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The sample preparation method and the results of experimental measurements of the concentration of beta-radioactive aerosols (the 
decay products of Radon-222 in the air) are presented. The experimental equipment includes an electrostatic aerosol collector and a 
time spectrometer based on the PMT with a plastic scintillator. The accumulation of aerosols on the foil lasted for about 12 hours. The 
activity of accumulated aerosols was measured in the time interval of 0 to 300 minutes. The use of the time analyzer spectrometer, the 
proposed aerosol accumulator and the method of processing the accumulated spectrum makes it possible to increase the sensitivity of 
the radiometer in comparison with the collection method based on air filters. Applying the time-spectrum development procedure 
to the constituent components makes it possible to reliably establish the connection of aerosols registered in the room with β-active 
decay products of radon-222: Po-218, Pb-214, Bi-214. 
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Radioactive aerosols are a mixture of dust and radioactive particles, which are α-, β- and γ emitters. Decay products 

of Rn-222, T1/2 = 3.823 days; Rn-220, T1/2 = 0.9267 min; Rn-219, T1/2 = 3.96 s and their daughter products – Po-218, 
T1/2 = 3.167 min; Pb-214, T1/2 = 26.833 min; Bi-214, T1/2 = 19.833 min are deposited on particles suspended in the air. 
Radon continuously enters the atmosphere from terrestrial rocks: Rn-222 - during the alpha decay of Ra-226 nuclei 
(uranium-radium family), and Rn-220 – during the alpha decay of Ra-224 nuclei [1]. The Rn-222 isotope gives 
approximately 50-55% of the effective radiation dose every Earth inhabitant receives annually. The Rn-220 isotope adds 
another ~ 5-10% to this [1]. 

No less dangerous are the decay products of radon - beta-radioactive isotopes of lead, bismuth, and polonium, since 
they form aerosols that when they enter the human lungs and cause micro burns. 

The combination of the developed method of analysis and electrostatic aerosol accumulator and time analysis of the 
sample activity makes it possible to associate aerosols recorded in a room with β-active decay products of radon-222. 
It also increases the reliability of recording Rn-222 and significantly reduces the measurement time compared, for 
example, with a technique based on the use of CR-39 films [2]. 

The references have known methods for assessing the radioactivity of aerosols - radon decay products by measuring 
gamma and beta radiation [3-5]. In these works, the registration of radon decay products is carried out, as a rule, using 
spectrometric amplitude analysis. The use of multilayer filters in the registration of beta aerosols is not effective enough 
because, simultaneously with the accumulation, the outflow of accumulated particles occurs. 

In work [6] was used a two-electrode filter, which provides for the capture of radon beta- products, is considered 
but does not allow obtained a high sensitivity. The paper [7] considered the approach of direct deposition of decay 
products on the spherical surface of the Si detector. The potential on the surface is -3 kV. The concentration of aerosols 
and the sample activity are not high; the data accumulation and processing speed are also low. In [8] work is represented 
a multilayer filter for collecting aerosols. The air in the room was blown through a filter, allowing radon decay products 
to accumulate. The method's efficiency is low due to the complexity of sample preparation for analysis and the low 
efficiency of the blowing way. 

 
SAMPLE PREPARATION AND MEASUREMENT TECHNIQUE 

Reliable registration of radon isotopes and decay products [2] for gas mixture is an unfinished problem. Mainly 
significant difficulties are determined the low adsorption of radon by the filters. For the quantity determined of radon 
isotopes, it is also necessary to have radioactive gas samples. Their creation is significantly complex, especially for the 
long-term isotope - radon-222. The decay products, being positively charged, can be subject to electrostatic precipitation. 
The alpha particle escapes produce the positive charge of the ionization of the atomic shell. It is also possible to have 
ionization by the kinetic energy of the recoiled atomic nucleus. To accumulate the radioactive sample was used an 
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electrostatic method. On a sheet of aluminum foil (~ 0.02 mm) with an area of ~ 1 m2, which was placed on a horizontally 
stretched insulating thread, a potential of mines 1500 V was applied. The time exposure was 12 hours. Due to the 
difference in the potentials of the dust particles in the air and the filter (foil), it was possible to deposit the aerosols 
efficiently. After the exposure, the foil sheet was reduced to a cylinder, Ø5x0.2cm. The additional reduction of the sample 
allows us to significantly increase the concentration of radioactive particles per unit area of the scintillation detector. 
Fig. 1 shows a circuit of a voltage converter used for an electrostatic filter. Fig. 2 shows  a detector part of the measurement 
setup. 

 

Figure 1. Power supply for an electrostatic filter Figure 2. Detector system. 1 – PMT 
R1307 Hamamatsu, 2 – UPS-923A 
plastic detector, 3 – lead background 
shield, 4 – probe sample 

 
RESULTS AND MEASUREMENTS 

In this work, it was assumed that the activity of particles in the indoor air aerosol collected on the filter is mainly 
determined by the decay products of the isotope of radon: Rn-222 (T1/2=3.82 days). The contribution of other isotopes – 
Rn-220 (T1/2 = 55.6 s), Rn-219 (T1/2 = 3.96 s) was neglected due to the short half-life compared to Rn-222 and lower 
prevalence. It was assumed that possible isotopes that were in the room and got on the radiometer filter and then 
disintegrated during the measurement process are isotopes Rn-222, Po-218, Pb-214  and Bi-214: 

 
 222Rn   218Po   214Pb  214Bi  …;   218Po  214Pb  214Bi …;  214Pb  214Bi …;  214Bi …. (1) 

 
The decay of isotopes accumulated in the filter is described by the following system of equations: 𝑑𝑁ଵ𝑑𝑡 ൌ െ𝜆ଵ𝑁ଵ – decay of the accumulated products on the filter 222Rn (N1) 

               (2)

𝑑𝑁ଶ𝑑𝑡 ൌ 𝜆ଵ𝑁ଵ െ 𝜆ଶ𝑁ଶ – production 218Po (N2) from decay of 222Rn (N1) and decay of the accumulated 
products on the filter (N2) 𝑑𝑁ଷ𝑑𝑡 ൌ 𝜆ଶ𝑁ଶ െ 𝜆ଷ𝑁ଷ 
– production of the 214Pb (N3) from decays of 218Po (N2), 222Rn (N1) and decay of the 
accumulated products on the filter 214Pb (N3) 𝑑𝑁ସ𝑑𝑡 ൌ 𝜆ଷ𝑁ଷ െ 𝜆ସ𝑁ସ 
– production 214Bi (N4) from decays of the 214Pb (N3), 218Po (N2), 222Rn (N1) and decay 
of the accumulated products on the filter 214Bi (N4) 

where N1, N2, N3, N4 – quantity of the radioactive nuclei 222Rn, 218Po, 214Pb, 214Bi respectively. 
The activity of the source A can be related to the number of radioactive nuclei N and the detector efficiency ε 

as follows: (-dN/dt) = A; (-dN/dt) ∙ ε = λ∙N∙ε = A∙ε. In the calculation was assumed that ε = 1. 
The change over time in the total activity of the isotopes accumulated on the filter could be described by the system 

of the following equations: 

– decay of the accumulated products on the filter 222Rn (N1(0)): 

 𝑁ଵሺ𝑡ሻ ൌ  𝑁ଵሺ0ሻ𝑒ି஛భ ୲, (3) 

– production 218Po from the decay 222Rn, and decay of the accumulated products on the filter 218Po (N2(0)): 

   𝑁ଶሺ𝑡ሻ ൌ   ஛భேభሺ଴ሻሺ஛మି஛భሻ ሾ𝑒 ି஛భ ୲ െ  𝑒 ି஛మ ୲ሿ ൅ 𝑁ଶሺ0ሻ𝑒 ି஛మ ୲, (4) 

– production 214Pb from the decay 218Po, 222Rn, and decay of the accumulated products on the filter 214Pb  (N3(0)): 

 𝑁ଷሺ𝑡ሻ ൌ ఒమఒభேభሺ଴ሻሺఒమିఒభሻ  ቂ௘షഊభ౪ି௘ షഊయ ౪ሺఒయିఒభሻ െ ௘ షഊమ ౪ି௘ షഊయ ౪ሺఒయିఒమሻ  ቃ ൅ ఒమேమሺ଴ሻሺఒయିఒమሻ ൫𝑒ିఒమ୲ െ 𝑒 ିఒయ ୲൯ ൅ 𝑁ଷሺ0ሻ𝑒 ିఒయ ୲, (5) 
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– production 214Bi from the decay 214Pb, 218Po, 222Rn, and also decay of the accumulated products on the filter 214Bi 
(N4(0)): 

 𝑁ସሺ𝑡ሻ  ൌ  ఒయఒమఒభேభሺ଴ሻሺఒమିఒభሻ ቂ ଵሺఒయିఒభሻ ቀ௘షഊభ౪ି௘ షഊర ౪ሺఒరିఒభሻ െ ௘షഊయ౪ି௘ షഊర ౪ሺఒరିఒయሻ ቁ  െ ଵሺఒయିఒమሻ ቀ௘షഊమ౪ି௘ షഊర ౪ሺఒరିఒమሻ െ ௘షഊయ౪ି௘ షഊర ౪ሺఒరିఒయሻ ቁቃ  ൅                    ൅ ఒయఒమேమሺ଴ሻሺఒయିఒమሻ  ቂ௘షഊమ౪ି௘ షഊర ౪ሺఒరିఒమሻ െ ௘షഊయ౪ି௘ షഊర ౪ሺఒరିఒయሻ ቃ ൅ ఒయேయሺ଴ሻሺఒరିఒయሻ ൫𝑒ିఒయ୲ െ 𝑒 ିఒర ୲൯ ൅     𝑁ସሺ0ሻ𝑒 ିఒర ୲. (6) 

Figure 3. shows the results of the analysis of the activity of the sample (analysis time 300 min.), accumulated on 
the filter for a time interval of 12 hours using the system of equations (3-6). 

The total activity of aerosols was measured in a closed room on the 1st floor of the building. The time of collecting 
aerosol particles by the electrostatic method was 12 hours. After installing the filter on the scintillation counter 
(detector - plastic), the change in the total beta activity of the filter was recorded duration 300 minutes, and the time of 
the accumulation of one channel was 1 minute. The time spectrometer was used from [8]. 

 

Figure 3. Results of processing the counts (counts/channel) of the decay products of the measured sample. The event pulse 
recorded by the detector is plotted along the vertical axis. Ni0 – calculated initial values (activities) for beta-components 

 
The analysis of the decay curve and determination of the initial activities of the components is performed by 

approximating the experimental data of the theoretical curve, which is the sum of the calculated activities on the aluminum 
foil (N1(t), 222Rn) + (N2(t), 218Po) + (N3(t), 214Pb) + (N4(t), 214Bi) duration 300 minutes.  

Fit quality criterion is: 

   𝜒ଶ ൌ ଵ௡ିହ ∑ ൬ே೐ೣ೛ିே೟೓ఋ௜൫ே೐ೣ೛൯ ൰ଶ௡ଵ , (7) 

where n – the number of experimental points form a decay curve; Nexp – registered counts (activities); δi(Nexp)   –  absolute 
error of a single measurement, 𝛿௜ ൌ ඥ𝑁௜,௘௫௣. 

During the fitting, the initial activities of N1,  N2, N3 and N4 was varied. As a result, the following values of the initial 
activities of beta-active components on the filter were obtained: A10 = N1(0) (222Rn) = 6.2;  A20 = N2(0) (218Po) = 475; 
A30 = N3(0) (214Pb) =1874; A40 = N4(0) (214Bi) = 585. The relative error of approximation, estimated based on the root-
mean-square error (RMS) of the spectrum by expression (8) was 4.5%, χ2 = 1.7.  

 𝛿௫̅ ൌ  ଵሺ∑ ே೔, ೐ೣ೛೙భ ሻ/௡  ට ଵ௡ିଵ ∑ ൫𝑁௜,௘௫௣ െ 𝑁௜,௧௛൯ଶ௡ଵ , (8) 

 
RESULTS AND DISCUSSION 

The results of the measurements and the analysis of the decay curves indicate the presence in the filter (Al-foil) of 
the alpha-active isotope of radon Rn-222, beta-active products of decay of radon - Pb-214, Po -218  and Bi-214. The ratio 
of initial activities of Pb-214 / Bi-214 for the studied room was 3.2:1. 

The presence of Rn-222 alpha emitters in the filter leads to a noticeable improvement in the agreement between the 
model and experimental curves. An exception to the analysis of the Rn-222 isotope worsens the quality of the fit, with 
the value of χ2 = 6.5, RMS = 6.7%. Thus, the analysis results (χ2 values, activity values of the components) indicate that 
the activity of aerosols accumulated in the filter is formed mainly by beta-active products of the decay of the radon isotope 
Rn-222.  
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CONCLUSIONS 
The results of measurements and processing confirm a significant increase in the sensitivity of the method due to 

the proposed electrostatic method of the sample preparation and an increase in the reliability of measurements due to the 
use of time analysis of the decay curve and a scintillation counter. 

Application of the proposed technique allows to reduce a sample accumulation time of ~ 12 hours and a processing 
time of ~ 5 hours to obtain a statistical error of fitting ~ 4.5%. 
 

ORCID IDs 
Gennadiy Onyshchenko, https://orcid.org/0000-0001-6945-8413; Ivan Yakymenko, https://orcid.org/0000-0002-0194-8376 
Oleksandr Shchus’, https://orcid.org/0000-0001-6063-197X; Anatoliy Lokha, https://orcid.org/0000-0002-4219-8970 

 
REFERENCES 

[1] I. Grigoriev, E. Meilikhov, and A. Radzig, Handbook of Physical Quantities, 1996. 
[2] S.A. Durrani, and R.K. Bull, Chapter 2 - Interactions of Charged Particles with Matter, in: Solid State Nuclear Track Detection, 

edited by S.A. Durrani, and R.K. Bull, (Pergamon, 1987), pp. 13-22. https://doi.org/10.1016/B978-0-08-020605-9.50006-X 
[3] P. Jovanovic, Radon exhalation rate measurements on and around the premises of a former coal mine, Science of The Total 

Environment, 272(1–3), 147 (2001), https://doi.org/10.1016/S0048-9697(01)00681-7 
[4] D. Austen, and W. Brouwer, Radioactive balloons: experiments on radon concentration in schools or homes, Physics Education, 

32(2), 97 (1997). https://doi.org/10.1088/0031-9120/32/2/016 
[5] L. Yuan, S. Geng, B. Luo, J. Wu, and J. Wang, Yuan, in: Proceedings of the 2016 International Forum on Energy, Environment 

and Sustainable Development, (Atlantis Press, 2016). https://doi.org/10.2991/ifeesd-16.2016.5 
[6] F. Mamedov, P. Čermák, J. Jakůbek, K. Smolek, I. Štekl, and J. Vlášek, Journal of Instrumentation, 8, C03011 (2013). 

https://doi.org/10.1088/1748-0221/8/03/C03011 
[7] S.-Y. Chang, C.-W. Ha, and B.-H. Lee, “Measurement of Radon-222 Exhalation Rate from Building Materials by Using CR-39 

Radon Cup”, Journal of Radiation Protection, 16(1), (1991). https://www.jrpr.org/upload/pdf/BSBOB5_1991_v16n1_15.pdf 
[8] I.I. Yakimenko, N.G. Styervoyedov, A.F. Shchus, and G.M. Onyshchenko, Radon-222 Detection Using Beta-Decay Products, 

East Eur. J. Phys. 3(2), 65 (2016). https://doi.org/10.26565/2312-4334-2016-2-09 
 

ПІДГОТУВАННЯ ПРОБ ДЛЯ ЕФЕКТИВНОГО НАКОПИЧЕННЯ ТА РЕЄСТРАЦІЇ БЕТА-АКТИВНИХ 
ПРОДУКТІВ РОЗПАДУ Rn-222 

Геннадій Онищенкоa,b, Іван Якименкоa, Олександр Щусьa, Анатолій Лохаc 
aХарківський національний університет імені В.Н. Каразіна, м. Свободи 4, 61022, Харків, Україна 

bІнститут сцинтиляційних матеріалів, НТЦ «Інститут монокристалів», НАН України 
пр. Науки, 60, 61001 м. Харків, Україна 

cУніверситет Григорія Сковороди в Переяславі, 08401, м. Переяслав, Україна 
Представлена методика підготування проб та результати вимірювань концентрації бета-радіоактивних аерозолів - продуктів 
розпаду Радону-222 у повітрі. До складу експериментального тракту входять електростатичний збирач аерозолів та 
сцинтиляційний часовий спектрометр на базі ФЕП з пластиковим сцинтилятором. Накопичення аерозолів на фользі тривало 
близько 12 годин. Вимірювання активності накопичених аерозолів проводилося в інтервалі 0-300 хвилин. Використання 
часового аналізатора, запропонованого накопичувача аерозолів і методу обробки накопиченого спектра дає змогу суттєво 
підвищити чутливість радіометра у порівнянні з методикою збору на основі повітряних фільтрів. Застосування процедури 
розвинення часового спектра на складові компоненти дає змогу надійно встановлювати зв'язок зареєстрованих в приміщенні 
аерозолів з β-активними продуктами розпаду радону-222: Po-218, Pb-214, Bi-214. 
Ключові слова: Радон-222; бета-активність, розпад, електростатичний метод, підготування проб 




