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1. Introduction 

 Radon is a radioactive noble gas found in measurable quantities in nearly every building. Its 

ubiquity is of particular interest in ultra-low counting experiments because its radioactivity can be 

mistaken for sample activity. There are two Isotopes of radon that occur in meaningful quantities, 220Rn 

from the 232Th chain, called Thoron, and 222Rn from the 238U chain, called Radon, (radon with a lowercase 

“r” will refer to both isotopes). Both decay chains are shown in Figure 1. 

 Radon has a long half-life, 3.8 days, but its daughters quickly decay into the long-lived 210Pb. This 

isotope has serious implications for long-term ultra-low counting experiments (such as direct detection 

dark matter searches), but for short exposure times and short counting times the activity from 210Pb and 

its daughters is negligible (this is discussed further in the caption to Figure 1). Thus Radon only 

contributes activity on the half-lives of its immediate daughters, 218Po (half-life 3 minutes) and 214Po 

(half-life 164 microseconds, but its parent isotopes have a combined half-life of 46 minutes). It is 

possible to observe both of these isotopes in the Utralo-1800. 

 Thoron, on the other hand, has a short half-life of only 1 minute. Its daughters, however, have 

long half-lives; 212Pb decays in 10.6 hours, and 212Bi in 1 hour. Additionally, 212Bi bifurcates, causing 2 

different decays with predictable ratios. This, along with the long decay constant, is a very good 

indication of Thoron contamination. Due to its short half-life Thoron is generally present in lower 

concentrations than Radon, but because of the long half-lives of its daughters Thoron contamination can 

be more troubling than Radon contamination. 

 The combined effect is that any exposure to room air can cause contamination on a sample. The 

contamination will be in the form of a temporary increase in emissivity with time constant of either 45 

minutes or 11 hours (or both). If the contamination is severe enough there will be noticeable peaks at 

6.0 MeV (from 212Bi and/or 218Po, the two are close enough in energy to be indistinguishable in the 

UltraLo-1800), 7.7 MeV (from 214Po), and 8.8 MeV (from 212Po). The heights of these peaks relative to 

each other will depend on the relative concentration of Thoron and Radon as well as the time between 

exposure and when counting begins, but if the 8.8 MeV peak is present the 6.0 MeV peak should contain 

at least one-third the counts (because of the branching ratio of 212Bi’s decay, plus 218Po). 

Fortunately, all of these isotopes decay relatively quickly, so even if exposure is severe waiting 

several days or weeks will return the sample to its original emissivity. Nonetheless there are times when 

exposure has taken place and waiting is undesirable, and then a cleaning method is required. At XIA we 

have developed such a method, and its results are outlined below. 

2. Experimental Method 

 Measuring this effect (as well as the efficacy of our cleaning method) is straightforward. One of 

the stainless steel sample trays was left on the lab bench for 48 hours. It was then measured in the 

counter. Then it was taken out for another 48 hours, cleaned, and measured again. The cleaning 

procedure is as follows: first wipe with Radiac wash (a commercial anti-radiation cleaner whose main 



ingredient is citric acid), then rinse with distilled water, and finish with a methanol rinse. If there are 

traces of liquid left after the methanol rinse, wipe with clean wipes to remove it. 

3. Results 

 This experiment verified the efficacy of our cleaning procedure. The emissivity of the exposed 

tray without cleaning was 0.00359 alphas/cm2/hr, and with cleaning it was 0.00078 alphas/cm2/hr. The 

spectrum is shown in Figure 2, and the peaks from 212Po and 212Bi are clearly visible in the exposed run, 

while in the clean run they are drastically diminished or not present at all, rising very little—if at all—

above background. The emissivity versus time graph for both runs is shown in Figure 3, and it’s clear 

that the exposed run had a significant decay with time, while the cleaned run had little if any. 

One important part of this procedure to remember is that the severity of the contamination is 

going to be very dependent on the ambient radon background. The Radon background in the XIA lab 

varies between 5 and 10 Bq/m3, depending on environmental conditions (this level of fluctuation in 

Radon levels is normal). Thoron levels are more difficult to measure (due to its short half-life) but are of 

the same order. Because of this a lab with higher background levels will experience the same effects 

with shorter exposure times. 

4. Conclusion 

 Even fairly brief exposure to atmospheric radon is capable of significantly contaminating sample 

measurements. The best recourse is to avoid the problem entirely by adequately covering samples and 

limiting exposure as much as possible. However, if exposure is unavoidable cleaning procedures can be 

very effective at quickly removing the vast majority of radioactive isotopes. Such procedures will often 

be desirable alternatives to waiting for the isotopes to decay. 

  



 

Figure 1: The Radon and Thoron decay chains. Note that the Radon chain terminates at 210Pb (and thus 

ignores the subsequent 210Po alpha). This is due to its long half-life. This is because the exposure 

required to see an increase of 0.0001 alpha/cm2/hr (near the threshold what can be detected with the 

UltraLo-1800) is so high that no routine exposure will cause it. In order to see even that tiny increase in 

emissivity a sample would need to be left exposed in XIA’s lab environment for many months.  



 

Figure 2: Energy spectra from both runs. The 212Po and 212Bi Thoron daughters are clearly visible in the 

exposed run, but not present in the cleaned run (the small peak near 6 MeV in that run is likely 

background). The Radon daughters may be present in the exposed run as well, but their significantly 

shorter half-lives makes them much harder to detect, especially after the requisite 45-minute purge. 
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Figure 3: The emissivity of the samples versus time. This calculation is done as follows: at any given point 

divide the total number of alphas up to that point by the size of the sample area (1800 cm2 here) and 

the time elapsed to that point. (This is done because trends in the data are clearer, a simple time 

histogram has enough bin-to-bin fluctuations that the decay isn’t as obvious.) It’s clear that even after 

60 hours the exposed tray hadn’t stabilized, partly due to the large transient caused by the exposure 

and partly due to the integrated nature of this measurement. The cleaned measurement, however, was 

fairly stable from the beginning, showing only a very small decrease over the course of the run. 
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