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The content and migration of natural radioactive isotopes in some lot of the surface soil of the Kharkiv region have
been studied by the help of low background gamma spectroscopy. The migration series of radioactive elements
(Ra > U > Th) in the soil of the Kharkiv region is determined, which corresponds to the humid type of climate. A
high radium mobility as respect to uranium and thorium has been found. A high correlation between “°K vs 2*?Th
was found. Therefore, as a result of low mobility of thorium, it is possible to assume that thorium and potassium
enter into the composition of the mother minerals. Correlation of *"Cs with other radioactive isotopes was not
significant in the soil of the Kharkiv region. This apparently indicates specifies in that a high mobility clay minerals

can sorbing of cesium.

PACS: 89.60.-k

1. INTRODUCTION

Soil radioactivity is formed by geochemical pro-
cesses in the biosphere. The parent rock generally
determines a concentration of radioactive elements in
soil. In Tab. 1 shows typical concentrations of natural
radionuclides in different soil types. Biological pro-
cesses in the formation of soils lead to a greater ac-
cumulation of radionuclides in chernozems compared
to gray forest or sod-podzolic soils. The leaching
and precipitation of radionuclides by soil waters de-
termine the uneven distribution of nuclide activity
along the depth of the soil. For example, uranium
has a high concentration in the deep layers due to
the washing out of soluble fractions from the sur-
face horizons, and thorium, on the contrary, tends
to increase in the surface layers due to low solubil-
ity and greater weathering of other components from
the soil surface. Potassium tends to a greater extent
to surface layers as it characterizes by relatively high
biological activity (see Table1) [1].

Many radionuclides, especially analogs of calcium
and actinides, have osteotropic properties and are be-
ing detected in the human body. This particularly
applies to radium isotopes. Radium and its com-
pounds are widely distributed in nature and are a
major source of natural radiation. During the weath-
ering, and migration of radium from rock to soil, it
can 'move out’ in the particulate phase, to be trans-
ported and deposited as loess, silt placers, and ter-
tiary soil. However, that part of radium which tends
to be solubilized in water — either with a ground or

river water — moves along with the water stream until
it is finally deposited in the soil through chemical or
biological action. The range of 22°Ra concentrations
for soil in normal areas varies from 3.7 to 125.8 Bq/kg
[2]. It is known that the content and distribution of
radium in soils affects the radon emanation.

Table 1. The concentration of natural radionuclides
in soils, Bq/kg

Type of soil By | 221h | K
Serozems 31.5 48.1 666
Gray-brown 27.8 | 40.7 | 703
Chestnut 26.6 37 555
Chernozems 21.6 35.9 407
Gray forest 17.8 | 26.6 | 370
Sod-podzolic 15.2 | 222 | 300
Podzolic 8.9 12.2 148
Peaty 6.3 6.3 89
Thorium exists in soils mainly as thorite

(ThSiO4), monazite [(Ce,La,Th,Nd)POy4], and thori-
anite (ThO2). Although they are very resistant after
extreme weathering, monazite and thorite end up be-
ing dissolved and then precipitates as thorianite.
Our planet displays the results of an uninten-
tional, multibillion-year experiment between biota
and Earth materials. One of the exciting frontiers
in the geosciences is the investigation of how biota
impacts chemical and physical processes in the Crit-
ical Zone. Understanding the feedbacks between life
and Earth materials is important for society as well,
because humans, a relatively recent addition to the
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Earth’s biota, are increasingly testing the resilience
of the Critical Zone. The response of Critical Zone
processes to these stresses will ultimately impact the
whole of the Earth’s biosphere, and thereby, humans
themselves [1].

The biotechnological introduction of microbial
genes coding for toxic proteins against insects, weed
species or other pests in the genome of crop plants is
another important topic in the study of the environ-
mental and health consequences of protein—mineral
interactions in soil. Some of the best known and
most controversial genetically modified plants are
those containing the Bacillus thuringiensis (Bt) toxin.
Commercially available Bt plants include maize, cot-
ton, potato, tobacco and rice. Nevertheless, the bal-
ance between these clear advantages in the short-
and medium-terms and the possible pernicious ef-
fects in the longer term needs to be studied. With
the introduction of toxins, such as Bt and an in-
creasing number of other potentially valuable insec-
ticidal molecules, the risk of the development of re-
sistance increases. This could have major negative
consequences for agriculture, equivalent to bacterial
resistance to antibiotics in medicine. Thus, studies
on the long-term fate and side effects of Bt toxins in
soil need to be pursued [3].
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Fig.1. The energy spectrum of soil sample

Modern ideas about the formation of chernozems
confirm the hypothesis of plant-terraneous origin.
The most important processes of formation of cher-
nozems are sodding and eluvial. The latter is ex-
pressed mainly in the profile migration of calcium
bicarbonate, which is formed by the decomposition
of plant remains rich in calcium. These processes de-
velop under the perennial vegetation of grassy steppes
in the forest-steppe and steppe zones under condi-
tions of periodically washing and non-washable wa-
ter regimes and form humus and carbonate profiles
of chernozem [4]. Dust flux is greater than 10% of
global sediment. Therefore the deposition from the
atmosphere plays an important role in the biogeo-
chemistry of soils worldwide [5].

The study of the content of 4°K, 232Th, 233U and
their radioactive products in soils of a neighborhood
of the Kharkiv region and an establishment of cor-
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relative connections between radioelements were the
purposes of the present investigation.

2. MATERIALS AND METHODS

Samples of soils (15x15 cm? and h=10 c¢m) were
collected in the neighborhood of Kharkiv on virgin
soil or in the forest. Two samples were taken on
arable land. Soil samples were dried at room tem-
perature, then sieved through a 1-mm mesh to re-
move the roots of plants and stones and homogenized
prior to analysis. Determination of the radionuclides
in soil samples was performed by gamma spectrome-
ter method on Ge(Li)-detector with the volume of 50
em? and resolution of 3.2keV at 1332keV line. The
measurement time of the gamma spectrum of each
soil sample was about 24 hours. To reduce the influ-
ence of background, the detector is equipped with a
three-layer Pb-Cu-Al protection [6] (Fig.1). The er-
rors in determining the activity of radionuclides *°K
and ¥7Cs do not exceed 20%. The same errors are
found for 2?8 Ac, 2'2Pb, 298T1 from the family 232Th
and 2'Pb, 2“Bi (which is determined the parent
226Ra) from the family ***U. The more significant
error is for 238U, the activity of which was calculated
from the activity of 23°U (line of 186keV is equal
sum’s of lines from 2?Ra-+23°U).
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Fig.2. Dependence of activity of *Ra vs 238U in
the soil of the Kharkiv region and Askaniya-Nova

3. RESULTS AND DISCUSSION

It is known that the content of radioactive iso-
topes in the soil is largely determined by the parent
rocks. However, environmental conditions have a sig-
nificant effect on the migration of uranium, thorium
and their decay products. For example, the migra-
tion of radium (an analog of calcium) depends most
strongly on the environmental conditions. In Fig.2
shows the dependence of activity of ?2Ra on the ac-
tivity of 238U for various samples of soil from different
regions of Ukraine. The data from Askaniya-Nova is
taken from [7]. The Kharkiv region is characterized
by a humid climate, which, apparently, determines
the greater removal of radium from a given territory
in the sea. Askaniya-Nova is characterized by a more



arid climate. It can be assumed that the Askaniya-
Nova region was often flooded with water (its height
above sea level is 30 m). Therefore, the content of
226Ra in the soil of Askaniya-Nova is somewhat higher
than in the humid zone of the Kharkiv region. We
note that in the soil, which is closer to the parent
rock, there is a 226Ra/?3*U equilibrium. In our case,
the content of radium for the Kharkiv region is much
smaller (see Fig.2).
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Fig.3. Dependence of activity of *°K vs 233U in the
soil of the Kharkiv region
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Fig.4. Dependence of activity of *°K vs 214 Bi
(**SRa) in the soil of the Kharkiv region

In Figs.3-5 the dependencies of activity *°K vs
238U, 19K vs 2MBi (corresponds 226Ra) and °K vs
2081 (corresponds 232Th) in soil of the Kharkov re-
gion are given. Approximation of the above depen-
dencies is carried out by a linear function. It is pos-
sible to see that the most smaller straggling of the
values concerning a linear function is observed for de-
pendence 19K /?32Th. As stated above, it is caused by
high fastness of thorium minerals in the soil. Small
enough straggling of value is observed and for depen-
dence “°K/?1Bi. We will notice that points values of
40K which strongly differ from a linear dependence,
correspond to samples which had been taken from an
arable land. The greatest straggling of values is re-
alized for dependence “°K/?38U. In general, uranium
is more closely associated with iron and manganese,
due to its strong sorption by iron oxides. Radium, on

the other hand, is more related to Ca and Ba in its

behavior [4].
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Fig.6. Dependence of activity of 2'*Pb vs 212Pb in
the soil of the Kharkiv region and Askaniya-Nova

The intensity of migration of radioactive elements
by of water under oxidizing conditions forms the fol-
lowing series: 23U > 22Ra > 232Th. Due to the
different migration mobility of natural radioactive el-
ements, a redistribution of these elements between
the conjugate landscapes is observed. Thus, U(VI) is
removed from eluvial landscapes and concentrates on
geochemical barriers such as floodplain, marsh and
swampy soils, where it is restored to a relatively in-
active U(IV). In humid eluvial and trans-eluvial land-
scapes, soils are depleted of uranium in favor of ra-
dium in comparison with their equilibrium ratio. Hy-
dromorphic soils of accumulative landscapes are en-
riched uranium. In alluvial sediments, the concen-
trations of U and Ra are low due to their leaching
and removing by water. The ratio Ra/U in alluvial
sediments is high since U is more mobility and is pre-
dominated in the water. The shift of radioisotope
ratios in soils of conjugate landscapes is observed for
Th/U and Th/Ra since thorium is characterized by
much lower migration mobility in comparison with U
and Ra [8]. For soils of the humid zone, the migra-
tion series of elements Ra > U > Th were determined.
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In our case, Ra is more mobile, which confirms the
humid climate of the Kharkiv region [4] (see Fig.2).

The dependence of 2'4Pb vs 2'2Pb, which is re-
lated to the ratio of uranium vs thorium and in a
greater degree to the ratio of radium vs thorium, is
shown in Fig.6. In our case, a significant amount of
radium is washed out by water (see Fig.2). Therefore,
it can be assumed that a significant amount of ra-
dium is found in minerals containing thorium. A cer-
tain confirmation of this is the dependence of 2'4Pb
vs 212Pb for the Askaniya-Nova soil (see Fig.6), in
which an analogous dependence take place only for
large values of 212214Ppb,

The dependence of “°K vs 2Pb shows In Fig.7
(?'Pb is the decay product of 238U — 226Ra). More
reliably, this dependence is due to 22°Ra. The con-
tent of 238U and YK is greater for the dark chestnut
soil of Askaniya-Nova than for chernozems [9]. The
40K content is especially great in the soil of Askaniya-
Nova (see Fig.7).
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Fig.7. Dependence of activity of *°K vs 214 Pb in
the soil of the Kharkiv region and Askaniya-Nova
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Fig.8. Dependence of activity of *°K vs 212 Pb in
the soil of the Kharkiv region and Askaniya-Nova

The dependence of “°K vs 2!2Pb is shown in Fig.8
(?'2Pb product of the decay of 2*2Th). The mobility
of Th in soil is low, so the dependence of *°K vs 212Pb
for the soil of Askaniya-Nova is similar it’s for the soil
of Kharkiv region, which corresponds to the conven-
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tional value of thorium content in the dark chestnut
soil [10].

The dependence of “°K vs 137Cs is shown in Fig.9.
It can be seen that there are no correlation links. It
can be assumed that the '3"Cs content is due to its
sorption by illite of soil. Due to water erosion, the
caesium moves from the humid area or it is trans-
ported to deeper horizons of the soil.
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Fig.9. Dependence of activity of *°K vs 137Cs in
the soil of the Kharkiv region

4. CONCLUSIONS

1. The series of migration elements (Ra > U >
Th) in the soil of the Kharkiv region is determined
by gamma spectrometer method. These series of mi-
gration elements corresponds to the humid type of
climate. A high mobility of radium as respect to ura-
nium and thorium has been found.

2. A high correlation between *°K vs 232Th was
found. Therefore, as a result of low mobility of tho-
rium, it is possible to assume that thorium and potas-
sium enter into the composition of the mother min-
erals.

3. Correlation of '37Cs with other radioactive iso-
topes was not significant in the soil of the Kharkiv
region. This apparently indicates specifies in that a
high mobility clay minerals can sorbing of cesium.
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COJIEPXKAHUE IIPUPO/JHBIX PAJIMOAKTUBHBIX N30TOIIOB B IIOUYBE
XAPBKOBCKOU OBJIACTA

H.II. /luxud, I0.B. Jlawxo, E.II. Medsedesa, /I.B. Medsedes, FO.I. Ilapxromerxo,
H.JI. ®edopeuy,

ConepKanve W MUTpAIys TPUPOAHBIX PAJIMOAKTUBHBIX M30TOMOB B HEKOTOPBIX YYACTKAX MOBEPXHOCTHOM
MOYBBI XaPbKOBCKON OGJACTH M3YYaJUCh C MOMOIBI0 HU3KOMOHOBONH ramMmMa-cnekrpockonuu. Oupenenena
MUIDALMOHHAs cepus paauoakruphbix iaemenros (Ra > U > Th) B nouse XapbkoBckoil obsacru, 4ro
COOTBETCTBYeT TyMHUIHOMY Tumy kiaumara. OOHApPY:KeHa BBICOKAsS TIOABHYKHOCTH PAJNS MO OTHOIIEHUIO K
ypany u topuio. O6Hapy:KeHa BBICOKas Koppenamus Mexkay ‘UK vs 232Th, koropas HOITBEp:KIaeT, 4To
TOpHUil ¥ KaJnii BXOAAT B COCTAB MATEPUHCKUX MWHEPAJIOB M3-33 HU3KOM MOABMKHOCTY TOpus. Koppeasius
137Cs ¢ gpyrumm pagMoOaKTUBHBIME M30TONAME HE CyIIECTBEHHA B II0YBe XapbKOBCKOIl o6iactu. DTo, 1o-
BUJINMOMY, YKa3bIBAET HA TO, YTO BHICOKOMOOUJIbHBIE TJIMHUCTHIE MUHEPAJIbI MOTYT COPOUPOBATD 1E3uii.

BMICT IIPUPOJTHUX PAJIOAKTUBHUX I30TOIIIB ¥V TPYHTI XAPKIBCHKOI
OBJIACTI

M.II. Juxui, FO.B. Jlawxo, O.II. Medsedesa, /I.B. Medeedes, FO.I. Ilapromenko,
L.J]. ®edopeunp

Bwicr i mirpariis nmpupogHux pagioaKTHBHUX i30TOINB y AeAKHX JIASHKAX [TOBEPXHEBOTO IPYHTY XapKiBCh-
KOI 06JIACTI BHBYAINCS 33, JOIMOMOrOI0 HH3BKO(MOHOBOI raMMa-ClIeKTpocKorii. Bu3nadena wmirpamiitna cepist
pagioakrusuux enementis (Ra > U > Th) y rpynri Xapkiscpkoi obaacri, 1o Bianosiiae rymMiiHOMy THILY
kmimMary. BusgpieHna BUCOKa PYXJUBICTb PAJIiio MO BiTHOIIEHHIO MO ypaHy i Topito. Busmmena Bucoka Kope-
namig mix °K vs 232Th, axa MATBEPAXKYE, MO TOpiit 1 Kadifi BXOOATh A0 CKIaLy MATEePUHCHKUX MiHEpaaiB
4yepe3 HU3LKY PYyXJIHBOCTH Topio. Kopemamia 37Cs 3 immmMu palioak THBHUME i30TONIAMHI He € CyTTEBOIO
B rpyHTi XapkiBchkoi obaacri. e, MabyTh, BKa3ye Ha Te, [0 BECOKOMOOILIbHI TVIMHUCTI MiHEpAINn MOXKYTH
copbyBaru 11e3iii.
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