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Abstract⎯Data on the concentrations of natural (226Ra, 232Th and 40K) and artificial (137Cs) radionuclides
and on the physicochemical properties of chernozems sampled in different years are presented. In 1952, upon
the creation of the Penza–Kamensk state shelterbelt, three deep (up to 3 m) soil pits were examined within
the former arable field under two-year-old plantations of ash and maple along the transect crossing the terri-
tory of the Beloprudskaya Experimental Station of the USSR Academy of Sciences in Volgograd oblast. The
samples from these pits were included into the collection of dated soil samples of the Dokuchaev Central Soil
Science Museum. Five pits were examined along the same transect in 2009: three pits under shelterbelts (ana-
logues of the pits studied in 1952) and two pits on arable fields between the shelterbelts. In the past 57 years,
certain changes took place in the soil structure, bulk density, and the content and composition of humus. The
salt profile of soils changed significantly under the forests. The comparison of distribution patterns of natural
soil radionuclides in 1952 and 2009 demonstrated their higher contents at the depth of 10–20 cm in 2009
(except for the western shelterbelt). Background concentrations of natural radionuclides in parent materials
and relationships between their distributions and the salt profiles of soils have been determined; they are most
clearly observed is the soils under shelterbelts. Insignificant contamination with 137Cs (up to 34 Bq/kg) has
been found in the samples of 2009 from the upper (0–20 cm) horizon. The activity of 137Cs regularly decreases
from the east to the west; the highest concentrations of this radionuclide are found in the topmost 10 cm. This
allows us to suppose that 137Cs was brought with aerial dust by eastern winds, and the shelterbelts served as
barriers to the wind flow.
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INTRODUCTION
Nuclear tests, development of nuclear power engi-

neering industry, and application of radiation sources
in industry, medicine, and agriculture resulted in the
change of radiation situation and appearance of terri-
tories with increased concentrations of natural radio-
nuclides (NRN) and artificial radionuclides in the
second half of XX century. Accident situations and
incidents determined the formation of radioactive
trails with high levels of contamination (emergencies
at Scientific-Production Association Mayak, Cher-
nobyl NPS, etc.). The main radionuclides of global
fallout are two long-lived radionuclides 90Sr (Т1/2 =
29.12 years) and 137Cs (Т1/2 = 30.17 years), which were
distributed on the Earth’s surface after nuclear tests.
The contamination caused by disruptions of the tech-
nological processes in the work of enterprises of
nuclear fuel cycle, transportation, and storage of
radioactive wastes, and accident situations produced

by the fallout of various radionuclides [2, 21, 22]. Soil
is the main environmental “depot” of radionuclides.
Soil on one hand takes NRN from parent rocks, which
determine natural radiation background of soil, and,
on the other hand, it is the “depot” of artificial radio-
nuclides [15, 24, 30]. Unique soil properties open pos-
sibilities for revealing pollution scenarios and observ-
ing the dynamics of the radiation situation develop-
ment in different territories. Significant factual
material has been accumulated by now on characteris-
tics of soils contaminated by technogenic (artificial)
radionuclides [2, 11, 18, 23, 25, 28, 31, 32]. It is known
that the behavior of artificial radionuclides in soils
depends on many factors: genetic features of soil,
regimes (moisture, acidity, and redox), organic matter
content, and particle-size, chemical, and mineralogi-
cal compositions [5–7, 15, 22, 24, 29, 30].

The following interrelated tasks should be solved in
order to determine the danger level of soil contamina-
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tion by radionuclides: (1) to assess recent concentra-
tions of radionuclides in soils and parent rocks; (2) to
study regularities of their behavior; and (3) to arrange
monitoring of radionuclides concentrations in soils of
natural zones and develop the prognostic models of
radionuclides migrations in the environment.

The solving of these tasks is complicated for Russia
by the following circumstances: exclusively great
diversity of soils and parent rocks, time and scale of
radiation pollution, and limited information on back-
ground concentrations of radionuclides (prior to
nuclear tests) in soils and parent rocks. There are aver-
age data on NRN concentrations in some soils and
sedimentary, igneous, and metamorphic rocks [17,
http://www.phys.rsu.ru/web/nuclear/radioecologie/
fRE6.htm]. The unique possibility to study concentra-
tions of natural and artificial radionuclides in soils
and parent rocks and temporal variations of their
concentrations is provided by soil monoliths and soil
samples from different regions of Russia stored in
V.V. Dokuchaev Central Soil Museum [13, 33]. Soil
monoliths and samples taken in different natural
zones and land use types, on different parent rocks,
and in different periods (beginning from 1902) allow
characterizing natural radiation background in the
soils, its dynamics, and input of technogenic radionu-
clides, i.e. carrying out soil-ecological monitoring.

The task of this work is the integrated study of vari-
ations in radionuclides (226Ra, 232Th, 40K, 137Cs) con-
centrations and of soil properties in the samples of
chernozem under forest and cropland, and in parent
rocks; samples were taken in different time.

OBJECTS AND METHODS
Studied objects were presented by soil samples

taken from the pits described in 1952 and 2009 in the
plots, soil cover of which was presented by carbonate-
textural (southern) chernozem on mantle clays. The
research was performed in the territory of former
Beloprudskaya Station, Danilovskii district, Volgo-
grad oblast, first by the Complex expedition of the
USSR Academy of Sciences solving the problems of
field-protective afforestation. The Station was estab-
lished on gently sloping watershed divide of the Buzu-
luk and Tersa rivers. Parent rocks are presented by
mantle silty clays of several tens of meters deep. Mean
annual temperature is 5.4°С, annual precipitation is
390 mm. Precipitation to evaporation ratio in summer
ranges from 0.32 to 0.23. Maximal water penetration
into the soil in spring is about 180 cm [4]. E.A. Afa-
nas’eva made three pits (pit 210, pit 209, and pit 211)
to the depth of 3 m along the transect crossing an even
interstream area from the west to the east on a crop-
land under the two-years-old plantations of ash and
maple in 1952, the State Forest Protective Belt
Penza—Kamensk was under construction. [4]. Forest
belt was composed of three shelterbelts 60 m in width
each and two inter-shelterbelt spaces 300 m in width

occupied by arable plots. Hence, total width of the
whole forest belt was 780 m [4]. Soil samples weighing
about 1.5 kg, were taken from every 10-cm layer in
three pits. Air-dry samples were stored in closed glass
vessels with friction-fitted stoppers under room tem-
perature in the collection of V.V. Dokuchaev Central
Soil Museum.

Five pits were dug in the same place along the same
transect to the depth 2.5 m in 2009. Three pits were
adjusted to the same sampling plots as in 1952 (pit BP-1
analogous to pit 210, BP-2 analogous to pit 209, and
BP-4 analogous to pit 211) under western, central, and
eastern shelterbelts, respectively. The tree stand was
composed of red ash (Fraxinus pennsylvanica) in the
eastern shelterbelt and ash-like-leave maple (Acer
negundo) in the central and western shelterbelts.
Crown density was 0.4–0.5, tree height 12 m, tree age
57 years. Two pits were made in arable plots between
shelterbelts (pit BP-5 between western and central
shelterbelts and pit BP-3 between central and eastern
shelterbelts). Density was determined in pits BP-1,
BP-4, and BP-5 to the depth of 90 cm in every 5-cm
layer. Soil samples of 2 kg were taken in the layers
every 5–10 cm.

Soil sampling, preparing of averaged specimens
from the samples taken in 1952 and 2009, and subse-
quent analysis were carried out according to the com-
monly adopted methods [8, 19, 26]. Organic carbon
(humus) by I.V. Tyurin method, fractional-group
composition of humus by I.V. Tyurin in modification
of V.V. Ponomareva and T.A. Plotnikova, pH of water
suspension, water-soluble substances (water extract),
and particle-size composition by pipette method were
determined.

Specific activities of radionuclides (226Ra, 232Th,
40K, 137Cs) were measured in the samples from the lay-
ers, cm: 0–5, 5–10 (0–10), 10–20 and 90–100 by
gamma-spectrometry method in All-Russian
Research Institute of Radiology and Agroecology
according the method [1].

RESULTS AND DISCUSSION
Comparative characterization of soil properties in

the samples taken in different years. Soils of all studied
pits were formed on heavy-textured parent rocks
(Table 1). Average content of physical clay (<0.01 mm)
in all samples was 69.8% (standard deviation (σ) =
7.9%). Clay content at the depth of 90–100 cm varied
in a narrow range: soils of 1952 – 37–39%, and those
of 2009 – 35–42%.

Physical clay and clay (<0.001 mm) contents in the
upper part of soil profiles (0–10 and 10–20 cm) were
practically everywhere less than in parent rocks both in
the samples of 1952 and 2009. A distinct decrease of
physical clay (<0.01 mm) content at the same depths
from the west to the east was observed in soils of 1952
(pits 209, 210, and 211), whereas an opposite trend was
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recorded for soils of 2009 year of sampling. The latter
increase was especially well pronounced in pit BP-2
(analogous to pit 209) and pit BP-4 (analogous to
pit 211). In this result, we observed leveling of physical
clay content in all recent pits along the transect. The
difference between soils of 1952 and 2009 in the layers
0–10 and 10–20 cm decreased from the east to the
west. This could be connected with the input of fine
particles by eastern winds, and capturing of these par-
ticles by protective forest belts. Similar trends were
observed for the clay fraction.

Well-expressed humus-clay coatings (Munsell color
10YR 3.1) along the cracks and root holes were
observed approximately in the depth interval 40 to
200 cm in soils of 2009. Coatings thickness ranged from
1 to 3 mm. Their number and size changed with the
depth. The presence of coatings could be indicative of
illuviation process of humus substances and clay parti-
cles in the soil profile. The presence of numerous tongs
at the lower boundary of humus horizon in recent soil is
an indirect evidence of this process.

The thickness of humus horizons in soils did not
significantly change over a 57-years period. Pro-
nounced adverse changes occurred in soil structure of
upper horizons in arable soils (pits BP-3 and BP-5)
[9]: subangular blocky and crumb structure was trans-
formed into cloddy and even lumpy one. It was most
pronounced in the lower part of plow horizon, where
the ped faces were most clearly expressed.

According to the data of Afanas’eva [4], soils of
1952 were characterized by a uniform increase of den-
sity from the surface to the depth of 90 cm from 1.0 to
1.6 g/cm3. Significant change of bulk density occurred
in the layer 0–5 cm over the studied period. Density
decreased in the soil under forest plantations to
0.8 g/cm3, and, on the contrary, it increased under
arable field to 1.3 g/cm3. In the whole, bulk density in
recent soils ranged within 0.8–1.4 g/cm3 under forest
and within 1.3–1.5 g/cm3 under cropland.

Content of carbon of organic compounds (Сorg) in
recent arable soils (pits BP-3 and BP-5) did not prac-
tically change over the studied period. At the same
time, in soils under forest (pits BP-1, BP-2, BP-4),
Сorg content in the layer 0–10 cm increased to 4.4%,
and this was 1.4–1.6% higher as compared with the
soil 1952. Minimal difference was observed in the pair
of pits 211 and BP-4 (eastern shelterbelt), where ini-
tially (pit 211) Corg content was higher. Similar phe-
nomenon was observed in the layer 10–20 cm. Signif-
icant changes occurred in the group composition of
humus: the proportions of fulvic acids and humins
(nonhydrolyzable residue) increased. Humate type of
humus was replaced by fulvate-humate type according
to the parameters of the humus state of soil [14].

Soil pH was close to neutral in the upper part of
the soil profile (0–55 cm) in soils of both dates of
sampling. Minimal value (рН 6.8) was observed at

the depth of 10–20 cm (Table 1). Soil pH sharply
increased below 55 cm in all soils and exceeded 8.1.
The same values were observed in soils of 1952,
although by 30 cm lower than in recent soils.

Significant changes occurred in salt profiles of soils
over 57 years. The upper boundary of salt profile (dry
residue 0.2% was taken as its initial point) raised from
175–200 cm (1952) to 100–140 cm (2009) (Fig. 1).
Maximal value of dry residue increased from 0.4%
(1952) to 1.0–1.4% in soil of eastern shelterbelt and to
2.0% in soil of western shelterbelt (2009). Concentra-
tions of easily soluble salts insignificantly increased in
the soil of central shelterbelt. The dry residue in recent
arable soils changed slightly all over the soil profiles (to
240 cm) and was about 0.1% in the upper one-meter
layer and did not exceed 0.2% in the lower layers.

Fig. 1. Dry residue in soils of different time of sampling. 
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Table 1. Chemical and physicochemical properties of studied chernozems

Horizon Depth, cm
рНwater

Сorg, %
Particles

<0.01 mm <0.001 mm

%

Pit 210, 1952, western shelterbelt
PU 0–10 6.9 2.8 64 32
PU 10–20 6.8 2.6 64 30
AUca 20–30 7.1 2.4 39 32
AUca 30–40 7.8 2.0 67 30
CAT 40–50 8.0 1.5 70 32
CAT 50–60 7.7 1.2 70 32
CAT 60–70 7.8 0.9 75 35
Cca 70–80 7.9 0.7 72 36
Cca 80–90 8.1 0.7 72 39
Cca 90–100 8.2 0.4 73 39

Pit BP-1, 2009, western shelterbelt
АU 0–5 7.0 4.4 70 32
АU 5–10 6.9 3.2 76 37
АU 10–20 6.8 2.8 75 32
AUca 20–30 7.7 2.6 74 33
AUca 30–40 8.0 2.1 71 32
CAT 40–50 8.2 1.1 79 37
CAT 50–60 8.2 1.2 78 36
CAT 60–70 8.4 0.7 77 36
Cca 70–80 8.4 0.6 77 38
Cca 80–90 8.4 0.5 81 39
Cca 90–100 8.3 0.4 81 38

Pit BP-5, 2009, arable field between shelterbelts
PU 0–5 7.0 2.7 73 33
PU 5–10 7.0 2.6 73 34
PU 10–20 7.0 2.4 74 35
AUca 20–30 7.2 2.1 72 34
CAT 30–40 7.8 1.8 74 34
CAT 40–50 8.2 1.7 69 39
CAT 50–60 8.3 1.2 73 35
CAT 60–70 8.4 1.0 74 36
CAT 70–80 8.4 1.0 76 41
Cca 80–90 8.4 0.5 71 46
Cca 90–100 8.4 0.5 73 42

Pit 209, 1952, central shelterbelt
PU 0–10 7.5 2.9 58 16
PU 10–20 7.7 2.8 59 20
AU 20–30 7.8 2.6 65 25
AU 30–40 8.2 2.2 68 29
AU 40–50 8.2 2.1 73 37
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CAT 50–60 7.9 1.2 70 36
CAT 60–70 8.1 1.0 71 35
CAT 70–80 8.3 0.7 72 37
CAT 80–90 8.4 0.6 72 39
Cca 90–100 8.4 0.4 73 37

Pit BP-2, 2009, central shelterbelt
АU 0–10 7.4 4.0 67 33
АU 10–20 7.0 3.1 69 36
AU 20–30 6.8 2.6 71 36
AU 30–40 6.8 2.4 69 35
CAT 40–50 7.6 1.7 70 37
CAT 50–60 8.1 1.7 70 35
CAT 60–70 8.3 1.1 70 36
CAT 70–80 8.5 0.7 74 38
CAT 80–90 8.4 0.7 71 35
Cca 90–100 8.5 0.5 70 35

Pit BP-3, 2009, arable field between shelterbelts
PU 0–10 7.9 2.7 73 33
PU 10–20 7.9 2.5 74 35
AUca 20–30 7.9 2.5 Not det.

CAT 30–40 8.0 1.9 ''

CAT 40–50 8.3 1.4 ''

CAT 50–60 8.4 0.9 ''

Cca 60–70 8.4 0.6 ''

Cca 70–80 8.5 0.5 ''

Cca 80–90 8.5 0.3 ''

Cca 90–100 8.6 0.4 73 42

Pit 211, 1952, eastern shelterbelt
PU 0–10 7.0 3.3 50 21
PU 10–20 6.9 3.3 51 22
AUca 20–30 7.2 2.3 68 33

AUca 30–40 7.3 1.9 64 32

CAT 40–50 1.2 67 32
CAT 50–60 7.8 1.2 68 32
CAT 60–70 8.0 0.7 71 32
CAT 70–80 8.0 0.5 72 41
Cca 80–90 8.1 0.4 72 38

Cca 90–100 8.1 0.3 71 40

Horizon Depth, cm
рНwater

Сorg, %
Particles

<0.01 mm <0.001 mm

%

Table 1.   (Contd.)
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The composition of salts also changed over this
period. Sodium sulfate Na2SO4 was dominating salts
in the soil in 1952 [4]. Concentrations of calcium and
magnesium sulfates and to a lesser degree of sodium
chloride increased in recent soils. Layer with maxi-
mum concentration of chlorides in the soil profile was
by 40 cm higher than that of sulfates.

Afanas’eva [4], performed in Beloprudskaya Sta-
tion a complex study of soil properties, water regime,
and salt profiles in 1950–1953; she concluded that the
character of soil water regime could be inferred by the
distribution of gypsum and easily soluble salts in soil-
rock layer. Trees can cause the upward f lows of mois-
ture with dissolved salts due to strong and deep root
systems [4].

Characteristic features of salt profiles in soils 2009
could be explained by the rise of easily soluble salts in
soils under forest and on the contrary by their removal
from two-meter layer of arable soils. This could be
connected with the influence of protective forest belts
on soil moisture regimes. Drying of the middle part of
the soil profile occurred probably in marginal shelter-
belts. It was accompanied by ascending moving of
moisture from deep layers with associated moving of
easily soluble salts. Maximal accumulation of these
salts was at the depth of 170–230 cm, and their upper
boundary rose to 100 cm.

Easily soluble salts were removed below 240 cm in
arable soils between shelterbelts due to the effect of
forest on moisture circulation in the studied territory.

Concentrations of radionuclides in the soil samples
taken in different years. When analyzing the activity of
NRN, we adhered to the following schedule: concen-
trations of each NRN were compared by layers for the
totality of samples, and then separately background
and recent samples were compared with each other.
Obtained data were analyzed in the upward order—
from the parent rock to the humus horizon. Then,
land use types were also compared.

Radium. The range of specific activity (RА) 226Ra
values in parent rock (90–100 cm) in all samples was
relatively narrow, 14.9–29.0 Bq/kg (mean (М) =
22.1 Bq/kg) (Fig. 2), and this range was narrower in
1952 (19.2–23.9 Bq/kg) in comparison with the sam-
ples 2009, whereas mean values were relatively close.
Variation coefficients (Vσ) in the samples of two dates
of sampling were 22.8 and 28.7%, respectively. It was
taken, basing on literature data [10, 16] and statistical
analysis of obtained material that Vσ exceeding the
30% threshold was the index of heterogeneity of radio-
nuclide activity.

The range of RА 226Ra in the layer 10–20 cm was
wider (15.8–39.8 Bq/kg) than in parent rock and was
determined by radionuclide content in the samples
2009. The difference between 226Ra activity at the
depth 10–20 cm and in parent rock did not exceed
11 Bq/kg in all pits. This was also true for soil of central

Fig. 2. Specific activity of 226Ra in the layers of (a) 0–10,
(b) 10–20, and (c) 90–100 cm. Range of values in bar charts
characterizes the errors of radiometric measurements. 
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shelterbelt (pit BP-2), where specific activity of 226Ra
was maximal (depth 10–20 cm) and comprised
39.8 Bq/kg. Activity of 226Ra at this depth in samples
1952 was practically the same in all pits. Variation
coefficients calculated for the samples 1952 was 19%,
whereas it was 44% for the samples 2009. Variation
coefficients Vσ for arable soils 2009 were less than
27%, whereas it equaled 42% under the forest (at the
same depth). It can be assumed that this difference
may be attributed to the spatial heterogeneity.

The range of radium activity was the narrowest in
the layer 0–10 cm (13.1–23.8 Bq/kg, М = 18.0 Bq/kg)
in comparison with the lower layers. There was not
practically no difference between the samples of two
dates (within the instrument accuracy). The character
of variation of radionuclide activity along the transect
under forest actually repeated the variation pattern in
soils 1952. Insignificant deviations were observed in
arable soils.

In the whole, the samples of humus horizons (0–
20 cm) were characterized in 2009 by the widest range
of RА (13.1–39.8 Bq/kg, М = 21.1 Bq/kg). Coefficient
of variation for all measurements of RA in the samples
of humus horizons equaled 36.2%; it was less than
30% in the samples 1952.

Soils under shelterbelts (pits BP-1, BP-2, and BP-4)
had wider ranges of radionuclide concentrations
(13.2–39.8 Bq/kg, М = 23.5 Bq/kg) in comparison
with the soils of arable fields (13.1–26.6 Bq/kg, М =
19.9 Bq/kg). Coefficient of variation exceeded the
30% threshold in soils under forest, and the maximal
value was observed at the depth 10–20 cm (42%).

Thorium. Specific activity of 232Th in all samples of
parent rock (90–100 cm) ranged in 2009 within 32.4–
47.5 Bq/kg (М = 38.5 Bq/kg) (Fig. 3). Activity RА in
the samples 1952 was practically similar, it varied
within the measurement accuracy (35.1–38.1 Bq/kg,
М = 36.5 Bq/kg). Coefficient of variation did not
exceed 21% for the samples of both dates of sampling
as well as for the totality of parent rock samples.

The character of changes of 232Th activity in the
samples of parent rock 2009 along the transect in com-
parison with the values of 1952 was similar to that of
226Ra. High concentration of 232Th in recent soil of
western shelterbelt (pit BP-1) and low one in soil of
eastern shelterbelt (pit BP-4) were recorded.

The RА value of thorium in the layer 10–20 cm of
the samples 2009 was greater than in 1952 with narrow
range (37.3–44.5 Bq/kg). The difference between
232Th activities at the depth of 10–20 cm and in parent
rock did not exceed 12 Bq/kg in all pits.

Specific activity of 232Th in surface layer (0–10 cm)
was lower in the samples 2009 than in 1952: М = 38.9
and 45.9 Bq/kg, respectively. The samples of central
shelterbelt (pit 209 and pit BP-2), in which the RА val-
ues were similar, were exclusions. Fig. 3. Specific activity of 232Th in the layers of (a) 0–10,

(b) 10–20, and (c) 90–100 cm. 
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The samples of humus horizons (0–20 cm), as in the
case with 226Ra, were characterized by a widest range of
RА of thorium (29.0–52.6 Bq/kg, М = 40.2 Bq/kg).
This range was determined by the activity of 232Th in
soil samples of 1952 year of sampling. Coefficient of
variation for all samples of humus horizons for both
dates of sampling did not exceed 30%.

The following features in the character of change of
thorium activity in soil profile should be emphasized:
(1) minimum content of radionuclide in soils of 1952
(pit 210 and pit 211) was observed at the depth 10–
20 cm in comparison with parent rock and the layer
0–10 cm; concentrations of thorium in pit 209 varied
at all depths within the measurement accuracy;
(2) similar varying of radionuclide activity along the
transect was observed in the samples of 2009 at the
depth 0–10 and 90–100 cm: the activity of radionu-
clide decreased from the west to the east. Unlike 226Ra,
soils under shelterbelts of forest belt were character-
ized by narrower ranges of 232Th concentrations
(32.4–48.3 Bq/kg, М = 41.9 Bq/kg), than soils under
arable fields (29.0–52.6 Bq/kg, М = 36.9 Bq/kg).

Potassium. The 40K radionuclide originated mil-
lion years ago, and its presence in rocks and soils can
be explained by a long period of half-life (1.248 ×
109 years) [23]. The range RА 40K for all samples of par-
ent rock (Fig. 4) was wide and equaled 449–748 Bq/kg
(М = 603 Bq/kg). There were no significant differ-
ences between the ranges of specific activity of potas-
sium in the samples of both dates of sampling, and
this was confirmed by calculation of Vσ (separately
for the samples of each date of sampling and for the
totality), which did not exceed 23%.

Higher concentration of radionuclide in the layer
90–100 cm in soil of western shelterbelt (pit BP-1) rel-
ative to the value in the samples of 1952 (pit 210)
should be noted. The difference was ~280 Bq/kg.
However, a significant difference in 40K activity was
not observed in two other pairs of pits (209 and BP-2
and 211 and BP-4).

Activity of 40К at the depth of 10–20 cm in pits BP-2,
BP-3, BP-4, and BP-5 of 2009 varied in a narrow
range (715–798 Bq/kg, М = 739 Bq/kg). Only pit. BP-1
stood apart with its lower value of activity, 646 Bq/kg.
The samples of 1952 also displayed narrow ranges sim-
ilar to those of 2009 with lower activity (523–
590 Bq/kg, М = 546 Bq/kg). In the whole, the differ-
ence in radionuclide concentrations between the sam-
ples of two dates of sampling increased at this depth
from the west to the east (from 120 to 220 Bq/kg).

The range of 40K activity in the layer 0–10 cm in the
samples of 1952 and 2009 was wider (523–673 Bq/kg,
М = 590 Bq/kg) than in lower layer. It should be noted
that the difference in radionuclide activity at this
depth between the samples of two dates was practically
insignificant. Maximal difference between the pit 209
and its analog – pit BP-2 was 60 Bq/kg. PotassiumFig. 4. Specific activity of 40K in the layers of (a) 0–10,

(b) 10–20, and (c) 90–100 cm. 
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concentrations in arable soils 2009 (the layer 0–10 cm)
were practically similar (523 and 530 Bq/kg) and lower
than in the samples 1952 and those under the forest in
2009. The difference in activity did not exceed 50 Bq/kg
in soil samples under the forest.

In the whole, humus horizons (0–20 cm) of soil
were characterized in 2009 by wider range of RА 40K
(523–798 Bq/kg, М = 652 Bq/kg). The range was
clearly narrower in samples of 1952: 523–683 Bq/kg
(М = 586 Bq/kg). Coefficient of variation for all sam-
ples from humus horizons and for each date separately
did not exceed 18.1%.

The increase of 40K activity was observed in the
samples of pit 210 in comparison with parent rock by
70 Bq/kg in the layer 10–20 cm and by 170 Bq/kg in
the layer 0–10 cm. The difference between parent rock
and the layer 10–20 cm was insignificant (9 Bq/kg) in
pit 211, higher activity characterized only the layer 0–
10 cm. Opposite pattern was observed in pit 209 (cen-
tral shelterbelt): activity of 40K was significantly lower
in upper horizons than in the parent rock. Analysis of
40K activity in soil profiles of shelterbelts of 2009 year
of sampling demonstrated that the activity in pit BP-1
(western shelterbelt) in the layers 10–20 and 0–
10 cm was significantly lower than in the parent rock
(by 100 and 123 Bq/kg, respectively). Activity RA 40К
in the soil of eastern shelterbelt (pit BP-4) was signifi-
cantly greater in both layers (0–10 and 10–20 cm).
Specific activity of radionuclide in central shelterbelt
(pit BP-2) was practically similar in the layer 0–
10 cm and the parent rock and greater in the layer
10–20 cm than in the parent rock.

Cesium. Artificial radionuclide 137Cs, which input
on the soil surface was caused by global fallout after
nuclear tests, was found only in soil samples 2009 at
the depth of 0–10 and 10–20 cm (Fig. 5). The range of
its concentrations at these depths was relatively wide:
from 2.8 to 34.1 Bq/kg (М = 13.4 Bq/kg). The range
RА 137Cs at the depth of 10–20 cm was significantly
narrower (2.8–13.9 Bq/kg), and the absolute values
smaller than at the depth of 0–10 cm in the same pits.
Similar character of the changes in soil activity was
observed at this depth: decrease of RА from the east to
the west as in the surface layer. Coefficient of variation
for data totality was very high (86.6%) and comprised
67.1 and 59.4% for the depths 0–10 and 10–20 cm,
respectively.

The highest concentrations of 137Cs at the depth of
0–10 cm was found in soils of central and eastern shel-
terbelts (RА = 31.9 and 34.1 Bq/kg respectively). The
RА 137Cs value in soil of western shelterbelt was the
same as in soils under arable fields (RА = 9.0, 10.4 and
10.6 Bq/kg, respectively). Coefficient of variation Vσ
for soils under forest equaled 61.6% in each layer,
whereas Vσ was significantly lower in soils of arable
fields (52.2% in the layer 10–20 cm and 20.1% in the
layer 0–10 cm).

CONCLUSIONS

Significant qualitative and quantitative changes
occurred in soils of former Beloprudskaya Station, the
USSR Academy of Sciences, from 1952, and this
could affect the redistribution of NRNs.

The contents of clay and physical clay increased in
the upper part (0–20 cm) of the profile of recent soils
over the 57-years period. The difference between the
contents of these fractions in soils in 1952 and in 2009
decreased along the transect from the east to the west.
Humus content decreased, the structure changed for
the worse, and density increased in arable soils. The
density on the contrary decreased in soil under forest,

Fig. 5. Specific activity of 137Cs in the layers of (a) 0–10
and (b) 10–20 cm. 
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humus content increased, and humus type changed
from humate to fulvate-humate due to increased con-
tent of fulvic acids.

Pronounced trends were observed in the distribu-
tion of NRNs in soils over the studied period.

The comparison of NRN activities in pair samples
of parent rocks 1952 and 2009 (pits 210 and BP-1, 209
and BP-2, and 211 and BP-4) demonstrated that sig-
nificant changes in the character of activity distribu-
tion along the transect happened in all samples. The
difference between NRN activities in the samples of
2009 (pit BP-1) and samples of 1952 (pit 210) reached
maximal values in parent rocks of western shelterbelt.
Activity of NRN was greater in samples 2009. The dif-
ference between activities in samples of two dates of
sampling (pits 209 and BP-2) decreased in the central
shelterbelt. The difference was minimal in the eastern
shelterbelt (pits BP-4 and 211).

We determined the background values of NRN
concentrations in the parent rocks (mantle loams and
clays) and relatively low variability of absolute values
of specific activity of radionuclides (RA, σ) and of
mean values (М):

226Ra М = 19.2 Bq/kg,
RA 14.9–22.3 Bq/kg, σ = 4.4 Bq/kg;

232Th М = 36.5 Bq/kg,
RA 35.1–38.1 Bq/kg, σ = 5.0 Bq/kg;

40К М = 563 Bq/kg,
RA 456–716 Bq/kg, σ = 130.5 Bq/kg.

Activities RA of 232Th and 40К in the samples of ara-
ble soils 2009 at the depth of 0–10 cm were lower than
in forest soils, but clear difference between soils with
different land use types was not observed for 226Ra.

It was determined in numerous studies [2, 3, 6, 7,
11, 12, 15, 20, 22, 28, 29, 31] that NRNs from techno-
genic sources were firmly absorbed in the upper soil
layers. Another character of distribution of radionu-
clides observed in studied soils suggested their natural
origin. The position of the transect on one landform,
relatively close positions of pits and the ratio of parti-
cle-size fractions, permit to conclude that the parent
rocks belonged to the same genetic type, namely,
mantle clays and loams. It can be believed that NRN
were inherited from parent rock, and their redistribu-
tion was connected with soil processes.

The character of profile change of NRN specific
activities demonstrated that relatively high concentra-
tions of NRNs in the layer 10–20 cm were observed in
all pits, excluding BP-1 (western shelterbelt). At the
same time, maximal increase of RA of all NRNs in par-
ent rock in comparison with those in 1952 was
recorded in this pit. It was in agreement with the char-
acter of changes in the soil salt profile. It was the
recent soil of western shelterbelt (pit BP-1), where
maximal increase of salt content and highest boundary
of salt profile were recorded.

The samples from the upper part of the humus
horizon could be divided into two groups by the value
of 137Cs activity. First group included soils with maxi-
mal activities of radionuclides from eastern and central
shelterbelts. The second compact group included all
other soils. Soil samples from the western shelterbelt
had minimal activity at the depth of 0–10 cm. Input of
137Cs on the soil surface was the result of global fallout.
However, redistribution of 137Cs within the studied ter-
ritory was apparently connected with wind transfer,
and forest belt served the barrier for winds.

The presence of 137Cs at the depth of 10–20 cm per-
mit to suggest that the redistribution of this radionu-
clide is the result of vertical migration caused by natu-
ral processes, especially in soils of the first group.

Soil collection and materials of soil studies
obtained practically at the initial period of nuclear
tests along with the data on the changes of soil proper-
ties and activities of radionuclides over the period from
1952 to 2009 allow considering former Beloprudskaya
Station, the USSR Academy of Sciences, as a unique
object for soil-ecological monitoring in the southeast-
ern part of European territory of Russia.
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