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Abstract. Artificial radionuclides entered the environment mostly as a result of nuclear explosions, accidents at nuclear
power plants and are entering due to the operation of the nuclear industry. After entering the environment, radionuclides
spread globally at the world level, affect all environmental components and accumulate here. One of such environmental
components is the tree. It, as if a historical chronicle, fixes the previous contamination and the former climatic conditions.
One of the ways to read that chronicle is to estimate the radionuclide soil-to-tree transfer factors and coefficients.

This work presents and analyses the experimental data of a study on the transfer of radionuclides from the soil to Scots
pine (Pinus sylvestris L.). The report investigates the transfer of *°Sr and **'Cs from a soil layer of 0-20 cm to Scots pine
wood. For investigation, Scots pine (Pinus sylvestris L.) was selected. Its growing site is in Alytus district, in a woody ter-
ritory, where it falls into an increased radioactive contamination patch. On this growing site, sandy soils are prevailing. It
is identified that *°Sr transfer factor to the pinewood under study ranges from 0.005 + 0.002 to 0.315 + 0.002, and transfer
coefficients from (0.2 + 0.1) -10 to (4.0 + 0.6) -10™* m?/kg. Meanwhile, the coefficients of **'Cs transfer from the soil to
Scots pine wood ranges from — (4.0 + 1.0) - 10 m%kg to (8.0 + 2.0) - 10 m%kg. The identified mean transfer coeffi-

cients of *¥Cs are approximately five times higher than mean coefficients of *Sr transfer from soil to wood.
Keywords: *°Sr, ¥¥'Cs, radionuclide specific activity, radionuclide transfer, Scots pine (Pinus sylvestris L.), sandy soil.

1. Introduction

The biosphere and its components are under constant
impact of ionizing radiation, its main sources being: radi-
oactive substances resulting from the operation of nuclear
power plants, nuclear weapon tests and accidents at nu-
clear power plants, cosmic radiation, etc. (Lamarque et al.
2005; Butkus et al. 2002, 2003; Von Fircks et al. 2002;
Vaca et al. 2001; Momoshima et al. 1994).

Radionuclides migrate with nutrient materials from
the soil to woody plants through their system of roots.
Accumulation of the major part of radionuclides in the
annual tree ring is proportionate to the soil contamination
existing that year. In addition, a sudden increase of the
specific activity of a radionuclide in the annual ring of a
tree may mean the plant’s contamination through its sur-
face part (Malek et al. 2002; Butkus et al. 2002; Butkus
2004; YepHOOBLIBCKAS 2004; Nedveckaité 2004;
p16yneka u ap. 2004; Hlernos u ap. 2004).

Radioactive strontium (strontium isotopes, the atom-
ic mass of which is 77+83.85, 89+99) is the B radiator
and biologically hazardous radionuclide. It is especially
hazardous after entering the organism, since it causes
internal radiation (Bacunenko, W., Bacunenko, O. 2002;
Strontium 2002; Botezatu, lacob 1999). **Sr gets into
plants through their contaminated surface parts, when
atmospheric fallout is deposited on them, from the soil
through roots. A type of soil, its pH value, humidity, Ca

and the amount of organic substances have a strong im-
pact on °Sr migration (Bacunerxo, U., Bacuuenko, O.
2002; Kanapickas, Raupeliené 2003). *°Sr, deposited on
the plant surface, due to active biological processes, is
absorbed inside the plant. Uptake of *Sr by the plant
depends on the solubility of the radionuclide in water and
kind of a plant. Assimilation of *Sr from the soil depends
on the biological accessibility of *Sr to plants, its solubil-
ity in water, agrochemical properties of the soil, metabol-
ic amount of Ca in the soil (Bacunenxo, W., Bacusenko,
0. 2002). The author of the work (Dusauskiené-Duz
1997, 2001) mentions that *Sr joins the mineral (biologi-
cal) metabolism cycle. Solubility in water predetermines
the migration of radioactive strontium in the environ-
ment.

B37Cs releases B and y radiation, it entered the envi-
ronment as a result of nuclear explosions and accidents
that occurred in nuclear reactors. Small amounts of this
radionuclide in the environment of Lithuania could ap-
pear as a result of nuclear tests in 1950-1960. The conse-
guence of the accident at the Chernobyl Nuclear Power
Plant in 1986 is the radioactive contamination of the envi-
ronment in many states in Europe (Radioisotopes 2004).
As any other radionuclide, **’Cs may enter plants in two
ways: through the root system, and a radionuclide enter-
ing the plant through the leaf absorption mechanism di-
rectly or through the secondary contamination (with re-
suspension going on) (Malek et al. 2002; Butkus et al.
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2002; Butkus 2004; Nedveckaité2004). The author of the
work (Kiponas 2001) mentions that '*’Cs accumulation in
plants depends on the amount of organic substances in the
soil as well as on the morphological properties of a plant.
The author of this work also maintains that from 60 to
87% of the total amount of *’Cs, accumulated in the soil,
is on the upper 5 cm layer of the soil.

For estimation of radionuclide transfer from the soil
to a plant, the radionuclide transfer factor from the soil to
a plant is used (Nedveckaité 2004).

The main goal of this report is to determine the
transfer coefficients of artificial radionuclides "*’Cs and
*Sr from the soil to Scots pine (Pinus sylvestris L.) rings
at different stages of the tree growth.

2. Methods for determination of "’Cs and *’Sr transfer
from the soil to Scots pine (Pinus sylvestris L.) rings

A Scots pine (Pinus sylvestris L.), the growing site of
which is in Alytus district, in a woody territory, was se-
lected for investigation. This growing site falls into an
increased radioactive contamination patch — prior to the
accident at the Chernobyl Nuclear Power Plant (ChNPP),
the specific activity of *" Cs in the soil was 12-26 Bg/kg.
After the accident, it was identified that '*’Cs radioactive
contamination is 3700-7400 Bq/m*. *°Sr contamination
after the ChNPP accident was estimated from 550 to
1300 Bq/m’; and in the natural landscape from 300 Bg/m”
(Butkus et al. 1999; Bre et al. 2001). On this growing
site, sandy soils prevail.

Radionuclide vertical migration in the soil-plant sys-
tem occurs due to diffusion, convection and migration via
root systems (Butkus ef al. 2002; lle® wup 2004;
Malek et al. 2002). To estimate radionuclide intake via
the root system, the radionuclide transfer coefficient is
used. Often in the soil-plant system, radionuclide transfer
is estimated by the transfer factor, i.e. the relation of the
radionuclide specific activity in the plant with the radio-
nuclide specific activity in the soil (Nedveckaité2004;
Modelling 2002).

In order to establish the radionuclide transfer coeftfi-
cient from the soil to a plant, radiological plant-soil in-
vestigation should be conducted. The sequence of plant-
soil investigation is shown in Fig. 1.

Selection of > Sampling soil and
investigation object tree elements
Preparation of Measuring of

samples > radionuclides activity

Fig. 1. Scheme of determination of radionuclide transfer from
soil to tree

For investigation of *’Cs and *Sr specific activity
in the wood, trunk samples, wood disks, the diameter of
which equals the diameter of that trunk area, and height is
3 and 5 cm, are taken. A pine was selected at some dis-

tance from strategic objects in a woody territory. Trunk
samples were taken at a height of 1 m from the litter. A
trunk disk in the direction of the tangent around the ring
is split into splinters using chisels of a different breadth.
Truck samples are formed. They are weighed, dried at a
temperature of 105 °C, burned for 3 hr at 480 °C, and
when concentrating *’Sr — for 15 hr more at a temperature
of 610 °C. A soil sample is formed of several soil sam-
ples, taken according to depths. Radiochemical sample
concentration is performed according to methods “LAND
64-2005, Determination of Radioactive Strontium-90 in
the Specimens of Environmental Elements, Radiochemi-
cal Method”.

The activity of *’Sr, which is in chemical balance
with its decay product Y, is determined by measuring
2.27 MeV energy °Y beta radiation intensity with a low-
background beta radiometer. In the case of radioactive
balance, the measured *°Y activity in the sample equals
Sr activity. Formulae, used for calculation of **Sr activi-
ty, are given in (Butkus et al. 2008; PliopaitéBataitiené
et al. 2007) works and LAND 64-2005.

137Cs specific activity in Scots pine (Pinus sylvestris
L.) rings was determined according to the methods, de-
scribed in LAND 36-2000 “Measuring of Contamination
of Environmental Elements — Gamma Spectral Analysis
of Specimens with a Spectrometer, Possessing a Semi-
conductor Detector”. For the determination of radionu-
clide activity in a sample, a semiconductor Ge(Li)
spectrometer is used, the efficiency of which for 662 keV
energy, using a 52 ml cuvette, is 0.26%. The prepared for
investigation ones were measured in standard ‘“Denta”
cuvettes. Measuring duration of specimens is 1-0.5 day.
Energy calibration of the spectrometer is performed with
dot pattern sources, and geometric one — RP 395, RP 392,
RP 396 sources. According to the radionuclide activity in
a sample and the sample weight, the radionuclide specific
activity in a sample is calculated (Bg/kg). While calculat-
ing ’Cs specific activity in samples, formulae provided
in the works (Butkus et al. 2007, 2006; Pliopaité et al.
2005; Rimeika et al. 2008) and LAND 36-2000 were
used.

To ensure the data reliability, control tests were car-
ried out by specialists in the Radiation Protection Centre.

Applying the concept of the radionuclide transfer
coefficient, certain presumptions are made: the root zone
depth is 20 cm; radionuclide accumulation in plants is the
same as in their stable analogues (Nedveckaité 2004;
Me® wump 2004).

Computation procedure of radionuclide transfer
coefficients. According to the data of the fully formed
marginal ring of the growing pine, radionuclide transfer
coefficients from soil to pinewood are calculated using
the formula from (Nedveckaité2004; PliopaitéBataitiené
et al. 2006; Rimeika et al. 2008):

Am
PFy, 4, (1
where PF}, — factor of transfer from soil to wood; 4, —
specific activity in wood, Bq/kg; 4, — specific activity in
soil, Bg/kg.
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If in formula (1) we substitute the soil specific activ-
ity by the soil surface contamination density, then soil-to-
plant transfer coefficient, m®>-kg ™, is evaluated according
to it.

Radionuclide specific activities in each annual ring
are determined according to formula (2), evaluating a
specific activity decrease due to radioactive decay:

Ay =A-eMt, )

where A, — specific radionuclide activity at the time of
flute formation, Bg/kg; A — specific radionuclide activity
after some time t, s, Bg/kg; A — radioactive fissure con-
stant, 1/s; t — time from flute formation to investigation, s.

To determine the transfer factor to an annual ring of
a tree in any Scots pine growth year, normative factor K;
is determined. We take that it is equal to the relation of
the specific activity in the annual ring (with account taken
of radionuclide decay) to the average radionuclide specif-
ic activity in the wood. Factor Ky is computed by formula

3:

Ky = 2o ©)
Annr
where K, — factor of rating; Ay, — specific activity in tree
ring, according by radioactive fissure, Ba/kg; A, — mean
of specific activity in wood, investigated by pine growing
time, Bg/kg.

If the determined radionuclide transfer factor from
soil to trees of the fully formed marginal ring of the
growing pine and the normative coefficient Ky are known,
the coefficient of radionuclide soil-to-ring transfer at a
certain moment of time is calculated:

PC, =K;-PC,,, 4)

where PC, — coefficient of transfer from soil to wood at
the time of flute formation; K, — factor of rating; PCy, —
coefficient of transfer from soil to wood by the latest tree
ring year data.

For determining the radionuclide soil-to-pinewood

transfer coefficient, the soil surface contamination with
radionuclides under study is necessary. It is determined
using formula (5):
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where Q - superficial density of soil contamination,
Bg/m% A4 — specific activity in soil layer of 0-20 cm,
Bqg/kg®; p — density of sandy soil, kg/m®, h — thickness of
soil layer, m.

For determination of the soil activity, a specimen
was made by mixing samples taken by depth; 0-5 cm, 5-
10 cm, 10-15 cm, 15-20 cm. The specimen is investigat-
ed according to the methods provided, and the specific
%5 activity in the soil is determined A,=7.61+
0.09 Bg/kg. The defined density of the sandy soil under
study is 1628 kg/m®. The determined volumetric *°Sr
activity in the soil is 12389 Bg/m°. The surface density of
%3y in the soil, estimated according to formula (5), in the
growing site of Scots pine (Pinus sylvestris L.) in the
Alytus district is 2478 Bg/m> The **’Cs soil surface con-
tamination density is established as 3221 Bg/m?. While
computing the transfer factor, *Sr soil contamination was
evaluated as specific activity.

3. Investigation results of *’Cs and *Sr transfer from
the soil to Scots pine (Pinus sylvestris L.) rings

Fig. 2 provides investigation results of variation of “Sr
transfer coefficients from the soil to pinewood (at a
height of 1 m from the litter).

From Fig. 2 it is seen that *°Sr soil-to-pinewood
transfer factor at a height of 1 m from the stump in
1955-2000 varied from 0.2 - 10* + 0.1 - 10 m%kg to
4.0-10*+0.6 - 10 m?kg, and the mean value of soil-to-
pinewood transfer coefficient at the bottom of the trunk
within the entire growing period is 1.4 - 10* + 0.3 -
10*m%kg. It is possible to note that *°Sr soil-to-
pinewood transfer at the beginning of Scots pine growth
is higher than average — (0.2 = 0.1) - 10* m%/kg. It could
be predetermined by radioactive **Sr contamination due
to nuclear tests conducted. A statement cannot be ignored
that in a growing pine **’Cs and “°Sr migrate towards the
core of the tree. Meanwhile, maximum transfer, accord-
ing to the investigation results obtained, was determined
for the wood of 1970-1975. Such an increment of radio-
active strontium soil-to-wood transfer could be evaluated
as a consequence of secondary radioactive contamination
through the root system from the soil. From 1975, an
exponential decrease of *Sr soil-to-wood transfer has

Q=Aq-h-p, )
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Fig. 2. Fluctuation of *°Sr transfer coefficient from soil to pinewood (1 m from stump)
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Fig. 3. Fluctuation of *¥'Cs transfer coefficient from soil to pinewood (1 m from stump)

been observed. For explanation of that phenomenon, we
could distinguish several reasons: migration of radioac-
tive strontium along the soil horizon deeper and the ab-
sence of airborne “Sr radioactive contamination in the
environment. The authors of the work (Cigna 2000) men-
tion that *Sr diffusion coefficient depends on the soil and
it is (0.4-3.4)- 10 m?year. The authors of this work
maintain that the highest contamination is in the soil layer
of 20 cm, and as it is known the main biomass of the
active roots of Scots pine (Pinus sylvestris L.) is at a
depth of 0-30 cm in the soil (JJanycesuutoc 1984).

Meanwhile, °Sr transfer-evaluating factor is, on the
average, even 325 times higher than the established coef-
ficients, but it does not mean that transfer is higher. Radi-
onuclide soil-to-wood transfer factor and coefficient
characterize the same transfer phenomenon, though due
to dimension differences their values vary.

Fig. 3 presents the coefficients of **'Cs transfer from
the soil to Scots pinewood.

137¢Cs transfer coefficients from the soil to Scots pin-
ewood vary from (4.0+1.0) - 10* m¥kg to (8.0+2.0) - 10
* m’/kg, and the mean value is (7.0+1.0) - 10* m%/kg. The
determined *'Cs transfer coefficients are approximately 5
times higher than *°Sr transfer soil-to-wood coefficients.
This variation probably occurred due to the peculiarities
of radionuclide migration in the soil and specific features
of dispersion in wood.

The author of the work (Mar¢iulioniené 2001) men-
tions that the major part of the total amount of **Cs envi-
ronmental contamination is accumulated at the 5cm
upper layer of the soil, i.e. even 60-87%. It is also stated
that soils, which contain more organic matter or consist
of small fraction particles, tend to accumulate **'Cs more,
and at the same time to contaminate plants. The author of
the work (Yunumos, Boraues 2000) mentions that of
special importance for radioactive soil-to-plant contami-
nation is opportunity for assimilation of nutrient materials
from the upper soil layer, the acidic-restorative potential
of the soil in the growing site, transpiration conditions,
and temperature regime. Nevertheless, even though the
author mentions that the most important contamination of
this radionuclide comes from the upper layer of the soil, it
is also necessary to evaluate the fact that radiocesium
migrates along the soil horizon deeper. The mechanism of
this migration is predetermined by the processes of diffu-
sion, occurring in the soil. **’Cs diffusion coefficient in

sandy soils is 0.17 - 10* m%/year. Also, it is very im-
portant to evaluate the fact that the main part of the active
root biomass of the plant under study, Scots pine, is in the
0-30 cm soil layer (lanyceBuuroc 1984).

Looking at the types of variation of *'Cs and *Sr
transfer coefficients, it is possible to notice that they are
different: for “°Sr transfer coefficients prior to 1970, an
exponential increment is characteristic, and from 1970 —
an exponential decrease. Meanwhile, in the variation of
B37Cs transfer coefficients, there are several specific peri-
ods — approximately every ten years an increment of the
specific activity of this radionuclide in wood is observed.
Such a tendency may be explained by the migration of
that radionuclide along the soil horizon deeper, towards
the main biomass of pine roots. Types of variations could
be predetermined by the properties of radionuclides under
study and the radioactive pollution of the environment.
Such a difference in the variation of transfer coefficients
could be related with the properties of radionuclides un-
der study and the radioactive pollution of the environ-
ment.

gy after entering the wood of gymnosperms, is rel-
atively immobile, whereas **'Cs is noted for a higher
radical mobility among rings than “Sr — it moves towards
the core. On the other hand, in the territory of Lithuania
pollution with radioactive cesium was higher than that
with radioactive strontium.

A standard scale of annual increment of ring varia-
tion is given in Fig. 4, which was made according to
(Stravinskiené 2002).

According to the results presented in Fig. 4, in the
area under study within the period under analysis (1955—
2000), the most favourable pine growth years, taking into
account the coefficient of annual radial increment indices
(IARI), are distinguished: 1958-1976, 1982-1994. The

oL SN AA A
90 \/ \/ A4

70 T T T T T T T r T |
1950 1855 1960 1965 1970 1975 1980 1985 1990 19985 2000

Years

Fig. 4. Variation in the indexes of annual radial increment
(IARI) of P. sylvestris in Pinetum myrtillo-sphagnosum
during the period 1930-1997 by (Stravinskiené 2002)
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values of *'Cs transfer coefficients from 1960 to 1970
decrease, whereas within the period 1982-1994 an in-
crease of these transfer coefficients is observed. While
making an analysis of the variation of *°Sr transfer from
the soil to pinewood during the favourable pine growth
years an opposite view is noticed than in the variation of
37Cs transfer coefficients. Within the period 1965-1975,
%gy transfer coefficients increase and reach the maximum
value close to 1970-1975. Even though “Sr transfer coef-
ficients calculated from 1975 go on decreasing, but not so
distinctly as from 1985.

o 0.0010
==
o~
£ 0.0005
Q
O 0.0000 T  — )
bark needle wood
a)
0.180+0.06 0.200+0.070
0.006
o
3
™~
£ 0.003
J
% 0.000
bark needle wood
b)

Fig. 5. °Sr (a) and **"Cs (b) transfer coefficients from soil to
elements of Scots pine

Fig. 5 provides “Sr (a) and **'Cs (b) transfer coeffi-
cients to certain rings of Scots pine.

According to the determined *'Cs and ®Sr transfer
coefficients from the soil to Scots pine needles and bark,
it is possible to notice that *'Cs transfer to the bark is
established 18 times higher than that of ®Sr, and to the
needles — 12 times higher. According to the investigation
results, it is also possible to state that **’Cs transfer both
to the needles and bark is very similar. Meanwhile, *Sr
transfer to the needles from the soil is twice as much than
to the bark. Probably, we could relate these results to
different intensity of the process of needle and bark self-
cleaning from radionuclides. In the work (Von Fircks et
al. 2002) it is mentioned that the foliage of willows (Salix
viminalis) accumulated “°Sr more significantly than the
other rings. It is probable that this phenomenon is charac-
teristic not only of deciduous trees, and thus we could
justify a higher transfer of ®Sr to the needles. In addition,
it is important to remember that radionuclide transfer to
the needles and bark is also significantly impacted by a
direct transfer of radionuclides from the atmosphere.
Making an analysis of radionuclide transfer coefficients
from the soil to certain rings of Scots pine (Pinus sylvest-
ris L.), it is possible to notice that transfer to the bark and
needles is significantly higher than to pinewood. Such a
transfer result could be related to the self-cleaning of
different pine rings from contaminants as well as to a
higher importance of atmospheric pollution to the bark
and needles than to the wood.

4. Conclusions

1. The main ways of plant contamination with *Sr
and **'Cs is radioactive pollution from the atmosphere
and radionuclide transfer to the wood from the soil via
the plant root system.

2. %Sr transfer coefficient from the soil to pin-
ewood at a height of 1 m from the stump in 1955-2000
varied from 0.2 - 10*+ 0.1 - 10® m%kg to 4.0 - 10* +
0.6 m?/kg, and the mean value at the bottom of the trunk
within the entire growth period made 1.4 - 10* + 0.3 -
10~ m¥/kg.

3. At the beginning of Scots pine growth *Sr trans-
fer to the wood is higher than the average one (0.2 £ 0.1) -
10* m?/kg. The highest °Sr transfer is determined in the
wood, formed within 1970-1975. From 1975, the expo-
nential decrease of *Sr soil-to-wood transfer is observed.

4. ¥'Cs transfer coefficient from the soil to Scots
pinewood varies from (4.0 + 1.0) - 10 m?%kg to
(8.042.0) - 10 m?%kg, and the mean coefficient value is
(7.04£1.0) - 10* m?/kg.

5. The determined **'Cs transfer coefficients are
approximately 5 times higher than *°Sr soil-to-wood
transfer coefficients.

6. In the variation of **’Cs transfer coefficients, an
increase is observed every 10 years.

7. Transfer coefficients of the radionuclides under
study from the soil to the bark and needles of Scots pine
(Pinus sylvestris L.) are higher than to the pinewood.

8. While analysing IARI relation with radionuclide
transfer coefficients, it was noticed that from 1955 to 1965
%5y transfer was of a decreasing character, and from 1965
to 1976 it had a tendency to increase. The variation of
3Cs coefficients was inverse to the variation of “Sr coef-
ficients. From 1982 to 1994 *Sr coefficient decreased, and
that of **’Cs, though insignificantly, but increased.
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1¥7Cs IR **Sr PERNASOS IS PRIESMELIO DIRVOZEMIO [ PUSIES (Pinus sylvestris L.) SANDUS TYRIMAS
I. Pliopaité Bataitiené, D. Butkus
Santrauka

Dirbtinés kilmeés radionuklidai daugiausiai j aplinka pasklido dél vykdyty branduoliniy sprogdinimy, avarijy atominése el-
ektrinése ir tebepatenka veikiant branduolinei pramonei. Pateke j aplinka, radionuklidai globaliai pasklinda ir veikia visus
aplinkos komponentus bei juose kaupiasi. Vienas i§ tokiy aplinkos komponenty yra medis. Jis tarsi istorijos metrastis
fiksuoja buvusig uztar$a ir buvusias klimatines salygas. Vienas i§ biidy perskaityti §j metrastj — radionuklidy pernasos i3
dirvozemio j medj faktoriy ar koeficienty vertinimas. Darbe pateikiami ir analizuojami eksperimentiniai radionuklidy
pernagos i§ dirvozemio j paprastaja pusj (Pinus sylvestris L.) duomenys. Nagringjama *°Sr ir *¥'Cs pernaga i§ 020 cm
dirvoZemio sluoksnio j paprastosios pusies mediena. Tirti parinkta paprastoji pusis (Pinus sylvestris L.). Jos augavieté yra
Alytaus apskrityje miskingoje teritorijoje, kuri patenka j didesnés radioaktyviosios uztarSos zona. Sioje augavietéje vyrau-
ja priesmélio tipo dirvozemiai. Nustatyta, kad “°Sr perna3os j tiriamaja pusies medieng faktorius kinta nuo 0,005+0,002 iki
0,315+0,002, o pernasos koeficientai — nuo (0,2 £ 0,1)-107 iki (4,0+0,6)-10* m%kg. **'Cs pernagos i§ dirvozemio j pap-
rastosios pusies mediena koeficientai kinta nuo (4,0£1,0)-10™* m?%kg iki (8,0£2,0)-10* m?kg. Nustatyti **’Cs pernagos
vidutiniai koeficientai yra apytiksliai 5 kartus didesni nei vidutiniai *Sr pernagos i§ dirvoZemio j mediena koeficientai.

Reik§miniai Zodziai: *Sr, **'Cs, radionuklidy savitasis aktyvumas, radionuklidy perna3a, paprastoji pusis Pinus sylvestris L.,
priesmélio dirvozemis.

HCCJEJOBAHUE NEPEHOCA *'Cs M °Sr U3 TIOUBbI B KOMIIOHEHTBI COCHBI (Pinus sylvestris L.)
N. Ilaenaiite baraiitene, I. Byrkyc
Pesome

VIcKkycCTBEHHBIC PAIMOHYKIUIBI B OKPY)KAIOIIEH cpesie MOSBUIIMCH BCIICACTBUE SIICPHBIX B3PHIBOB, aBapHii Ha aTOMHBIX
JJIEKTPOCTAHIMAX M BBINAJACHHN NpH paboTe sSAEpHOI MPOMBINUICHHOCTH. PaIHOHYKINABI pacHpoCTPaHSIIOTCS B aTMO-
cepe 1 HaKaIIMBAIOTCSl B KOMIIOHEHTaX OKpYykarouieil cpenpl. OTHNM M3 KOMIIOHEHTOB OKPYIKaroIIeH Cpelibl sIBISFOTCS
nepeBbsi. OHUM Kak OBl 3aMUCHIBAIOT MCTOPHUIO CIYYHBILIETOCS 3arps3HEHUS] OKPYKarolIei cpeasl U KIMMaTHYeCKUe YCIIo-
Bust nporioro. OJMH U3 COCOO0B MIPOYTEHHS TAKOTO €XKEr0THUKA — N3ydeHHe (pakTopoB WM K03 GUIUEHTOB MepeHoca
PaaAMOHYKJIN/IOB U3 TOYBBI B JEPEBbs. B cTaTbe aHANIU3HMPYIOTCS 3KCIICPHMEHTAIIbHBIC JaHHBIE O MOCTYIUICHHH Pajifo-
HyKJHI0B B cocHy (Pinus sylvestris L.) u3 moussl. M3yuaetcst mepeHOC %08y i ¥¥'Cs u3 cinost nouss! TommuHol 020 cM B
KOMIIOHEHTBI COCHBI. MecToM pocta aHanm3upyemoit cocusr (Pinus sylvestris L.) mocmyuna necHass MeCTHOCTh B AJn-
TYyCCKOM paiioHe, B KOTOpoil mociie YepHOOBIIbCKOH KaTacTpodbl 3aUKCHPOBAHO TOBBIIIEHHOE PaJHOAKTHBHOE 3arps3-
Henne. Ha 5TOM ydacTKe TOMHHHpYET Cymech. Bbimo ycraHoBneHo, uto dakrop mepeaunm °Sr w3 MOUBBI B COCHY
Bapbupyer ot 0,005:+0,002 10 0,315+0,002, a kospdwmments — ot (0,2 +0,1) - 107 10 (4,0£0,6) - 10 ™ m/kg. Koaddu-
1eHT meperoca “'Cs U3 TOYBBI B IPEBECHHY COCHBI BapbupyeT oT (4,0£1,0) - 10 m¥kg mo (8.0+2.0) - 107 m%/kg.
VYeraHoBneHo, 4To cpenuii koadduimeHT nepeHoca ' Cs U3 MOUBbI B ApeBecHHy cocHbl (Pinus sylvestris L.) mpumepHo
B 5 pa3 Oouiblile, yeM k03D HUIMEHT mepeHoca = Sf.

Knrouebie coBa: *°Sr, 3'Cs, ynensHas akTHBHOCTB, MHTPALHsS PaTHOHYKIHAOB, cocHa Pinus sylvestris L., cymecuanas
MoYBa.
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