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Motivation of Lesson I 
Goals of nuclear forensics are to determine:  

• what radioactive isotopes a substance is composed of, 
• what the origin of the substance was, 
• how the substance got from one place to another, 
• who was involved in the whole process 

 
This involves many different scientists with expertise in many different areas. The very 
first questions nuclear forensics answers involves determining the type of radiation 
emitted, the isotopes present, and if the material was processed or natural. These will be 
the questions focused on in the lessons that follow. 
 
NOVA: Dirty Bomb clip (6 minutes)  
 
“"Dirty Bomb" probes the realities and implications for public health policy of a disaster 
that many consider to be all but inevitable: a terrorist attack on a major city using a 
radioactive "dirty bomb." The program strives to answer crucial questions about this 
menacing new weapon in the terrorists' arsenal, questions such as: What exactly is a dirty 
bomb? How dangerous could one be, and how much radiation could it release? What will 
need to be done to clean up after an explosion?1” 
 

 

                                                 
1 http://www.pbs.org/wgbh/nova/dirtybomb/about.html 
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Motivating Scenario: Bulgarian boarder crossing case 
 
On May 29, 1999, a border crossing guard became suspicious of a person trying to enter 
Bulgaria from Moldova2. The border guard searched the person and the car and found a 
detailed list of items on a receipt. On the list was 99.99% uranium-235. The Bulgarian 
border patrol then found a lead container hidden inside a portable air compressor in the 
trunk of the car. The container was sent to the Bulgarian National Academy of Science 
for examination. It was determined by forensic techniques that the lead container had 
within it a small glass container holding highly enriched uranium in the form of a fine 
powder. All of this was determined without ever opening the lead container! How did 
they do this?   
 
Exactly what was the history of the uranium in the container? When was it enriched? 
Who enriched the uranium? To learn more, the container was then shipped to the 
Lawrence Livermore National Laboratory in the United States where experts in nuclear 
forensics could conduct further studies of the material. Within nine months the nuclear 
forensics team at the lab determined the date that the enriched uranium was processed  
(1 Nov 1993 ± 1 month). They also determined the composition of all of the materials in 
the container: the nuclear material, the glass container, the yellow wax and paper 
wrapped around the glass and the lead container itself. From all of their analysis they 
determined the likely countries of origin of the enriched uranium. The man who was 
transporting the uranium had purchased it in Moldova and intended to sell it to someone 
in Turkey. This sale fell through and he was caught while trying to return the uranium to 
the person he purchased it from in Moldova.  
 
After he was caught, he was put in a Bulgarian jail. He was tried in Bulgaria and the 
judge ruled that his sentence should be equivalent to the amount of time he had already 
spent in jail, particularly because the total sale of the uranium was to only be $10,000. 
The man was found dead months after his release; his death remains a mystery. 
 
How do they do it? Nuclear forensics is an important field that employs many scientific 
disciplines. First and foremost it requires an understanding of radioactive isotopes and the 
radiation that they emit. It also requires understanding of materials and electronics 
needed to build detectors to detect the radiation emitted by the isotopes. In this lesson, 
you will have the opportunity to learn about the four types of radiation emitted by 
radioactive isotopes and explore the tools nuclear scientists use to detect this radiation. 

                                                 
2 Nuclear Forensic Analysis, by K.J. Moody, I.D. Hutcheon, P.M. Grant, 2005, Taylor and Francis Group, 
CRC Press, New York. 
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Safe Use of Exempt Quantities of Radioactive Materials in the 
Secondary School 
 
In this lesson, you will be utilizing radiation monitors to detect safe, low-levels of 
radiation from a variety of materials. Some of these materials are available in local stores 
while other materials are available for purchase from high school laboratory supply 
companies. The manufacturing companies of these sources are required to follow safety 
guidelines and regulations relating to the manufacturing, sale, and transportation of 
radioactive materials. These safety guidelines and regulations were designed to ensure the 
safety of the public. The levels of radioactivity of the sources you will be using are low 
and therefore are labeled as “exempt” from regulation by the Nuclear Regulatory 
Commission. However it is very important, even with these low level sources, to follow 
safety guidelines carefully. 
 
General Handling Procedures 
 
Whether the radiation source is exempt or not, the basic principles of minimizing 
radiation dose should be followed. People familiar with these basic principles often called 
them ALARA, which stands for keeping radiation exposure “As Low As Reasonably 
Achievable.”   
 
Basic ALARA principles 
 

• When a radioactive source is not being used in an experiment or demonstration it 
should be kept in the storage container it was shipped in. 

• Do not touch a radioactive source unless needed. 
• To minimize exposure when handling a radioactive source, keep it at an arms 

length when possible. 
• Wash your hands after working with radioactive sources. (This is more important 

with liquid sources than exempt solid sources, however by always washing your 
hands after working with sources you can’t go wrong.) 

• Pick up solid sealed sources holding their sides. Be careful not pierce the soft 
plastic with a fingernail.  

• Place solid sealed sources face down (label side up), and at a distance from live 
organisms when not in immediate use. 

• Do not put any sources in your pockets. 
• Inventories of sources must be taken and kept after each use, and sources must be 

locked up when not in use to reduce exposure. 
• Handle sources with respect. 

 
Precautions for the Different Kind of Exempt Quantity Sources 
 
Gamma: Follow the basic ALARA principles as already described. No other special 

handling is needed to prevent damage to a sealed, exempt gamma source.  
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Beta: Follow the basic ALARA principles as already described. Make sure you do not 
touch or put a finger on the top (unlabeled) side of the source.  

 
Alpha: Never touch the recessed part of the top (unlabeled) side of the sealed source and 

follow the basic ALARA principles as already described. Alpha radiation can be 
absorbed and stopped by a thin layer of material such as paper, a dead layer of skin, 
or the plastic that coats sealed sources. Because of this, alpha sources are often 
directly exposed (no plastic covering them.) The alpha source is firmly attached to a 
metal surface (electroplated on), however it is possible that a small fraction of the 
material could rub off. If accidently touched, wash your hands. Remember that alpha 
radiation is easily stopped by a dead layer of skin. It is harmful if it enters your body. 

 
Isogenerator: This system provides a process to produce a short-lived radioactive 

material. The isogenerator contains cesium-137, which is radioactive and has a half 
life of 30 years. Cesium-137 decays to barium-137, which is also a radioactive solid. 
The barium emits a gamma ray and then becomes stable. When an eluting solution (a 
solution that removes substances stuck on a surface using a solvent) flows some of 
the barium attaches to the eluting solution and brings the radioactive barium into the 
liquid. Barium-137 has a half-life of 2.5 minutes, emitting gamma radiation. Because 
of the short half-life, the barium activity decreases to less than one percent of its 
original activity in a little more than 15 minutes.  

 
Only the teacher should handle the isogenerator and the containers of eluted solution. 
Appropriate laboratory attire (goggles, lab coats and gloves) should be worn when 
working with the isogenerator to prevent the weak acid solution and radioactive 
substance from coming in direct contact with skin, or ingestion. The isogenerator 
requires some special attention when used. First, be sure that the eluting solution 
enters the proper side of the isogenerator. If the solution passes through the 
isogenerator in the wrong direction, some of the cesium-137 will come out, which 
will not decay away rapidly. Because the solution from the isogenerator is 
radioactive, you must be sure that nobody ingests any of the liquid.  
 
 

• If some radioactive solution does spill on a surface, just wipe up the liquid 
with a paper towel (using gloves) and dispose of the paper towel in the trash.  

• If the spill is on clothing, the clothing should be removed and placed a few 
meters from individuals in the room for approximately 15 minutes.  

• If the spill touches skin, wash the area with soap and water.  
 

When the class has finished using the eluted solution, the holders should be wiped 
with a paper towel, which then should be disposed of in the trash. Any remaining 
radioactivity will decay to zero activity long before the trash is removed from the 
room. 
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Class Investigation: Detecting Invisible Ionizing-Radiation 
 
How can humans “see” ionizing radiation when the typical radioactive particles (α, β, γ 
and neutrons) are too small to see? One tool for “seeing” radiation is a cloud chamber. 
The specific environmental conditions within a cloud chamber allow us to observe the 
existence of some forms of ionizing radiation through its interaction with the materials 
inside of the cloud chamber. A description of how a cloud chamber works can be found 
in the Detection Technologies section at the end of this lesson. While watching the cloud 
chamber in action (either in a classroom demonstration or video), answer the following 
questions: 
 

1. When the chamber is cold, what can you see inside? 
 
 
 
 
 
 
2. When your teacher places a radioactive source inside the chamber, “tracks” 

should begin to form from the radiation emitted by the source. What do the tracks 
look like? Do all tracks have the same shape? Are they all the same size? 

 
 
 
 
 
 
 
 
 

3. Can you think of reasons for why the tracks may be different? Remember, the 
tracks are created when the radiation interacts with the material in the chamber. 
Are there reasons to expect different types of radiation (α, β, γ and neutrons) to 
interact differently? 

 
 
 
 
 
 
 
 
Cloud chambers are useful tools for “seeing” some forms of radiation but not all forms of 
radiation. In the next section, you will explore another tool used by nuclear scientists to 
detect some forms of ionizing radiation. 
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Scenario: Why would I want to detect radiation? 
 
A granite shop owner is concerned over the recent “granite scare” that competing 
countertop companies have promoted. People are afraid that granite contains dangerous 
levels of radioactivity; however they still admire the beauty and durability of granite. To 
try to ease his customers concerns the owner of the store posts a 24 June 2008 New 
York3 Times article about the situation, and decides to purchase a device to measure the 
level of radioactivity (or activity) so that he can provide on-the-spot evidence to his 
customers that the granite is safe. However he needs to figure out what measuring device 
to use, what the device is measuring, how it works, and what these measurements mean 
to his customers.  
 
What device do you think he should use? How does it work? What does it measure? How 
do you know if the granite is safe or not?  
 
This lesson will help you answer these questions. 
 
 
 

                                                 
3 http://www.nytimes.com/2008/07/24/garden/24granite.html
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Hands-on Investigation:  Using a GM tube to detect low-levels of 
radiation 
In this investigation, you will be working 
with a digital radiation monitor, which 
contains a Geiger-Müller tube. As ionizing-
radiation passes through the GM tube, 
electrical pulses are created and counted. 
The construction of this monitor is quite 
similar to that shown in Figure 3, on page 
16, of the Detection Technologies section at 
the end of this lesson. The thin mica 
window is on the front of the monitor where 
the small wire grid can be seen (see Figure 
1). You will explore how this monitor works 
using standard radiation sources provided by 
your teacher. These sources emit α, β and/or 
γ radiation. Remember from your safety 
discussions that the sources provided by 
your teacher are safe, but you should still 
follow ALARA rules to minimize your 
exposure to even these low levels of radiation.  

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

 
1. Obtain a monitor for your team. Turn the monitor on. (If you slide this switch to 

“Audio”, both audio and digital signals will be produced.) Slide the “Mode Switch” 
to CPM/CPS. The audio signal is a beep for every particle of radiation detected by the 
monitor and the digital signal reports the number of particles detected, on average, 
per minute (counts per minute or CPM). When you turn your monitor on, what do 
you observe? 

 
 
 
 
 
 
 
 
 
2. You probably have noticed that the number of counts displayed changes…  Random 

processes like the emission of radiation often fluctuate a great deal.  This makes 
deciding which value to record a bit challenging.  To make the measurement process 
a bit more consistent, you will use the detector in its total count mode.  In this mode, 
it will count the number of particles detected in a specific amount of time.  For 
sources that emit a large amount of radiation, a one-minute counting time is 
sufficient, while for sources which emit very little radiation, a two- to five-minute 
counting time might be better.   
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To adjust the counting time, move the “Mode Switch” into the Total/Timer position. 
The number displayed is the length of time the monitor will count over (typically the 
default setting is 0:01, or one minute).  If it doesn’t already read one minute, use the 
“+” and “-“ buttons in the front of the monitor (see Figure 1 above) to decrease the 
amount of time to one minute.  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.  The number displayed is 
the number of counts detected between the two beeps.  If your counter is set with 
audio on, the monitor will continue to beep and detect ionizing radiation, but it will 
not add these counts to the digital display.  
 
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.   
 
Try this once and record the number of counts detected by the monitor in one minute.   
 
 
 

 
 
 
 
 
 
 
 
 
3. Obtain a radioactive source from your instructor. Record what material your source is 

made from and the type of radioactive particles it emits in the space below. 
 
 
 
 
 
 
 
 
 
Remember to practice ALARA when your team is in possession of the source.  Lay 
the source “face down” on the table when you are not actively making measurements.  
Wash your hands after handling.  
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4. Explore what the monitor detects when it and the source are placed in a variety of 
positions/orientations. Sketch the setup and record the information requested in the 
table below.   

 
Sketch of setup Monitor/source 

separation 
Source 
orientation 

Total number of 
counts registered 
in one minute 
 “top” of disc 

facing side 
of monitor 

Disc 
touching  
monitor  
0 cm 
   

What patterns do you observe? When are the counts greatest? When are the counts 
weakest?   

 
 
 
 
 
5. Remember from your safety discussions that sources have “tops” and “bottoms”. Can 

you tell from the count rate which is the top and which is the bottom?  
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6. Was the count rate different when you held the monitor so that the “mica window” 

was directly over the top of the disc and when you held the monitor so the side of the 
monitor was over the disc?   

 
 
 
 
 
 
 
7. There are a variety of sources available in the classroom. Trade with another lab 

group to get a source that emits at least on different type of radiation. Record the type 
of source you now have and repeat your explorations. 

 
Sketch of setup Monitor/source 

separation 
Source 
orientation 

Number of 
counts registered 
in one minute 
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8. Compare your observations with those of your classmates. What things impacted the 
amount of radiation detected by your monitor for each type of radiation? Are there 
any other things you can safely do that would impact the amount of radiation detected 
by the monitor? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
With the basic explorations conducted thus far, it isn’t easy to see clear patterns that 
indicate how to distinguish between α, β and γ. In addition, the detectors you’ve tested 
thus far are not capable of detecting neutrons, a very important type of ionizing radiation 
in the context of homeland security issues. To learn more about detection technologies 
used for these purposes, review the Appendix: Detection Technologies.
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Investigation of other detectors 
 
The Nuclear Emergency Support Team is trained to work with a wide variety of detector 
systems to detect radiation produced by materials that are likely to be used by terrorists. 
While Geiger-Müller detectors are a part of their “tool-kit”, detectors that can determine 
if neutron radiation is present and the energy of the gamma-radiation that is present are 
even more important tools. This is due to the fact that gamma and neutron radiation is 
most likely to be produced by the types of radiation that might be used dirty bombs. By 
identifying the energy of the gamma radiation produced by a source, the isotopes of 
elements present in the source can also be identified and the level of danger posed by the 
material can be determined.   
 
Reporter Mike Shuster from NPR interviews members of the Nuclear Emergency 
Support Team in his story “Response Team Preps For Nuclear Terrorism Threat”. A 
transcript of the interview as well as the audio version is available at 
http://www.npr.org/templates/story/story.php?storyId=98286925&sc=emaf.   
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Detection Technologies 
Since radiation cannot be seen, smelled, tasted, heard, or felt, detecting it relies on how it 
interacts with matter it encounters. Detectors of ionizing radiation rely on this. Since 
ionizing radiation behaves like most particles, it will collide with the atoms that make up 
the material it is traveling through, and through these collisions, cause changes that are 
observable. The two general classes of detectors rely either on interactions of ionizing 
radiation with gases within the detector (such as cloud chambers or Geiger Müller tubes) 
or those that rely on interactions between ionizing radiation and solids within the detector 
(such as cesium-iodide, CsI, or germanium, HPGe, detectors). 

Cloud chambers 
For example, ionizing radiation that travels through plastic can cause holes along the path 
of the radiation that look like small tunnels. With the right microscopes, these tunnels can 
be observed and, by measuring their size (diameter and length), information can be 
obtained about the type of radiation and the amount of energy the particle deposited into 
the plastic as it tunneled along. Another type 
of detector that allows humans to visually 
see the trajectory of radiation is called a 
diffusion cloud chamber. In the cloud 
chamber, liquid and gaseous states of a 
material (often isopropyl alcohol) are kept at 
very low temperatures so that a 
supersaturated vapor state is formed in the 
upper section of the chamber. This 
supersaturated alcohol is very close to 
condensing back into a liquid and when 
viewed by humans, looks like a cloud. 
When ionizing-radiation passes through the 
cloud, small droplets of liquid form along 
the path of the particle (see Figure 2). These 
droplets, visible to the human eye, are 
formed as the radiation collides with gas 
molecules. The more energy the radiation 
loses in the individual collisions, the thicker 
the bubbles appear and the fatter the tracks 
appear.   

 
Figure 2: α and β particle trajectories in a 
Diffusion Cloud Chamber.   
Photo Source: Physics Enterprises 
(http://www.andrews.edu/services/physicsenterprise

 
The heavier the radiation particle, the more energy is loses when colliding with the atoms 
in the vapor, so heavy radiation particles leave the fattest tracks. In the photo above, a 
small source of ionizing radiation is located at the center of the cloud chamber, which 
produces a large number of alpha (α) and beta (β) particles. These particles move out 
from the center of the chamber. Can you tell the difference between the α and β 
particles? 
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You may be wondering about other forms of ionizing radiation, such as γ rays or 
neutrons. These particles are difficult to observe because they don’t interact much with 
the gas in a cloud chamber.  

Geiger-Müller tube 
The Geiger-Müller (GM) tube is 
another device used to detect 
ionizing radiation. As with the cloud 
chamber, a chamber (or tube) is 
filled with a gas and the ionizing 
radiation interacts with the gas atoms 
as it passes through the chamber. 
The gas is often a mixture and often 
includes noble gases, like helium, 
neon, and argon and other gases like 
chlorine or bromine. The gas is also 
at a very low pressure, so there are 
very few gas atoms compared to 
normal atmospheric conditions. As 
the radiation passes through the 
walls of the tube and then through 
the gas, it collides with the atoms 
causing the atoms to ionize. The 
really special feature of the GM tube 
is that a large voltage is applied to 
electrodes on the tube, so positive 
ions created by the collisions with the radiation travel toward the negative electrode 
(cathode) while negative electrons then travel toward the positive electrode (anode) (see 
Figure 3). Every time a radiation particle enters the GM tube, a pulse of charges is 
created in the tube and the attached electronic counter will register the event. It will often 
result in an audible beep and an analog or digital counter will also indicate the event. 

Figure 3: Geiger Muller counter.   
Image source: Theresa Knott, on Wikipedia 
(http://www.google.com/imgres?imgurl=http://upload.
wikimedia.org/wikipedia/commons/thumb/f/f0/Geiger.
png/300px-
Geiger.png&imgrefurl=http://en.wikipedia.org/wiki/Ge
iger–
Müller_tube&h=220&w=300&sz=32&tbnid=JQ3zUK
PRMGpE5M:&tbnh=85&tbnw=) 

 
The GM tube is a simple device that can be used for detecting ionizing radiation. The 
basic GM tube will produce at most a pulse of charge for every ionizing radiation particle 
that passes through the tube. However, not all ionizing radiation can make it through the 
walls and other types cannot even make it through the mica window, so it may not 
register all radiation emitted by a radiation source. In addition, if too many particles come 
through too close together, the pulses overlap and it appears as if fewer are entering the 
tube than really are.    
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Solid crystal detectors 
Solid detectors work on a variety of principles. 
Two relevant principles to the study of nuclear 
forensics are scintillators and solid-state 
detectors. Scintillators are detectors that produce 
light when very energetic ionizing radiation 
passes through the solid scintillator. The light 
pulse that is produced is then detected and the 
intensity pattern of that light signal can be used 
to identify the type of radiation (α, β, γ, or 
neutron) as well as the energy of the radiation. 
One very common type of scintillating detector 
is based on a sodium iodide crystal (NaI). By 
analyzing the light signal produced by the 
radiation entering the NaI crystal, scientists are 
able to determine the energy of the radiation that 
produced the signal. 
 
Another type of detector often used for detection 
of γ-radiation is the High Purity Germanium 
crystal. These detectors do not produce light 
when radiation passes through them. These 
detectors, like the GM tube, produce pulses of 
electricity. The shape of the pulse produced can be used to determine the energy of the γ-
radiation.   

 
Figure 4: NaI crystal being wrapped in 
plastic.  Light produced when ionizing 
radiation passes through the crystal is 
directed out the ends and detected.  
Image Source: FNAL 
(http://ktev.fnal.gov/public/images/crystal
_prep.html) 

 
Because these solid crystal detectors allow scientists to determine the energy of the 
ionizing radiation passing through the crystals, the original source of the radiation can 
often be identified.  
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Closing Scenario: Why would I want to detect radiation? 
 
A granite shop owner is concerned over the recent “granite scare” that competing 
countertop companies have promoted. People are afraid that granite contains dangerous 
levels of radioactivity; however they still admire the beauty and durability of granite. To 
try to ease his customers concerns the owner of the store posts a 24 June 2008 New York 
Times article4 about the situation, and decides to purchase a device to measure the level 
of radioactivity (or activity) so that he can provide on-the-spot evidence to his customers 
that the granite is safe. However he needs to figure out what measuring device to use, 
what the device is measuring, how it works, and what these measurements mean to his 
customers.  
 
What device do you think he should use? How does it work? What does it measure? How 
do you know if the granite is safe or not?  
 
 
What ideas do you have now? Discuss your ideas with your group members. Be prepared 
to share your ideas with the class. 
 

 
 

                                                 
4 http://www.nytimes.com/2008/07/24/garden/24granite.html
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