. 
Typically, people living 
in the United States 
receive doses of several 
hundred millirem per 
year. Many of the atoms 
in the ground beneath 
your feet are radioactive. 
A fraction of the atoms in 
the rocks, soils and 
metals used to construct 
the man-made 
environment in which 
you live are radioactive. 
The cosmos beyond Earth 
is producing radioactive 
particles, some of which 
travel through the 
atmosphere and reach 
your body. It has been 
this way for all of human 
life on Earth.  
 
In addition, humans have 
developed technology 
that produces ionizing 
radiation, such as medical 
diagnostic devices and 
humans have discovered 
that ionizing radiation 
can be used to treat some 
diseases. Radioactive 
materials are also used in 
a variety of technologies. 
Typically, if these 
materials are in locations 
where “average” citizens 
live and work, the 
exposure or dose is 
incredibly small. 

11 

http://www.nrc.gov/images/about-nrc/radiation/factoid2-lg.jpg
http://www.nrc.gov/images/about-nrc/radiation/factoid2-lg.jpg
http://www.nrc.gov/about-nrc/radia%20tion/around-us/sources.html
http://www.nrc.gov/about-nrc/radia%20tion/around-us/sources.html


Nuclear Science—A Guide to the Nuclear Science Wall Chart
©2003 Contemporary Physics Education Project (CPEP)

D-1

Appendix D Average Annual Radiation Exposure

Reference: NCRP Report #93
Ionizing Radiation Exposure of the
Population of the United States (1987)

Natural Background Radiation = 295 mrem  (82%)
Manmade Radiation = medical + consumer products = 63 mrem (18%)
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Closing Scenario: Applying what you’ve learned 
 
The activities of the first to lessons have given you a chance to learn about different types 
of technologies that detect radiation as well as different sources of radiation in your 
environment.  This second Lesson has provided you with an idea of common radiation 
levels that people are exposed to. Based on what you’ve learned, how would you now 
deal with the scenarios presented at the beginning of the lesson? Revisit the scenarios 
with your group members, and answer the questions based on what you now know. Be 
prepared to share your ideas with the class. 
 
 
 
Scenario A:  Ship at a Port of Entry – Granite Container 
 
You are a US Customs and Border Protections (CBP) Officer working at a port of entry. 
A cargo ship has entered the port. You are one of the officers in charge of inspecting the 
cargo. You have to inspect containers of granite sent from various countries. Most of the 
granite is from Brazil. You have heard that the granite from Brazil and Namibia have the 
highest levels of radioactive isotopes in them because often they will have a vein of 
uranium or another radioactive isotope in them. These isotopes usually decay to the 
element radon, a dangerous radioactive gas. The granite has been sealed in a container for 
six weeks as it traveled to this US port of entry. You need to determine if these containers 
of granite contain acceptable levels of radiation. You use the radiation monitors available 
and detect 0.076 mR/h.  
 
Questions:   
Is the granite emitting radiation at levels that would be considered safe? Should you 
allow the container of granite to go through, or do you have the containers inspected 
further? 
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Scenario A - Granite Container: Answer & Follow up 
 
The measurements show that this granite’s count rate is about 4 times higher than background levels, 
however it is only in specific areas of the granite. The granite is still considered safe. If further analysis 
were conducted on the granite, it would show that the granite contains some uranium in it and that it 
decays to radon gas, an alpha emitter. You recall when there was the big granite scare in 2008, and are 
reminded of the New York Times article from 24 Jan 2008 that mentioned that granite countertops often 
contain naturally low levels of radioactive isotopes such as uranium, thorium, and potassium, however 
the levels are not enough to pose a health threat. You also recall that the article mentioned that most of 
the radioactive granite scares were generated by competing countertop material manufacturers and 
distributors. 
 
(http://www.nytimes.com/2008/07/24/garden/24granite.html) 

 
 
 
 
Scenario B:  Ship at a Port of Entry – Kitty Litter Part 1 
 
You are a US Customs and Border Protections (CBP) Officer working at a port of entry. 
A cargo ship has entered the port. You are one of the officers in charge of inspecting the 
cargo. It is your first day on the job. You have to inspect crates of kitty litter, cat food, 
and toys. You have already heard about the sensitivity of the detectors and how they 
often are set off by kitty litter. Your brother-in-law, a physicist, has even mentioned that 
he read in a popular science magazine about kitty litter setting off the radiation detectors. 
You recall your hazardous materials instructor discussing that kitty litter naturally has a 
percentage of the radioactive isotope 40K, as do bananas, and humans. You use the 
monitors available to scan the container of kitty litter. You get 30 counts per minute.  
 
Questions: 
Is the kitty litter safe? Do you let the kitty litter go through customs and border 
protections? 
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