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Nuclear Fingerprints: 
 
Recall the initial scenario you read in Lesson 1 of the man trying to cross the Bulgarian 
border with a container of 99.99% uranium-235. The Bulgarian border patrol 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 the scientists determine the exact type of atoms held within the container without 
even opening the container?  
 
Before answering this question discuss with your group the following questions. Be 
prepared to discuss your ideas and your reasoning, with the class. 
 

 What are some ways that scientists can identify atoms?  
 How do you think scientists identify the isotopes of the atoms present? 
 How can they do this without being near the sample? (Hint: How do we know 

what stars are made of? We’ve never been to one.) 

 
Hold a class discussion on groups’ ideas. The goal is to be aware of students’ background knowledge and 
to try to build on this knowledge, and to learn of their initial ideas, including misconceptions they may have 
so that these ideas can be reinforced if they are correct, or redirected if they are incorrect. 
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Spectroscopy:  Finding an Atom’s Fingerprint 

Atomic Fingerprints: 
Light is a part of the electromagnetic spectrum. The drawings above and below show 
how gamma rays are part of the electromagnetic spectrum. Many people are familiar with 
the visible portion of the electromagnetic spectrum, which is typically produced by the 
vibration of atoms (for example in a traditional bulb with a filament) or by electrons 
making transitions from one energy level to another in a specific atom (for example, in a 
neon light). The visible white light from a typical incandescent bulb can be spread out 
into a spectrum of color by shining the light through a prism (left bottom spectrum, in 
Figure 2). The light from an excited gas, such as neon atoms in a “neon lamp,” can also 
be spread into a spectrum. A photograph of the spectrum produced by excited neon atoms 
is shown in the top right panel of Figure 2.  

 
Figure 1: Electromagnetic spectrum chart.   
Image source: Lawrence Berkely National Laboratory website 
(http://www.lbl.gov/MicroWorlds/ALSTool/EMSpec/EMSpec2.html)

 
Figure 2: (a) In the left image, the top diagram shows the wavelengths and labels of the electromagnetic 
waves. The visible light region is expanded below to indicate the colors of light produced by a typical 
incandescent white light source.  (b) An image of a discrete emission spectrum produced by neon gas 
lamp is shown in the top right. Beneath the image is a graph of light intensity as a function of 
wavelength. The peaks in the intensity directly correspond to the colored lines in the image above it.  

Image sources: http://www.dnr.sc.gov/ael/personals/pjpb/lecture/spectrum.gif  and 
http://fuse.pha.jhu.edu/~wpb/spectroscopy/basics.html

Project the 
color 
images 
while 
reviewing 
this 
material 
with the 
class. 
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In all of these cases, the electromagnetic waves are produced by accelerating charged 
particles, like the electrons and protons in the atoms. Because every element has its own 
electronic shell structure, the spectrum of light produced by one element is different than 
the spectrum produced by another. Thus a spectrum serves as a fingerprint for the 
element, which allows scientists to identify what elements are present in a sample. 
 
More energetic forms of electromagnetic waves, X-rays and gamma rays, are also 
produced by charged particles, but the particles must expend 1000 to 1,000,000 times 
more energy to produce these very energetic electromagnetic waves. As with visible 
light, the waves can be produced from acceleration of charged particles or they can be 
produced when charged particles make transitions from one energy level to another. The 
particles emitting this type of radiation are no longer the electrons making transitions 
between specific energy levels as they travel around nuclei, but the particles that make up 
the nuclei within the atoms. These particles within the nucleus also must exist in specific 
energy levels as they travel inside the nucleus. Should a vacancy in a lower energy level 
exist, the particles make transitions to lower energy states and emit electromagnetic 
radiation. This radiation is typically about 1,000,000 times more energetic than visible 
light and is called a gamma ray. As with the atomic spectra, nuclear spectra serve as a 
fingerprint for specific nuclei. Each type of nucleus (or isotope) has a specific gamma 
spectrum, which allows scientists to identify what elements are present in a sample.  
 
When using spectra to identify either elements or isotopes, photographs of spectra are not 
the ideal tool. The tool of choice is a graph of the spectrum in which the intensity (or 
amount) of electromagnetic radiation detected is graphed as a function of wavelength, 
frequency, or energy of the radiation. For example, a photograph of the spectrum from 
Argon is shown in the top panel of Figure 3(a), but a graph of the intensity spectrum is 

  
Figure 3: (a) The visible spectrum of argon gives information about the atom’s electron structure.  The top 
image is a photograph of the spectrum produced by shining the light from an argon lamp through a prism 
while the bottom graph shows the intensity of light produced by the argon lamp at each wavelength.  (b) The 
graph on the right shows the spectrum gamma rays produced by the nucleus of the 41Ar isotope.   

Sources: Argon spectrum image:  
http://www.gc.maricopa.edu/earthsci/imagearchive/Argon%20Spec%20sm.jpg,  
Argon intensity graph http://www.aanda.org/articles/aa/full/2008/03/aa5969-06/img139.gif.  
41Ar gamma spectrum http://www.inl.gov/gammaray/catalogs/ge/pdf/ar41.pdf. 
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shown in the bottom panel. The peaks correspond to the bright lines shown in the image. 
There is also a measureable, but small, intensity of light in areas that appear black in the 
photograph. This background light is very low intensity light from other sources that are 
being detected by the system, not from the atomic emission of argon. Nuclear spectra 
look quite similar.   
 
Figure 3(b), shows the gamma-spectrum from 41Ar. Similar to the intensity spectrum 
from the electronic transitions of argon, there are peaks in the spectrum, however these 
represent nuclear transitions in which gamma-rays were emitted with well defined 
energies (labeled as “channel number”). There is also a background curve that arises from 
a mixture of sources (some within the argon sample and some due to the behavior of the 
detector). The peaks that are observed are narrow and sharp. While the background and 
the sharpness of the peaks can vary based on how the spectrum is measured (or the 
detection system used), the actual location of the peaks and their relative heights are very 
consistent from one detection system to another. This consistency allows scientists to 
compare these spectra to spectra from unknown samples in order to identify if the isotope 
in question is present in the sample. 

Identifying Nuclear Fingerprints:  
The Banana Scenario: You are a customs and border protection officer in charge of 
identifying sources of ionizing radiation. A shipment of containers of goods coming off 
of a cargo ship already set off an initial radiation monitor. A gamma spectrum was taken 
and sent to you for analysis. It is stated that the container holds bananas. You know 
bananas have potassium in them. Yum – you’re thinking of lunch, but that must wait until 
later. You need to analyze the gamma spectrum shown in Figure 4. 
Questions: 

• What 
isotope(s) are 
causing this 
spectrum?  

• Do you let the 
bananas go 
through?  

 
Hold a class discussion 
with groups on their initial 
ideas. Then as a class go 
through this scenario as 
an example. 
 
Nuclear forensics 
involves identifying 
which isotopes are 
present in a radioactive substance. Scientists determine which isotopes are present by 
either measuring and analyzing the gamma rays emitted by a substance, or irradiating a 
substance with gamma rays and observing which gamma rays are absorbed. This 
provides them with the signature spectrum or fingerprint of the isotope(s) contained in 

 
Figure 4: Gamma spectrum from Banana Shipment. 
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the object. By comparing the measured spectrum (fingerprint) from the sample with 
known spectra (fingerprints) on file they can determine the isotopes present. Scientists 
working with US Customs and Border Protection have electronic libraries that 
automatically compare a measured spectrum with those on file, however these automated 
systems have a high failure rate. They have trouble identifying more than one radioactive 
isotope and identifying radioactive isotopes that are shielded. Therefore the scientists in 
charge of analyzing a spectrum do the analysis themselves rather than relying on the 
automated system. A library of nuclear gamma-emission spectra is included in Appendix 
A: Nuclear gamma emission spectra. This library will serve as part of the basic nuclear 
forensic scientist toolkit for you as you work on solving some cases presented in the next 
section. Online catalogs are available through Idaho National Laboratories. 
 
To become familiar with utilizing the library when trying to identify a source of gamma 
radiation, review the spectra in the library. Do any of the spectra look like the banana 
spectrum above? 
 
Hold a class discussion on students’ observations and ideas before discussing the answer to the questions, 
which are described below in both the teacher and student editions. 
 
Two gamma-ray spectra for gamma-radiation from 40K (potassium-40) and 137Cs 
(cesium-137) are shown below in Figure 5. Potassium-40 is the second most abundant 
radioactive substance on Earth and makes up a large fraction of the background radiation; 
even though less than 0.01% of the naturally occurring potassium is 40K (93.26% 39K and 
6.73% is 41K). Possiaum-40 has a signature peak in its gamma spectrum for gamma-rays 
with 1460 keV of kinetic energy (or a wavelength of 849 fm = 849 x 10-15 m). Cesium-
137 is shown in Figure 5(b). This isotope is produced in nuclear fission. Small amounts 
of this are found in nature due to natural fission processes, however human activities in 
the 20th century (nuclear weapons detonations and the fallout from Chernobyl) released 
137Cs into the environment and it can also be found in various facilities in which nuclear 
fuel is used and processed. This isotope has a signature gamma-ray peak at 661.2 keV.  

8 



Nuclear Forensics Lesson 4 
Teacher Edition 

   
Figure 5: Gamma spectra for  (a) 40K and (b) 137Cs using a NaI detector. 
 
While the image above and the spectra library display the two isolated spectra, in realistic 
situations, two isotopes or more are often included in the sample being tested. Thus the 
spectrum produced by the sample would include the characteristic gamma-ray peaks for 
all isotopes that are present. For example, the bananas contain 40K. The spectrum of the 
banana box also shows the signature gamma peaks (fingerprints) of 137Cs.  

Some plants 
are able to 
uptake 
radioactive 
isotopes and 
concentrate 
them in their 
fruit, e.g., 
berries, 
mushrooms, 
and grasses. 
One 
possibility is 
the bananas 
have done 
this with the 
Cs, another is 
that Cs is 
illegally being 
transported in 
the container. 

 
The spectrum of the container of a bananas with 137Cs hidden inside would be the sum of 
the two spectra, showing both the 40K and 137Cs peaks. Because different amounts of one 
isotope or the other might be present, the intensities (or heights) of the peaks might be 
different, but the location of the peaks would be unchanged. Thus by comparing the 
sample spectrum to the library spectra would allow the “finger print analyst” to identify 
that both potassium and cesium are present and possibly how much of each material is 
present. 
 
An alternative scenario for this situation could exist. Sometimes plants uptake radioactive substances that 
might be present due to fallout (as with the Chernobyl incidence or Bikini/Atol testing), or for some other 
reason (illegal dumping). For example, after the Chernobyl incidence there were a number of studies done 
on the uptake of radio active isotopes in plants such as mushrooms, berries, and grasses. 
 
Direct quote from IAEA: Frequently asked questions about Chernobyl: 
http://www.iaea.org/NewsCenter/Features/Chernobyl-15/cherno-faq.shtml

There were over 100 radioactive elements released into the atmosphere when Chernobyl’s fourth reactor 
exploded. Most of these were short lived and decayed (reduced in radioactivity) very quickly. Iodine, 
strontium and caesium were the most dangerous of the elements released, and have half-lives of 8 days, 29 
years, and 30 years respectively. The isotopes Strontium-90 and Caesium-137 are therefore still present in 
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the area to this day. While iodine is linked to thyroid cancer, Strontium can lead to leukaemia. Caesium is the 
element that travelled the farthest and lasts the longest. This element affects the entire body and especially 
can harm the liver and spleen. 

Mutations did occur in plants and animals after the plant explosion. Leaves changed shape and some 
animals were born with physical deformities. Despite the increased radiation levels, rare species are now 
returning in large numbers to the area. These animals include beavers, moose, wolves and wild boar, plus 
species of birds. 

The accident at Chernobyl was approximately 400 times more potent than the atomic bomb dropped on 
Hiroshima. However, the atomic bomb testing conducted by several countries around the world during the 
1960s and 1970s contributed 100 to 1,000 times more radioactive material to the environment than 
Chernobyl. 
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Border Crossing Scenarios 
Watch the following video from the Nova “Dirty Bomb” episode: CsCl farm products in 
former USSR along with a discussion of gamma rays and ease of dispersal: 21:49 – 
23:44. 
Show the class the video clip from Nova “Dirty Bomb” as described above – from 21:49-23:44. 
 
The sample scenario below can be done in groups or as a class.  The goal is two-fold: gain experience and 
build confidence so that they aren’t afraid to say “I don’t see anything like this spectrum” The remainder of 
scenarios do have spectra, but if they don’t get it – they won’t be afraid (hopefully) to say so. 
 
Prepare the Nova video to show after Scenario 6. This clip describes what happened after Cs was stolen 
from a North Carolina hospital and what they did to find it  (38:33 – 41:51).  
 

Scenario 1: Car Crossing the Border   
 
You are a US Customs and Border Protections (CBP) Officer. You have learned in your 
training that the best detection of illegal activity is the human being enforcing the law, i.e. 
a person in your position. 
 
You have many tools you can use. If you are uncertain about a person, you can access the 
advance passenger information system Interpol interface to see if that person is wanted or 
under watch by Interpol. You also have available to you at the border (or port of entry) 
the following non-intrusive inspection systems: X-ray and gamma imaging, rail gamma 

 
Figure 6: Radiation portal monitor system in action on the left. On the right, an exposed view showing the 
NaI detectors located in the panels of the portal monitor that are used for spectroscopic identification. 
Image sources: http://www.ornl.gov/info/ornlreview/v39_1_06/images/a09_p14a_med.jpg 
http://rdnsgroup.pnl.gov/images/spectroscopic_portal_monitor.jpg
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imaging, radiation portal monitors, radiation detection pagers. Additional information is 
obtained from video surveillance cameras, infrared devices, and unmanned aerial systems 
to detect illegal border activity. Not all of these items are used for each person or object 
crossing the border, but all are available if a crossing is deemed suspicious. 
 
While you are working an elderly woman you recognize pulls up. You haven’t been 
working at the border long, but you have seen this woman a number of times and have 
heard that she has been crossing the border for 30 years now. She is a friendly polite 
woman who crosses the border twice a week with her products of candles and candle 
supplies. As she stops the car she tells you of the recent events in her family. She has five 
children that she supports with her business. Two of her five children have their own 
children. Her middle child just got married. She is putting her youngest two children 
through college. 
 
The portal monitor goes off. You ask the woman if she has had any recent medical tests. 
She hasn’t. You ask her to get out of her car and, using your personal radiation detection 
monitor, you scan her. No radiation is detected on her. You then scan the car, your 
personal radiation monitor goes off. A gamma spectrum is needed. You locate the place 
where the highest counts are given and obtain a detector commonly called RIID 
(Radiation Isotope ID). You take a gamma spectrum of the hot spot. The following 
gamma spectrum is obtained:  

 

Figure 7: Spectrum measured when elderly woman’s car is 
inspected at boarder crossing. 

Questions: 
• Look through your 

library. Do any spectra 
in the library have 
peaks that match any of 
the peaks in this 
unknown spectrum?  

• Should the elderly 
woman go through?  

• What are the reasons 
for detaining her or 
letting her through?  

Share your ideas with your 
group and be ready to share 
them with the class. 
 
 
 

Consider projecting the follow-up text for the class to see as you discuss the answer and the follow-
up. The follow-up text is on the next page. It is not in the student edition. 
 
Answer: You should not let the elderly woman through the port because it is unclear what is causing the 
radiation that you are detecting and it is unclear whether or not the cause of it is a legal or illegal substance. 
You should call for further investigation of the vehicle to determine if there is an unsafe and/or illegal 
radioactive substance concealed within the vehicle. 

12 



Nuclear Forensics Lesson 4 
Teacher Edition 

 
Follow Up:    
 
It turns out that hidden within the trunk full of candle wax is an object containing 90% enriched 
uranium 235U and 10% 99Mo. The elderly woman’s new son-in-law had ties with an underground 
organization that was trying to sell enriched uranium on the black market. The elderly woman was 
set free and her son-in-law was incarcerated along with multiple other members of the 
underground organization.  
 
The enriched uranium not only gives off ionizing gamma radiation, but also ionizing neutron 
radiation. The natural background radiation for neutrons is very low and very consistent so when a 
neutron detector goes off it is taken very seriously. Smugglers would want to slow the neutron 
down so they are more likely to be absorbed by a surrounding material, rather than a detector. 
Smugglers look for high hydrogen content materials to slow down the neutrons and may use boron, 
cadmium, gallium, or some plastics to absorb the thermalized neutrons, however this interaction 
will cause a gamma ray to be emitted. The idea is a simple momentum energy problem. Think of 
neutron as a billiard ball and a hydrogen atom as a ball with twice the mass. The neutron collides 
with the hydrogen atom and slows down, making a nuclear capture of the neutron more likely. The 
absorbing nucleus should have a high electron density. 
 
In real life such an item was confiscated in Hong Kong in 1988, while being sold on the black 
market by a military officer from an Asian country. By analyzing its gamma-ray spectrum (like that 
shown above) it was determined to be 90% enriched uranium 235U, and 10% 99Mo.  
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Scenario 2: Ship at a Port of Entry Kitchen Equipment  
 
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 
spectra needed from cargo. You have been assigned to inspect containers of kitchen tools 
such as cheese graters and can openers that set off the initial monitors. The following 
spectrum is obtained: 
 

 
Figure 8: Spectrum produced by kitchen utensils. 

Questions: 
Analyze the spectrum and determine what radioactive isotope(s) the cheese graters and 
can openers contain? Is it at levels that would be considered safe? Should you allow the 
container to go through? 
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Consider projecting the follow-up text for the class to see as you discuss the answer and the follow-
up. The follow-up text is not in the student edition. 
 
Answer:  - The kitchen tools contain 60Co, which should not be in the stainless steel that these utensils are 
commonly made of. It is determined that it doesn’t matter what the levels of radiation are, 60Co should not be 
in the utensils. The container was sent back to its country of origin.  
 
 
 
 
 
 
 
 
 
Follow up: In 2008 a radiation monitor at a scrap yard in Michigan was set off. After searching for 
the source of radioactivity, nuclear forensics experts found an Ecko cheese grater to be 
responsible. The level of radiation was equivalent to 1 chest X-ray when using the grater for 36 
hours. It was also determined that the grater was over a decade old, yielding estimates of its 
original radiation levels 4 to 5 times greater. A similarly radioactive grater was found in Florida in 
2006. The company never recalled the graters.  
 
Source: http://www.wxyz.com/mostpopular/story/The-Mysterious-Radioactive-Cheese-
Grater/rulyl2KAAEyASu9m4SxJFA.cspx
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Scenario 3: Ship at a Port of Entry: Kitty Litter 
 
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 
spectra of cargo. It is your first day on the job. You have to inspect spectra from 
containers of kitty litter, cat food, and toys. You have already heard about the sensitivity 
of the detectors and how they frequently are set off by kitty litter, which often contains 
potassium. Your brother-in-law, a physicist, has even mentioned that he read in a popular 
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 obtain the following spectrum: 
 

 

Figure 9: Spectrum produced by a shipment of kitty litter, cat 
food and toys. 

Questions: 
Does the kitty litter 
container have the same 
spectral peaks as that of 
potassium-40? If not, 
what other radioactive 
substance(s) could be 
present? Is it at levels that 
would be considered 
safe? Should you allow 
the containers to go 
through?  
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Consider projecting the follow-up text for the class to see as you discuss the answer and the follow-
up. The follow-up text is not in the student edition. 
 
 
Answer: You should not let the kitty litter go through. The kitty litter contains both K and 192Ir.  
 
 
 
 
 
Follow up: Kitty Litter Container: 
 
Your measurements show that something else besides potassium is in the kitty litter. Upon further 
examination it is determined that the kitty litter is contaminated with 192Ir. An investigation discovers 
that some of the kitty litter from this manufacturer was used not long ago to clean up a radioactive 
contamination site having the same isotope found. No one is certain how, but somehow this litter 
was returned to the manufacturer. It is believed that maybe someone on the clean up crew did not 
realize that the litter was contaminated and placed it with the unused litter that would eventually be 
sent back to the company and resold. 
 
 

17 



Nuclear Forensics Lesson 4 
Teacher Edition 

Scenario 4: University Lab 
A fire has occurred in a university lab, which has been put out by firefighters. It is 
discovered that there were many radioactive isotopes in the lab that need to be accounted 
for. Unfortunately the paperwork has been destroyed. The firefighters realize that 
radioactive materials are present, after they have put out the fire and call you, the head of 
the hazardous incident research team, to help out. Your job is to figure out which 
radioactive substances were involved, determine what has been contaminated, and how to 
clean up the mess. Unfortunately the professor in charge of the lab cannot be reached to 
obtain the information. 

 
Figure 10: Spectrum produced by materials found in research lab after a fire. 

Questions: 
• You use your detectors and obtain the following spectrum that you know contains 

more than one isotope. Which isotopes can you identify? 
 

• The firefighters used water and fire extinguishers to put out the fire so the 
radioactive substances were carried by the water, and on the firefighter’s boots, as 
well as on the shoes of anyone who passed by. How will you determine the extent 
of the contamination? How will you obtain all the contaminated material? Do you 
have to dispose of everything? If so, how should it be disposed of? 
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Have a class discussion on the answer and follow-up. Display both for students as you discuss it.  
 
Note, it is very helpful to identify the peaks in the spectrum by color-coding the specific peaks of 
each of the four isotopes present.  
 
 
 
 
 
 

Answer and Follow up: 
The following isotopes were determined to be in the lab: 228Th, 99Mo, 60Co, and 51Cr. You use hand held 
detectors to determine the levels of radiation in the area. Luckily the event occurred at night and the fire 
department called your office right away, so the contamination was not widely spread by university 
personnel or students. However, you still had to check everyone who was in the area and all of their 
clothing. As a result you not only had to collect every firefighters clothing as contaminated material, but 
also every personnel and students’ shoes and some clothing that walked through the area. When the 
half-life of the radioactive isotope is short enough, the contaminated items can be stored in special 
containers until they have reached safe levels of radioactivity. However, in this case some of the 
isotopes had relatively long half-lives and therefore all contaminated clothing was placed in long-term 
radioactive waste sites. For the de-contamination at the university, simple items such as duct tape were 
used and a new method utilizing sodium polyacrylate, the material commonly found in diapers. This 
material can be utilized in a sticky gel form that is sprayed onto surfaces. As it dries the radioactive 
particles on the surface of a building or floor are stuck to the foam that can then be vacuumed away. For 
more information on this see the February 25, 2009 article in Science News for Kids. 
(http://www.sciencenewsforkids.org/articles/20090225/Note3.asp). 
 
A similar situation to this really did happen. The scientist rigged an oven his lab to override its automatic 
turn off and one night the scientist forgot to turn it off. The lab caught on fire and the firefighters, while 
putting out the fire, spread the radioactive isotopes. The contamination was wide spread and clean-up 
took a number of days, and in the process many shoes were contaminated. Fortunately the radioactive 
isotopes had a short half-life and so the shoes could be returned after a few months. 
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Scenario 5: Truck Crossing the Border Carrying Medical Supplies 
 
A truck carrying medical supplies trying to enter the US from Canada – activates 
radioactive detection sensors. The truck driver shows documentation to the officer that 
supports the following isotopes it is transporting: 40K, 51Cr, and 99Mo. The officer is 
suspicious and decides to take a gamma spectrum and send it for analysis. You have 
received the spectrum shown below for analysis. You know the isotopes in the 
documentation are used for medical purposes.  
 

 
Figure 11: Spectrum produced by shipment of medical supplies crossing the border. 

 
Questions: 

• How does the gamma spectrum obtained compare to the materials listed on the 
truck’s transport list?  

• Identify all the spectral peaks that correspond to the isotopes listed.  
• Are there any peaks that are not due to the isotopes on the list? If so, what isotope 

do you think produced these peaks?  
• Do you think further action needs to be taken or will you allow the truck cross the 

border? 
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Figure 12: Spectrum that should have been obtained from a shipment with the 
reported isotopes. 

 

 

Display the gamma 
spectra shown here 
of the items on the 
truck’s materials list. 
 
Consider having 
students highlight 
the energy peaks 
that correspond to 
the gamma-rays 
from different 
isotopes with 
different colored 
highlighters. 

 
 
 
 
 
 
 
 
Discuss the answer and follow up with the class. Consider projecting the follow up and resulting 
labeled spectrum (below) to the class. 
Answer: The truck contains not only the materials listed, but also another set of energy levels peaked at 
1.17 MeV and 1.33 MeV. You should have the truck sent for further inspection. 
 
 
 
Follow up: The comparison of the gamma spectrum obtained with the gamma spectra of the isotopes on 
the materials list being carried by the truck show anomalous peaks. The truck needs to be sent for further 
inspection. Upon further inspection it is determined that the truck was also trying to smuggle across the 
border a radiation machine used for medical imaging that contains 60Co. This would have been totally 
undetected if the machine had not been damaged while being placed on the truck. X-ray imaging of the 
truck indicated that some larger object might be on the truck. The group of people trying to smuggle the 
machine across the border had the intentions of using it at a health clinic in a economically deprived area so 
that better health care could be provided to the residents. Their good intentions resulted in improper 
handling and exposure of a radioactive substance as well as illegal actions that put them in jail. A public 
notice was sent out to all hospitals to see if they would be interested in donating an imaging machine to the 
clinic in hopes to help the residents using legal and safe actions. 
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A real situation similar to this one occurred, however the medical equipment (a gamma radiation chamber 

with pellets of 60Co was sold illegally to a private hospital in Mexico and then scrapped at a local junkyard. 
The junkyard recycled the metal into rebar, which is used in construction. The contaminated rebar was then 
resold to the United States and other countries, as well as being used in Mexico. It was discovered that the 
rebar was contaminated in 1984 when guards at Los Alamos Nuclear Laboratories detected a truckload of 
the contaminated rebar from Mexico.  

 
Figure 13: Spectrum obtained from shipment of medical supplies with gamma-peaks of 
"reported" isotopes identified.  Two additional peaks are clearly evident at 1172.7 keV and 
1330.9 keV. 

 
http://americas.irc-online.org/pdf/commentary/0508radioactive.pdf
 
Recently (Feb 2009) it was reported that there were 150 incidents of contaminated steel manufactured in 
India and sold to countries such as the United States, Germany, France and Sweden. 
http://www.thehindu.com/seta/2009/02/26/stories/2009022650061400.htm
 
The problem of mixing radioactive isotopes in scrap metal does not only occur outside of the US. The 
excerpt below is from an article dated June 3, 2009, in Scripps News 
(http://www.scrippsnews.com/node/43577) 
 
In 2006 in Texas, for example, a recycling facility inadvertently created 500,000 pounds of radioactive steel 
byproducts after melting metal contaminated with Cesium-137, according to U.S. Nuclear Regulatory 
Commission records. In Florida in 2001, another recycler unintentionally did the same, and wound up with 
1.4 million pounds of radioactive material. And in 1998, 430,000 pounds of steel laced with Cobalt-60 made 
it to the U.S. heartland from Brazil.  
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Scenario 6: Hospital 
 

 

Consider showing the NOVA video after students complete and discuss this scenario. 
 
Scenario 6 – stolen material in NC hospital and how they tried to find it-    38:33- 41:51 

 
You are the supervisor of hazardous materials at a hospital. Radioactive 137Cs, which is 
used for medical purposes and contained in lead tubes is missing.  
 
Questions: 
How will you try to find out where it is? What will you do to ensure safety? 
 
Answer:  Everyone who entered the hospital that day will have to be checked with a gamma ray detection 
device. The entire hospital will have to be monitored for contamination. If the radiological substance is not 
found, every employee’s home will need to be scanned with a radiation monitor and possibly searched. 
Every vehicle and person exiting and entering the area will need to be checked with a radiation monitor. 
Helicopters and planes with sensitive radiation monitors will need to scan the area for radiation 
contamination. 
 
 
 
 
 
 
 
 
Follow up: This event did occur in a North Carolina hospital, as described in the NOVA special on 
dirty bombs. The material was enclosed in a tube that shielded its harmful radiation and therefore 
concealed it from radiation detectors. The stolen Cs was never found. All of the above steps were 
taken. The only area not monitored was the shoreline. If the material never left its protective 
container then there is no way to know if it is still in the area or has been transported to another 
location. 
 
 
 
 
 
 
 
 

23 



Nuclear Forensics Lesson 4 
Teacher Edition 

 
 
 

24 



Nuclear Forensics Lesson 4 
Teacher Edition 

Appendix A: Nuclear gamma emission spectra 
 
This library contains spectra of 40K, 192Ir, 137Cs, 99Mo, 51Cr, 228Th, 60Co, 226Ra.  In 
addition, it contains the spectrum from Uranium ore, which has a variety of radioactive 
isotopes in the sample.  These spectra are provided by the Idaho National Laboratory as a 
part of their online Spectrum Catalog.  Additional spectra can be obtained online at 
http://www.inl.gov/gammaray/catalogs/catalogs.shtml.  These spectra were measured 
using a NaI detector system.   
 
Spectra taken with a HPGe or Si(Li) detector system are also available at that same site.  
Should you be fortunate enough to have the higher resolution device available for 
measuring spectra from unknown samples, you can utilize this tool to build a library of 
standard spectra. 
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<1293.49(5) 99.1(5)<1293.49(5) 99.1(5)
<1675.8(5) 0.052(5)<1675.8(5) 0.052(5)

∆Eγ Iγ(rel) ∆Iγ   S

GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide 41Ar Half Life     109.3(1) min.
Detector 3” X 3” - 2NaI           Method of Production:Ar40 (n,γ)

18-41-1

1293.58 ± 0.01 100 99.1 ±0.1 1

41ArArArArAr Decay Scheme

109.34 Min.  41Ar

Eγ (KeV)[S] Iγ(%)[E]





GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide 60Co Half Life     5.2714(5) yr.
Detector 3” x 3” - 2NaI Method of Production: Co59(n,γ)

∆Eγ Iγ(rel) ∆Iγ   S

346.93 ± 0.02 weak 0.0076 ± 0.0007 4
1173.228± 0.003 100 99.9736 ± 0.0007 1
1332.494± 0.002 100 99.9856 ± 0.0004 1

5.2714(5) yr. 60Co Decay Scheme [C]

<1332.494(2) 99.98(1)<1332.494(2) 99.98(1)

<1173.228(3) 99.97(1)<1173.228(3) 99.97(1)

<346.93(7) 0.0076(5)<346.93(7) 0.0076(5)

<2158.77(9) 0.0011(3)<2158.77(9) 0.0011(3)

317.9

670

1492

<826.28(9) 0.0076(8)<826.28(9) 0.0076(8)

Eγ (KeV)[S] Iγ(%)[E]





27.704 Day Cr 51 Decay Scheme

GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide 51Cr Half Life     27.704(4) day
Detector 3” x 3” - 2NaI Method of Production: Cr50(n,γ)

∆Eγ Iγ(rel) ∆Iγ   S

 320.078 ±0.008 100  10.1 ± 0.2 1

<320.0824(4) 10.0(5)<320.0824(4) 10.0(5)

Eγ (KeV)[S] Iγ(%)[E]
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GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide: 137Cs Half Life: 30.07(3) yr.
Detector: 55 cm3 coaxial Ge (Li) Method of Production: U(n,f) chem.

Eγ (keV) σ Eγ Iγ (rel) Iγ (%) σ Iγ S
283.5 0.1 0.0006 0.0001 4

661.657 0.003 100 85.1 0.2 1

Eγ, σEγ, Iγ, σIγ - 1998 ENSDF Data

137Cs(30 yr.) Decay Scheme

stable
0

661.66

2.5 min.

3/2+

11/2-

Q=1175.63

66
1

7/2+ 0
30 yr.

94.4%

5.6%

Cs55
137

Ba56
137



73.83(2) day 192Ir [C]



GAMMA-RAY ENERGIES AND INTENSITIES [C]

Nuclide 192Ir Half Life   73.83(2) day
Detector 3” x 3” NaI Method of Production: 191Ir(n,γ)

Eγ (KeV) [C] ∆Eγ Iγ(rel) Iγ(%) [C] ∆Iγ   S

73.83(2) day 192Ir [C]

136. 343 ± 0.001 0.218 0.18 ± 0.010 4
201.31 ± 0.01 0.551 0.47 ± 0.012 4
205.7943 ± 0.001 3.86 3.30 ± 0.02 2
283.266 ± 0.001 0.320 0.26 ± 0.008 4
295.9565 ± 0.0002 34.64 28.7 ± 0.1 1
308.4551 ± 0.0001 35.77 30.0 ± 0.1 1
316.5062 ± 0.0002 100 82.8 ± 0.1 1
329.31 ± 0.05 0.019 0.018 ± 0.001 4
374.485 ± 0.001 0.875 0.72 ± 0.01 3
416.471 ± 0.001 0.802 0.66 ± 0.01 3
420.53 ± 0.01 0.070 0.07 ± 0.006 4
468.0688 ± 0.0003 58.0 47.8 ± 0.2 1
484.5751 ± 0.0001 3.81 3.18 ± 0.01 1
489.04 ± 0.04 0.480 0.44 ± 0.010 3
588.5810 ± 0.0007 5.52 4.51 ± 0.02 1
593.38 ± 0.05 0.045 0.042 ± 0.001 4
604.4110 ± 0.0003 10.04 8.23 ± 0.08 1
612.4621 ± 0.0003 6.55 5.31 ± 0.02 1
704.0 ± 0.1 0.007 0.0053 ± 0.0005 4
884. 5365 ± 0.0007 0.364 0.293 ± 0.002 1
1061.48 ± 0.04 0.067 0.053 ± 0.001 1
1089.9 ± 0.3 0.002 0.0011 ± 0.0002 4
1378.2 ± 0.2 0.0015 0.0012 ± 0.0001 3



∆Eγ
Iγ(rel) ∆Iγ   S

GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide 40K  Half Life    1.277(8) x 109 Yr.
Detector 3” X 3”  - 2 NaI               Method of Production:nat.

19-40-2

bremsstrahlung (1.31 Mev β)
1460.83 ± 0.02 100 10.6 ± 0.1 1

40KKKKK Decay Scheme

1.277 x 109 Yr.  40K

<1460.75(5) 10.7(1)<1460.75(5) 10.7(1)

Eγ (KeV)[S] Iγ(%)[E]





40.576 ± 0.02 0.63 0.95 ± 0.09 4
140.509 ± 0.02 100 4.5 (82) ± 0.05 1
181.085 ± 0.016 6.8 6.0 ± 0.1 1
366.44 ± 0.015 1.37 1.20 ± 0.05 1
379.9 ± 0.5 0.01 0.01 ± 0.005 4
411.5 ± 0.1 0.05 0.015 ± 0.005 4
528.9 ± 0.1 0.05 0.06 ± 0.01 4
621.9 ± 0.15 0.026 0.04 ± 0.01 4
739.469 ± 0.025 13.7 12.1 ± 0.9 1
777.878 ± 0.025 4.9 4.26 ± 0.3 1
822.98 ± 0.03 0.15 0.13 ± 0.01 2
859.2 ± 0.5 0.002 0.007 ± 0.003 4
960.7 ± 0.02 0.11 0.09 ± 0.01 2
986.7 ± 0.3 0.002 0.0015 ± 0.0005 4
1001.4 ± 0.3 0.004 0.0055 ± 0.0005 4

∆Eγ ∆Iγ   S

GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide 99Mo Half Life    65.94(1) hr. (Tc 6.01(1) min.)
Detector 3” x 3” -2  NaI Method of Production: 98Mo(n,γ)

42-99-1

99mTc

65.94(1) hr. 99Mo Decay Scheme

42-99-1

Iγ(rel)Eγ (KeV)[S] Iγ(%)[E]



RnRn

RaRa

<186.19(8) 3.6(1)<186.19(8) 3.6(1)

<262.27(5)  0.0050(5)
<414.60(5) 0.0003

<449.4(1) 0.0002
<600.66(5) 0.0005

1600(7) yr.

3.8235(3) day

a

1600(7) yr. 226Ra with decay Products

PoPo

RnRn

<511(2) 0.076<511(2) 0.076

3.10(1) min.

3.8235(3) day

α

PbPb
26.8(9) min.

α

BiBi 19.9(4) min.

<53.227(2) 1.2(3)
<258.87(5) 0.52(2)<258.87(5) 0.52(2)

<241.997(3) 7.4(1)<241.997(3) 7.4(1)
<295.224(2) 19.3(2)<295.224(2) 19.3(2)

<351.93(1) 37.6(5)<351.93(1) 37.6(5)

<274.75(5) 0.48(5)<274.75(5) 0.48(5)
<480.43(2) 0.32(1)<480.43(2) 0.32(1)

<533.69(4) 0.19(1)<533.69(4) 0.19(1)
<305.25(5) 0.030(5)<305.25(5) 0.030(5)

6.3%

42.2%

48.9%

1.2%

2.8%

<839.02(1) 0.59(1)<839.02(1) 0.59(1)
<785.91(2) 1.09(8)<785.91(2) 1.09(8)

<580.15(4) 0.37(2)<580.15(4) 0.37(2)
<543.7(1) 0.08(1)<543.7(1) 0.08(1)

<487.08(8) 0.45(2)<487.08(8) 0.45(2)

839.00

533.69

351.93
295.22
258.87

53.227

β-



1600(7) yr. 226Ra with decay Products

PbPb

PoPo

799.7(1) 0.010(1)799.7(1) 0.010(1)

164(2) µsec.

22.3(2) yr.

BiBi

<46.539(1) 4.25(5)<46.539(1) 4.25(5)

5.013(5) day

BiBi

5.013(5) day

138.376(2) dayPoPo

PbPb

<803.10 0.0012

stable

α

α



∆Eγ ∆Iγ   S

GAMMA-RAY ENERGIES AND INTENSITIES
Nuclide: 226Ra and daughters Half Life: 1600 (7) yr
Detector: 55 Cm3 coaxial (c) Ge(Li)  Method of Production: nat. (chem.)

Iγ(%)[E]Eγ (KeV)[S] Iγ(rel)[S]∆ Iγ   S

226Ra 186.12 ±  0.06 4.3 3.6 ±  0.1 3
195.67 ±  0.12 w 4

214Pb 241.99 ±  0.03 9.0 7.4 ±  0.1 2
214Pb 258.87 ±  0.06 0.47 0.52 ±  0.02 4
214Pb 274.75 ±  0.05 0.55 0.48 ±  0.05 4

280.94 ±  0.12 0.099 ±  0.019 4
214Pb 295.22 ±  0.02 21.3 19.3 ±  0.2 1
214Bi 304.2 ±  0.12 0.14 0.04 ±  0.02 4
214Bi 314.17 ±  0.15 0.158 0.15 ±  0.002 4

323.62 ±  0.10 0.055 ±  0.014 4
214Bi 333.61 ±  0.12 0.106 0.08 ±  0.01 4
214Bi 348.92 ±  0.06 0.061 0.12 ±  0.04 4
214Pb 351.93 ±  0.01 40.0 37.6 ±  0.5 1
214Bi 386.77 ± 0.05 0.56 0.31 ±  0.03 4
214Bi 388.88 ± 0.05 0.61 0.37 ±  0.04 4
214Bi 396.01 ±  0.12 0.033 0.033 ±  0.006 4
214Bi 405.74 ±  0.03 0.18 0.18 ±  0.02 4
214Bi 454.77 ±  0.12 0.35 0.30 ±  0.02 4
214Bi + 461.80 ±  0.10 0.281 0.06 ±  0.01 4
214Bi 469.69 ±  0.12 0.14 0.13 ±  0.014 4
214Bi 474.38 ±  0.10 0.131 0.13 ±  0.014 4
214Pb 480.42 ±  0.08 0.40 0.32 ±  0.01 4
214Pb 487.08 ±  0.08 0.46 0.45 ±  0.02 4
222Rn +511.5 ±  0.2 0.37 0.08 ±  0.08 4
214Pb 533.69 ±  0.08 0.173 0.19 ±  0.01 4
214Bi 536.80 ±  0.05 0.074 0.070 ±  0.009 4
214Pb 543.70 ±  0.05 0.083 0.08 ±  0.009 4
214Bi 572.83 ±  0.08 0.091 0.08 ±  0.008 4
214Pb 580.15 ±  0.04 0.39 0.37 ±  0.02 3
214Bi 609.318 ±  0.020 46.1 46.1 ± 0.5 1
214Bi 615.78 ±  0.06 0.10 0.07 ±  0.02 4
214Bi 633.14 ±  0.10 0.064 0.055 ±  0.006 4
214Bi 639.5 ±  0.1 0.032 0.030 ±  0.005 4
214Bi 649.18 ±  0.07 0.061 0.060 ±  0.008 4
214Bi 665.453 ±  0.022 1.54 1.46 ±  0.03 3

1600(7) yr. 226Ra with decay Products

∆Eγ Iγ(%)[E]Eγ (KeV)[S] Iγ(rel)[S]

214Bi 683.22 ±  0.06 0.073 0.08±  0.01 4
214Bi 697.90 ±  0.25 0.035 0.035 ±  0.005 4
214Bi 703.11 ±  0.04 0.45 0.47 ±  0.01 3
214Bi 710.6 ±  0.1 0.077 0.075 ±  0.002 4
214Bi 719. 86 ±  0.03 0. 39 0.38 ±  0.01 3

727.8 ±  0.8 0.016 ±  0.002 4
214Bi 733.7 ±  0.10 0.050 0.050 ±  0.006 4
214Bi 752.84 ±  0.03 0.135 0.13 ±  0.010 4
214Bi 768.361 ±  0.018 4.90 4.94 ±  0.06 2
214Pb 785.910. ±  0.020 1.09 1.09 ±  0.08 3
214Po+ 799.76 ±  0.15 0.044 0.010 ±  0.004 4
214Bi 806.174 ±  0.018 1.26 1.22 ±  0.02 3
214Bi 815.10 ±  0.08 0.046 0.038 ±  0.005 4
214Bi 821.18 ±  0.03 0.141 0.16 ±  0.01 4
214Bi 826.12 ±  0.03 0.010 0.11 ±  0.02 4
214Bi 832.35 ±  0.08 0.020 0.028 ±  0.003 4
214Pb 839.025 ±  0.015 0.59 0.59 ±  0.01 3
214Bi 904.25 ±  0.1 0.124 0.10 ±  0.02 4
214Bi 934.052 ±  0.020 3.13 3.03 ±  0.04 2
214Bi 964.08 ±  0.03 0.38 0.36 ±  0.02 3
214Bi 1032.37 ±  0.08 0.10 0.08 ±  0.02 4
214Bi 1033.2 ± 0.1 0.03 0.03 ± 0.01 5
214Bi 1051.961 ±  0.028 0.33 0.31 ±  0.01 4
214Bi 1069.96 ±  0.08 0.29 0.28 ±  0.02 4
214Bi + 1103.8 ±  0.1 0.183 0.10 ±  0.01 4
214Bi 1120.276 ±  0.022 15.3 15.1 ±  0.2 1
214Bi 1133.66 ±  0.03 0.26 0.25 ±  0.012 4
214Bi 1155.19 ±  0.02 1.69 1.63 ±  0.02 3
214Bi 1173.00 ±  0.05 0.070 0.06 ±  0.01 4
214Bi 1207.68 ±  0.03 0.47 0.45 ±  0.02 3
214Bi 1238.11 ±  0.03 6.0 5.8 ±  0.1 1
214Bi 1280.96 ±  0.02 1.45 1.43 ±  0.02 3
214Bi 1303.76 ±  0.08 0.118 0.112 ±  0.007 4
214Bi 1316.96 ±  0.15 0.087 0.080 ±  0.004 4



1.9131(9) yr. 228Th with decay Products

RaRa

ThTh

<84.37(5) 1.27(7)<84.37(5) 1.27(7)
<131.62(5) 0.13(1)<131.62(5) 0.13(1)

<215.94(8) 0.26(2)<215.94(8) 0.26(2)
<166.40(5) 0.11(1)<166.40(5) 0.11(1)

<205.9(1) 0.020(1)<205.9(1) 0.020(1)

<228.5(1) 0.000020(2)<228.5(1) 0.000020(2)

3.66(4) day

1.9131(9) yr.

55.6(1) sec.

RnRn

<240.98(5) 3.97(4)<240.98(5) 3.97(4)

a

a

PoPo

RnRn

55.6(1) sec.

0.145(2) sec.

<549.72(5) 0.11(2)<549.72(5) 0.11(2)

PbPb
10.64(1) hr.

<804.9(1) 0.0019(3)<804.9(1) 0.0019(3)

a

a



TlTl
<39.85(5) 1.10(5)

<288.10(8) 0.31(1)<288.10(8) 0.31(1)
<327.97(4) 0.14(1)<327.97(4) 0.14(1)

<433.6(1) 0.012(1)<433.6(1) 0.012(1)

<452.86(6) 0.33(2)<452.86(6) 0.33(2)
<473.6(1) 0.046(4)<473.6(1) 0.046(4)

a

=α

<727.26(2) 6.6(2)<727.26(2) 6.6(2)
<1512.7(1) 0.30(1)<1512.7(1) 0.30(1)

<1620.73(7) 1.5(1)<1620.73(7) 1.5(1)

<785.50(5) 1.10(5)<785.50(5) 1.10(5)

<1679.7(1) 0.06(1)<1679.7(1) 0.06(1)
<952.1(1) 0.17(2)<952.1(1) 0.17(2)

<893.45(5) 0.38(3)<893.45(5) 0.38(3)

<1078.73(8) 0.56(2)<1078.73(8) 0.56(2)
<1806.0(1) 0.09(1)<1806.0(1) 0.09(1)

PoPo

PbPb

α

BiBi

PbPb

<115.18(5) 0.59(2)<115.18(5) 0.59(2)

<176.77(6) 0.052(5)<176.77(6) 0.052(5)

<238.62(1) 43(1)<238.62(1) 43(1)

<415.2(1) 0.14(1)<415.2(1) 0.14(1)
<300.08(5) 3.3(1)<300.08(5) 3.3(1)

60.55(6) min.

10.64(1) hr.

0.299(2) sec.µ

3.053(4) min.

1.9131(9) yr. 228Th with decay Products

PbPb

TlTl

<2614.511(10) 99(1)<2614.511(10) 99(1)

<583.187(2) 84(1)<583.187(2) 84(1)
<860.53(5) 12.4(2)<860.53(5) 12.4(2)

<277.36(2) 6.3(2)<277.36(2) 6.3(2)
<510.70(4) 23(1)<510.70(4) 23(1)

<1093.9(1) 0.40(4)<1093.9(1) 0.40(4)

<233.3(1) 0.31(1)<233.3(1) 0.31(1)
<722.0(1) 0.20(2)<722.0(1) 0.20(2)

<748.7(1) 0.04(1)<748.7(1) 0.04(1)
<252.60(8) 0.70(3)<252.60(8) 0.70(3)

<763.30(6) 1.8(1)<763.30(6) 1.8(1)

<927.6(1) 0.13(1)<927.6(1) 0.13(1)

<982.7(1) 0.20(2)<982.7(1) 0.20(2)

<1160.8(1) 0.010(2)<1160.8(1) 0.010(2)

3.053(4) min.



∆Eγ Iγ(rel) ∆Iγ   S ∆Eγ Iγ(rel) ∆Iγ   SEγ (KeV)[S] Iγ(%)[E] Eγ (KeV)[S] Iγ(%)[E]

1.9131(9) yr. 228Th with decay Products

GAMMA-RAY ENERGIES AND INTENSITIES

Nuclide  228Th(in equil. with daughters) Half Life    1.9131(9) yr.
Detector   3” x 3” -2  NaI Method of Production:  natural decay chain

K x-rays 1
84. 37 ± 0.05 1.27 ± 0.07 3

212Pb 115.18 ± 0.05 1.59 0.59 ± 0.02 3
131.62 ± 0.05 0.32 0.13 ± 0.01 4
166.40 ± 0.05 0.23 0.11 ± 0.01 4

212Pb 176.80 ± 0.05 0.15 0.052 ± 0.005 4
215.94 ± 0.08 0.78 0.26 ± 0.02 4

212Pb238.624 ± 0.009 120 43 ± 1.0 1
224Ra 240.98 ± 0.05 10 3.97 ± 0.04 3
208Tl 252.60 ± 0.08 0.80 0.70 ± 0.03 4
208Tl 277.36 ± 0.02 6.34 6.3 ± 0.2 2
212Bi 288.10 ± 0.08 0.92 0.31 ± 0.01 4
212Pb 300.08 ± 0.05 8.76 3.3 ± 0.06 2
212Bi 327.97 ± 0.04 0.36 0.14 ± 0.01 4
212Bi 452.86 ± 0.06 1.06 0.33 ± 0.02 3
208Tl 510.70 ± 0.04 22.0 23 ± 1.0 1
220Rn 549.72 ± 0.05 0.33 0.11 ± 0.02 4
208Tl 583.174 ± 0.013 83.2 84 ± 1.0 1
208Tl 722.0 ±0.1 0.20 0.20 ± 0.02 4
212Bi 727.264 ± 0.025 18.4 6.6 ± 0.2 1
208T1 763.30 ± 0.06 1.68 1.8 ± 0.1 2
212 Bi 785.50 ± 0.05 2.95 1.10 ± 0.05 2
216 Po 804.9 ± 0.1 0.0019 ± 0.(2) 4
208Tl 860.53 ± 0.05 12.5 12.4 ± 0.2 1
212 Bi 893.45 ± 0.05 0.94 0.38 ± 0.03 3
208Tl 927.6 ± 0.1 0.15 0.13 ± 0.01 4
208Tl 982.7 ± 0.1 0.20 0.20 ± 0.02 4
212 Bi 952.0 ± 0.15 0.65 0.17 ± 0.02 4
212Bi 1078.73 ± 0.08 1.51 0.56 ± 0.02 3
208Tl 1093.9 ± 0.1 0.41 0.40 ± 0.04 3
212Bi 1512.7 ± 0.1 0.30 ± 0.01 4

DE 1592.60 ± 0.06 1
212Bi 1620.73 ± 0.07 4.09 1.5 ± 0.1 3
212Bi 1679.7 ± 0.1 0.06 ± 0.01 4
212Bi 1806.0 ± 0.1 0.09 ± 0.01 4
SE 2103.48 ± 0.04 2
208Tl 2614.476 ± 0.055 100 99 ± 1.0 1
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275.2
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<120.35(5) 0.03(1)<120.35(5) 0.03(1)
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<143.78(2) 10.9(2)<143.78(2) 10.9(2)

<205.31(1) 5.0(1)<205.31(1) 5.0(1)

<109.12(5) 1.5(1)<109.12(5) 1.5(1)
<163.36(1) 5.1(1)<163.36(1) 5.1(1)

162.0
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<109.12(5) 1.5(1)<109.12(5) 1.5(1)

<240.93(4) 0.08(1)<240.93(4) 0.08(1)

<194.94(2) 0.63(2)<194.94(2) 0.63(2)
<198.91(5) 0.042(7)<198.91(5) 0.042(7)

<233.53(4) 0.030(6)<233.53(4) 0.030(6)

<115.45(5) 0.07(1)<115.45(5) 0.07(1)

<228.8(1) 0.010(2)<228.8(1) 0.010(2)

<173.4(1) 0.010(5)<173.4(1) 0.010(5)

<202.13(3) 1.10(5)<202.13(3) 1.10(5)
<182.65(5) 0.34(3)<182.65(5) 0.34(3)

<150.96(3) 0.08(1)<150.96(3) 0.08(1)

<345.90(3) 0.040(6)<345.90(3) 0.040(6)

<291.65(5) 0.040(6)<291.65(5) 0.040(6)

<215.31(5) 0.030(4)<215.31(5) 0.030(4)
<246.83(4) 0.053(5)<246.83(4) 0.053(5)
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UU

<49.55(5) 0.064(8)<49.55(5) 0.064(8)

<113.5(1) 0.010(1)<113.5(1) 0.010(1)

yr.

24.10(3) day

(3)

α

Note:  For daughter spectra see preceeding plates for members
of both 235U and 238U decay chain nuclides


	LessonIVTeacher10March10.pdf
	  Nuclear Fingerprints:
	  Spectroscopy:  Finding an Atom’s Fingerprint
	Atomic Fingerprints:
	Identifying Nuclear Fingerprints: 

	 Border Crossing Scenarios
	Scenario 1: Car Crossing the Border  
	Scenario 2: Ship at a Port of Entry Kitchen Equipment 
	 Scenario 3: Ship at a Port of Entry: Kitty Litter
	 Scenario 4: University Lab
	 Scenario 5: Truck Crossing the Border Carrying Medical Supplies
	Scenario 6: Hospital

	 Appendix A: Nuclear gamma emission spectra

	SpectCat.pdf
	ar41NaI.pdf
	co60NaI.pdf
	cr51NaI.pdf
	cs137.pdf
	ir192NaI.pdf
	k40NaI.pdf
	mo99NaI.pdf
	ra226NaI.pdf
	th228NaI.pdf
	u-oreNaI.pdf


