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INVESTIGATING ENVIRONMENTAL RADIATION 
What are the sources of radiation in the environment? How can environmental radiation be 

measured? Why are some materials radioactive? What are radioactive sources used for? 

Objectives 

• Use a Geiger counter to measure background radiation 

• Account for background radiation when measuring a sample 

• Draw conclusions about whether a sample is radioactive 

• Determine what type of radiation is present from experiments with shields 

• Conduct research about the sample and report their findings 

Materials and Equipment 
• Data collection system • Ring stand 

• Wireless Geiger counter • Right angle clamp 

• Threaded rod (included with Geiger counter) • Radioactive samples 

Safety 

Follow these important safety precautions in addition to your regular classroom procedures: 

• Avoid direct contact with the non-edible samples. Wash hands if contact occurs. 

• Fertilizer can be a chemical hazard. Read and follow the safety instructions on the package. 

Environmental Radiation Investigation Overview 

Your instructor will provide a radioactive sample to measure, analyze, and research. Consult the 

investigation rubric before starting and often during the investigation. Below is a student guide 

meant to help with the measurement and analysis portion of the investigation. Because of the wide 

variety of radioactive samples available, some of this guide may not be applicable to your sample. Be 

patient when collecting data. Don't hesitate to repeat data collection to increase confidence in the 

results.  Consult your instructor if you have any questions about using the Geiger counter and 

analyzing the data that are not answered by this student guide.  

Measuring Radioactivity with the Wireless Geiger Counter 

To collect data, it is helpful to mount the wireless Geiger counter to a rod 

stand so it can be held in place over the sample. See Figure 1. 

When ready to collect data, connect the wireless Geiger counter to the 

data collection system and create a graph display. The beep can be 

disabled in the Geiger counter control panel found in the software or by 

briefly pressing the power button. 

The wireless Geiger counter has two collection modes that might be useful 

to this investigation, Count Rate and Running Count. The Count Rate displays the number of 

counts registered during a user determined sample interval. The sample interval choices range from 

0.1 s to 1 hour. The Running Count displays every count measured while data recording takes 

place. The Running Count can be helpful for analyzing samples with very low radioactivity. 

Figure 1 
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If using count rate, a sample interval must first be chosen. Place the end of the Geiger tube as close 

as possible to the sample. Use the default sample interval of 30 s. Collect data for 3-4 sample 

intervals and find the mean value. If it is not over 100, increase the sample interval until it is. If a 

sample interval of 5 min does not result in a mean count value of over 100, consider using the 

running count instead. 

The Geiger counter will measure counts even if no radioactive sample is nearby. This is known as 

the background count. It must be measured using the same sample interval as the sample. The 

running count of the background should be measured for the same duration as the running count of 

the sample. 

Using Statistics 

To determine the radioactivity of a sample, the background radiation must be subtracted from it. 

This must be done with care when the measurements have similar values. For count rate 

measurements, the actual count rate of the sample can be determined by subtracting the mean 

background count rate from it, but only if the same sample interval was used. If the resulting mean 

count rate of the sample is above zero, the sample might be radioactive.  

It can be concluded with more certainty if the standard deviations are used. The standard deviation 

is a measurement of the uncertainty in the mean count rates. It can be calculated by the software 

along with the mean. A sample is likely to be radioactive if the mean count rate is greater than the 

background mean count rate plus the sum of the standard deviations of the sample and background. 

For example, say the sample's mean count rate is 30 counts/min with a standard deviation of 8 

counts/min and the background count rate is 18 counts/min with a standard deviation of 6 

counts/min. The sum of the mean background and both standard deviations is 32 counts/min. You 

could not conclude that the sample was radioactive because 30 counts/min is less than 32 

counts/min. 

If the analysis is inconclusive like the above example, additional measurements might resolve it. The 

standard deviations can be reduced by collecting data for a longer duration and/or increasing the 

sample interval.  

When the count rate data is inconclusive, analyzing the running count might allow a conclusion to be 

reached without the need to collect more data. Display a graph of the running count and find the 

value of the sample at the end of the data collection. If it is larger than the background running 

count at the same time, the sample might be radioactive.  

It can be concluded with more certainty if the root mean square error (RMSE) is used. SPARKvue 

displays the RMSE when a linear fit is performed. RMSE can be displayed in Capstone using the 

Curve Fit editor menu or by right-clicking on the linear fit box. The RMSE is an estimate of the error 

in the running count value. A sample is likely to be radioactive if the sample running count is 

greater than the background running count plus the sum of the RMSE of the sample and 

background. 

For example, assume data for a sample and background was collected for 600 s. The sample running 

count at t = 600 s is 210 counts with an RMSE of 18 counts. The background running count at t = 

600 s is 180 counts with an RMSE of 14 counts. The sum of the background running count and both 

RMSE values is 212 counts. The sample running count would need to be greater than 212 counts to 

conclude it is radioactive. Collecting data for a longer duration for both the sample and background 

might allow a conclusion to be reached but the RMSE values should be recalculated. 

Using Shields to Analyze Radioactivity 

The Geiger counter detects ionizing radiation but can't distinguish what type it is. The three 

common types of ionizing radiation are alpha, beta, and gamma radiation. Because they have 

different abilities to penetrate material, shields can be used with the Geiger counter to determine 

what types of radiation might be emitted by a sample.  
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A piece of cardstock blocks almost all alpha radiation while allowing beta and gamma to pass 

through. If cardstock lowers the count rate, the sample might be emitting alpha radiation. The 

standard deviation should be used to determine if the drop is statistically significant, see Using 

Statistics. 

An aluminum shield blocks alpha radiation. It also can block beta radiation depending on its energy 

and the thickness of the aluminum. If a shield composed of 16 sheets of heavy-duty aluminum foil 

lowers the count rate, the sample is probably emitting beta radiation. The standard deviation should 

be used to determine if the drop is statistically significant, see Using Statistics. If a 32-sheet thick 

shield lowers the count further, it would add confidence to the conclusion that beta radiation is being 

emitted. 

If the count rate is statistically above the background with 32 sheets of heavy-duty foil, the sample is 

likely emitting gamma radiation. If unsure, a 64-sheet thick shield should stop almost all beta while 

allowing a lot of gamma radiation through. 

The conclusions you make using shield measurements and analysis should be backed up by research 

about the radioactive isotopes present in your sample and the types of radiation they give off. 

Using Remote Logging 

The wireless Geiger counter used in remote logging mode facilitates data collection without being 

connected to a computer or other device. This is especially useful for measuring radiation for long 

periods of time.  

To start remote logging, start SPARKvue or PASCO Capstone software and select the remote logging 

menu. Briefly press the power button on the Geiger counter to mute the beeping before you configure 

remote logging. 

The count rate measurement is enabled in the default setting, but not the running count 

measurement. Enabling the Live Count Sensor will cause the running count to be measured. 

However, this will greatly limit the remote logging duration because it will fill up the memory. It is 

recommended to leave the Live Count Sensor disabled. Select a sample interval for the count rate 

and the configuration menu will display an estimate for the logging duration. With only the Live 

Count Sensor enabled this is a long time. It is many days for the 5-minute sample interval typically 

used for measuring the background count. In this case, the duration will be limited by the battery. 

The battery can last for up to a day depending on the temperature, the initial charge, and the age of 

the battery. 

The other setting is deferred logging. If left off, the Geiger counter will start taking measurements as 

soon as OK is selected. If deferred logging is turned on, after selecting OK the Geiger counter LED 

will start flashing amber/green. It will start taking measurements only after the power button is 

briefly pressed. Once remote logging is activated, the LED will flash amber. You can exit from the 

data collection software at this point. 

Once remote logging is started, briefly pressing the power button will stop it and the LED will flash 

amber/red. It is OK to let it collect data until the battery is depleted. However, the Geiger counter 

will need to be plugged in or charged to download the data. 

To download the remote logging data, briefly press the power button to stop remote logging. Start 

SPARKvue or PASCO Capstone and select the Remote Logging menu and select download data 

when prompted. Anytime a sensor with remote logging data is connected, the software will prompt 

you to download or delete the data. You can have it automatically delete after downloading by 

checking the box in the menu. Once downloaded, you can analyze the data and save it. 
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Evaluation Rubric 

Use the grading criteria and rubric below to plan your work and to evaluate it as you proceed. It is a 

good idea to review the rubric periodically to make sure you are meeting your goals and the 

expectations of your instructor. 

Claim: Provide a detailed description of the physical characteristics of your chosen sample. 

Emphasize the presence or absence of radioactive isotopes, their identity, and the types of radiation 

being emitted. 

Evidence: Support each aspect of the claim with measurements and analysis and other references 

found by research. Measurements and analysis must be clearly shown. All evidence should be 

presented regardless of whether it does or doesn't support the claims. 

Reasoning: The connections between the evidence and the claim must be clear and logical. Relevant 

scientific principles should be referred to and briefly explained. Any evidence that does not support 

the claim must be explained. 

Research: Provide details about the production, use, history, hazards, and other facts specific to your 

chosen sample. Provide appropriate citations for all references used and provide a rating of the 

validity of each reference. 

Quality: Information should be well organized to allow for assessment of the other grading criteria. 

The reading level should be appropriate for the intended audience. Show knowledgeable and 

competent use of the features of the media chosen for the report. Ensure that the audience can read 

and see all text and figures well. Make the presentation engaging for the audience. Adhere closely to 

time constraints. 

 

Grading 

Criteria 

5 - Exemplary 4 - Accomplished 3 - Developing 2 - Beginning 

Claim Many (>10) details 

provided about the 

sample's physical 

characteristics, 

presence or absence 

of radioactive 

isotopes, and types 

of radioactivity. 

A lot of (>7) details 

provided about the 

sample's physical 

characteristics, 

presence or absence 

of radioactive 

isotopes, and types 

of radioactivity. 

Details (>4) 

provided about the 

sample's physical 

characteristics, 

presence or absence 

of radioactive 

isotopes, and types 

of radioactivity. 

Some details (>2) 

provided about the 

sample's physical 

characteristics, 

presence or absence 

of radioactive 

isotopes, and types of 

radioactivity. 

Evidence Every aspect of the 

claim is supported 

by at least one piece 

of evidence. Many 

aspects are 

supported by 

multiple pieces of 

evidence. Most 

aspects are 

supported by 

measurements and 

analysis directly 

performed by the 

group. All evidence 

is presented 

regardless of 

whether it supports 

the claim. 

Measurements and 

analysis are clearly 

explained. 

Every aspect of the 

claim is supported 

by at least one piece 

of evidence. Some 

claims are 

supported by 

multiple pieces of 

evidence. Some 

aspects are 

supported by 

measurements and 

analysis directly 

performed by the 

group. All evidence 

is presented 

regardless of 

whether it supports 

the claim. 

Measurements and 

analysis are clearly 

explained. 

Most aspects of the 

claim are supported 

by at least one piece 

of evidence. At least 

one claim is 

supported by 

multiple pieces of 

evidence. Some 

aspects are 

supported by 

measurements and 

analysis directly 

performed by the 

group. All evidence 

is presented 

regardless of 

whether it supports 

the claim. 

Measurements and 

analysis are 

explained. 

Some aspects of the 

claim are supported 

by at least one piece 

of evidence. At least 

one claim is 

supported by 

multiple pieces of 

evidence. Some 

aspects are 

supported by 

measurements and 

analysis directly 

performed by the 

group. Some of the 

measurements and 

analysis are 

explained. 

Reasoning Connections are 

made between every 

Connections are 

made between 

Connections are 

made between most 

Connections are 

made between some 
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piece of evidence 

and at least one 

aspect of the claim. 

The connections are 

logical and refer to 

scientific principles. 

The relevant 

scientific principles 

are explained well. 

Explanation is given 

for why evidence 

that does not 

support the claim (if 

any) was given less 

weight than the 

evidence that did. 

almost every piece 

of evidence and at 

least one aspect of 

the claim. Most 

connections are 

logical and refer to 

scientific principles. 

The relevant 

scientific principles 

are explained. 

Explanation is given 

for why evidence 

that does not 

support the claim (if 

any) was given less 

weight than the 

evidence that did. 

pieces of evidence 

and at least one 

aspect of the claim. 

Most connections 

are logical and refer 

to scientific 

principles. Some of 

the relevant 

scientific principles 

are explained. 

Explanation is given 

for why evidence 

that does not 

support the claim (if 

any) was given less 

weight than the 

evidence that did. 

pieces of evidence 

and at least one 

aspect of the claim. 

Many connections 

are logical and refer 

to scientific 

principles. At least 

one of the relevant 

scientific principles 

is explained. 

Research Many details about 

the production, use, 

history, and hazards 

are described. Many 

other facts specific 

to the chosen 

sample are 

provided. Every fact 

is supporting by a 

reference that is 

appropriately cited. 

Each reference is 

rated as to its 

validity. 

Many details about 

the production, use, 

history, and hazards 

are described. Some 

other facts specific 

to the chosen 

sample are 

provided. Every fact 

is supporting by a 

reference that is 

appropriately cited. 

Each reference is 

rated as to its 

validity. 

Some details about 

the production, use, 

history, and hazards 

are described. Some 

other facts specific 

to the chosen 

sample are 

provided. Most facts 

are supporting by a 

reference that is 

appropriately cited. 

Each reference is 

rated as to its 

validity. 

Some details about 

the production, use, 

history, and hazards 

are described. A few 

other facts specific to 

the chosen sample 

are provided. Some 

facts are supporting 

by a reference that is 

appropriately cited. 

Some of the 

references are rated 

as to their validity. 

Quality All content is well-

organized so that 

the grading criteria 

can be easily 

assessed. All 

content is at an 

appropriate reading 

level. The use of the 

chosen presentation 

media showed a 

high familiarity 

with its features 

and how to use 

them. The content 

was easy for the 

audience to read 

and see. The 

presentation 

contained many 

elements designed 

to make it more 

engaging for the 

audience. The 

presentation was 

within the 

proscribed time 

constraints. 

All content is well-

organized so that 

the grading criteria 

can be easily 

assessed. Most 

content is at an 

appropriate reading 

level. The use of the 

chosen presentation 

media showed 

familiarity with its 

features and how to 

use them. The 

content was easy for 

the audience to read 

and see. The 

presentation 

contained some 

elements designed 

to make it more 

engaging for the 

audience. The 

presentation was 

within the 

proscribed time 

constraints. 

Most content is well-

organized so that 

the grading criteria 

can be easily 

assessed. Some of 

the content is at an 

appropriate reading 

level. The use of the 

chosen presentation 

media showed some 

familiarity with its 

features and how to 

use them. Most of 

the content was 

easy for the 

audience to read 

and see. The 

presentation 

contained at least 

one element 

designed to make it 

more engaging for 

the audience. The 

presentation met 

either the min or 

max time 

constraint. 

Some of the content 

is well-organized so 

that the grading 

criteria can be easily 

assessed. Some of 

the content is at an 

appropriate reading 

level. The use of the 

chosen presentation 

media showed some 

familiarity with its 

features and how to 

use them. Some of 

the content was easy 

for the audience to 

read and see. The 

presentation met 

either the min or 

max time constraint. 
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