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Three sets of data covering the 2004-2007 period are examined: two beryllium-7 se-
ries and ozone measured in ground level air. The measuring sites are at three different
locations in Belgrade, Serbia. The temporal evolution of beryllium-7 and ozone is pre-
sented, as well as their mutual correlations. Beryllium-7 data for Belgrade agree well
with the results for other locations in the region. The correlation between two beryl-
lium-7 data sets is 0.57. The results for ozone indicate that Belgrade is not a common
continental site, as the maximum in ozone distribution is reached in springtime. The
overall correlation between beryllium-7 and ozone is good, but varies over different
seasons. A large correlation (0.67) is noted between beryllium-7 measured at the site
in Vin¢a, Serbia, and the monthly maximum ozone in autumn. An analysis which as-
sumes the transport of air masses from the stratosphere, along which the only process
changing the air mass composition is radioactive decay of beryllium-7, does not con-
clusively confirm the high correlation between beryllium-7 and ozone in autumn.

Key words: ground level air, beryllium-7, ozone, stratosphere-troposphere exchange

INTRODUCTION

Beryllium-7 ("Be) and ozone (O;) are atmo-
spheric constituents which have distinct concentra-
tions and behaviour in the stratosphere and the tropo-
sphere.

"Be is aradioactive element (half-life 53.3 days)
produced by cosmic rays in spallation processes, in the
lower stratosphere (~70%) and the upper troposphere
(~30%) [1]. Following production, "Be is promptly at-
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tached to aerosols with a diameter of 0.3-0.6 pum
whose residence time in the atmosphere is around 20
days [2]. In the troposphere, apart from its decay, "Be
is removed by wet deposition (the major mechanism
for removal) and dry deposition [1]. In ground level
air, the residence time of "Be is around 10 days [3].
Ground level "Be has been measured in Bel-
grade, Serbia, since 1996, as a part of the air radioac-
tivity monitoring programme in the Vinca Institute of
Nuclear Sciences. Todorovic et al. [4, 5] reported that
the measured values of "Be in Belgrade air are in good
agreement with the data for other regions, and showed
that the "Be activity reaches its maximum in summer.
Most of O5 in the atmosphere is produced in the
stratosphere [6]. In the troposphere, O; is formed in
photochemical reactions and its distribution is
strongly dependant on the availability of source gases,
as well as meteorological conditions [7, 8]. The aver-
age amount of ozone in the troposphere is approxi-
mately 10% of the total ozone [9], but it can be as low
as 5% in unpolluted areas [10]. Ground level ozone is
of special interest because of its adverse effects on
ecosystems and the environment in general [9].
According to numerous studies which have re-
ported the O5 annual cycle, Monks [11] classified the
measuring sites into two groups: the ones that have a
broad maximum in summer and the ones that have a
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spring maximum. Continental sites influenced by pol-
lution, whereby photochemical production of ozone is
enabled, comprise the first group [11]. Likewise, Di
Carlo et al. [12] reported a July maximum in ground
level O; measured in central Italy. Although there are
no data for the Balkans in Monks’ [11] report, it is ex-
pected that Belgrade should fall into this group. The
spring maximum (May) was noted at coastal sites,
such as along the North and the Baltic Sea [11].

Coincidental measurements of "Be and O, both
of which can be used as stratospheric tracers [13-16],
have proved to be very informative of the atmospheric
processes. The tropospheric budget of "Be and Oy is
influenced by the stratosphere-troposphere exchange
(STE), whereby stratospheric air masses enter the tro-
posphere, thus changing the composition of the tropo-
sphere [17]. Since "Be and O concentrations are much
higher in the stratosphere, an intrusion of stratospheric
air can be detected through elevated concentrations of
these constituents in the troposphere [18].

In the uppermost troposphere, an STE event can
be readily discerned before the transported air mass
loses its stratospheric characteristics. This phenome-
non has been documented in a number of studies
[19-21]. On the other hand, an analysis of an aged
stratospheric intrusion is more complicated, since var-
ious mechanisms in the troposphere diminish the
stratospheric signature [19]. Fewer STE events were
detected in the middle troposphere [1, 22], because by
the time the lump of stratospheric air reaches those al-
titudes, the signatures are usually gone. Furthermore,
there are examples of deep stratospheric intrusions
reaching the surface [23, 24].

Despite the difficulties in identifying air of
stratospheric origin at the surface, some studies used
the correlation between 'Be and O, to quantify the
contribution of stratospheric O5 to ground level O,
[13] or to examine whether coincidental elevated lev-
els of "Be and O; were caused by an intrusion of strato-
spheric air [25].

In this paper, concentrations of 'Be and O; mea-
sured at different locations in Belgrade are presented.
The results for "Be and Oy are first discussed sepa-
rately, in order to examine whether Belgrade is an un-
common site. The correlation between "Be and Oy is
also given and the results discussed in detail.

MATERIALS AND METHODS

Aerosol samples for "Be measurements were col-
lected using constant flow rate samplers (average air
flow of 25 m3/h) and FILTRAK/WHATMAN 41/DDR
filter papers (15 cm in diameter, with a relative effi-
ciency for deposited dust of 80%), at two locations: at
the Vinca Institute of Nuclear Sciences (hereinafter,
Vinca), in a Belgrade suburb, and in Karadjordjev park
(hereinafter, KP), in the centre of the city. Monthly

composite samples (average volume of 15-10° m?) were
formed after ashing at temperatures below 400 °C. The
monthly samples were then placed in small metallic
containers (inner diameter of 25 mm, outer diameter of
27 mm and height of 4 mm) and analysed [4].

The activity of "Be was determined on two Can-
berra HPGe detectors (with relative efficiencies of 20%
and 23%) by standard gamma spectrometry. Energy
calibration was preformed with a set of standard point
sources (Coffret d’etalon gamma ECGS-2, Sacle,
France) containing '**Ba, >"**Co, and '*’Cs. Geometric
efficiency was determined with the IAEA-83 (AIR4)
simulated air filter (a filter paper spiked with a solution
of 9Co, S, 133Ba, 137Cs, and 2!°Pb; 219Pb activity 155
Bq, with an uncertainty of 5%). Mathematical approxi-
mations were used to estimate the efficiency for the ge-
ometry of the composite sample. Counting time inter-
vals were between 150000 s and 250000 s. The
background spectrum was regularly recorded prior to or
after sample counting. The total standard error of the
method (including the relative uncertainties in geomet-
ric efficiency estimation, photopeak counts estimation,
sample volume determination, efc.) was estimated to be
below 25%. The lower detection limit for 'Be was
1-107 Bg/m® [4].

Ozone measurements were performed by the
APOA-360 HORIBA Ambient O; Monitor (the method
based on UV 254 nm absorption: DIN ISO 13964 “Am-
bient air quality — Determination of ozone in ambient air
— ultraviolet photometric method”). The lower detect-
able limit of the method is 0.4 parts per billion (20). The
monitor is located at a site in New Belgrade, approxi-
mately 10 km away from the city centre (KP). Hourly
average ozone data covering the 2004-2007 period are
available.

RESULTS AND DISCUSSION

Monthly mean values of "Be measured at two
sites (KP and Vinca) and O; (measured in New Bel-
grade) over the 2004-2007 period are given in fig. 1.
The two "Be data sets show a good agreement, al-
though in 2004 and at the beginning of 2005, "Be in
Vinga was consistently higher than "Be in KP. The lin-
ear Pearson correlation coefficient for the two "Be data
sets is 0.57.

"Be and O, both show a very similar annual cy-
cle, which can be seen more clearly in figs. 2 and 3.
The maximum in "Be concentration in Vinéa is
reached in May and June, while the maximum at KP is
broader (includes the month of April). Both data sets
show the minimum in late autumn and winter (fig. 2).
Ozone monthly distribution shows the maximum in
May, with high values throughout spring and summer,
a slow decrease in autumn, followed by a relatively
sharp increase in winter (fig. 3).
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These results agree well with other Belgrade stud-
ies [4, 5] and with results obtained at other locations in
Europe. For example, Durana et al. [26] presented the
1977-1994 results for the Bratislava atmosphere, show-
ing that the "Be activity rarely exceeded 6 mBg/m?, and
that it reached the maximum in June. Likewise, over
1993-1997 Azahra et al. [27] measured 'Be in Granada,
and demonstrated that the highest values were reached
in summer. Similar results for ground level "Be were
shown by Irlweck et al. [25] and others [2, 16,28-30].

The monthly mean O; values in the examined pe-
riod were below 70 ugh?® (fig. 1). However, the
monthly maximum for O (not shown in fig. 1) ex-
ceeded the 150 pg/m? yearly summer threshold.
Therefore, a more detailed analysis should be per-
formed in order to reach sound conclusions about
ground level O; behaviour in Belgrade.

The O, annual cycle is obvious in figs. 1 and 3,
with minima in winter and maxima in May. In this re-
spect, Belgrade does not fall into the category of pol-
luted continental sites [1, 11]. The springtime maxi-
mum is considered a consequence of transport and
photochemistry interplay [1, 11]. The four examined
years might, however, be insufficient to draw a defi-
nite conclusion. An extension of the O, data set should
resolve whether the May maximum, higher by approx-
imately 5% than the means in other spring and summer
months (fig. 3), is only a part of a very broad
spring-summer maximum.

To further analyse the behaviour of "Be and
O;, seasonal indices were calculated [5]. A monthly
seasonal index represents the ratio of the monthly
mean value and the overall average value for the ex-
amined period. A quarterly seasonal index is the
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Table 1. Seasonal indices for 'Be in Vin¢a and at KP and for 03, 2004-2007

Month 12 1 2 3 4 5 6 7 8 9 10 11
"Be (Vinca)| 0.58 0.60 0.64 1.08 1.20 1.42 1.43 1.25 1.23 1.13 0.86 0.58
Be (KP) | 0.46 0.54 0.69 0.99 1.40 1.34 1.43 1.24 1.09 1.22 0.91 0.70
O, 0.27 0.60 1.03 1.45 1.39 1.53 1.41 1.38 0.99 0.87 0.61 0.48
Quarter Winter Spring Summer Autumn
"Be (Vinca) 0.61 1.23 1.30 0.86
Be (KP) 0.56 1.24 1.25 0.94
O, 0.63 1.46 1.26 0.65

mean of the three monthly indices for the corre-
sponding season, i. e., December, January, and Feb-
ruary for winter, March, April, and May for spring,
June, July, and August for summer, and September,
October, and November for autumn. The seasonal
indices are given in tab. 1.

As can be seen from tab. 1, both "Be and O con-
centrations are higher than the overall mean, but there
is a lag in "Be concentration compared to O; concen-
tration: O; concentration becomes higher than the
overall mean in February, and drops below the mean in
September, while "Be concentration shows this same
behaviour in March and October.

To quantify the correlation between "Be and O,
linear Pearson correlation coefficients were calculated
for the whole set of experimental data, as well as for
different seasons. The results are given in tab. 2.

The overall correlation (columns denoted by
“All” in tab. 2) between "Be and O;, both mean and
maximum, is good. The correlation for the mean O; is
poor in winter and spring, and also in summer for the
maximum Oj. A strikingly large correlation exists be-
tween "Be at the Vinca site and the maximum O, in au-
tumn.

Correlation coefficients between 'Be and O,
have been previously reported in a number of studies.
For example, Allen ef al. [1] obtained the "Be/Oj cor-
relation coefficients in the range of 0.5-0.7 for the
lower troposphere (only free troposphere was exam-
ined in the study), and concluded that in the tropo-
spheric layer "Be can be used as a tracer, even if not a
very good one. Our results, however, show that in
spring, in the boundary layer, "Be is not significantly
correlated with O;.

The large correlation coefficient in autumn (tab.
2) could indicate that "Be and the maximum O, are
governed by the same processes. One possible expla-

nation is the existence of the downward transport from
higher altitudes. However, the monthly mean values of
"Be and Oy in autumn (fig. 1) do not show an obvious
increase in either of the concentrations (the same
stands for the maximum O;), which would support the
assumption of stratospheric air reaching lowermost
parts of the troposphere. On the other hand, the
monthly mean values are probably too coarse to di-
rectly show an intrusion of air from the stratosphere.
Daily and hourly values are more appropriate and have
been widely used [19, 25]. Our study, however, is lim-
ited by the fact that only the monthly mean "Be data
were available.

Nevertheless, assuming that during the autumn
months, some of the air masses sampled in Belgrade
originated in the stratosphere, a relatively simple anal-
ysis was performed using the monthly mean values.
The analysis consisted of three basic steps. In the first
step, it was assumed that a stratospheric air mass, char-
acterized by a constant value of the "Be/Oj ratio, en-
tered the troposphere. In the second step, it was as-
sumed that the descent of the stratospheric air mass
took one month, during which the stratospheric
"Be/O; ratio was changed solely due to the "Be decay.
Finally, in the last step, it was assumed that at the sur-
face, where the air mass was sampled, a tropospheric
value of the 7Be/Oj ratio could be used to identify the
air mass of stratospheric origin. Therefore, one of the
aims of the analysis was to obtain the tropospheric
"Be/O, ratio of stratospheric air masses.

To calculate the tropospheric "Be/Oj ratio, the
results of two studies were used. Dutkiewicz and
Husain [13] showed that over the April-June period,
the average stratospheric "Be/Oj ratio is 0.4 mBg/m?’
per parts per billion by volume (02 mBqjug). On the
other hand, Stohl et al. [19] examined a prominent
STE event over three Alpine peaks in October 1996,

Table 2. Linear Pearson correlation coefficients of "Be and Os; the coefficients with the absolute value belonging to
[0.3, 0.5) and [0.5, 1.0], indicating a medium and a large correlation, are given in italic bold, and bold, respectively

7Be Mean O, Maximum O;
All Winter Spring Summer | Autumn All Winter Spring Summer | Autumn
Vinca 0.52 0.13 -0.10 0.47 0.51 0.49 0.26 -0.13 0.26 0.67
KP 0.47 -0.05 -0.28 0.42 0.46 0.36 -0.16 -0.31 0.17 0.33
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and, according to their measured concentrations of
"Be and O,, the "Be/O, ratio varied between approxi-
mately 0.1 mBq/ug and 0.155 mBq/ug. These three
values were used in our analysis as the stratospheric
"Be/Oj ratios.

Once in the troposphere, the composition of
stratospheric air mass changes as a consequence of a
number of processes which independently influence
the amount of "Be and O;. 'Be decays (a primary
mechanism for loss) and is removed from the atmo-
sphere by wet scavenging (according to Allen et al.
[1], dry deposition plays a minor role). Ozone, on the
other hand, undergoes chemical reactions which can
either lead to O, production or destruction, depending
on the irradiation and the availability of ozone precur-
sors [11]. The photochemical life time of O5 in the tro-
posphere is long during months of low irradiation [31],
i. e. in autumn and winter. In our analysis, therefore, it
was assumed that the initial stratospheric value of
"Be/Oj, ratio was decreased only through "Be decay.

Considering that the descent of stratospheric air
masses takes about a month [ 14], and assuming that the
wet scavenging of "Be and mixing of air masses can be
neglected over that period, the tropospheric "Be/O, ra-
tios were calculated. The ratio of 0.2 mBq/ug from
Dutkiewicz and Husain [13] gave 0.134 mBq/ug as a
tropospheric "Be/Oj ratio, and the limits from Stohl et
al. [19] of 0.1 mBg/ug and 0.155 mBq/ug gave 0.067
mBq/ug and 0.104 mBq/ug, respectively. Using these
ratios, air of stratospheric origin could be identified
even if there were no obvious peaks in "Be and O, con-
centrations.

The "Be/O, ratios over the 2004-2007 period, cal-
culated from our measurements, are given in fig. 4. The
ratios were calculated for the monthly mean O; and for
the monthly maximum O,. Comparing the ratio of "Be
and mean Oj to the ratio value based on Dutkiewicz and
Husain [13], it could be concluded that air sampled dur-
ing September, October, and December 2004, and dur-
ing November and December 2006, carried the strato-
spheric characteristics. The upper ratio limit based on
Stohl et al. [19] also included November 2004 and Sep-

Figure 4. Ratio of monthly mean

~

tember 2005 as candidate months (as well as April and
June 2004). The lower ratio limit based on Stohl et al.
[19], on the other hand, indicated many occurrences of
stratospheric air sampling.

The monthly mean Os, however, is probably not
a good representative of the assumed unchanged
stratospheric Oj, as it is too liable to decrease caused
by mixing of tropospheric air. Therefore, the ratio of
"Be and the monthly maximum O, was also examined.
This ratio was below the lower ratio limit based on
Stohl et al. [19] throughout the examined period. Fi-
nally, the monthly mean of daily maxima of O; for the
autumn months was taken as a possible representative
of stratospheric O, which gave October 2004 as a can-
didate month for sampling air of stratospheric origin.

The above analysis does not conclusively ex-
plain the large correlation between "Be and the maxi-
mum O, In fact, only the examination of the "Be and
the monthly mean O, ratio confirmed the premise of an
aged stratospheric air. There is, therefore, a need to re-
fine the assumptions in many respects. For example,
the trajectories of air sampled in Belgrade during au-
tumn could be closely examined, along with the
amount of precipitation that the sampled air underwent
along the trajectories. Moreover, the stratospheric
"Be/O; ratio is of crucial importance in the proposed
method. Hourly and daily measurements of "Be and
O;, conducted at one measuring site, would also aid to
verify the origin of air masses in Belgrade.

Nevertheless, it is worth mentioning that the ba-
sic assumption of the analysis is valid. Stohl ez al. [19]
showed that the stratospheric intrusions above the Al-
pine peaks are most frequent in October, and that their
direct influence is stronger in the regions east of the
Alps. Therefore, it is reasonable to expect that at least
some of the stratospheric air masses reach Belgrade in
autumn. Furthermore, even though it was not shown in
the study of Stohl ef al. [19], they argued that strato-
spheric O; is not a negligible contributor to the bound-
ary layer O;. In other words, Belgrade may prove to be
a very good site to confirm the stratospheric influence
on ground level Os.
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CONCLUSIONS

Time series of 'Be and O, measured at three dif-
ferent locations in Belgrade over the 2004-2007 pe-
riod, were presented. The Be results show that Bel-
grade is similar to other urban sites, while the May
maximum in the O; data indicates that Belgrade does
not fall into the category of urban continental sites
characterized by a broad summer maximum. Addi-
tional O; data are needed to confirm this conclusion.

The correlation between the data sets was also
examined. The correlation coefficient between the two
"Be sets is 0.57. On the other hand, the correlation be-
tween 'Be and mean Oy is not as large and varies with
season. A large correlation coefficient of 0.67 was cal-
culated for "Be and the monthly maximum Oy in au-
tumn, which implies that their concentrations are
driven by the same processes.

To explain the high "Be to ozone correlation in
autumn, a relatively simple analysis was performed. It
was assumed that an aged stratospheric air was sam-
pled in Belgrade during autumn, and that the only
mechanism changing the air mass composition along
its descent was the radioactive decay of 'Be. The anal-
ysis confirmed the initial premise, but not conclu-
sively, and a more detailed study should be performed.

ACKNOWLEDGEMENTS

The paper was supported by the Ministry of Sci-
ence and Technological Development of the Republic
of Serbia, Projects No. 141012 and 141041. The au-
thors would also like to thank Dr. Gabriele Pfister for
her help in preparing this manuscript.

REFERENCES

[1]  Allen, D. J., Dibb, J. E., Ridley, B., Pickering, K. E.,
Talbot, R. W., An Estimate of the Stratospheric
Contribution to Springtime Tropospheric Ozone
Maxima Using TOPSE Measurements and
Beryllium-7 Simulations, J. Geophys. Res., 108
(2003), D4, DOI:10.1029/2001JD001428

[2]  Gaffney,J.S., Marley, N. A., Cunningham, M. M., Nat-
ural Radionuclides in Fine Aerosols in the Pittsburgh
Area, Atmos. Environ., 38 (2004), 20, pp. 3191-3200

[3] Baeza, A., Del Rio, L. M., Jiménez, A., Mir6, C.,
Paniagua, J. M., Rufo, M., Analysis of the Temporal
Evolution of Atmospheric 'Be as a Vector of the
Behavior of Other Radionuclides in the Atmosphere,
J. Radioanal. Nucl. Chem., 207 (1996), 2, pp. 331-344

[4] Todorovic, D., Popovic, D., Djuric, G., Radenkovic,
M., 'Be to 2!°Pb Concentration Ratio in Ground Level
Air in Belgrade Area, J. Environ. Radioact., 79
(2005), 3, pp. 297-307

[5] Todorovic, D., Popovic, D., Rajsic, S., Tasic, M.,
Radionuclides and Particulate Matter in Belgrade Air,
in: Environmental Research Trends (Ed. M. A. Cato),

(10]

[13]

[14]

[17]

(18]

Nova Science Publishers Inc., New York, USA, 2007,
Chapter 8, pp. 271-301

Brasseur, G., Solomon, S., Aeronomy of the Middle
Atmosphere, D. Reidel Publishing Company,
Dordrecht, The Netherlands, 1986, p. 452

Bossioli, E., Tombrou, M., Dandou, A., and
Soulakellis, N., Simulation of the Effects of Critical
Factors on Ozone Formation and Accumulation in the
Greater Athens Area, J. Geophys. Res., 112 (2007),
D02309, DOI:10.1029/2006JD007185

Zeng, G., Pyle, J. A., Young, P. J., Impact of Climate
Change on Tropospheric Ozone and Its Global Bud-
gets, Atmos. Chem. Phys., 8 (2008), 2, pp. 369-387
**% World Meteorological Organization / United Na-
tions Environment Programme, Scientific Assess-
ment of Ozone Depletion: 2002, Global Ozone Re-
search and Monitoring Project — Report No. 47,
Geneva, 2003

McKenzie, R., Smale, D., Bodeker, G., Claude, H.,
Ozone Profile Differences between Europe and New
Zealand, Effects on Surface UV Irradiance and Its Es-
timation from Satellite Sensors, J. Geophys. Res., 108
(2003), D6, DOI:10.1029/2002JD002770

Monks, P. S., A Review of the Observations and
Origins of the Spring Ozone Maximum, Atmos. Envi-
ron., 34 (2000), 21, pp. 3545-3561

Di Carlo, P, Pitari, G., Mancini, E., Gentile, S.,
Pichelli, E., Visconti, G., Evolution of Surface Ozone
in Central Italy Based on Observations and Statistical
Model, J. Geophys. Res., 112 (2007), D10316,
DOI:10.1029/2006JD007900

Dutkiewicz, V. A., Husain, L., Determination of Strato-
spheric Ozone at Ground Level Using "Be/Ozone Ra-
tios, Geophys. Res. Lett., 6 (1979), 3, pp. 171-174
Rehfeld, S., Heimann, M., Three Dimensional
Atmospheric Transport Simulation of the Radioactive
Tracers 2'°Pb, 'Be, "°Be, and *°Sr, J. Geophys. Res.,
100 (1995), D12, pp. 26141-26161

Gerasopoulos, E., Zerefos, C. S., Papastefanou, C.,
Zanis, P., O’Brien, K., Low-Frequency Variability of
Beryllium-7 Surface Concentrations over the Eastern
Mediterranean, Atmos. Environ., 37 (2003), 13, pp.
1745-1756

Dibb, J. E., Talbot, R. W., Scheuer, E., Seid, G.,
DeBell, L., Lefer, B., Ridley, B., Stratospheric Influ-
ence on the Northern North American Free Tropo-
sphere During TOPSE: "Be as a Stratospheric Tracer,
J. Geophys. Res., 108 (2003), D4, 8363,
DOI:10.1029/2001JD001347

Holton, J. R., Haynes, P. H., McIntyre, M. E., Douglass,
A.R.,Rood, R. B., Pfister, L., Stratosphere-Troposphere
Exchange, Rev. Geophys., 33 (1995), 4, pp. 403-439
Dutkiewicz, V. A., Husain, L., Stratospheric and
Tropospheric Components of 'Be in Surface Air, J.
Geophys. Res., 90 (1985), D3, pp. 5783-5788

Stohl, A., Spichtinger-Rakowsky, N., Bonasoni, P.,
Feldmann, H., Memmesheimer, M., Scheel, H. E.,
Trickl, T., Hiibener, S., Ringer, W., Mandl, M., The In-
fluence of Stratospheric Intrusions on Alpine Ozone
Concentrations, Atmos. Environ., 34 (2000), 9, pp.
1323-1354

Cristofanelli, P., Bonasoni, P., Collins, W., Feichter, J.,
Forster, C., James, P., Kentarchos, A., Kubik, P. W.,
Land, C., Meloen, J., Roelofs, G. J., Siegmund, P.,
Sprenger, M., Schnabel, C., Stohl, A., Tobler, L.,
Tositti, L., Trickl, T., Zanis, P., Stratosphere-to-Tropo-
sphere Transport, A Model and Method Evaluation, J.
Geophys.  Res., 108 (2003), D12, 8525,
DOI:10.1029/2002JD002600



J, Ajti¢, et al.: Ground Level Air Beryllium-7 and Ozone in Belgrade 71

[21] Cristofanelli, P., Bonasoni, P., Tositti, L., Bonafe, U., [26] Durana, L., Chudy, M., Masarik, J., Investigation of
Calzolari, F., Evangelisti, F., Sandrini, S., Stohl, A., A "Be in the Bratislava Atmosphere, J. Radioanal. Nucl.
6-year Analysis of Stratospheric Intrusions and Their Chem., 207 (1996), 2, pp. 345-356
Influence on Ozone at Mt. Cimone (2165 m Above [27] Azahra, M., Lopez-Pefialver, J. J., Camacho-Garcia,
Sea Level), J. Geophys. Res., 111 (2006), D03306, M. A, Gonziles-Gomez, C., El Bardouni, T,
DOI:10.1029/2005JD006553 Boukhal, H., Atmospheric Concentration of "Be and

[22] Galani, E., Balis, D., Zanis, P, Zerefos, C., 219b in Granada, Spain, J. Radioanal. Nucl. Chem.,
Papayannis, A., Wernli, H., Gerasopoulos, E., Obser- 261 (2004), 2, pp. 401-405

vations of Stratosphere-to-Troposphere Transport (28] Cannizzaro, F., Greco, G., R7aneli,'M., Spitale, M. C.,,
Events over the Eastern Mediterranean Using a Tomarchlo,. E., Behgwour of ‘Be Air Concentrzgtlon Qb'
Ground-Based Lidar System, J. Geophys. Res., 108 served DupngaPenodofB Years and Comparison with
(2003), D12, 8527, DOL-10.1029/20021D002556 Sun Activity, Nucl. Geophys., 9 (1995), 6, pp. 597-607

[23] Elbern, H., Kowol, J., Sladkovic, R., Ebel, A., Deep [29] Dueiias, C., Fernandez, M. C., Liger, E., Carretero, J.,

PO 7
Stratospheric Intrusions, A Statistical assessment Gross Alpha, G ross Beta . ACthltle? and B‘e

. . . Concentrations in Surface air, Analysis of Their
with model guided analyses, Atmos. Environ., 31

(1997), 19, pp. 3207-3226 Variations and Prediction Model, Atmos. Environ., 33

1999), 22, pp. 3705-371
[24] Zanis, P, Trickl, T, Stohl, A., Wernli, H., Cooper, O., [30] (1999), 22, pp. 3703-3715

p : b X | Duefias, C., Fernandez, M. C., Carretero, J., Liger, E.,
Zere. os, C., Gaegge er, H., Schnabel, C., Tobler, L., and Cafiete, S., Long-Term Variation of the Concentra-
Kubik, P. W,, Priller, A., Scheel, H. E., Kanter, H. J.,

tions of Long-Lived Rn Descendants and Cosmogenic

Cristofanelli, P., Forster, C., James, P., Gerasopoulos, E., "Be and Determination of the MRT of Aerosols, Atmos.
Delcloo, A., Papayannis, A., Claude, H., Forecast, Ob- Environ., 38 (2004), 9, pp. 1291-1301
servation and Modelling of a Deep Stratospheric Intru- [31] Liu, S. C., Trainer, M., Fehsenfeld, F. C., Parrish, D.
sion Event over Europe, Atmos. Chem. Phys., 3 (2003), D., Williams, E. J., Fahey, E. W., Hiibler, G., Murphy,
3, pp. 763-777 P. C., Ozone Production in the Rural Troposphere and
[25] Irlweck, K., Hinterdorfer, K., Karg, V., Beryllium-7 the Implications for Regional and Global Ozone
and Ozone Correlations in Surface Atmosphere, Distributions, J. Geophys. Res., 92 (1987), D4, pp.
Naturwiessenschaften, 84 (1997), 8, pp. 353-356 4191-4207

Jenena AJTUR, dparana TOONOPOBUR,
Anka PUJINUINIOBUR, Jenena HUKOJINHh

BEPMINIYM-7 1 O30H Y IIPUBEMHOM CJI0JY
ATMOC®EPE Y BEOIPANLY

Y nepuony o 2004. mo 2007. roguHe Ha TpH ToKanuje y beorpamy mepenu cy 6epuiinjym-7 u 030H
y IpU3eMHOM ciiojy armocdepe. bepunujym-7 mepes je y Bunuu u Kapabopbesowm napky, a o3on y Hopom
Beorpaay. Ananusupane cy ce30HCKe IpoMeHe KOHIIEHTpalyje Oepunnjyma-7 1 030Ha y Ba3AyXy U HUXOB
Mehycobnm ogHoc. [lobujene BpegHocTr 3a 6epunujym-7 y beorpamy He ofcrynajy o pe3yaraTa fooujeHux
Ha JIpyruM JioKalmjama y peruony. Kopenauuja usmeby jse rpyne noparaka 3a Gepusujym-7 (J‘IOKaI_[I/Ija
Bunua u nokanuja Kapabopbes HapK) je 0,57. [lobujeHn pe3ynraTu 3a 030H yKa3y]y na beorpaj Huje
yoOuuajeHa KOHTHHCHTAIHA IOKauuja, jep ce MaKCHMyM AMCTpuOyHHje O030Ha jaBba y mposche.
Kopenanuja usmeby 6epunujyma-7 1 030Ha TOKOM 4YUTaBOI MEPHOI Iepuopa je fodpa, ajau MOCToje
pasiMke Mo TOAUIIBEM JoouMa. Brucoka kopenanuja (0,67) moOujeHa je TOKOM jeceHu 3a Oepuiiujym-7
(;roxkaruja Burua) n MakcuMaiiHe MeceyHe KOHIEHTpalyje 030Ha. Biucoka kopenanuja n3meby fo6ujeHux
BPEIHOCTH 32 030H U OepmiInjyM-7 y IPU3EMHOM CIIOjy aTMOc(epe TOKOM jeCCHIX MeceI He MOXKe ce 'y
MOTIYHOCTH O0jaCHUTH CaMO TPAHCIIOPTOM Ba3AyIIHIX Maca U3 cTpatocdepe, Ipu YeMy je jeIuHYU MPOoIec
KOjU MEHa CcacTaB Ba3ylIHUX Maca paJMOAKTUBHY pacnaj Oepuamnjyma-7.

Kmwyune peuu: iipusemuu 8a3oyx, bepuiujym-7, 030H, pasmena cilipaitiocgepe u iwipotiocghepe



