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Abstract: The periodic measurements of atmospheric aerosols radioactivity in Bratislava has been
started in the Department of Nuclear Physics of the Faculty of Mathematics, Physics and Informatics of
Comenius University since the end of the year 2003. The radionuclides concentration of 7Be, 210Pb,
137Cs and 40K is periodically investigated. Average value of cosmogenic 7Be concentration during the
observed period was found 2.4 mBq.m-3. 210Pb is long-lived daughter product of 222Rn and its average
value of concentration was found 0.8 mBq.m-3. Activity concentrations of 7Be and 210Pb show typical
seasonal variations with mutually inverse trends. The activity concentrations were observed to be higher
in spring and early summer for 7Be and opposite to that in winter months are higher for 210Pb. The

activity concentration of anthropogenic 137Cs in ground level atmosphere is at level 0.6 mBq.m-3. The

mean activity concentration of primordial 40K in aerosols reach low values around 5.0 mBq.m-3. The
7Be/210Pb activity ratios are presented and correlation study has been carried out between the
meteorological factors and concentrations of radionuclides. The observed mean values can be considered
as representative at ground level air in our geographical region.

1. Introduction

The atmosphere represents irreplaceable medium for existence of the human civilization.
The exchange processes runing over the at mo sphere, as well as the contamination, are the
phe nom ena which can substantilly influence the quality of this medium. It is important to
have the possibility to study these processes, to know to sup pose their course, possible
impact and leakage range of antropogenic pol lut ants or other substances leaking and
spreading in the at mo sphere, to have developed high-sensitive methods which are capable
to register also small amount of such substances. In the case of radioactive substances,
especially anthropogenic radioactive substances, the high-sensitive detection systems and
confidential methods of measurements are needed  [1, 2]. Anthropogenic radionuclides can 
leak into the at mo sphere during operation, but also at accidents of various nuclear plants.
The presence of radionuclides in the at mo sphere can be also consequence, for example, of
forbidden tests of nuclear weapons. Therefore it is important to develop new methods with
threshold of sensitivity as low as possible. The study of atmospheric radioactivity is also
one of possible way to investigate the atmospheric processes. Systematic investigation of
atmospheric radioactivity is also important from the point of view of the health protection.

Most of the airborne radionuclides, cosmogenic or radon derived, attach to fine
aerosol particles immediately after their creation. Hence, the behavior of airborne
radionuclides is determined by physical and chemical properties of the aerosol particles to 

Acta Physica Universitatis Comenianae
Vol. L�LI, Number 1&2 (2009�2010) 125�132

*) De dicated to As so ci ated Pro fes sor Mar tin Chudý on the oc ca sion of his 70th birthday.



which they are attached and by the actual meteorological conditions. For this reason, the
radioactive aerosols may provide useful information on atmospheric thermodynamic
processes such as transport and mixing of air masses, dispersion or removal of aerosol
particles.

7Be is nat u rally oc cur ring radionuclide (half-life 53.5 days) of cosmogenic or i gin
formed by spallation of light at mo spheric nu clei such as car bon, ni tro gen and ox y gen
when they ab sorb pro tons of the pri mary com po nent of cos mic rays. The high est pro duc -
tion rate is at height 15�20 km and de clines ap prox i mately ex po nen tially with de creas ing
al ti tude. Around 70% of the 7Be is pro duced in the strato sphere and the re main ing 30% in

the tro po sphere [3]. 7Be at ta ches to par ti cles with di am e ter be tween 0.7 and 1.1 mm [4].
The res i dence time of 7Be in the strato sphere is around one year and it is about 3�5 weeks
in the tro po sphere [5]. Con cen tra tions of 7Be in low-level at mo sphere vary on the level of
mBq.m-3. Vari a tions of the an nual mean con cen tra tions are con nected with changes in the 
pro duc tion rate, which de pends on the so lar ac tiv ity cy cle. Cosmogenic radionuclide 7Be
is used as the tracer of strato spheric air masses and in stud ies of at mo spheric trans port pro -
cesses and cir cu la tion. Con sid er ing that 7Be has pure out door or i gin, it is used as the tracer 
in ex per i ments ex am in ing the in gress of aero sols into build ings. Its sea sonal vari a tions
ap pear to show the ef fect of four fac tors:
(a) the rate of ex change be tween the strato sphere and the tro po sphere, (b) the rate of ver ti -
cal mix ing within the tro po sphere, (c) trans port of air masses from mid dle lat i tudes into the
high lat i tudes and (d) the amount of rainfall.

210Pb is a long-lived decay product (half-life 22 years) of uranium series (238U). It gets
into the air from radioactive noble gas 222Rn exhaled from the Earth�s crust. The 222Rn
exhalation rate depends on the soil type and its 226Ra concentration. The variations on the
ex ha la tion rate are caused by precipitation and soil moisture. The variations of 222Rn and
subsequently of its decay products in air concentrations are induced mainly by
atmospheric mixing. Atmospheric level of 210Pb is of a con sid er able interest like a source
of 210Po which contributes a significant portion of the natural radiation dose to man.

Artificial radionuclide 137Cs (half-life 30 years) in the air comes from two main
sources. Part of its activity comes from the strato sphere as the remains of the atmospheric
nuclear weapon tests. There is also some of 137Cs originating from the Chernobyl accident
in resuspended fine soil particles. 40K is classified as stellar or primordial radionuclide

(half-life 1.3´109 years), produced in stellar nucleosynthesis. 40K is abundant in the
Earth�s crust and it gets into the air gets via resuspension from the sur face soil.

The aim of our environmental radioactivity monitoring is to study the transport
processes in between the troposphere and the low-level atmosphere. More over, these
aerosol measurements can serve as air monitoring, sensitive to accidents of the nuclear
relevance.

2. Experimental

Since the end of 2003 a monitoring of atmospheric aerosols radioactivity has been
started with a one week period in the Department of Nuclear Physics at Comenius
University in Bratislava [8]. These measurements are the con tin u a tion of the aerosols
radioactivity investigation realized in this laboratory during the period 1981�1995 in
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month in ter vals. The atmospheric radioactivity study recovery started otherwise in 2001
but these measurements did not have full periodic character.

At pres ent, the aero sols are col lected us ing high vol ume sam pler with the flow rate
around 80 m3/h at the height of 2.85 m above the ground. The sam pling site is lo cated at
the me te o ro log i cal sta tion close to our uni ver sity. The spe cial nitrocellulose mem brane

fil ters (PRAGOPOR 4) with 0.85 mm holes with the ap prox i mate 100% col lec tion ef fi -
ciency are used. The fil ters are changed once a week and dur ing each sam ple pe riod about
11 000 m3 of air are pumped. Cor rec tions for the air tem per a ture and at mo spheric pres sure 
are ap plied to eval u ate true vol umes of pumped air.

Ra dio ac tiv ity mea sure ment of the ex posed fil ters is per formed by stan dard
gamma-spec trom e try with two HPGe de tec tors (EG&G Ortec 51370/20-P with Be win -
dow and PGT IGC65-DI 845 with rel a tive ef fi ciency 69%) placed in low-level back -
ground shields. Cor rec tions for the ra dio ac tive de cay to the mid-col lec tion pe riod were
ap plied on the val ues. The to tal rel a tive un cer tainty of the method is about 3%. For 137Cs
and 40K ac tiv ity con cen tra tion mea sure ment 4 one-week sam ples are ac cu mu lated into a
month sam ple and determined with 10% relative uncertainty.

3. Results and discussion

3.1. The ac tiv ity con cen tra tion and sea sonal trend

The activity concentrations of the 7Be and 210Pb in Bratislava atmosphere are
presented in Figs. 1 and 2. The observed range and average values (Table 1) can be
considered as representative at ground level air in our geographical region. The re sults
presented in this work are generally in agreement with the data reported in lit er a ture
[10�16]. The activity concentrations of 7Be and 210Pb exhibit a pattern of seasonal
variations with mutually inverse trends. In our re gion the 7Be con cen tra tions are higher in
spring com pared to autumn and winter season. It is connected to the tropopause thinning
at mid-latitudes resulting in air exchange be tween the strato sphere and troposphere. The
concentrations of 210Pb reach higher values in autumn and winter months, which is
attributed to frequent inversion conditions of the surface air layers. The decrease of the
210Pb concentration in warm spring and summer season is a result of intensive air mixing.

Table 1. Detection limits, range and average values of radioactivity concentrations in Bratislava during
the period December 2003 � January 2007 (for 7Be and 210Pb till December 2008).

Detection limit Range Average

7Be 1.2 mBq.m-3 (0.2-5.1) mBq.m-3 2.4 mBq.m-3

210Pb 0.5 mBq.m-3 (0.1-2.4) mBq.m-3 0.8 mBq.m-3

137Cs 0.4 mBq.m-3 (0.4-1.2) mBq.m-3 0.6 mBq.m-3

40K 0.3 mBq.m-3 (1.3-11.8) mBq.m-3 5.0 mBq.m-3

The av er age con cen tra tions of 137Cs (Fig. 3) and 40K (Fig. 4) are very low and reach the 

level of 0.6 mBq.m-3 and 5.0 mBq.m-3, re spec tively. In the past, there has been cor re la tion
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Fig. 2. Tem po ral vari a tions of the 210Pb ac tiv ity con cen tra tion in Bratislava low-level air.

Fig. 1. Tem po ral vari a tions of the 7Be ac tiv ity con cen tra tion in Bratislava low-level air.
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Fig. 3. Tem po ral vari a tions of the 137Cs ac tiv ity con cen tra tion in Bratislava low-level air.

Fig. 4. Tem po ral vari a tions of the 40K ac tiv ity con cen tra tion in Bratislava low-level air.



be tween 7Be and 137Cs con cen tra tions ob served. The cause was the strato sphere as the res -
er voir of both radionuclides: the cosmogenic 7Be pro duced by spallation of light nu clei at -
mo spheric with cos mic rays, and the 137Cs orig i nat ing from nu clear weapon tests. The
pres ent very low con cen tra tion of 137Cs is the rea son of no cor re la tion found. The po ten tial 
sea sonal vari a tions are rang ing within the un cer tainty of de ter mi na tion.

 3.2. Anal y sis of me te o ro log i cal fac tors

The correlation study has been carried out between some meteorological factors and
concentrations of radionuclides. The linear correlation coefficients are listed in Table 2.
The only significant correlation was found between the 7Be concentration and air
temperature. Weak negative correlations are observed for 7Be with humidity and
cloudiness. The one week measurement duration is quite long compared with the typical
time scale of variations of meteorological parameters so that the correlation might be
slightly better.

Table 2. Linear correlation coefficients between activity concentrations of 7Be and 210Pb and selected
meteorological parameters.

Radionuclide Temperature Pressure Humidity Precipitation Cloudiness

   7Be 0.70 -0.17 -0.55 0.18 -0.44

210Pb -0.25 0.32 0.35 -0.20 0.05
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Fig. 5. Tem po ral vari a tions of 7Be/210Pb con cen tra tion ra tio.



3.3. 7Be/210Pb con cen tra tion ra tio

Ratio of  7Be and 210Pb, due to their different origin, should depend on the altitude from 
which the air was transported, on continental influences and on removal processes. In this
way the ratio serves as the parameter of the air masses transport his tory [15]. The values of 
7Be/ 210Pb concentration ratio varied from 0.98 to 7.88 exhibit the summer maximums and 
winter minimums as shown in Fig. 5. It is caused by higher intensity of vertical convection 
of air in the sum mer season bringing air rich for cosmogenic nuclides from upper layers
and hereby removing the elements of the ter res trial origin.

4. Conclusions

Since De cem ber 2003 a con tin u ous weekly mon i tor ing of 7Be and 210Pb con cen tra -
tions in the low-level at mo sphere has been car ried out in Bratislava (Slovakia). In a month 
pe riod the con cen tra tion of 137Cs and 40K in at mo spheric aero sol has been mea sured. The
ob served av er age val ues in this pa per are in good agree ment with the data re ported in lit er -
a ture for sim i lar con ti nen tal lo ca tions. The typ i cal pat tern of sea sonal vari a tions was ob -
served for 7Be and 210Pb ac tiv ity con cen tra tions. The pro nounced max ima in spring/
sum mer for 7Be and in verse trend for 210Pb with the high est val ues in win ter were mea -
sured. The cor re la tion be tween 7Be con cen tra tion and air tem per a ture was found. The
tem po ral be hav ior of  7Be / 210Pb con cen tra tion ra tio shows that higher in ten sity of ver ti cal 
con vec tion of air in warm seasons which brings the air-masses from higher altitudes.
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