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Motivating Scenario: 
 
Lesson Goals: How far do the different types of radiation travel? Can you stop the 
radiation? How can you protect organisms from the radiation?  
 
Nova Dirty Bomb clip: 
Discussion of radiation sickness: 
A scenario is presented of two woodcutters who got radiation sickness after sleeping next 
to a warm cylinder in the woods. The international bureau had to figure out how to 
contain the material and how much time each person could work with the material. 
 
Show students the video from Nova “Dirty Bomb” about an international nuclear organization, which is part 
of the United Nations: 14.09-21:41 
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Lesson 3 Scenarios: 
 
Scenario A: International Nuclear Commission 
 
You are on an international nuclear commission getting ready to go to Russia to locate 
and dispose of devices that have been placed throughout the country. One device is a 
generator that contains pure 90Sr, a highly radioactive substance. These devices were 
placed all over Russia’s countryside for various reasons, one being to signal planes. 
Another device contains CsCl used to radiate grains on farms to prevent them from 
germinating. CsCl is a powdery substance that has a half-life of 30 years and is a very 
dangerous radioactive substance because of its ease of dispersal. You may learn more 
about these devices by viewing the NOVA video entitled “Dirty Bomb.” These devices 
became of greater concern when two wood cutters ended up in a hospital with severe 
radiation poisoning after sleeping near a warm canister in the woods. The cleanup of this 
canister (generator containing pure 90Sr) took many workers because they were only 
allowed near the material for 40 s in order not to exceed the allowed exposure dose.  
 
Question:  

• How could you locate these devices?  
• How could you determine the integrity of the devices?  
• If the integrity has been compromised, how will you contain the device to shield 

its harmful radioactivity? Include the materials you will use for shielding.  
• How will you determine if the surrounding area has been contaminated and how 

will you clean it up if it has?  
• Should protective clothing be worn in the cleanup of these two radioactive 

substances? Why or why not? 
 
Scenario B: Border Crossing – Hiding and Detecting Nuclear Materials 
 
You have been hired by Customs and Border Protection to answer the following 
questions: 

• What procedure should someone crossing the border follow in going through a 
radiation monitor? Include procedures for how fast a car or shipment should go 
through a fixed radiation monitor in order for the monitor to be able to detect 
something above background?  

• What should Customs and Border Protection officers look for if they suspect 
someone is trying to smuggle nuclear materials into or out of the country. For 
example, what might they try to use to conceal the ionizing radiation?   

 
Hold a class discussion of students’ initial ideas. Let students know that they will revisit these questions at 
the end of the lesson, and at that time should be better equipped to answer them.  
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Hands-on Investigation:  Quantifying the impact of distance on 
radioactivity 
 

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

In this investigation, you will be working with the 
digital radiation monitor you have used in previous 
experiments. You be investigating the impact of the 
distance between the source of ionizing radiation 
and the monitor.  
 
Equipment: 

Radiation monitor 
disc source 
wooden source holder  
meter stick 

 
Safety reminder: 
 
Before beginning the experiment, please review the safety information from lesson 1. 
Remember that, while your radiation source is sealed in a very sturdy plastic disc, it 
should still be treated with care. Do not do anything that may break (crack) the plastic. 
Also, keep ALARA in mind. In other words, minimize your exposure to the radiation by 
placing the disc “upside down” on the lab bench when not in use. In order to facilitate 
keeping exposure to the lowest possible level, place the source in the wooden holder as 
soon as you obtain the source (with the top surface facing out) so that you do not have to 
hold the source for any extended period.   
 
Make certain you return the source to your instructor at the end of the activity. 
  
Procedure: 
1.  Obtain a monitor for your team. Use your monitor to determine the background 

radiation count rate. Remember, if you have any sources of radiation nearby, 
place the source face down on the work surface far from the monitor when doing 
this.  

Remind students that 
the monitor has to be 
reset after each 
measurement to reset 
the timer. If the timer is 
not set and used (hour 
glass will appear when 
in use) then the 
monitor will continue to 
measure counts past 
the desired time. 
 
Point out to students 
that for this detector 
they may assume the 
following  
1 cpm ≈ .0001 mR/hr 

 
Set the radiation monitor to only collect counts for one minute when you take 
measurements. To do this, turn the monitor on. Slide the mode button out of the 
Total/Timer setting and then back into it. Make sure the timer is set to 0:01 (you 
can change this with the “+” and “-“ keys on the front of the monitor).  Place the 
monitor in the location for measurements and push the “Set” button in the front of 
the monitor. To reset the timer, just switch the top button out of the Total/Timer 
setting and back into it and push the set button again. 

 
Record the total number of counts per minute detected. Repeat this measurement 
5 times and record the average value, and the maximum and minimum values 
below: 
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The common range of background radiation is between 10 and 25 counts per minute. 
 

Total Counts in one minute 
San Diego area:  18  
(note: 1 CPM ≈ 0.001 mR/hr)  

27 
Average counts in one 
minute: 22 CPM  

22 18 Minimum CPM   18 CPM  
26 21 Maximum CPM  27 CPM  

 
 
2. Obtain a source and a source holder for you team.  Record what source you have been 

given (radioactive isotope and type of radiation being produced).   
 

DO NOT GIVE STUDENTS THE ALPHA SOURCE!  THE ALPHA PARTICLE RANGE IN AIR IS 
SHORT ENOUGH THAT GETTING RELIABLE RESULTS IS VERY DIFFICULT! 

 
 
 
 

3. Place the source in the wooden holder. (You may 
need to use a bit of transparent tape across the 
plastic edge of the disk to keep it from slipping 
out.) Then place the monitor next to the meter stick 
and the source in front of the monitor, also next to 
the meter stick (see Figure 2). How should you 
orient the source relative to the monitor surface? 

The typical sources available from standard high school laboratory supply vendors are: 
Isotope Activity Half-life Radiation type 
    * Po-210 0.1 µCi 138 days alpha 
    * Sr-90 0.1 µCi 28.6 years beta 
    * Tl-204 0.25 µCi 3.78 years beta 
    * Co-60 1 µCi 5.27 years gamma 
    * Cs-137 0.25 µCi 30.2 years beta & gamma 
 

 
Figure 2: Experimental Setup. 

The label should 
be facing down, 
within the wood 
block. The 
source should 
be facing the 
monitor’s mylar 
window and 
should be along 
a line straight in 
front of it, not off 
at an angle. 

 
 
4. Turn the monitor on (in silent mode) and set the mode to “CPM”. Explore what range 

of distances between the source and monitor will work for your experimental setup. 
Slide the source closer and farther from the monitor and pick a range of distances for 
which you have reasonable count rates. Reasonable count rates means that at your 
maximum distance the count rate should be at least twice the background count rate. 
You will need to collect data at 10 different distances from the monitor, so once you 
have found the maximum distance that seems reasonable, record the 10 specific 
separations between the source and the monitor at which you plan to make 
measurements in the table below. The monitor should not be closer than 1 cm from 
the source. Remember to record the units for both the separation distance and the 
counts measured in the table below.  
Emphasize to students that they should have an idea of what the maximum distance they will be using 
before starting their actual data collection. In general their maximum distance should measure counts of 
about twice the background count rate. Usually up to 20 cm works fine, except for alpha emitters, (Po-
210), which is does not have double the background count rates at 10 cm away.  
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Make sure students reset the timer after each measurement. The proper setting should show an hour glass 
while it is counting.  
 
Below is data taken in Michigan. Background rates varied between experiments because sometimes 
unused sources were left too close to the experimental area.  Luckily, background measurements were 
taken before and after each set of data was collected, so this could be taken into account. 
 
Distance 
r (cm) 

137 Cs  
gamma&beta  

60 Co  
gamma  

204Ti 
beta  

90Sr 
beta  

r (cm) counts correct counts correct counts correct counts correct 
2.54 11350 11234 1064 1028 1279 1243 2081 2045 
5.08 3930 3814 406 370 475 439 672 636 
7.62 1954 1838 272 236 234 198 422 386 

10.16 1141 1025 136 100 164 128 285 249 
12.7 798 682 110 74 106 70 209 173 

15.24 555 439 97 61 82 46 150 114 
17.78 407 291 84 48 63 27 102 66 
20.32 330 214 61 25 59 23 75 39 
22.86 296 180   50 14   
25.4 253 137   47 11   

 
5. Remember that the monitor detected ionizing radiation even when your source was 

not near the monitor. Thus the background radiation is adding to the number of 
counts detected. To find the number of counts of ionizing radiation from your source 
that the detector is measuring, you need to subtract the “background” counts from the 
measured counts. Use the average value of the background radiation found in Step 3 
and record the corrected number of counts from the radiation source in the last 
column above. 
 
Remind students that the background radiation fluctuates so that even the average they took using six 
data points may be different from the average they obtained in Lesson 2. This should be brought up 
again if you decide to go over the statistical description at the end of this lesson. These statistical 
fluctuations are important to scientists when they analyze data. 

 
6. What pattern do you observe as you move farther away from the source of radiation? 

To help identify the specific mathematical relationship between the number of counts 
observed and the distance from the source to the detector, graph the number of 
counts/minute vs. the separation in Excel. Is there a pattern?   
 
Co-60 γ: the counts per minute measured decreased with a power law (1/r2 law). The graph (below) 
show a best fit curve for this.  
Po-210 α:  Alpha particles decay very quickly. A power law (1/r2 law) should hold, but the data will be 
over a much shorter range.  
Cs-137 γ&β: the counts per minute measured decreased with a power law (1/r2 law). The graph 
(below) show a best fit curve for this.  
Sr-90 β: the counts per minute measured decreased with a power law (1/r2 law). The graph (below) 
show a best fit curve for this.  
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Ti-204 βthe counts per minute measured decreased with a power law (1/r2 law). The graph (below) 
show a best fit curve for this.  
 
See excel file for graphs. Some examples are shown below. 

 
NOTE: When graphing, no measurements should have “zero” distance for the horizontal axis. Even if 
students place the monitor against the source case (which they should not do), the distance to the source 
itself is about 1/8 of an inch.  Including a zero distance (even accidentally) will mean that Excel cannot 
perform a power law fit. 
 

 
 
 
 
 
 
 
 
 
 
7. How can you determine if there is a specific mathematical relationship between the 

counts detected and the separation? The type of curve shown is likely to be due to 
either an exponential type relationship (C = C0e-r/r0), where C0 and r0 are both 
constants), or by a power-law relationship (C = C0/rp), where C0 and p are both 
constants). To test if the exponential relationship is appropriate, create a semi-log 
graph by double-clicking on the vertical axis. Select the scale tab. In the scale tab, 
select “logarithmic scale” and then close the dialog box. If the exponential scale is 
appropriate, the data should lie on a line. You can then determine the appropriate 
trend-line in Excel and determine the constants C0 and r0.   
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From the graph above, one can see that all of the lines are well described by a power law (inverse 
square law), rather than an exponential law. If it were described by an exponential function, the data 
would look like it was in a straight line for the semi-log graph shown above. 

 
8. If the relationship was not linear on the semi-log graph in Step 5, then a power law 

may be appropriate. To test this, you need a log-log graph. Convert the horizontal 
axis to a logarithmic scale by double-clicking on the horizontal axis and following the 
steps you did in the previous instruction. If the data now appear to be on a line, your 
data follows a power law relationship and you can now determine the appropriate 
trend-line in Excel to find the power p.  
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From the graph above, one can see that all of the data are well described by a power law (inverse 
square law), rather than an exponential law, which appears as a line (linear) when plotted in a log-log 
graph. 
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Hands-on Investigation: Quantifying the impact of shielding on 
radioactivity 
In this investigation, you will be working with the 
digital radiation monitor you have used in previous 
experiments. You be investigating the impact of 
material placed between the source of ionizing 
radiation and the monitor.  
  
Equipment: 

Radiation monitor 
disc source 
wooden sample holder  
meter stick 

 
Safety reminder: 
Before beginning the experiment, please review the 
safety information from lesson 1. Remember that, while your radiation source is sealed in 
a very sturdy plastic disc, it should still be treated with care. Do not do anything that may 
break (crack) the plastic. Also, keep ALARA in mind. In other words, minimize your 
exposure to the radiation by placing the disc “upside down” on the lab bench when not in 
use. In order to facilitate keeping exposure to the lowest possible level, place the source 
in the wooden holder as soon as you obtain the source (with the top surface facing out) so 
that you do not have to hold the source for any extended period.   

Figure 3: Vernier Digital Radiation 
Monitor.  Image Source:  Digital 
Radiation Monitor extended manual.

 
Make certain you return the source to your instructor at the end of the activity. 
 Remind students 

that the monitor has 
to be reset to 
measure for one 
minute after each 
measurement.  
 
Point out to students 
that for this detector 
they may assume 
the following  
1 cpm = .001 mR/hr 

Procedure: 
1. Obtain a monitor for your team. Use your monitor to determine the background 

radiation count rate. Remember to place your source face down on the work surface 
far from the monitor when doing this. Record the number of counts per minute 
(CPM) detected. Repeat this measurement 5 times and record the average value, 
maximum and minimum values below: 

Counts/minute (CPM) Average CPM  24  
San Diego area:  
28 cpm ≈ 0.028 mR/hr 

22   

24  18  Minimum CPM   18  

24  30  Maximum CPM  30  

 
This will depend on the classroom being used. For the sample data, 25 cpm was typical. For the data 
used below 19 CPM was used. 
 
Please note that the average value obtained here and above are different. This is due to natural 
statistical fluctuations that arise in the data collection. Statistical fluctuations and what it means for data 
analysis is explored at the end of this lesson.  
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Check that students do these measurements again, and do not just copy their previous data table. Visit 
each group and point out to them that they did not get the same answer. Have them think about why 
and what consequences that might lead to in analyzing the data.  

 
2. Obtain a source, source holder and shielding material.  Record what you have been 

given (radioactive isotope and type of radiation being produced, shielding material 
and thickness).   
The typical sources available from standard high school laboratory supply vendors are: 

Isotope Activity Half-life Radiation type 
    * Po-210 0.1 µCi 138 days alpha 
    * Sr-90 0.1 µCi 28.6 years beta 
    * Tl-204 0.25 µCi 3.78 years beta 
    * Co-60 1 µCi 5.27 years gamma 
    * Cs-137 0.25 µCi 30.2 years beta & gamma 

 
The source used for the sample data is a Co-60, gamma source 
 
Provide students with the following materials based on the source of radiation they have been given:  

• Alpha emitter: the students should work with paper shielding.  
• Beta or gamma emitter: If the source is a beta or gamma emitter, the aluminum and steel squares 

will work well. The thickness of the metal squares is ~0.3175 cm, or 3.175 mm.  
• Cardboard squares will also work if a third material is desired.  

 
For the sample data reported below, aluminum squares were used. 

 
3. Place the source in the sample holder. (You may 

need to use a bit of transparent tape across the 
plastic edge of the disk to keep it from slipping 
out.) Then place the monitor next to the meter 
stick and the source in front of the monitor, also 
next to the meter stick (see Figure 2). How 
should you orient the source relative to the 
monitor surface? 

 
Figure 4: Experimental Setup. 

 
The source should be facing the monitor’s mylar window and should be along a line straight in front of 
it, not off at an angle 
 

4. Set the radiation monitor to counts per minute and make sure it is set to collect counts 
for one minute. (Remember, to do this you must slide the mode button out of the 
Total/Timer setting and then back into it. If it doesn’t display 0:01, change the total 
time by using the “+” and “-“ keys on the front of the monitor.)  Place the monitor in 
the location for measurements and push the “Set” button in the front of the monitor 
when you are ready to take date.  To reset the timer, just switch the top button out of 
the Total/Timer setting and back into it and push the set button again. 

 
The table below will allow you to record the total count rates you obtain for different 
amounts.   
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Emphasize to students that this distance between source and detector should remain fixed for the 
entire collection of data, and that they need to figure out what this fixed distance should be, which 
depends upon the source’s activity. Typically a distance of 5 cm is fine. However for an alpha source 
such as Po-210 a distance of about 1 cm works best. For the example data below a distance of 5 cm 
was used. 
 
 
Total counts in one minute (detector set to total counts) background = 19 cpm for data below, distance 
between source and detector is 5 cm 
 
 

Corrected 
counts(Cc) 

Corrected 
counts(Cc) 

Shielding type 
and squares n 

Shielding 
Thickness 
(mm) C minus 

background 
C minus 
background 

Background 
counts 19 cpm 

Shielding 
thickness 
(mm) 

Co-60 gamma, 
counts for Al 

Co-60 gamma, 
counts for 
steel 

No shielding 
(5 cm of air) 

 365 365 

1 sheet metal 3.2 338 351.5 
2 sheet metal 6.4 323.5 291.5 
3 sheet metal 9.5 299 281 
4 sheet metal 12.7 277 259 
5 sheet metal 15.9 293.5 224.5 
6 sheet metal 19.1 277 249.5 
7 sheet metal 22.2 264.5 206.5 
8 sheet metal 25.4 243 173.5 

 
 

 
5. Remember that the monitor detected ionizing radiation even when your source was 

not near the monitor. Thus the background radiation is adding to the number of 
counts detected. To find the number of counts of ionizing radiation from your source 
that the detector is measuring, you need to subtract the “background” counts from the 
measured counts. Use the average value of the background radiation found in Step 1 
and record the corrected number of counts from the radiation source in the last 
column above. 
 

 
The graphs for these are available in the excel file. An example of Co-60 is provided below. 
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6. Remember that the monitor detected ionizing radiation even when your source was 

not near the monitor. Thus the background radiation is adding to the number of 
counts detected. To find the number of counts of ionizing radiation from your source 
that the detector is measuring, you need to subtract the “background” counts from the 
measured counts. Use the average value of the background radiation found in Step 3 
and record the corrected number of counts from the radiation source in the last 
column above. 

 
7. What pattern do you observe as you add more shielding material between the monitor 

and the source of radiation? To help identify the specific mathematical relationship 
between the number of counts observed and the distance from the source to the 
detector, graph the number of counts/minute vs. the thickness of shielding in Excel. 
What patterns or trends do you observe?   

 
Trends: 
Co-60 gamma -  shielding, best with denser materials Al and steel. As the steel and Al increases in 
thickness the detected gamma rays decrease. 25.4 cm thickness reduced the amount of gamma rays 
detected by about half for steel, and less for the Al. The paper didn’t stop the gamma radiation much. 
Po-210 alpha -  shielding, best with paper – just a few sheets stops alpha. The Al and steel immediately 
stop the alpha particles. 
Sr-90 beta – paper doesn’t stop it well, but reduces number of beta. One square of Al or steel stops the 
beta particles. 
Cs-197- gamma and beta:  The steel and aluminum shielding greatly reduced the number of counts 
detected after 3.2 cm of thickness. 
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Ti-204- beta:  The paper reduces the number of counts detected by an order of magnitude (form 800s to 
under 100) within a mm thickness. One 3.2 mm thick sheet of Al or Steel reduces the number of counts 
detected to background levels. 
General trends between data sets:  The data shows that alpha and beta sources are easier to shield than 
gamma sources. The alpha source was easily shielded by paper, and the beta sources showed a decrease 
in detected ionizing radiation levels with paper and only needed one 3.2 mm thick piece of Al or steel 
between the source and detector for the detector to reach background levels. Gamma sources require 
denser and thicker materials. The detected ionizing radiation decreased as the metal shielding thickness 
increased. 
 

 
8. How can you determine if there is a specific mathematical relationship between the 

counts detected and the shielding thickness? The type of curve shown is likely to be 
due to either an exponential type relationship (C = C0e-r/r0), where C0 and r0 are both 
constants), or by a power-law relationship (C = C0/rp), where C0 and p are both 
constants). To test if the exponential relationship is appropriate, create a semi-log 
graph by double-clicking on the vertical axis. Select the scale tab. In the scale tab, 
select “logarithmic scale” and then close the dialog box. If the exponential scale is 
appropriate, the data should lie on a line. You can then determine the appropriate 
trend-line in Excel and determine the constants C0 and r0. 
 

 
 
In this experiment, the semi-log graph will look linear. This means the exponential fit is the best choice. See 
the previous graph with sample data for the fit trendline. 
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9. If the relationship was not linear on the semi-log graph in Step 5, then a power law 
may be appropriate. To test this, you need a log-log graph. Convert the horizontal 
axis to a logarithmic scale by double-clicking on the horizontal axis and following the 
steps you did in the previous instruction. If the data now appear to be on a line, your 
data follows a power law relationship and you can now determine the appropriate 
trend-line in Excel to find the power p.   
 

 
In this experiment, the log-log graph does not look linear. This means that a power fit is not the best choice. 
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Statistical Investigation: Counting statistics – significance of low 
activity measurements 
 
Using Statistics to Compare Background Radiation to a Radioactive Source 
 
How do you know if your ionizing radiation measurements are showing something that is 
above the background level? You’ve seen that your background radiation levels can vary 
by nonzero amount. For example, the minimum value you measured may have been 9 
cpm, and the maximum value may have been 25 cpm, with an average of 15 cpm. When 
you make a measurement of 15 cpm or more, can you be sure that something is there or 
not? 
 
Scientists realize that statistical fluctuations may occur in data, especially with something 
as random as radioactive decay processes. In order to determine if something is 
statistically significant, scientists analyze the data to see how much a data set may 
overlap a set of background radiation data. For example, we need to determine if the total 
number of counts for a source measured in Step 6 is statistically different from the 
number of background counts. 

Consider showing students the Numb3rs episode: Dirty Bomb. This episode is about an attempt to set off a dirty 
bomb in LA. The radioactive material obtained by hijacking a truck of nuclear waste that is being transported 
through the LA area. Cs 137 (three casks of it) are stolen. Ionizing radiation is damaging because it can ionize 
atoms, which affects how atoms and molecules interact, and cell function. It can damage cells and DNA. 
Discussion of Cs-137 and what it can do: 5:30-8:25 
 
Airborne sensors are used to detect if the containers were opened – they weren’t. They learn that the containers 
are not full proof shielding and leak radiation because they are only transport containers and not meant for long-
term containment. Their worst-case scenario: a dirty bomb (radiological dispersion device) – designed to cause 
tremendous fear and upheaval. 
 
The mathematician brother of the FBI agent in charge, and his physicist friend help out. A quick estimate is done for 
500 g of Cs-137 used in a bomb with TNT – to disperse to 1 to 2 blocks in each direction if there is no rain. They 
only have time to evacuate one area in the city and need to determine which one to evacuate based on probabilities 
of which area would cause the greatest spread of radioactive materials. It turns out that the bombers didn’t set of 
the dirty bomb right away, but they did evacuate the area and instead a regular bomb was detonated and during the 
evacuation hundreds of millions of dollars worth of art was stolen. They located the thieves and a truck, but the Cs 
was not there. Another threat of a dirty bomb was then used. Finally the truck is found and the person watching 
over the truck is suffering from radiation poisoning 
Discussion of probabilities: 21:41-22:40 
 

 
Why is it important as nuclear forensic scientists for us to be able to distinguish between 
background radiation and something of perhaps a more nefarious nature? Your teacher 
may show you a short clip from the television show “Numb3rs.” This clip describes how 
important statistics are in determining a value. With your group, propose a justification 
why the ability to differentiate from background radiation may be important. 
Show the clip on probabilities: 21:41-22:40 
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Statistics can be involved and interesting. For the purposes of this lesson, you will only 
consider a single tool of statistics called a 95% confidence interval. The idea is that if the 
distribution of background radiation does not overlap the distribution of our radiation 
source, we can be very confident that the two distributions differ. The basic procedures to 
using this tool follow:  

 
1. The Properties of the Normal Distribution —  A basic tool in statistics 

 
• You should have noticed that when you make repeated measurements of 

radioactive counts, you don’t always get the same number of counts each time. 
Most of the time, the counts are near the mean (average), but occasionally, you 
will get counts farther from the mean. If you were to repeat your measurements 
many, many times, you would begin to see a distribution of points. The 
probability distribution similar to the figure below. The standard deviation of the 
distribution measures how far the range of measured values varies from the mean. 
Approximately 68% of all measurements fall within one standard deviation of the 
mean, and about 95% of all measurments fall within two standard deviations from 
the mean. Another way to say the same thing is that you are 95% confident that a 
measured value lies in the range between the mean minus two standard deviations 
and the mean plus two standard deviations. This range is called the 95% 
confidence interval. 

 
 

2. Comparing Distributions — Do the distributions overlap? 
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• Example of Overlapping Distributions 
o If the 95% confidence intervals of two sets of measurements overlap, then 

you cannot conclude that the means are statistically significantly different 
because there is a significant probability that two means could be in the 
part of their interval that overlap.  

 
• Example of Non-overlapping Distributions 

o If the 95% confidence intervals of two sets of measurements do not 
overlap, then you can conclude that the means are statistically 
significantly different.  In the case of our radiation measurements, this 
means that a source is emitting radiation: you are not just detecting  
background radiation. 

What to look for: Do our 95 % Confidence Intervals Overlap? 

19 



 
 

• Or Don’t They? 

 
 
What should you do to analyze your radioactivity data?   
 
1. Open the Excel Template and enter your background counts and total counts for the 

source you were assigned by your teacher. 

 
2. The template will automatically calculate the Mean, Standard Deviation (SD) for both 

data. 
 

3. Compute Confidence Intervals for each data set —   
    Lower Bound = Mean – 2*SD   and Upper Bound = Mean + 2*SD    
 

4. Draw a Number Line that includes the 95% confidence intervals for both sets of 
counts. 

 

5. Do the confidence intervals overlap or not?  
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6. What can you conclude about the radioactivity of your source? 
  

How could you change your experiment so your confidence intervals were smaller, and 
thereby have more confidence the statistical significance of your data? 

21 
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Scenario- pulling together the pieces from previous 
investigations 
 
Scenario C: International Nuclear Commission 
You are on an international nuclear commission getting ready to go to Russia to locate 
and dispose of devices that have been placed throughout the country. One device is a 
generator that contains pure 90Sr, a highly radioactive substance. These devices were 
placed all over Russia’s countryside for various reasons, one being to signal planes. 
Another device contains CsCl used to radiate grains on farms to prevent them from 
germinating. CsCl is a powdery substance that has a half-life of 30 years and is a very 
dangerous radioactive substance because of its ease of dispersal. You may learn more 
about these devices by viewing the NOVA video entitled “Dirty Bomb.” These devices 
became of greater concern when two wood cutters ended up in a hospital with severe 
radiation poisoning after sleeping near a warm canister in the woods. The cleanup of this 
canister (generator containing pure 90Sr) took many workers because they were only 
allowed near the material for 40 s in order not to exceed the allowed exposure dose.  
 
Question:  

• How could you locate these devices?  
• How could you determine the integrity of the devices?  
• If the integrity has been compromised, how will you contain the device to shield 

its harmful radioactivity? Include the materials you will use for shielding.  
• How will you determine if the surrounding area has been contaminated and how 

will you clean it up if it has?  
• Should protective clothing be worn in the cleanup of these two radioactive 

substances? Why or why not? 
 
Hold a class discussion on groups’ ideas. Project the answer and follow-up along with the table that follows 
as a conclusion to this lesson. 
 
Answer/Follow up: the devices will not be easy to detect using Geiger counters, unless they have been 
compromised. The initial detection of these devices could be found by scanning using a detection device 
such as lasers, sonar, radar, etc to image an area. However with the imaging a great uncertainty arises as 
to what the object is, and so a specialist will have to go out to determine if what was detected is one of the 
radioactive objects of interest. Using a NaI or Ge detector the area can be analyzed for contamination and 
the object’s integrity can be determined.  
 
90Sr is a strong beta emitter. A container made of plastic, glass, or aluminum should suffice for shielding if 
necessary. Beta emitters can cause damage to human skin and eyes and internal tissue if ingested or 
inhaled. Since 90Sr is a solid it is unlikely to be inhaled or ingested, however precautions should still be 
taken just in case. Protective eyewear, masks, and clothing should be worn. All open wounds should be 
sealed. 
 
CsCl is a strong gamma emitter and should be contained in lead and cement. Protective clothing such as 
masks and skin covering will help to prevent the powdery radioactive substance CsCl from getting on your 
skin or in your body. However no protective clothing will prevent the radiation from entering your body. 

23 



 
Radiation Type Range Shielding Issues Biological Hazards 

Alpha (a)  
 
Alpha radiation is 
emitted during the decay 
of atoms such as Am, 
Pu, and U. 
 

Alpha particles do not 
travel far but deposit a 
large amount of energy 
in a short distance. They 
generally travel 1 to 2 
inches in air. 

Alpha particles are 
shielded by less than 1 
mm of material such as 
a sheet of paper or the 
outer layer of skin. 

Alpha particles are 
easily stopped by the 
first layers of dead skin 
and therefore are not 
considered an external 
hazard. However, if an 
alpha emitter is inhaled 
or ingested it becomes a 
source of internal 
exposure and can cause 
much damage to internal 
tissue. It is important to 
seal off all entries into 
the body – for example 
wear a protective mask 
and assure all wounds 
are covered. 

Beta (b) 
 
 90Sr fits in this category. 

Beta particles are 
electrons and because 
of their negative charge 
they have a limited 
penetrating ability (due 
to electromagnetic 
forces acting on it from 
other atoms and 
molecules). Beta 
particles range in air is 
about 10 feet per MeV of 
energy. 

Beta particles are best 
shielded by about ½ inch 
of plastic, glass, or 
aluminum. 

Beta particles are 
hazardous to skin and 
eyes and if ingested or 
inhaled can cause 
damage to internal 
tissue.  

 
 

Gamma (g)  
 
Examples of gamma 
emitters are 60Co and 
137Cs. CsCl fits in this 
category. 

have no charge and no 
mass so they can 
penetrate through 
material very well. Their 
range in air is easily 
several hundred feet.  

Gamma and X-rays are 
best shielded by a very 
dense material such as 
lead, concrete, or steel. 

Gamma and X-rays can 
easily reach internal 
organs and result in 
radiation exposure over 
the entire body.  

Neutron (n)  
 
Neutron radiation is 
emitted when elements 
such as Am, Pu, U 
interact with other 
elements, and from 
human activities such as 
accelerator operations 
and criticality 
experiments. 

Neutrons have no 
charge and a relatively 
high penetrating ability 
because they are difficult 
to stop. 

Their range in air is 
easily several hundred 
feet. The best shielding 
for radioactively emitted 
neutrons is materials 
containing large 
amounts of hydrogen 
such as water, plastic, or 
concrete. 

Neutrons are a hazard to 
the entire body because 
of their high penetrating 
ability.  
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Nuclear Forensics Lesson 3 
Teacher Edition 

 
Scenario D: Border Crossing – Hiding and Detecting Nuclear Materials 
 
You have been hired by Customs and Border Protection to answer the following 
questions: 

• What procedure should someone crossing the border follow in going through a 
radiation monitor? Include procedures for how fast a car or shipment should go 
through a fixed radiation monitor in order for the monitor to be able to detect 
something above background?  

• What should Customs and Border Protection officers look for if they suspect 
someone is trying to smuggle nuclear materials into or out of the country. For 
example, what might they try to use to conceal the ionizing radiation?   

 
Consider having students do another experiment where they determine how fast a cart containing a 
sealed source should go by their detector, or just have students come up with a design of where the 
detectors should be placed and the procedure for the vehicle to go through. Remind them to factor 
in that it should not take too long because of the inconvenience of waiting at border crossings. 
 
Hold a class discussion on groups’ ideas. Students should incorporate their data to support their ideas. For 
example they should mention that it would be very difficult to detect alpha and beta radiation because alpha 
and beta particles are easily shielded. Alpha particles generally travel very short distances and can be 
stopped by paper. Beta particles can travel further, especially if they are very energetic, but can easily be 
stopped. Let students know that these are rarely detected without an extensive search because of the range 
the ionizing radiation travels and the ease at which it is shielded. 
 
Gamma rays and neutrons are more difficult to shield, requiring thick dense materials to shield them. 
Students did not detect neutron radiation. This type of radiation rarely occurs naturally, but does occur for 
radioactive substances such as highly enriched uranium. Special detectors are at the borders to detect 
neutron radiation, but if the radiation detected is within the 95% confidence level of the background. It is not 
easy to shield neutron radiation. It requires slowing down the neutrons and then capturing them in a material 
with high electron density. 
 
Consider sharing with the class the standard procedure at a border crossing: 
 
1) A vehicle pulls in to an area with a detector. If the alarm goes off it is not always audible. In cargo 
terminals usually the person running the instruments are in a different room.  
 
2) Officer does an interview. 
 a) If initial alarm didn’t go off: If the officer is suspicious of the persons crossing the border they 
send the vehicle to a secondary detector. For example the LA Bomber in Seattle - picked up because the 
officer wasn't satisfied with questions and behavior, didn't know what caused her suspicion, but sent guy 
over for car to be looked at and then they found explosives - no technology at all involved.   
 
 b) If alarm did go off: Ask individuals in vehicle if anyone has had a medical treatment recently. 
Also ask each person to step out of the car and check each person and the car separately using a personal 
radiation dosimeter. The Electronic dosimeter gives a reading of radiation levels and has a neutron detector, 
but it does not give a gamma spectrum (which would require a dense material and is not practical as a hand 
held device). It may detect different types of radiation using different types of detection processes.  
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• How do they determine neutron vs gamma? Two different types of detectors are in the hand held 
instrument.  Basic neutron detector, which contains a small tube with borontrifluoride or He-3 gas 
inside the detector - neutrons come in and interact with material (boron or He) and produce a pulse 
of energy. It works similar to the ionization chamber, except the neutron makes a nuclear reaction. 
Detecting neutrons is entirely different. The detectors can be made very small. Normally neutron 
background is very constant and is due to cosmic rays. When you see something above 
background it is usually statistically significant.  

 
• Beta and alpha are not really detected because they are so easily absorbed - although if beta is 

high enough one would see an increase in brehmstraling that will look like Compton scattering 
(specialists understand this) and that may cause an increase in gamma radiation.  For example 
something like a Sr source, otherwise it wouldn't be detected. 
 

3) If an actual event is detected, then everyone is removed from the vehicle and the officer, using the 
personal dosimeter, locates the point of highest radiation (the hot spot). The officer then uses a 
commercially available instrument called a Radiation Isotope ID or RIID, to take a gamma spectrum. Most 
officers don't know they are taking a spectrum and they are not expected to understand the spectrum. They 
send the spectrum to be analyzed by a specialist who may not be on site. The RIID has an electronic library 
included and does try to determine the radioactive material detected, however it frequently makes mistakes 
in identifying isotopes and hence a specialist is required. 
 
4) Once they get the spectrum - it is analyzed by experts who know how to interpret gamma to determine 
the isotope or if something is not supposed to be there. Once the identification is made, the officers will look 
at other things and adjudicate the spectra.  
 
5) Once it is determined that radio-nuclides are involved a specific course of action is followed. Examples: 

a)Cargo with Co-60 becomes a legal issue, and acceptable decisions have to be made on how to 
deal with it. Generally radioactive cargo is returned to the sender because of expenses in trying to 
clean it up, and often they resend it to someplace that doesn't have radiation monitors.  
b) If further suspicions arise it goes to other law enforcement agencies. 
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