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Activities of "Be and 210Pb were monitored in surface air in Belgrade, Serbia, from 2004 to
2012. The measurements were taken from two locations, in an open field of a city suburb and
in the central city area. The activities were determined on HPGe detectors by standard gamma
spectrometry. The 7Be activity shows a pronounced seasonal pattern, with the maximum in
spring-summer and minimum in winter, while the 21°Pb activity exhibits two maxima, in au-
tumn and late winter. The mean monthly concentrations measured at both sites are below
9 mBq/m3 and 1.3 mBq/m3 for “Be and 21Pb, respectively. The obtained correlation of the
7Be activity with the number of sun-spots is not statistically significant. Relations of the
radionuclides' activities with climate variables (precipitation, temperature, relative humidity,
cloud cover, sunshine hours, and atmospheric pressure) are also investigated, but the only sig-
nificant correlations are found for the 7Be activity with temperature and sunshine hours, and
the 219Pb activity with atmospheric pressure. The maximum 7Be and 219Pb activities corre-
sponding to binned total monthly precipitation data imply different modes of the
radionuclide scavenging from the atmosphere. During dry periods, accumulation of the
radionuclides in the atmosphere leads to their increased activities, but no correlation was

found between the activities and the number of consecutive dry days.
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INTRODUCTION

Air radioactivity monitoring is an important part
of environmental radioactivity monitoring, as it pro-
vides data on the content of the radionuclides, their ori-
gin and production rate in the atmosphere. The monitor-
ing also plays a vital role in understanding the
atmospheric dynamics processes, such as the strato-
sphere-to-troposphere exchange and circulation within
the troposphere. The most extensively monitored
radionuclides in the air are the cosmogenic Be,
long-lived radon progeny 2!°Pb, and anthropogenic
137Cg.

Beryllium-7 (half-life 53.28 days) is produced
in the upper troposphere and lower stratosphere,
where cosmic rays interact with light elements [1].
The average concentration of “Be in the troposphere
is 12.5 mBg/m? [2]. The "Be seasonal pattern in the
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troposphere, showing the maximum in the
spring/summer season, is correlated with the intru-
sion of the stratospheric air masses across the tropo-
pause [3-6]. Monthly "Be activities in surface air are
inversely correlated with solar activity [7, 8]. Differ-
ent studies investigated the correlation of the "Be ac-
tivity with precipitation and their results showed no
correlation or a negative correlation [7-12]. How-
ever, a good positive correlation between ’Be
monthly deposition and the amount of precipitation
was found by [13, 14]. As a good tracer of air mass or-
igin, "Be is also a good indicator of injection of 0zone
and aerosols from the upper into the lower atmo-
sphere [15, 16].

Lead-210 (half-life 22.3 years) is a member of
222Rn decay series (a decay product of 2*%U). Small
amounts of 21°Pb found in surface air are due to: (1) de-
cay of 22’Rn residing in the air, (2) ground
resuspension, and (3) anthropogenic activities, mainly
coal combustion. Concentrations of >!°Pb in the air
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generally exhibit maxima during autumn, caused by
an increased emanation of radon [17-21]. On the
global scale, higher concentrations of 2!°Pb are found
in mid-latitudes, while on the local level, emanation of
radon from the soil, and therefore concentrations of
210Pb in the air, are strongly affected by atmospheric
pressure, temperature, vegetation and snow cover
[22-24].

Due to their different origin, the concentrations
of "Be and ?'°Pb vary with height in the atmosphere.
Air masses coming from the upper troposphere and
lower stratosphere contain higher concentrations of
"Be than the surface air masses. On the other hand, sur-
face air masses are richer in 2!°Pb than air masses orig-
inating from the higher altitudes. Furthermore, the
219pb concentration is higher in continental air masses
than in air masses originating over a body of water
[25]. Both of the radionuclides have a long residence
time in the atmosphere [26-28]. The activity ratio
"Be/?'°Pb strongly depends on the altitude at which the
air is transported, thus providing information on the
rate and the velocity of the air convection processes
[29]. Since both radionuclides have higher concentra-
tions during warm seasons, when convection of the air
moves 2!°Pb upwards and 'Be downwards, the
"Be/?'%Pb ratio exhibits summer maxima and winter
minima [8, 26, 30]. The radionuclides have similar
particle size distributions and therefore, their mean ra-
dioactive loading index, which describes their relative
abundance, is rather stable on the global scale [31].
Washout is the major removal process from the atmo-
sphere for both "Be and 2!°Pb [14].

The activities of "Be and 2!Pb in Serbia have
been studied previously [3, 16, 21, 32-35]. The re-
sults of the studies showed that the average monthly
concentrations of "Be in surface air were between
2.0 mBg/m® and 10.0 mBg/m?, with a pronounced
maximum in summer or early autumn and a mini-
mum in winter, and the 2!°Pb concentrations in the
range of 0.25-3.40 mBq/m?, with the maximum in
autumn.

In this paper, the results of a comparative study
of the "Be and ?!Pb activities at two sites in the city of
Belgrade are given. During 2004-2012, the activities
were measured in an open field location, within the
Vinca Institute of Nuclear Sciences (hereinafter, Insti-
tute), and in a central urban area location (hereinafter,
City). The aim of the study was to examine the concen-
trations of the radionuclides and their correlation
across the sites. In addition, the influence of solar ac-
tivity and local climate, with a special emphasis given
to precipitation, was investigated.

MATERIALS AND METHODS

The samples of air were collected in the city of
Belgrade (44.80° N, 20.47° E, 132 m), Serbia. The
Belgrade climate is moderate continental, with the av-
erage daytime temperature of 11.7 °C and the average
amount of precipitation of about 700 mm/year. The

highest daily temperatures, above 30-35 °C, are regis-
tered in July and August.

Aerosol samples were collected on filter papers
(FILTRAK/Whatman 41/DDR, 15 cm diameter, with
80% dust retention efficiency) by constant flow rate
samplers (average air flow 20 m’/h, average daily vol-
ume 600 m?). The samples were ashed at temperatures
below 400 °C and a composite monthly sample was
formed from daily filters (average volume 15-103 m?).
The composite samples were measured in small metal-
lic containers.

The activities of the radionuclides were deter-
mined on three Canberra HPGe detectors by standard
gamma spectrometry. An n-type reverse coaxial detec-
tor (named Detector 2), with 20 % relative efficiency,
has a high efficiency in low-energy part of the spec-
trum. The other two p-type detectors (named Detector
1 and Detector 3) have relative efficiencies of 18% and
50%. All detectors have a lead shielding that provides
low background thus enabling low-activity measure-
ments. Detectors 2 and 3 have a commercial lead
shielding with an inner copper layer of 3 mm. The
shielding for Detector 1 was custom built, and it con-
sists of 10 cm x 10 cm x 10 cm lead cubes with an inner
layer of 10 mm iron and 3 mm copper.

Energy calibration was performed with a set of
standard point sources (Coffret d'etalon gamma
ECGS-2, Sacle, France, containing '3*Ba, *’Co, ®Co,
and '*7Cs, with activities in the range of 103-10* Bq,
25. 11. 1987). Full energy peak efficiency was deter-
mined with the IAEA-083 (AIR4) simulated air fil-
ter (spiked with solution of ®°Co: 2160 Bg/filter,
133Ba: 846 Bg/filter, '*’Cs: 1182 Bq/filter and 2!°Pb:
151 Bg/filter, uncertainty 5%, 1. 1. 86) for measure-
ments conducted during 2004-2008. During
2008-2012, efficiency calibration was performed us-
ing a secondary reference material (aerosol dust ma-
trix) produced from the radioactive solution
9031-OL-116/08 and 9031-OL-427/12 issued by the
Czech Metrological Institute, Inspectorate for loniz-
ing Radiation, which contained 2'°Pb, 24! Am, 3'Co,
60C0, 137CS, “3Sn, 139Ce, 85SI’, 109Cd, SSY, and 203Hg.

Coincidence summing correction was not per-
formed for calibration curves. The efficiency at 46 keV
was derived directly from the calibration source mea-
surement: &€ = 2-3% for Detectors 1 and 3, and ¢ = 12%
for Detector 2. In the case of 'Be, the efficiency was de-
rived from the calibration curve without coincidence
correction. Our latest investigation using EFTRAN co-
incidence correction software [36] showed that, within
the uncertainty budget, the uncorrected efficiency was
the same as the corrected efficiency for the 477 keV en-
ergy.

Uncertainty budget o was calculated as follows

2 2
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where A4, is the activity uncertainty in radioactive so-
lution, as given by the manufacturer, AN — the uncer-
tainty of the peak area, AP, — the uncertainty of the
emission probability at given energy, At — the uncer-
tainty of the measurement time (negligible), 4% — the
estimated uncertainty introduced via preparation of
the secondary reference material, and 1% — the esti-
mated uncertainty introduced via fitting of the experi-
mental points with the calibration curve.

A typical background 2!°Pb spectrum contains
150-250 counts for a measurement period of 60,000 s
(0.0025 cps-0.004 cps) with a standard uncertainty of
5%, while a typical air filter spectrum contains about
1000 counts with standard uncertainty of 3% for the
same measurement period.

The activities of "Be and 2!°Pb were determined
at gamma energies of 477 keV and 46 keV, respec-
tively. The minimum detectable concentrations were
derived using the lower limit of detection LLD, as
LLD =% + 2LC, where k is the coefficient of normal
distribution, and LC is the critical level depending on
background photo peak counts [37]. The value of the &
factor in the LLD formula is 1.645 [38], and by defini-
tion is not the same as the level of confidence defined
in the uncertainty. The minimum detectable concen-
tration MDC was calculated as MDC = LLD/(p-¢- t-V-
-€¢), where p is the probability of gamma emission, & —
the efficiency, r— the counting interval, J'—the volume
of the air sample, and & —the filter paper efficiency.

In our measurements, the counting time intervals
ranged from 60,000 s to 250,000 s. The minimum de-
tectable concentrations were taken as 10 uBg/m? for
"Be and 20 uBg/m? for 2!°Pb, which represent the av-
erage MDC for our system. For example, with a typi-
cal 21°Pb background count of 150-200 (as previously
mentioned), the calculated LLD is 60-76 counts,
which corresponds to MDC of 14-80 pBg/m?.

The results were statistically analyzed by Genie
2000 program. Measurement uncertainty is expressed
as an expanded measurement uncertainty for the factor
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Figure 1. "Be activities in Belgrade, 2004-2012 (the line
interruptions mark missing data)

k=2 which corresponds to a normal distribution with a
confidence level of 95%.

The sunspot data were obtained from the
SIDC-team (World Data Center for the sun-spotindex,
Royal Observatory of Belgium, Monthly Report on
the International Sunspot Number, online catalogue of
the sunspot index: http://www.sidc.be/sunspot-data/
2003-2012). Precipitation data for 2004-2009 for the
Institute site were provided by the Department of Me-
teorology of the Institute. The meteorological data for
the City site were obtained from the European Climate
Assessment & Dataset (ECA&D) [39] and the Repub-
lic Hydrometeorological Service of Serbia.

RESULTS AND DISCUSSION
Time series of 'Be and 2'°Pb activities

The activities of "Be and 2!°Pb in two locations
(Institute and City) over the 2004-2012 period are
given in figs. 1 and 2. The differences in the "Be data
arrays of monthly activities measured in the two loca-
tions were not significant (Student's T-test signifi-
cance 0.102), unlike the2!°Pb activities which differed
significantly (Student's T-test significance 0.0052).

To investigate a relation between the activities
time series, Pearson's linear correlation coefficients ()
were calculated, and their statistical significance was
tested atthe 0.05 significance level. At each measuring
site, » showed a positive correlation between the
radionuclides, 0.35 and 0.30 for Institute and City, re-
spectively, which is statistically significant at the 0.05
level. This result is in agreement with a monitoring
study showing mutually correlated activities of "Be
and 2'°Pb in an urban area [40]. On the other hand, the
correlation of the "Be and 2'Pb activities across the
sites was poor (7= 0.18) and not significant at the 0.05
level, which may indicate that the radionuclides' activ-
ities in surface air are to some extent influenced by the
local meteorological conditions.
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Figure 2. *'’Pb activities in two locations in Belgrade,
2004-2012 (the key as in fig. 1)
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The seasonal patterns for "Be and 2'°Pb (figs. 3 and
4, respectively) are in agreement with previous studies
[16,21]. Comparison of the overall means for the inves-
tigated period (figs. 3 and 4) with the means givenin [16,
21] offers no evidence for temporal trends in the
radionuclides' activities. This result agrees with the find-
ing that during 1972-2003 there were no changes in the
"Be activities in Europe [41]. However, a "Be decrease in
surface air was noted over the 1970-1997 period [42],
which the authors partly explained by a possibility that an
increased precipitation scavenged this radionuclide from
air masses before they reached the ground level where
they were sampled.

Influence of solar activity
on the "Be concentration

The mean "Be activities and number of sunspots
in each season were calculated (March, April, and May
in the spring season; June, July, and August in the sum-
mer season; September, October, and November in the
autumn season; and December, January, and February

m|nstitute
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"Be activity [10™° Bgqm™]
w

Figure 3. Monthly means of "Be activities (the full and
dotted lines denote the overall means for the Institute
and City site, respectively)
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Figure 4. Monthly means of >'’Pb activities (the key as in
fig. 3)
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Figure 5. Seasonal activities of "Be and seasonal sun-spot
numbers

in the winter season) and their relation was then exam-
ined. At the Institute site (fig. 5) they were negatively
correlated ( = —0.56), but the correlation was not sig-
nificant at the 0.05 level. The reported correlation coef-
ficients in studies [7, 8, 41] which covered longer peri-
ods of time than our analysis, showed a somewhat
stronger anti-correlation. Further, a phase-shift of a few
months was found in the correlation between the
sun-spot number and the surface "Be activity [7, 41],
corresponding to the time necessary for the changes in
solar wind to reflect on the amount of the radionuclide
in surface air. In our data, however, the influence of the
vertical transport time was not evident as r for Institute
ranged between —0.55 and —0.61 when time-lag of 1-6
months was included in the calculations, but the corre-
lation coefficients were not statistically significant. At
the City site, the calculated » was in the range (—0.29,
—0.20) and was not significant at the 0.05 level.

"Be and *'’Pb activities and their
correlations with meteorological variables

The correlations of the radionuclides' activities
with the local meteorological variables are presented
in tab. 1. The precipitation measurements were the
sole data available for the Institute site. Even though
this dataset covered only the 2004-2009 period
(shorter than the 2004-2012 data available at the City
site), during that period, the precipitation data at Insti-
tute and City were well correlated (» = 0.76) and the
correlation was significant.

Over the investigated periods, there was no sta-
tistically significant correlation found between the
radionuclides' activities and precipitation (tab. 1). This
result agrees well with other multi-year studies [8, 30],
contrasting a negative correlation (» = —0.594) be-
tween the "Be activity and rainfall found in a study en-
compassing a period of five years [12].

To further investigate the relation between the
radionuclides' activities and precipitation, the total
monthly precipitation data were grouped into bins of
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Table 1. Pearson's linear correlation coefficients (r) for the ‘Be and >'’Pb activities and precipitation, temperature, relative

humidity, cloud cover, sunshine hours and atmospheric pressure; statistically significant correlation is given in bold
Precipitation Institute | Precipitation City | Temperature | Relative humidity | Cloud cover | Sunshine hours | Pressure
"Be -0.04 —0.20 0.29 —0.43 —0.37 0.38 —0.05
) -0.25 -0.19 -0.05 -0.01 -0.12 0.02 0.29

different widths. Figure 6 shows the "Be activity (City
site) as a function of the total monthly precipitation
(marked by asterisks) as well as 19 bins of total
monthly precipitation (the minimum value 0 mm, the
maximum 190 mm, the bin width 10 mm) with the
maximum “Be activity that was measured in each of
the bins. A negative correlation between these maxi-
mum activities and the centre values of the bins (r =
—0.76) were found. Similarly, » = —0.82 was obtained
for the maximum 2!°Pb activities corresponding to the
binned total monthly precipitation data.

A different choice of the bin width of the precipi-
tation data resulted in different values of the r coeffi-
cient. The wider the bin (i. e., fewer number of precipi-
tation bins), the stronger linear negative correlation
was obtained. For example, correlation with the "Be
activity increased to »=-0.94 when the number of pre-
cipitation bins was reduced to 10 (the bin width 20
mm), whereas a choice of 38 bins (the bin width 5 mm)
decreased the correlation to » = —0.58. However, the
statistical test showed that these correlations were not
significant at the 0.05 level.

The relationship between the maximum activity
and the binned precipitation data (fig. 6) indicates two to
three possible modes of radionuclide washout from the
atmosphere. The first mode encompasses very dry
months, with the total precipitation lower than 30 mm,
and the majority of the "Be activities below 4 mBg/m’.
Nearly a half of the months under the 30 mm total precip-
itation limit were in autumn, which is a dry season in Bel-
grade. Within this mode, there were three exceptions
when the "Be activities were higher than 4 mBg/m®:
April 2007, February 2008, and April 2009. The corre-
sponding "Be activities were 5.0 mBg/m?, 4.6 mBg/m?,
and 7.5 mBqg/m’, respectively, and they all exceeded the
seasonal means (fig. 3) by at least 50%. Interestingly,
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Figure 6. "Be activities and total monthly precipitation at
the City site

only April 2007 was preceded by a dry month, the fact
which could explain the observed high activity as a con-
sequence of the radionuclide accumulation during the
dry spell.

Another meteorological index, which serves as
an indicator of the precipitation extremes, shed some
more light on the radionuclide concentration increase
during dry episodes. The maximum number of consec-
utive dry days (hereinafter, CDD) in each of the anom-
alous three months, as well as in their preceding
months, was higher than the corresponding monthly
mean (fig. 7): in April 2007 CDD = 17 and in March
2007 CDD = 16; in February 2008 CDD = 22 and in
January 2008 CDD = 10; in April 2009 CDD = 12 un-
like March 2009 when CDD = 5 was lower than the
monthly mean. Over the March-April period in 2007,
there were actually 32 consecutive days with no pre-
cipitation, with the exception of two days when pre-
cipitation was 0.1 mm and 1.0 mm. This very long dry
period most likely contributed to an atypically high
"Be activity in April 2007. Similarly, although in Feb-
ruary 2008 the 22 consecutive dry days did not follow
on from the previous month, the increased "Be concen-
tration was at least partly influenced by the lack of at-
mospheric wet deposition. The April 2009 episode, on
the other hand, stands out as an exception to this expla-
nation.

The second mode in the activity-precipitation re-
lation (fig. 6) is characterized by a decrease in the max-
imum activity as precipitation increases. The third
mode, on the other hand, with the total monthly precip-
itation greater than 120 mm (only seven data points)
may imply a saturation whereby an increase in precipi-
tation does not result in further decrease of the
radionuclide activity. The monthly precipitation accu-

Mean CDD

Jan Feb Mar Apr May Jun Jul

Aug Sep Oct Nov Dec
Month

Figure 7. Monthly means of the number of consecutive
dry days in a month
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mulations over 120 mm were mainly connected with
summer episodes, and could be considered as precipi-
tation extremes. Intensive convective clouds followed
by an intensive precipitation, are probably very effec-
tive in washing out the radionuclides attached to aero-
sols. In these types of clouds, especially when they are
well developed, precipitation and wide range of differ-
ent hydrometeors exist throughout the tropospheric
layer, which is thus thoroughly cleansed. All of the
seven months in this regime were characterized by at
least four days of heavy precipitation (greater than
10 mm), 1-3 days of very heavy precipitation (greater
than 20 mm) and CDD between 5 and 7, in each case
less than the corresponding monthly mean.

The above analysis indicated that there could be
a positive correlation between the "Be activity and the
number of consecutive dry days, but the calculated
correlation coefficient did not show a relationship be-
tween these variables (» = 0.03). Therefore, the im-
pact of CDD on the radionuclide activity could not be
quantified, even though its role in enabling the
radionuclide accumulation during dry periods seems
significant. In extremely wet months, on the other
hand, CDD might not have been long enough to allow
replenishing surface air with "Be from higher alti-
tudes.

A similar pattern, with the pronounced three dif-
ferent modes, was seen in the 2!°Pb activity and binned
precipitation relation. These results are in good agree-
ment with three different modes in a relationship of the
"Be and ?!°Pb activities with precipitation noted by
[10].

Influence of other meteorological variables (tem-
perature, relative humidity, cloud cover, sunshine hours,
and atmospheric pressure) on the "Be and 2!°Pb activities
was also examined (tab. 1). Statistically significant corre-
lation was found only for the "Be activity with tempera-
ture (= 0.29) and sunshine hours (» = 0.38), and for the
210pp activity with pressure ( = 0.29). The increase in
the 2'%Pb activity, whose primary source is in the
lower-most air (at the very top of soil), with the rise in at-
mospheric pressure could be explained by a hindered up-
ward lift — a high pressure situation, accompanied by air
subsidence, can contribute, especially when surface
winds are low, to shallower planetary boundary layer
thus causing an increased surface concentration of any
well mixed tracer inside the layer.

Our correlation results are in partial agreement
with the findings of [8, 12, 30, 43]. For example, the
study of [8], encompassing the longest examination
period (1998-2009), showed: (1) a positive correlation
between the radionuclides' activities and temperature,
which is in agreement with our statistically significant
correlation between "Be and temperature; (2) no corre-
lation between the "Be activity and relative humidity,
but positive correlation between 2!°Pb and relative hu-
midity, which agrees with our finding for "Be; and (3)
no correlation with atmospheric pressure for either of

the radionuclides. This lack of correlation between the
210pp activity and atmospheric pressure is dissimilar to
our result (»=0.29 in tab. 1). The explanation may lie
in the fact that the air masses examined in [8] were
partly of maritime origin (with an increased relative
humidity), and therefore were not as rich in 2!°Pb as
continental air masses [25]. The same argument could
explain the positive correlation between relative hu-
midity and the >!°Pb activity found in [8], but not in our
analysis.

Our data offered some insight into the impact of
the investigated variables on the concentrations of 'Be
and ?!°Pb in surface air. The temporal resolution of the
radionuclides' behaviour was limited by the availabil-
ity of the aerosol samples (a composite monthly sam-
ple), thus allowing only changes on a seasonal scale to
be captured. Further, the same sets of meteorological
variables were not available at both of the measuring
locations, whereby only a partial analysis on the influ-
ence of the local climate (namely, the effect of precipi-
tation) could be performed. Another drawback of our
study was the inability to examine the role of horizon-
tal transport, as our monthly data only provided an av-
eraged and stationary picture of a more complex inter-
play between the production, transport and removal of
the radionuclides in the atmosphere. Nevertheless, the
obtained results shed more light on the behavior of the
radionuclides in the atmosphere and the governing
mechanisms.

CONCLUSIONS

During 2004-2012, the activities of 'Be and
219ph were determined in composite monthly aerosol
samples collected from surface air in two locations in
Belgrade. The radionuclides' activities, their mean
values and seasonal patterns were in good agreement
with the previous studies in the region. A statistically
significant correlation was found between the
radionuclides at each of the measuring sites. In con-
trast, no significant correlation was obtained for the
radionuclides' activities across the two locations, indi-
cating a notable impact of the local meteorological
conditions on the activities in surface air.

A strong negative correlation (»=-0.56), however
not statistically significant, between the cosmogenic "Be
and number of sun-spots was found at the Institute site,
while no correlation was found at the City site.

The role of precipitation in the abundance of the
radionuclides was investigated in greater detail. At both
of the sites, there was no correlation between the activi-
ties and precipitation. For both of the radionuclides, three
distinct modes of radionuclides' washout from the atmo-
sphere were found. Within the temperate range of the to-
tal monthly precipitation, the maximum activities de-
creased with precipitation. The other two modes describe
dry and very wet months. Longer periods of dry weather
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seemed to enable the radionuclides' accumulation in the
atmosphere, but no correlation was found between the
number of consecutive dry days and the activities.

The influence of temperature, relative humidity,
cloud cover, sunshine hours, and atmospheric pressure
on the "Be and ?!°Pb activities was also examined. Sta-
tistically significant correlation was found only for the
"Be activity with temperature and sunshine hours, and
for the 2!°Pb activity with atmospheric pressure.
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BUIIETOMIIILA CTYIUJA PAINOAKTUBHOCTU
Y NNPUBEMHOM ClI10JY ATMOC®EPE Y PEJTALININ
CA KIIMMATCKUM ITAPAMETPUMA Y BEOTPAZLY, CPBAJA

Axrusnoctu 'Be u 2!°Pb mepene cy Tokom 2004-2012, y mpuzeMHOM cI10jy aTMocgepe Ha JiBe
nokamje y bBeorpamy. Meceune crnenmuyHe aKTHMBHOCTU oOfipebeHe cy cTaHmapgHOM METOIOM
cnekTpoMeTpuje rama 3pauema Ha HPGe getekTopuma. AKTUBHOCTH PaIMOHYKIIA/IA TIOKA3Y]y CE30HCKHU
kapakTep: 'Be MMa MaKCHMyM TOKOM TIpoJicha 1 jieTa, a MUHEMYM 3uMH, 10K >''Pb uma Ba MakcumyMma,
TOKOM jeceHH 1 KacHe 3uMe. Ha 06e nmokauuje, cpefimbe Meceune akTUBHOCTH ' Be cy Mambe o1 9 mBq/m?, ok
cy 3a *1%Pb mame op 1.3 mBg/m?. Usmeby akrusrOCTH 'Be 1 6poja cyHueBHX Nera Huje HabeHa CTaTHCTHYKH
3HavajHa Kopenanuja. Pemanmje n3meby akTUBHOCTH OBHX PafMOHYKIHAA M KIMMATCKUX MapaMmeTrapa
(konmMuMHA TajaBWHA, TEMIIEpaTypa, pellaTWBHA BIAXKHOCT, OOJIagyHOCT, OpOj CYHYaHUX CaTH U
aTMoc(epCKU MPUTUCAK) TaKOhe Cy UCIUTAaHe, AT Cy 3HaUYajHe Kopealyje ToOujeHe caMo 3a aKTUBHOCT
"Be ca TemmepaTypoM M OpoOjeM CyHYaHHX caTH, OJHOCHO 3a akTuBHOCT “'’Pb ca aTmoctepckum
nputuckoM. Ha ocHOBY Be3e u3meby MakcuMaiiHe aK TUBHOCTH IO UHTEPBAJIIMa KOJIMYUHE [TaflaBuHa, MOT'Y
ce pa3lMKOBaTU TPHU peXHUMa coupamba paJuoHyKiupaa u3 atMmocdepe. TOKOM CyHIHMX Iepuopa,
akyMyJlalidja pajidOHyKIHIa y aTMocepH y3poKyje HHXOBY MOBHILEHY aKTHBHOCT, ajlld Kopejalyja
u3Meby akTHBHOCTH 1 6poja y3aCTONHUX CYBUX AaHA HUje oOujeHa.

Kwyune peuu: paouoakiiueHoci, "Be, 210pPp, atimocgpepa, 6poj cynuesux iteza, KAUMATICKU Hapameiiap



