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1. INTRODUCTION

The light ions concentration in the atmosphere (or air electrical conductivity, proportional to the content
of light ions) in many respects defines the ecological state of medium both itself and being the indicator of
the purity of air in the aspect of aerosol pollution. The formation of light ions in the ground layer of the
atmosphere occurs due to the alpha radiation of radon and short-lived products of its decay (40 %), gamma-
radiation of soil (40 %) and cosmic rays (20 %). The disappearance of ions occurs due to their recombination
and attachment to the aerosols. Usually the concentration of light ions always directly depends on the
intensity of the ionizing radiation [Chalmers, 1974]. Atmospheric aerosol is the mixture of the usual
particles of the natural and anthropogenic origin (mineral aerosol, sea aerosol, the solid ejections of industrial
enterprises and transport, etc.) and the so-called secondary aerosol. Secondary aerosol is formed in the
presence of the chemical and photochemical reactions according to the scheme of gas— particle. However,
it turned out that radioactive and cosmic radiation contributes to the acceleration of the processes of the
secondary aerosol formation [Muraleedharan et al., 1984; Amiranashvili et al., 2004, 2005, 2007, 2010].
Therefore the task of the analysis of the balance of formation and disappearance of light ions in the
environment, where the content of aerosols depends on the radon content and cosmic rays intensity was set.
The preliminary results of the analysis of the connection of total light ions content with radon and neutron
component of cosmic rays intensity in surface boundary layer of Thilisi city are given below.

2. METHOD AND DATA DESCRIPTION

Concentration of light ions (cm™) was measured by Gerdien's type instrument. The radon content

(Bg/m®) was determined by the sampling method of air through the filter with the subsequent calculation of
the alpha particles of the short-lived products of its decay [Serdiukova and Kapitanov, 1969]. The neutron
component of cosmic rays was measured by neutron monitor. Radon and light ions concentrations
measurements were conducted 4 times a day at height 3 floor of the building of the cloud chamber of the
Institute of Geophysics (8 meters above the level of soil, 41.754° N, 44.927° E, the height - 450 m above sea
level), into 9, 12, 15 and 18 hour (in the winter time - 17 hours). The cosmic rays intensity (imp/hour) was
measured continuously.
Work gives the results of measurements from June 2009 through May 2010. In the work also used archive
data about cosmic-ray intensity in Thilisi and summary air electrical conductivity in Dusheti (1969-1982).
The measurements of air electrical conductivity were conducted by the Gerdien type instrument (10
5/ohm-m). The analysis of data is carried out without taking into account weather conditions. The data about
the daily mean values of the investigated parameters are analyzed (from 9 to 17-18 h).

The following designations will be used below (besides those pointed out above and well-known ): oy, -

standard error (68% - confidence interval of mean values), C, - coefficient of variation (%), A - coefficient
of skewness, K - coefficient of kurtosis, o - the level of significance. R — coefficient of linear correlation; R?
- coefficient of determination, 95% (+/-) - 95% - confidence interval of mean values. The dimensionality of
the investigated parameters are omitted further to be more convenient.

3. RESULTS

The results in table 1 and fig. 1-4 are given.
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As it follows from table 1 the mean values of X1, X2 and Y are respectively equal: 3.7, 9023 and 870.
The minimum values of X1, X2 and Y are respectively equal: 0.7, 8630 and 215. The maximum values of
X1, X2 and Y are respectively equal: 13.1, 9274 and 2516. The median and mode are respectively equal: for
X1 -2.9, for X2 - 9135 and for Y — 693; for X1 - 2.6, for X2 — 9000 and for Y — 882. The greatest variations
for the investigated parameters for X1 is observed (C, = 54.8%), the smallest — for X2 (1.3%). The relative
range (Range/Mean) changes from 335 % (for radon) to 7.1 % (for cosmic rays. The distribution functions of
the all studied parameters in the general population are not the normal (the corresponding ratios between
values of mean, median and mode; values of A and K).

The coefficient of linear correlation between the values X1, X2 and Y are respectively equal: - 0.48 (for
pair X1 —Y) and -0.19 (for pair X2 -Y). In other words, under the conditions of Thilisi city in contrast to the
well-known physical regularities, an increase of the air ionization leads not to the increase, but to the
decrease of the concentration of light ions. This effect is clearly demonstrated by fig. 1 and 2. The
correlation between the cosmic-ray intensity and the air electrical conductivity in Dusheti is represented in
fig. 3. In this case usual physical regularity is observed - ionization rate is directly proportional to air
electrical conductivity (or the concentration of light ions).

Tablel. The statistical characteristics of daily mean radon content in air, intensity of cosmic rays and
sum light ions concentration in Thilisi (06.2009-05.2010)

Parameter Radon (X1) Cosmic rays (X2) Light ions (Y)
Mean 3.7 9023 870
Min 0.7 8630 215
Max 13.1 9274 2516
Range 12.4 644 2301
Median 2.9 9135 693
Mode 2.6 9000 882
St Dev 2.0 118 325
om 0.11 6.3 17.3
Cv (%) 54.8 1.3 37.4
Range/Mean, % 335 7.1 264
As 1.17 -0.90 1.47
K 1.46 0.59 3.95
Count 354 354 354
Correlation matrix
Radon 1 0.12 -0.48
Cosmic rays 0.12 1 -0.19
Light ions -0.48 (a=0.0001) -0.19 (0=0.001) 1
Y =a+bXl+cX2 (R*=0.25)
a 95% (+/-) 4195.8 +2279.2
b 95% (+/-) -74.81+14.79
c 95% (+/-) -0.338+0.253
Share of radon, % 107 (in the limits of variation scope)
Share of cosmic rays, % 25 (in the limits of variation scope)
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Fig. 1 Correlation between radon and sum light ion

concentration in air in Thilisi (06.2009-05.2010)
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Fig. 2 Correlation between cosmic rays intensity and sum air
light ion concentration in Thilisi (06.2009-05.2010)
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Fig. 4 Connection between sum light ions concentration in air with radon content and cosmic rays intencity in Thilisi
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In table 1 and fig. 4 the equation of the multiple linear regression of daily mean summary light ions
concentrations with daily mean radon and intensity of cosmic rays is represented. As follows from this equation
the changeability of ion concentration mainly depends on the changeability of radon content in air (107 %), and
less - on the changeability of cosmic rays intensity (25 %).

The negative correlation radon content and cosmic rays intensity with light ions concentration has not
direct, but indirect nature, through the catalyzation of the formation of secondary aerosols. We also provided a
study of influence on the formation of the secondary aerosols (respectively - the special features of connection
with the content of ions) of gamma radiation. Possibly the connections of the content of light ions with the
gamma radiation will be analogous to connections with radon and cosmic rays.

The well-known balance equation relating the formation and disappearing of light ions Y taking into account
the influence of the ionizing radiation on the formation of secondary aerosols can take the form:

dY/dt = q-a’Y?- BNY - f'N(q)Y

where: q is the intensity of ion formation, « - recombination coefficient, N - usual aerosol concentration, N(q) —
secondary aerosol concentration as ¢ function, £ and g - coefficient of the capture of light ions by usual and
secondary aerosols respectively. Depending on the nature of the connection between g and N(q) under the
conditions of the strongly contaminated atmosphere (similar to Thilisi ) negative correlation between gand Y is
completely possible.
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Thus, intensification by radon and cosmic rays of the aerosol pollution of the atmosphere under the
conditions of Thilisi city is so strong which leads also to worsening in the air quality from the point of view of
its ionic composition. The Thilisi type of smog (feedback between the intensity of the ionizing radiation and the
concentration of light ions) can occur, also, in other strongly contaminated cities and localities.

4. CONCLUSIONS

In Thilisi according to the data of the complex monitoring of light ions concentration, radon and cosmic
rays intensity the effect of feedback of intensity of ionizing radiation with the light ions content in atmosphere is
discovered. One of the reasons for this effect can be catalyzation of the processes of formation secondary
aerosols in atmosphere according to the scheme of gas— particle by the ionizing radiation, which occur more
intensive than the ions formation. The Thilisi type of smog can occur, also, in other strongly polluted cities and
localities. In the future we plan also the study of connections of the light ions content with the intensity of
gamma radiation in the conditions of Thilisi city.
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5GHImbggdmdo  dbwydmdo  0mbgdol  3mbEabEMmogos  36003bgwmgbo  AobLLBMIMLgL  goMmgdml
93M@@a0»  dyMmIoMmgmdsl MHMAMME MIMeEm, g3y MMM 35900L Lobwrmsgzgol 0bwogzs@memo
3gMMBMEMHO  ©Eod0BIMMdOL  sb3gJBHom.  dofjoldots ggbsdo bdyJo 0mbgdol FoMmdmddbs bgds
Gombols @5  dobo  bobgzoMsdols  dm3wg3oosbo  3gMom@ol  dJmby  3OMENMIGHJOOL  se@s
2490mbbogqdols  (40%), bossgol  gods-a50mlboggdol (40%) s 3mbdmbwmo Lboggdol (20%) boGxbg.
0mbgdol  45JMmMmds  FoMdmadl domo  Mg3mIdObsE00m s 9YMMBMEGdMIB  Joghmgdom. BgzgMwgdmHog
3060Mm0g0do  Abvydydo  0mbgdol  3mbEgbGHMoEos  Yymzggmmzol  30MHEa30MH  sMHOL  s39380MPOMO
050mb0Bgdgo 959mlbogqdol 0bEHbLOgMdILIG.

odoolbdo  dbmdmydo  0mbgdol,  Mombol s gooadBogzm®o  3mbdmbndo  Lboggdol
ByoBHMmbmmo  3m33mbgbEolb  0bBHbLogmdol  2009-2010  (ewgddo  3md3wrgdumo  dmbo@mEmobyol
9dmbs(390900L  dobgz00  godmzwgbowos  FgdHMbgdwo  Lyemsmo —  dsombobgdgwo  godmbboggdol
063¢9blogmdols s  9GHIMbBgOmdo  Abvdydo  0mbgdol  Fgd3zgemdol  vg3m3938060L  gBgddHo. o0
99899d0L  ghmghmo Jobgbo dgodwgds oyml  sGIMLBIOMTo  FgmOmso  5gMHMbBmgdol  Foedmddbol
360Hm39L900L  3oGHowoBsE0s bgdom aobo bsfowszo, HmIgmog §omBmadl MaG™ 0bEgbLbowGmsw, g30MY
0mbgdol Fo®dmddbs.
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bo3396dm LoBY39d0: Mombo, 3mbdmb®o bboggdo, dbwydwydo 0mbgdo, sGHIMLEIO™L ©sdObIMMIds
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