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Ab stract: The tem po ral vari a tions of con cen tra tion of cosmogenic radionuclide 7Be in the at mo sphere

in Slovakia in time pe riod 1981-2005 are pre sented in this work. The mea sure ments were per formed in

two in ter vals 1981-1994 and 2001-2005 in two lo cal i ties of Bratislava and ob tained re sults were
checked for cor re la tion with so lar ac tiv ity cy cle. Ac tiv ity con cen tra tions of 7Be show sea sonal vari a tions 
with ob vi ous one or two max ima in spring to fall pe riod and a min i mum in win ter. The mean of 7Be

con cen tra tion in low level at mo sphere is (2.43 ± 0.10) mBq.m-3 for the time pe riod 2001-2005. This
value is com pa ra ble to other lo ca tions in Slovakia and other coun tries.

1. In tro duc tion

The radionuclide 7Be (half-life 53.5 days) is formed by cos mic ray spallation of ni tro gen and
ox y gen in the at mo sphere. 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 re main ing 30 % in the tro po sphere [1]. Newly pro duced at oms dif fuse in 
the at mo sphere un til they en coun ter aero sol par ti cles to which they at tach. 7Be at ta ches to
fine par ti cles with di am e ters be tween 0.7 and 1.1 mm [2]. The res i dence time of  7Be in the
strato sphere is around one year and in the tro po sphere is about 3-5 weeks [3].

The at mo spheric aero sols are submicron par ti cles, on which the el e ments of solid or
liq uid state pres ent in the air are at tached. The aero dy namic size of at mo spheric aero sol
de ter mined the de gree of bi o log i cal ef fect on hu man or gan ism. They are ob vi ously sorted
ac cord ing their size into: (a) the Aitken nu clei mode (from 0.003 to 0.07 mm, av er age
0.015 mm), (b) the ac cu mu la tion mode (from 0.07 to 2 mm, av er age 0.3 mm) and (c) the
coarse mode (from 2 to 36 mm, av er age >10 mm).

Cosmogenic radionuclide 7Be is used as tracer of strato spheric air masses and in stud -
ies of at mo spheric trans port pro cesses and cir cu la tion. Con sidering that 7Be has pure out -
door or i gin it is used as a tracer in ex per i ments ex am in ing in gress of aero sols into
build ings [4]. Its sea sonal vari a tions ap pear to show the ef fect of four fac tors [5]:

(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 rain fall.
Con cen tra tions of 7Be in low-level at mo sphere vary on the level mBq.m-3. Vari a tions

of 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.
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Now a days ra dio ac tiv ity of at mo sphere is con tin u ously mon i tored in many places all
over the world [6–11]. Also in Slovakia, at the Fac ulty of Math e mat ics, Phys ics and In for -
ma tics, there is a long tra di tion of mea sur ing the ra dio ac tiv ity of the low-level at mo sphere
[12–14].

2. Ex per i men tal and Methods

In the time pe riod 1981–1994 sam ples were col lected at the Hydro meteoro logi cal In sti -
tute in Bratislava – Koliba [12]. Aero sol par ti cles were cap tured us ing the com mer cial fil ter
(SIXPOR3 – the col lec tion ef fi ciency al most 10 %) with a very dense struc ture able to cap -
ture low-dispersive aero sols. The fil ters were ex posed for up to one month and the to tal vol -
ume of pumped air was mea sured. Af ter ex po si tion the ac tiv ity con cen tra tion of 7Be was
mea sured by anal y sis of 477.6 keV gamma-rays us ing Ge(Li) de tec tor with pas sive and ac -
tive shield ing. The cal cu lated ac tiv ity was cor rected for the ra dio ac tive de cay dur ing the
sam pling time and dur ing the time be tween the end of col lect ing and the mea sure ment. 

Since the year 2001 there is the sam pling lo ca tion at the Me te o ro log i cal Sta tion near
the Fac ulty of Math e mat ics, Phys ics and In for ma tics, Comenius Uni ver sity, Bratislava. At 
height of 2.85 m above the ground aero sol par ti cles are col lected on the ni tro-cel lu lose
mem brane fil ters (PRAGOPOR – the size of pores 0.85 mm, the col lec tion ef fi ciency ap -
prox i mately 100 %) us ing the sam pler de vice with an air-flow rate of 30 m3.h-1. The fil ters 
have been changed ev ery week and dur ing each sam ple pe riod about 3000 m3 of air were
fil tered. In Sep tem ber 2004 the new sam pling de vice was launched and the vol ume of
pumped air in creased two times. Cor rec tions for tem per a ture and the re duced pres sure
were made to eval u ate right vol umes of pumped air. Af ter ex pos ing in the sam pler de vice
the fil ters have been mea sured by stan dard gammaspectrometry with a semi con duc tor
HPGe de tec tor with a be ryl lium win dow placed in the low-back ground shield. The 7Be ac -
tiv ity con cen tra tions were cal cu lated by the de tec tion of emit ted 477.6 keV gamma-rays.
Cor rec tions for 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 er ror of the method is bel low 5 %.

3. Re sults and Dis cus sion

Tem po ral vari a tions of monthly ac tiv ity con cen tra tion of 7Be in low-level at mo sphere of 
Bratislava in time pe riod 1981–2005 are pre sented in Fig. 1. In the pe riod 1981–1994,
151 monthly sam ples were col lected. The con cen tra tions of 7Be ranged from 0.70 mBq.m-3

in De cem ber 1990 to 8.69 mBq.m-3 in July 1994, with the mean (3.15 ± 1.22) mBq.m-3.
Dur ing mon i tor ing pe riod from March 2001 to April 2005, 123 sets of aero sol fil ters were
sam pled and the con cen tra tions of 7Be var ied be tween 0.59 mBq.m-3 in April 2001 and
5.28 mBq.m-3 in April 2005 with the mean value (2.43 ± 0.10) mBq.m-3.

Fig. 2 shows the dis tri bu tion his to gram of monthly ac tiv ity con cen tra tions of 7Be for the
mon i tored pe riod 1981–2005. Fre quency curve was fit ted with the Gaussi an func tion. The
cor re la tion co ef fi cient is 0.977 and the cen tre of the peak is (2.84 ± 0.05) mBq.m-3.

 Com paring the av er age val ues for the two sam pling pe ri ods, the one from 1981–1994 is
higher. This dif fer ence is re lated to changes of the pro duc tion rate dur ing the time. In Fig. 4
the an nual av er age ac tiv ity con cen tra tions of 7Be and sun spot num bers for the in ves ti gated
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Fig. 1. Tem po ral vari a tions of ac tiv ity con cen tra tions of 
7
Be in low-level at mo sphere in Bratislava for

the pe riod 1981�2005.

Fig. 3. Cor re la tion re la tion ship be tween an nual av er ages of ac tiv ity con cen tra tions of 
7
Be and sun spot

num ber for the pe riod 1981�2004.

Fig. 2. Fre quency dis tri bu tion of monthly ac tiv -
ity con cen tra tions of 

7
Be for the pe riod

1981�2005. Fitted with the Gaussi an func tion
with cor re la tion co ef fi cient = 0.977. The cen tre
of the peak is (2.84 ± 0.05) mBq.m

-3
.



pe riod are pre sented. The flux of pri mary ga lac tic cos mic rays in the Earth’s at mo sphere de -
creases in the years cor re spond ing to a high sun spot num ber, whereas it in creases in the
years when the Sun is rel a tively calm. Ow ing to this in verse cor re la tion the pro duc tion rate
of  cosmogenic radionuclides de creases with in creas ing sun ac tiv ity and vice versa. The pe -
riod 1981–1994 cov ers the end of 21st so lar cy cle and al most whole 22nd so lar cy cle. But the
sam pling pe riod since 2001 be gins in the tail part of the last so lar cy cle 23 and the in crease
of the an nual av er age ac tiv ity con cen tra tion of 7Be in the next years is ex pected.

The sea sonal vari a tions of 7Be ac tiv ity con cen tra tions are ana lysed by sea sonal in di -
ces, de fined as ra tios of the mean monthly ac tiv ity con cen tra tion and the over all av er age
con cen tra tion in the mon i tored pe riod. Sea sonal in di ces for the two sam pling pe ri ods are
pre sented in Fig. 5. The high est val ues of ac tiv ity are ob served dur ing spring and sum mer
terms. It is an ef fect of air-mass trans port from strato sphere to tro po sphere in duced by
heat ing of the Earth’s sur face. The ris ing tem per a ture en hances the ex change of mat ter be -
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Fig. 4. An nual av er ages of  ac tiv ity con cen tra tions of 
7
Be in low level at mo sphere in Bratislava and sun -

spot num ber for the pe riod 1981�2004.

Fig. 5. Sea sonal in di ces (ra tio of monthly mean and over all av er age of ac tiv ity con cen tra tion) of ac tiv ity
con cen tra tion of 

7
Be in low-level at mo sphere in Bratislava for two time pe ri ods, 1981�1994 and

2001�2004.



tween the air res er voirs with con se quent trans port of cosmogenic radionuclides to
low-level at mo sphere. The in tru sions of strato spheric air into the tro po sphere are pro -
cesses oc cur ring dur ing the up ward move ment of tropo pause. On the con trary in cold
months these ex change pro cesses are re duced and as a re sult the sup ply of 7Be pro duced in 
higher lay ers of at mo sphere de clines.

In mea sured data ap peared a new fea ture in typ i cal sea sonal vari a tion pat tern. It is the lo -
cal min i mum in sum mer, in June or July, ev i dent from the com par i son of sea sonal vari a tions 
of ac tiv ity con cen tra tions of 7Be in Bratislava in pe ri ods 1981–1994 and 2001–2004
(Fig. 4). The older data does not in di cate such a fea ture ob serv able in pres ent mea sure ments. 
Sim i lar trend is ob serv able in data from Prague [10] and from other lo ca tions in Slovakia. It
may in di cate the mod i fi ca tion of char ac ter of weather sum mer sea son in mid dle Eu rope re -
gion. On the ter ri tory of Slo vak Re pub lic are few in sti tu tions which are mon i tor ing the ra -
dio ac tiv ity of aero sol con tent of at mo sphere. Be sides the lab o ra tory at the De part ment of
Nu clear Phys ics and Bio phys ics, there are the Lab o ra tories of Ra di a tion Con trol of Vi cin ity
of Nu clear Power Plants (NPP) Jaslovske Bohunice and Mochovce, and Slo vak Hy dro-Me -
te o ro log i cal In sti tute (SHMI). In the sur round ings of NPP J. Bohunice are 8 sta tions, near
NPP Mochovce are 13 mon i tor ing sta tions and un der au thor ity of SHMI come 3 sta tions.
Apart from other radionuclides is in these mon i tor ing sta tions also cosmogenic 7Be de ter -
mined. It has to be taken into con sid er ation that main rea son of mea sure ments is con tin ual
mon i tor ing of neigh bour hood of power plants. How ever, for pur poses to show trends of sea -
sonal in di ces are this data fully suit able.

Figs. 6–8 pres ent sea sonal in di ces of  7Be ac tiv ity con cen tra tions in three sta tions un der
the au thor ity of SHMI, five se lected sta tions in the neigh bour hood of NPP J. Bohunice and
five se lected lo ca tions near NPP Mochovce. The lo cal min i mum is clearly ob serv able in the
fig ures in sum mer. We sup pose this ef fect is con nected with changes of global cli mate and as -
so ci ated changes of at mo spheric cir cu la tion. The air masses forming tropic and subtropic area
are shifted to the mid dle lat i tude more in ten sively. Con cen tra tions of cosmogenic
radionuclides in the mid dle lat i tude lo ca tions de scend ow ing to lower con cen tra tions in these
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Fig. 6. Sea sonal in di ces of ac tiv ity con cen tra tion of 
7
Be for three sta tions un der au thor ity of SHMI for

pe riod 1998�2003 in Stropkov, 1996�2003 (with out year 1998) in Luèenec and 1996�2003 (with out
years 1999�2001) in Liesek.



air masses com pared to air orig i nat ing from higher lat i tudes. Full ex pla na tion needs a long-
term mon i tor ing of ac tiv ity con cen tra tion of 7Be and fur ther study of this prob lem.
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Fig. 7. Sea sonal in di ces of ac tiv ity con cen tra tion of 
7
Be for pe riod 1995�2002 in five sta tions in the vi -

cin ity of NPP Jaslovské Bohunice.

Fig. 8. Sea sonal in di ces of ac tiv ity con cen tra tion of 
7
Be in for pe riod 1998�2002 in five sta tions in the vi -

cin ity of NPP Mochovce.



Location Period Concentration

[mBq.m-3]

Average

[mBq.m-3]

Bratislava 1981–1994 0.70–8.69 3.15 ± 0.10

2001–2005 0.59–5.28 2.43 ± 0.10

 NPP 

J. Bohunice

J. Bohunice 1995–2002 0.67–5.18 2.45

Krakovany 0.43–5.48 2.63

Pieš•any 0.68–5.18 2.13

Trnava 0.73–10.37 3.12

Žlkovce 0.33–8.41 2.97

NPP
Mochovce

Zl. Moravce 1998–2002 0.28–6.65 3.04

Èifáre 0.27–5.77 2.70

Kalná 0.30–6.61 3.04

Mochovce 0.52–6.60 2.81

Vráble 0.58–5.66 2.75

SHMI

Stropkov 1998–2003 0.23–4.10 1.68

Luèenec 1996–1997, 1999–2003 0.52–3.70 1.72

Liesek 1996–1998, 2002–2003 0.15–3.84 1.46

Ta ble 2. Ac tiv ity con cen tra tions of 
7
Be in low-level at mo sphere in six dif fer ent lo ca tions.

Location Period Concentration

[mBq.m-3]

Mean

[mBq.m-3]

Neuherberg – Germany [15] 1994–1996 1.40–6.70 3.33

Granada – Spain [7] 1993–2001 1.50–7.60 4.45 ± 1.35

Monaco [16] 1997–2000 1.50–7.24 4.21

El-Minia – Egypt [11] 1998–1999 1.10–3.00 2.0 ± 0.09

Prague [10] 1986–2002 1.01–7.07 2.92

Ta ble 2 pres ents ac tiv ity con cen tra tions of 7Be in six dif fer ent lo ca tions. The con cen -
tra tion of 7Be mea sured in Bratislava com pared to other lo ca tions seems to be low, but it is
a re sult of anticorrelation be tween the pro duc tion of cosmogenic radionuclides and the
sun ac tiv ity. Mon i tored pe riod 2001–2004 does not cover the en tire 11-year sun cy cle, but
only the pe riod with in creased sun ac tiv ity. 

4. Con clu sion

The con cen tra tions of radionuclide 7Be for the mon i tor ing pe riod 2001–2005 ranged
from 0.59 to 5.28 mBq.m-3 with the mean value (2.43 ± 0.10) mBq.m-3 and show sea sonal
vari a tions. Ac tiv ity of aero sol com po nent of low level at mo sphere in Bratislava shows typ i -
cal val ues of air ac tiv ity con cen tra tions of 7Be for Eu ro pean area. The newly ob served lo cal
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Ta ble 1. Ac tiv ity con cen tra tions of 
7
Be in low-level at mo sphere in 14 sam pling lo ca tions in Slovakia.



sum mer min i mum can be ex plained as the re sult of cli ma tic changes when the in ten sity of
hor i zon tal advection in creases. This prob lem needs more anal y ses and fur ther stud ies.
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