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Abstract. The paper covers evaluation of concentration of natural and artificial radionuclides found in the soil and the
bottom ground of water reservoirs. It was measured that radionuclide concentration in the soil is bigger than that in the
bottom ground of water reservoirs (*°K concentration in the ground equals 500 Bqg/kg, in the bottom ground — about
200 Bg/kg). Positive correlation was set among all types of radioisotopes. Correlation quotient between artificial radio-

nuclide '¥’Cs and natural radionuclides amounts to zero.
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1. Introduction

Most widely spread natural radionuclides are from
the family of Uranium (?*®U), Thorium (**?Th), and
Actinium (?*3Ac) and Kalium. '¥’Cs dominates among
durable artificial gamma radiators. It takes 300 years for
it to fragment completely. Due to that it migrates in
various geospheres and biological links. The biggest part
of 137Cs is accumulated in the upper layers of the soil
and forest floor [1]. Radioactive substances emitted into
the atmosphere become part of the general air circula-
tion and moves all over the earth. Radioactive substances
precipitated on the earth surface are either lifted again
by the wind or penetrate into the ground. Then radioac-
tive substances are absorbed by plants through their roots
and finally reach human organism.

Nuclear explosions and the consequences of
Chernobyl Nuclear Power Plant accident influence the
Lithuanian environment. Radioactive substances are still
carried from the most polluted areas of the Ukraine and
Byelorussia. Besides, nuclear industry objects threaten
a real danger of possible accidents during which a cer-
tain amount of radioactive substances can be emitted into
the atmosphere.

Nowadays much attention is paid to the issues of
radionuclide behavior in water reservoirs [2, 3]. The fea-
ture of open water reservoirs to accumulate pollution
carried by outflow should cause worries because these
water reservoirs are widely used for human needs.

Search for radionuclide pollution sources measur-

ing equivalent dose rate was carried out above Vilnius
open water reservoirs using a mobile method [4] (ap-
plying GPS system). It is rated [4] that the values of
these quantities equal from 10 nSv/h to 85 nSv/h. It is
noticed that the quantities measured above water are
much smaller than an average equivalent dose rate above
the ground surface. For a more detailed investigation the
radioisotope composition of surroundings had to be
evaluated. Therefore, the quantity of natural and artifi-
cial radionuclides found in rivers, streams, lakes, ponds
and other water reservoirs and the concentration level
of separate gamma active radionuclides were measured.

2. Investigation methods

Gamma spectrometer analysis was used to measure
concentration of activities of separate radionuclides. This
paper analyses water reservoir bottom samples taken in
Vilnius lakes, such as Antavilis, Balzis, Gulbinai, Geluzé,
Balsys, Skarbelelis, Juodis, Tapeliai and Dvarcionys and
the Neris river and the nearby non-arable field. Fig 1
depicts the location of lakes in Antaviliai locality.

Bottom ground was taken with a special recipient
made for this purpose. While taking samples a metal
ring 15 cm in diameter and 5 cm in height was ham-
mered into the ground, the ground was separated from
the bottom with a spade. Samples were carried to a labo-
ratory in plastic bags. Samples were weighted in the
laboratory and put into 200 ml containers.

Ground sample activity was measured using a
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Fig 1. Location of sample lakes in Antaviliai locality (Anl-
Anl2)

gamma spectrometer system (CANBERRA) with a semi-
conductor HPGe detector (resolution 2 keV, effective-
ness 15 %) for evaluating the specific activity of natural
and artificial radionuclides.

The detector is characterized by a big resolution
because it is refrigerated with liquid nitrogen. The equip-
ment is characterized by a direct signal, wide energy
interval, undelicacy of impulse amplitude for impulse
calculation speed, high speed of impulse increasing,
undelicacy for magnet fields.

The spectrometer is calibrated for a standard 200
ml container. Solid '?Eu +'3Cs etalons of a different
density and familiar activity were used for calibration.

Specific activity of the main gamma radiation in
the ground was measured applying 24—72 hour exposi-
tions of sample measurement. Radionuclides were iden-
tified according to the following energy lines: 2*Ra —
186 keV, 2!?Pb — 239 keV, 214Pb — 295 keV, 2'“Pb —
352 keV, 28TI — 583 keV, 21Bi — 609 keV, ¥’Cs —
662 keV, 228Ac — 911 keV, 21Bi — 1120 keV, K —
1460 keV.

The background was constantly measured during the
estimation procedure. The background level fluctuated
little. Fluctuations 4°K composed less than 4 % of the
signal size.

3. Measurement results

The concentration of natural and artificial 22°Ra,
214pp, 214Bj, 228A¢, 212Pp, 208T], 49K and '3’Cs was mea-
sured.

Fig 2 depicts 7y spectrum got with a semiconductor
spectrometer. Here is a spectrum figure from the Balsio
lake sample (Ba4) (exposition of 24 hours).

Peaks of the gamma energetic line of a separate
radionuclide are clearly seen. The peak of a natural ra-
dionuclide 4K is seen best. Equivalent dose rate caused
by this radionuclide radiation approximately composes
33 % of the value of general equivalent dose rate in the
earth surface air [5].

From natural radionuclides, the activity of 4°K in
the ground is the biggest. This can be seen in Fig 3. In
all the diagrams (Figs 3-5) the value of the specific
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Fig 2. Primary energy gamma spectrum of a sample (Ba4)

activity of “°K is much bigger than others. Due to this it
is reduced 10 times in the figure (A/10).
The quantity of 4°K and other natural radionuclide

Fig 3. Radionuclide concentration (Bg/kg) in Antavilis lo-
cality (Anl-Anl2 samples) in the lake bottom ground
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Fig 4. Radionuclide concentration in the water reservoir
bottom ground (Bg/kg)
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Fig 5. Radionuclide concentration in the soil (Bg/kg)
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Fig 7. Concentration recurrence frequency of radionuclide
214pp in water reservoir bottom ground samples
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Fig 6. Concentration recurrence frequency of radionuclide
226Ra in water reservoir bottom ground samples

in the samples fluctuated to three times. This could hap-
pen due to different ground composition and different
quantities of settling. Especially big fluctuations occurred
in artificial radionuclide '*’Cs (to ten times).

Fig 4 depicts a diagram showing distribution mean-
ings of radionuclide concentration in the bottom ground
of all the studied water reservoirs, Fig 5 — in the soil.

The provided results show that the specific activity
of radionuclides that are in the soil is bigger than that
in the water reservoir bottom ground. The most frequent
value of the specific activity of “°K in the soil is be
about 400-500 Bq/kg, and about 200 Bg/kg in the water
reservoir bottom ground. It is smaller than an average
specific activity of the same radionuclide in the soil of
Central Europe and Lithuania. [5, 6]. This can be ex-
plained that part of “°K in one or another form melts in
water and its quantity in the bottom ground reduces. The
value of the specific activity of artificial radionuclide
137Cs both in the soil and in the water reservoir bottom
ground is 0,1-5 Bg/kg.

Fig 8. Concentration recurrence frequency of radionuclide
214Bj in water reservoir bottom ground samples

According to the measurements, there was no com-
plete radioactive balance in the samples among sepa-
rate radioactive families.

The concentration distribution of separate radioiso-
tope activity characterizes distribution frequency (Fig
6-13).

The specific activity of the representatives of Ura-
nium — Radium family 2?°Ra, 2!4Pb, 2!“Bi is distributed
according to the normal bimodal law (Figs 6-8). The
distribution mode maximum of 2*Ra is about 8 Bq/kg
and 20 Bg/kg, of 2!“Pb and ?'“Bi — about 2-3 Bg/kg
and 6-7 Bq/kg. The quantity of 2!“Pb, 2!4Bi in the
samples is smaller than that of primary 2*Ra. This is
due to the fact that transitional Radon 2>’Rn according
to split line is inert gas which effectively diffuse from
ground into water and into the atmosphere, that is why
only part of it is left in the ground. The concentration
of measured radionuclides 2'*Pb and 2'“Bi reflects only
Radon quantity in a sample that appears during trans-
portation and spectrum analysis. The quantity of these
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radionuclides in the ground cannot be estimated before
sample taking due to their short split half-life. They
manage to disintegrate during sample transportation. In-
teresting results of the investigation are the following:
bimodal distribution of 22°Ra, 2!4Pb and 2!“Bi concen-
tration in all the water reservoirs (Figs 6-8). One of
possible explanations could be two more distinguished
ground compositions, however, this hypothesis needs
additional investigations.

The specific activity of thorium radioactive disinte-
gration group members (**3Ac, 212Pb, 28TI) is distrib-
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Fig 9. Concentration recurrence frequency of radionuclide
28Ac in water reservoir bottom ground samples
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Fig 10. Concentration recurrence frequency for 2'’Pb ra-
dionuclide in water reservoir bottom ground samples
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Fig 11. Concentration recurrence frequency for 2°°TI ra-
dionuclide in water reservoir bottom ground samples

uted according to a single-mode law (Figs 9-11).

These radionuclides are not in radioactive equilib-
rium either. The maximum of the specific activity of
recurrence frequency of an initial member in accordance
with a radioactive disintegration group row 2*®Ac is about
7-8 Bg/kg. It is close to the first mode of 2*°Ra distri-
bution. The specific activity values are mostly 4 Bg/kg
for 2!12Pb and 2-3 Bgq/kg for 298TI.

4K does not belong to any disintegration group.
This natural radionuclide is the most active. Its specific
activity recurrence is close to the normal law (Fig 12).
The specific activity value of 4°K is mostly 200 Bg/kg .

The increase of concentration recurrence is about
500 Bg/kg (Fig 12). This is due to separate anthropo-
genic influence.

Soils and pastures near water reservoirs are fertil-
ized with potassium. Fertilizers get into water reservoirs,
therefore a big increase of “°K specific activity was
measured. Thus 4K activity concentration can be the
measure of water reservoir anthropogenic load.

137Cs belongs to artificial anthropogenic radionu-
clide class. Its statistic distribution of specific activity
recurrence frequency (Fig 13) is greatly different from
the distribution of natural radionuclides.

The concentration recurrence of this nuclide corre-
sponds to the exponential law:
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Fig 12. Concentration recurrence frequency of “°K radio-
nuclide in water reservoir bottom ground samples
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Fig 13. Concentration recurrence frequency of '3’Cs ra-
dionuclide in water reservoir bottom ground samples
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f(n)= N exp(-kC),
where N — number of samples, C — concentration of nu-
clide, Bg/kg, k — coefficient (for investigated water reser-
voirs equal to 0,83).

There exists the greatest probability to find that the
radionuclide is less than 5 Bg/kg. '37Cs has dispersed in
Lithuania due to the Chernobyl Nuclear Power Plant ac-
cident. The spread of '3’Cs in water reservoirs differs
from that inside water reservoirs.

Correlation analysis of all the obtained radioisotope
specific activity data from water reservoir bottom ground
was performed (Table).

Positive correlation between all the natural radio-
isotopes was established. Not all the radioisotopes of one
group are closely connected, for example, the correla-
tion coefficient of *?°Ra and 2!4Pb data is only 0,43.

Correlation coefficients among ?2°Ra, 228Ac and 4°K
are large positive numbers. 214Pb and 2'“Bi and 2!’Pb
and 2%%T1 arise after 22Ra and 2?8Ac radioisotope disin-
tegration. Because of radioisotope formation chain has
the inert gas phase, radioactive equilibrium is not always
possible due to volatile gas. Therefore, the correlation
coefficients between the radioisotope quantity of the same
radioactive disintegration order are not close to 1.

Distribution between natural radioisotopes is deter-
mined by natural and frequently geological processes
which are the reason of conditional resilient connection
between them.

Correlation coefficients are very different from an
artificial radionuclide '37Cs with other natural radionu-
clides.

Artificial radioisotopes are distributed very dissimi-
larly. Short-term meteorological conditions predetermined
the distribution of artificial radionuclides after nuclear
experiments and the Chernobyl Nuclear Power Plant ac-
cident.

It is established that falls due to nuclear experiments
and after the Chernobyl Nuclear Power Plant accident
can make 1 % of all ionizing radionuclide power in Eu-
rope. The ionizing radiation influence of an artificial ra-
dionuclide '¥’Cs is less than 0,1 % in open water reser-
voirs of Vilnius.

4. Conclusions

The concentrations of radionuclides 22°Ra, 2'“Pb,
214Bj, 228A¢, 212pb, 208T], 40K and '37Cs were estimated
in open water reservoirs. Specific activity of representa-
tives of Uranium family: 2*Ra, 2!4Pb, 2!4Bi is distrib-
uted according to the normal bimodal law. Maximum of
distribution mode of 22°Ra is about 8 Bg/kg and 20 Bg/
kg. Maximum of 2'“Pb and 2!“Bi is about 2-3 Bg/kg
and 6—7 Bg/kg. Specific activity of the representatives
of Thorium family 228Ac, 2!2Pb, 298T] is distributed ac-
cording to a single-mode law (maximum about 7-8 Bq/
kg). An average specific activity of “°K in the bottom
ground is about 200 Bg/kg. It is smaller than an average
specific activity of the same radionuclide found in the
Lithuanian soil, i e about 540 Bq/kg.

The statistical distribution of occurrence frequency
of the specific activity of an anthropogenic radionuclide
137Cs differs much from the distribution of natural ra-
dioisotopes. The biggest part of the specific activity of
137Cs in the samples was about 5 Bg/kg.

It is measured that correlation among all the natu-
ral radioisotopes is positive. High positive interdepen-
dent relation correlation quotients (about 0,8) are among
natural durable radionuclides 2*°Ra, 228Ac and “°K.

Correlation quotients of an artificial radionuclide
137Cs differ much from other natural radionuclides. They
are close to zero (positive and negative).
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RADIONUKLIDU KONCENTRACIJU VANDENS
TELKINIU DUGNO GRUNTE BEI KRANTO DIRVOJE
IVERTINIMAS

D. Jasaitis, M. Peciuliené, A. Girgzdys
Santrauka

Darbe jvertintos gamtinés bei dirbtinés kilmés radionukli-
dy, esanciy dirvoje bei vandens telkiniy dugno grunte, koncen-
tracijos. Nustatyta, kad daugumos radionuklidy koncentracijos
dirvoje yra didesnés nei vandens telkiniy dugno grunte (*°K
koncentracija dirvoje vidutiniSkai siekia 500 Bg/kg, o dugno
grunte — apie 200 Bq/kg). Nustatytas teigiamas koreliacinis rysys
tarp visy gamtinés kilmés radioizotopy, o dirbtinio radionukli-

do 7Cs ir gamtinés kilmés radionuklidy koreliacijos koefi-
cientai artimi nuliui.

Raktazodziai: jonizuojancioji spinduliuoté, gamtinés kil-
meés radionuklidai, savitasis aktyvumas, dugno gruntas.

OIIPEJEJEHUE KOHIOEHTPAIIUHN
PAJMOHYKJINJOB B JOHHbBIX OTJIOKEHMUAX
BOJOEMOB U IIPUBPEKHOM I'PYHTE

. Scaiituc, M. IIsuyiene, A. I'mpriauc

PeszomMme

OHpe}leﬂeHbI KOHLIeHTpaL[PII/I €CTCCTBCHHBIX H I/lCKyCCT—
BCHHBIX pa}lHOHyKHI/I)IOB B JOHHBIX OTJIIOXKCHUSAX BOAOCMOB H
MpUOPEKHOM TPyHTE. YCTAHOBIEHO, YTO KOHIEHTpALus 0O0Jb-
IMHCTBA PAAMOHYKIHAOB B IPyHTE OOJNBINE, Y€M MX KOHIIEHT-
pamus B JIOHHBIX OTIOXkeHHAX (konuenrpauus “°K B rpynre B
cpenneM nocturaeT 500 Bx/M?, a B JOHHBIX OTIOXKEHHUAX OKOJNO
200 Bx/M3). YcTaHoBNeHA PAMast KOPPENIAIHOHHAS CBA3b MEKILY
BCEMH €CTECTBCHHBIMH paanonsoronamu. KoaddurmeHTsr kop-
peJIALMY PaIHOHYKIHIA UCKYCCTBEHHOTO mpoucxoxaenus 37Cs
U eCTECTBEHHBIX PAJAUOHYKIHAOB ONM3KH K HYIIIO.

KioueBble cJioBa: HOHU3BUPYIOLICEC H3IIYUYCHUE, €CTECT-
BCHHBIC PaAWOHYKIIMABI, YACIIbHAsA aKTUBHOCTb, I'PYHT, IIO4YBa.





