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Background 
 
The goal of this work is to get to know the naturally occurring and man-made radioactivity in 
the environment. Radioactivity of the samples is measured using gamma spectroscopy. There 
are several benefits in detecting gamma rays instead of alpha or beta particles (this can be 
discussed in the report). 
 
The work is 2 crp. It can be done alone or with a pair, but preferably not in larger groups. 
 
We are constantly exposed to ionizing radiation, among others. The main sources are radon 
in the air (especially in Finland), bedrock and building materials (especially 40K in concrete 
etc.) and cosmic radiation. Human activities causing release of radioactive material are mainly 
connected to reprocessing of nuclear fuel. Compared to natural radioactivity they are 
negligible, but measurable nevertheless. 
 
Millions of times larger and more dramatic sources of radioactivity are nuclear accidents, of 
which by far the most significant was Tšernobyl. Hopefully it will remain as the only one. Of 
the same magnitude were also nuclear weapons tests in the atmosphere 1945 – 63. The 
occasional losses of nuclear weapons in airplane accidents and the like (Spain 1966, Thule 
1968,...) have apparently caused more hysteria than severe contamination. 
 

MDA-value 
 
The MDA-value (Minimum Detectable Activity) describes the sensitivity of the measurement 
apparatus. It means the lowest level of activity which produces a peak in the spectrum that 
can be distinguished from the background. Note that the MDA depends on everything, 
including the measurement time. So if one wishes to compare MDAs from different 
measurements, they must somehow be normalized. 
 

Gamma spectrum 
 
Gamma spectrum is by its nature a line spectrum. However, no detector is ideal and the 
interactions between the radiation and detector material affect the shape of the spectrum. The 
lines are spread to near gaussian distributions, “peaks”, which are at least in the case of Ge-
detectors rather narrow and easily distinguishable. On the low energy side of each peak there 
is a “tail” arising from photons that have only partially left their energy to the detector. The 
structure of these tails depends on the different interaction mechanisms. These structures 
include the Compton edge and possible backscattering and escape peaks. More on the 
nature of gamma-ray spectrum (and many other relevant subjects) can be found in references 
[1,2,3,6,7]. Warning: reference [2] has a lot of discussion about lithium drifted Ge(Li) 
detectors. These haven't been used at JYFL for ages; the current detectors are made out of 
pure germanium. The manufacturing processes have been improved to such extent that 
lithium compensation is no longer needed [4]. 
 
The analysis of the spectra is done by determining the areas of the peaks, i.e. one determines 
how many full energy photons the detector has collected. From this and the known 
characteristics of the detector system the sample activity can be deduced. More on the 



determination of peak areas can be found in [1].  
 

Samples to be measured 
 
1. Environmental sample; manmade radioactivity 
 
At least one environmental sample is measured. The gamma peaks are identified and their 
origin determined. The man-made radioactivity in the samples is typically remnants of the 
Tšernobyl fall-out, of which the long lived (half-life 30.2 years) 137Cs is seen. Suitable samples 
are for instance: 
 
 Game/fish (concentrations significantly lower than in the early 90's, but sometimes 

measurable). 
 Lichen (better than moss). 
 Soil and detritus. 
 Mushrooms. “Best” samples in the sense that the 137Cs concentrations are still rather high. 

Boiled mushrooms are unsuitable as cesium is soluble in water. 
 Berries found in the forest (large differences). 
  
 
 
 
 

 
Garden plants or berries are not suited as they have plenty of nutrients available that are 
easier to use than cesium. 
 
2. Natural water sample, 222Rn 
 
Radon (222Rn) is a gaseous member of uranium (238U) decay series.  220Rn, which is a 
member of 232Th decay series can also be a health risk in cases where large amounts of it are 
released from walls, but because of its short half-life it can't be detected in water samples. 
Gaseous substances, including radon, are water-soluble. Radon is found especially in drilled 
wells and spring water. In the Jyväskylä area natural springs the radon concentration is 
sufficient for detection by gamma spectroscopy. There is no radon in lake water, nor should 
there be any in tap water. 
 
As 222Rn decays by alpha emission, it cannot be directly observed in gamma-ray 
measurement. The decay products are short lived compared to radon, so their concentration 
quickly reaches equilibrium with radon. The gamma emitters in the decay chain are 214Pb and 
214Bi. Their gamma-ray energies and branching ratios are known [5], so the radon 
concentration in the sample can be determined from measured gamma intensities. 
 

Measurements 
 
Calibration using standard sources 
 
1. Energy calibration, i.e. the correspondence between energy and channels in the spectrum. 

Normally 2nd order polynomial is used. 
2. Efficiency calibration, i.e. the peak efficiency of the detector as a function of energy. First 

one measures the spectrum of a known, point-like source and determines the peak areas 
(the number of hits in each peak). The actual number of emitted photons can then be 



calculated using the source documentation and the known half life. The peak efficiency is 
then the ratio between the observed events in the peak and the gamma rays of this energy 
actually emitted. Remember to consider the error in both the number of detected and 
emitted events. The peak efficiency (absolute efficiency) determined like this depends of 
course dramatically on the distance between the source and the detector. However, the 
relative efficiency doesn't depend too much on the source distance (meaning that 
efficiency ratios of different energies don't change). Efficiency calibration of Ge-detectors is 
discussed among others in references [2,6,7]. It is also customary to give the efficiency of a 
Ge-detector at 1.3 MeV compared to a certain sized NaI scintillation detector. This is also 
called relative efficiency. Try not to be confused! 

3. As the relative efficiency doesn't change too much, the peak efficiency as a function of 
energy for non-pointlike source can (approximately) be determined by measuring the peak 
efficiency at certain energy and scaling the relative efficiency curve so that it goes through 
this value. This is done using a calibrated source in Marinelli-container (the same 
measurement geometry is used also for the samples).  

 
Background measurement 
 
In order to determine the amount of radiation coming actually from the sample, one must of 
course know the amount of radiation coming from other sources. The most annoying 
component of the background radiation is the radon in the air, especially in measuring the 
water sample. One must subtract the activity coming from the air. An additional problem is 
that some of the background is absorbed by the container and the sample.  
 
Measurement of the environmental sample 
 
The sample is packed to a Marinelli-container and weighed. It is advantageous if the 
measurement time is as long as practical, overnight if possible. The spectra can be exported 
by means of a USB memory stick for later analysis. A good software for this is for example 
Origin. The data acquisition software saves the spectrum as an ascii-file.  
 
Measurement of the water sample 
 
The sample should be large enough, at least 1 liter to enable repeated measurements if 
necessary. A normal 1.5 l bottle is good enough. The sample should also be taken shortly 
before the measurement, as radon is a noble gas and therefore rather easily escapes from 
the bottle. Also the half-life is only 3.8 days. The sample is poured to the Marinelli-container, 
which is positioned on the detector. If there is significant amount of radon in the sample, the 
peaks should be visible in about 10 minutes. 
 

Although one should measure the sample at least 2 – 3 hours it can be instructive to follow 
the time evolution of the spectrum. Follow the accumulation of counts in the interesting 
gamma peaks early in the measurement. Radon and its daughter activities are in equilibrium 
in the bottle. When the sample is poured into the Marinelli container, some part of the radon 
probably escapes. If this happens, the short-lived decay products decay faster than they are 
produced by the decay of the suddenly diminished amount of radon. Eventually the 
equilibrium is re-established. From this it is possible to deduce how much of the radon 
escaped.  



Things to discuss in the report 
 
In the report the following questions should be addressed. Do your best to include the 
answers as naturally in the text as possible. If you are not able to answer them all, that is not 
the end of the world, but significant deficiencies will lead to the report being rejected.  
 
 What is the energy range of gamma rays? Compare to visible light. 
 What is the wavelength of a typical gamma photon? Compare this to some object from the 

macroscopic world (like a flying anopheline, 1 m piece of dust floating in the air, coliform). 
 What benefits detecting gammas offer compared to alphas and betas? 
 Why gamma spectroscopy is not suited to detection of 90Sr? (90Sr is formed abundantly in 

neutron induced fission. It concentrates in the thyroid, although not as strongly as iodine, 
and is therefore one of the worst components of radioactive releases from nuclear power 
plants.) 

 What are Marinelli and Williams geometries? Why are they used? 
 What do peak efficiency and total detection efficiency mean? Which is used in this work 

and why? Why are both functions of the gamma-ray energy? When would the shape of the 
efficiency curve change when changing the source-detector distance and why? Does this 
affect our calibration? Does it have an effect on the results? 

 What radioactive isotopes you can find in your samples? What are their activities (Bq) and 
activity concentrations (Bq/kg)? 

 Describe the 238U decay chain, especially from 222Rn to 210Pb. What are the relevant 
gamma transitions, energies and branching ratios? What does branching ratio mean? 

 What are the important things to consider when determining the radon activity of a water 
sample? How many atoms of radon were in your sample at the moment it was collected? 
What was the radon concentration (Bq/l)? 

 
And finally some words about the structure of the report. By and large it follows the normal 
student laboratory report format, meaning that it contains an abstract, introduction and 
chapters for theory and measuring equipment. In the theory section at least something about 
radioactivity and gamma radiation must be discussed, as well as the necessary formulas. The 
measuring equipment (detector and associated electronics) must be discussed sufficiently to 
understand the operating principle and the role of each electronic component in the system.  
When calculating the results, all necessary numerical information must be available 
somewhere, either in the text or as an attachment. Also the measurement log must be 
attached. Following the normal student laboratory practice one example of the use of each 
formula must be presented (meaning that when you use some formula to calculate something 
for the first time, write the calculation down so that it is possible to see the numbers you have 
used). Especially useful is to divide the calculation to reasonably small steps, rather than 
derive a huge formula that yields the final result, but makes finding possible errors in the 
calculation virtually impossible. In short: try to make the progression from measured data to 
the final result as logical and easy to follow as possible. Pay attention to error estimation. 
Especially since the measured concentrations can be small (or even non-existent) a result 
without realistic error estimate is pretty much worthless. To simplify things it is useful to think, 
which are the dominating error sources and which can be ignored. 
 
And if you find yourself hopelessly stuck, remember that it is quite allowed to ask for advice 
from the instructor :) 
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