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Introduction 

The concentration of 14C in the atmosphere rose up rapidly after nuclear weapons tests and finally its 
activity was multiplied by factor two [1,2]. After the nuclear moratorium the concentration of 14C started 
to decline due to the wide spectrum of the exchanging processes between the atmosphere and another 
carbon reservoirs. Interactions with ocean, stratosphere and terrestrial biosphere play major role in these 
processes [1,2]. In the atmosphere there are also other radiocarbon sources and sinks with the significant 
impact. The main sources of 14C in the stratosphere are nuclear reactions with the thermal neutrons and 
nitrogen nuclei at which 14C is created. The 14C is not stable carbon isotope, so its concentration decreases 
by the (3-decay with the half-life about 5730 years [3], The 14C/12C ratio in the atmosphere decreases also 
by the adding of the fossil inactive C 0 2 into the atmosphere. The above mentioned phenomenon is 
commonly called Suess effect. 

In this paper there are presented the series o f the 1 4C0 2 measurements recorded during more than 
20 year's period in Slovak localities of Bratislava and Zlkovce. The samples taken in Bratislava station 
(48° 9' N, 17° T E, 164 m a. s. 1.) with 0,5 milion inhabitants correspond to the highly industrialised 
region. Zlkovee (48° 29' N, 17° 40' E, 162 m a. s. 1.) is situated approximately 60 km NE from Bratislava 
in a flat agricultural area. The nearest pollution source that can influence the 14C concentration in the 
atmosphere is the nuclear power plant Jaslovske Bohunice, approximately 5 km W N W from Zlkovce. 

Methods 

For the carbon isotope measurements in the atmosphere the monthly large-volume samples o f the 
atmospheric C 0 2 have been continuously collected at a height of 15 m above the ground surface by the 
dynamic absorption of C 0 2 in NaOH solution [4], Further CH4 was prepared from the sample for a filling 
of the low-level proportional counter, which was used for the counting of the 14C decays [5]. 
A few m i o f C 0 2 liberated from the sample in form of BaC0 3 were analysed using a mass spectrometer 
for the determination of the isotopic ratio 

of 13C/12C. The ô14C values were calculated relative to NBS 
oxalic acid activity and their standard deviations are on the level of ± 6 %o. Results are presented as the 
A14C values and they were obtained from the 814C values by the correction on the isotopic fractionation. 

Results and discussion 

Both of the data series, as can be seen in Fig.l , show the obvious variations with the attenuating amplitude 
and with the decreasing mean value. The decrease of the mean value is caused by an exchange of the 14C 
between the atmosphere and surrounding carbon reservoirs. The interactions between the atmosphere-
ocean and the atmosphere-terestrial vegetation play a dominant role in the exchanging processes. Under 
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these conditions w e can observe the decrease of the 14C atmospheric activity with the mean lifetime 
significantly smaller than is expected according to the 14C (3-decay [6,2], 
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Fig. 1. The A C data series from Bratislava (black line) and Zlkovce (grey line). 

Moreover, there are seen the seasonal variations with the different periods superposed on the long-
term trend and the accidental deviations too. The variations of the 14C activity depend on the 
meteorological and climatic conditions and on the periodical changes of the carbon reservoirs transitional 
characteristics [2], The amount of the emitted fossil C 0 2 into the atmosphere is also periodical and it 
depends strongly on a season. As a result we can observe the variation of the A I 4C with a maximum in 
summer and minimum in winter months each year. Probably it is a combination of the Suess effect and the 
change of the tropopause height. In winter the tropopause is situated lower than in summer months when it 
reaches up to the lower stratosphere, the place o f the 14C origin. Therefore a lot of 14C gets into the 
troposphere by the turbulent f lows in summer months. 

In quest of the finding of the annual course of the A14C in a form o f some time-depended 
function, it was necessary to exclude the accidental extreme values from the data-sets, that are not 
supposed to be measured under the normal atmospheric conditions. The early data seems to be more 
rambling and therefore they were not analysed, but the data since 1995 have a typical periodical character. 
Year-by-year the harmonic analyses were carried out to find the best function to generalize the 
atmospheric 14C behaviour. The accomplished analyses show that the annual means and variation 
amplitudes decrease exponentially. The weighted mean of phase shift (<p) = ZťXf 2 ^ j / Z c r f 2 (where 0[ is 
the standard deviation of for both the localities is 0,38-2% with the dispersion at level of 25% (32%) for 
Bratislava (Zlkovce). In average it means that the annual maximum is shifted to the late July and 
minimum to the late January. As a consequence of the mentioned facts w e used the following function: 

y = Ae'a' + Be'M cos(co,t+(<p)) (1) 
to describe the A C data courses, where Gh = 2ji/T| is the basic frequency, T\ = 12 [month] is the period 

and {(p ) is the phase shift of the variation [2], B y means of the non-linear regression methods, the 
coefficients A, a, B, b and (<p) were obtained and they are presented in Tab. 1. 

B A ZL 

A 22758 1839,5 

a 0,056 0,03 

B 126832 15617 
b 0,089 0,069 

{(P) 27i • 0,38 2% • 0,38 

The coefficients A [%o] and B [%>] are dimensionless, the 
remaining coefficients have the following dimensions: 
a [year1], b [year1] and (q>) [rad]. 

Tab. 1. Determined coefficients in equation (1) for 
Bratislava and Zlkovce 

There is plenty o f factors that a f fec t the 1 4 C activity o n the regional level . Started from a 
w i n d b l o w i n g , through the eddy-d i f fus ion condi t ions to an intensity o f the local pol lut ion and the 
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indicator (the closer to zero - the higher symmetry degree). The obtained amplitude spectra show the high 
level of the symmetry, considering that the zeroth element is negligible in both the cases « V ) = - 0,008 %o 
for Bratislava and - 0,002 %o for Zlkovce). In an agreement with the assumption, the basic frequency C0i = 
2rc/12 [month-1] is the most dominant. It shows that an amount of the 14C in the atmosphere is under the 
dominant influence of the cyclic processes with the period of T = 12 [month]. The next fundamental 
question is if the 14C data from both the localities are in a correlation or not. Because Bratislava and 
Zlkovce are not too far from each other in a global scale, some kind of the atmospheric bond (e.g. 
generated by the atmospheric transport processes) can be expected. The analysis confirms the mutual 
correlation, which can be described by the linear equation A 1 4 C Z L = 0,57 ( A 1 4 C B A ) + 44,75 with the 
correlation coefficient R2 = 0,43. 

Conclusion 

The AI4C in the atmosphere have been measured and studied in two localities of Slovakia. The 
accomplished analysis proved the existence of the annual variations of the A14C with the attenuating 
amplitude and decreasing mean value. It seems to be logical and physically correct to describe the A14C 
time-dependence by the equation: y = A e"at + B e " bt cos(cDit+(<p )). The coefficients A, a, B, b, ((p ) are 
listed in Tab.l for both the localities. The observed variations of the A14C have a maximum in summer and 
minimum in winter. Probably it is caused by the higher requirement of the heat supply in winter season 
which is connected directly with the fossil C 0 2 emissions and more intensive Suess effect. Summer 
maximum could be explained by the combination of the lower C 0 2 emission rate and higher turbulent 
transport of the stratospheric 14C to the troposphere. Using the Fourier harmonic analysis the amplitude 
spectra of the average annual variations were plotted. The obtained result shows that the variations have 
the high degree of symmetry. Furthermore, the obtained basic frequency (Oi = 2%!\2 [month -1] proves that 
the cyclic processes with the period of T = 12 [month] have a major influence on the I4C amount in the 
troposphere. The presence of some higher-order harmonics is significant, but a physical interpretation has 
not yet been clear. In addition to the main frequency there are presented also 2(0, and 3coi in Bratislava 
and 4CD] in Zlkovce data-set. 

The long-time average of the A14C in Zlkovce during years 1995-2004 is higher of about 6,6%o 
than in Bratislava. It represents an unique evidence that the local C 0 2 pollution affects the 14C activity. 
The correlation on the level R2 = 0,43 was found between Bratislava and Zlkovce atmospheric A14C data. 
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