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Fallout radionuclides (FRNs), e.g., **’Cs, *******Pu, *°Pb,, and "Be, have been successfully used
to estimate soil erosion and deposition rates worldwide in the past few decades. The FRNs
inventories can be converted to soil redistribution rates using different available conversion
models. Among FRNs, artificial radionuclide cesium-137 is the most widely used as a tracer

for soil erosion assessment. In this survey, the '*’Cs measurements have been used to found

patterns of cesium-137 along the slope transects located in the Mosna site (Eastern Serbia).

A typical example of the vertical distribution of the *’Cs in an uncultivated soil was found.

Patterns of downslope variation in **’Cs contents could be related to the field topography.

Continuation of this research is important to provide insight into the potential of applying

the *’Cs method for the assessment of soil erosion and deposition rates within a study site.

1. Introduction

Radioactive **'Cs is found globally in the environment due to
fallout from atmospheric nuclear weapon tests (since the
early 1950s with the peak in 1963) - bomb-derived '¥’Cs and
nuclear power plant - NPP accidents in the more recent past
(Chernobyl 1986 and Fukushima Daiichi 2011 accidents). The
properties and particular features of *’Cs that have been ex-
plained in detail in numerous studies (Arata et al., 2016;
FAO/IAEA, 2017; Mabit et al., 2008), indicate that **’Cs is an
excellent tracer for studying soil erosion. The video demon-
strating the cesium-137 method for soil erosion assessment
is available at www.iaea.org/newscenter/multimedia/vid-

eos/studying-erosion-with-the-help-of-radionuclides (Pro-

ducer: Joint FAO/IAEA Division of Nuclear Techniques in
Food and Agriculture). Over the past years, different models
(such as Proportional Model, Mass Balance Model I, IT and I1I, Pro-
file Distribution Model, Diffusion and Migration Model, Modelling
Deposition and Erosion Rates with RadioNuclides, etc.) have been
developed for cultivated and uncultivated soils in order to
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convert fallout radionuclides - FRNs (such as artificial '¥Cs
and ?***Py, natural *"°Pb fallout and cosmogenic "Be) inven-
tories into the soil redistribution rates (Arata et al., 2016;
Walling et al., 2011). The *Cs is the most widely used FRN
soil tracer for soil erosion assessment (Ceaglio et al., 2012;
Haciyakupoglu et al., 2005; Iurian et al., 2012, 2014;
Theocharopoulos et al., 2003). Advantages and limitations of
the "’Cs technique over traditional approaches can be found
in the study of Mabit et al. (2008, 2013) and Walling et al.
(2011).

Since erosion is one of the major sources of soil degrada-
tion and soil should be considered as a non-renewable re-
source and should be protected, determination of soil ero-
sion rates is very important in order to design effective strat-
egies for soil conservation. The recently applied RUSLE2015
model indicates the mean annual rate of soil loss in the EU
erosion-prone lands of 2.46 t ha™ yr, ranged from 8.46 t ha™
inItaly to 0.06 t ha” in Finland (Panagos et al., 2015). Accord-
ing to erosion map of the Republic of Serbia (1966-1971), 86%
of the total area of Serbia is endangered by soil erosion of
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various rates (Lazarevié, 1983), available data in 2009 indi-
cated that the ratio between individual erosion categories
has changed (Lazarevié, 2009). In recent years the use of *’Cs
method is developing abruptly in Serbia, and results were
published in different studies (Forkapi¢ et al., 2019; Kalkan et
al., 2020; Krmar et al., 2015; Petrovié et al., 2016).

The present study was carried out as a preliminary survey
to assess the feasibility of using the *’Cs to found patterns of
soil movement along the slope transects located in the
Mosna site (Eastern Serbia).

2. Study site

The Mosna site (Figure 1) is situated in the lower course of
the Pore¢ River, in its narrowest part, between steep and
high banks of the western slopes of Veliki Greben and the
milder eastern slopes of LiSkovac. From Mosna downstream,
Porel River begins to expand in the form of a funnel. That
part of the mouth of Pore¢ River is the elongated funnel-
shaped bay of the Derdap Lake.

The geologic structure of the wider area around Mosna in-
volves Proterozoic crystalline shales, Cambrian green shales
with peridots, gneiss, and granite and gabbroid rocks of Deli
Jovan Mountain. Devonian and Carboniferous sediments,
volcanogenic-sediment series, Hercine-age granitoid, and
Permian red sandstones were identified. In the broader area
around the Mosna site, there is a significant distribution of
Jurassic and Cretaceous sediments (andesites, dacites, pyro-
clastic rocks), Paleogene series of coal, plutonic rocks and
Neogene and Quaternary sediments (Bogdanovié, 1977).

From Miro¢ Mountain in the north (the highest peak Ve-
liki Strbac, 768 m) to the Popadija saddle (428 m) in the south,
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climatogenic reddish and darker (due to the presence of
shale-derived materials) ore soils were identified (Mili¢,
1976; Petrovié, 1974). These soils are formed by complex pe-
dogenetic processes, denudation, and by drifting of Danube
sediments. Their rubification occurred during the Pliocene
under the influence of a subtropical climate. During the
Wiirm, there was some accumulation of the loess and its mix-
ing with other alluvial fragments during the flooding of the
alluvial planes (Mili¢, 1976; Petrovié, 1974).

According to the erosion map of Serbia (Lazarevié, 1983),
the study site is affected by medium erosion, and all the soil
profiles are located within this soil erosion class.

3. Soil sampling and analytical methods

Soil profiles were taken during the summer of 2016 along two
parallel transects to determine the distribution of ™Cs
within the soil profile. Soil samples were collected every 5
cm up to the depth of 30 cm at 11 spots along both transects.
Soil samples were dried, homogenized, sieved through a 2
mm sieve, loaded into a Marinelli beaker and weighed for
7Cs analysis. Soil samples were analyzed for *’Cs using an
HPGe gamma-ray spectrometer. The specific activity of *’Cs
was determined from its gamma-ray line at 661.6 keV, and
¥Cs content of the soil samples was expressed as specific ac-
tivity (Bq kg™). Soil properties (sand (0.05-2 mm), silt (0.002-
0.05 mm), and clay (<0.002 mm) content, dry bulk density,

particle density, and total porosity) were analyzed using
standard procedures (Blake and Hartge, 1986; Rowell, 1997).
OriginPro and Minitab were used for statistical analysis of
data.
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Figure 1. Erosion, soil, and geology maps of the study area and its surroundings.
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4. Results and discussion

The "'Cs specific activities in the studied surface soil layers
showed a wide range of values (from 14.3 to 357 Bq kg™ in the
0-5 cm layer and from b.d.l. to 304 Bq kg™ in the 5-10 cm
layer) (Figure 2), which indicate that study site is affected by
Chernobyl fallout. Histogram of the *’Cs specific activities in
studied soils is presented in Figure 2. According to available
data before the Chernobyl accident, the *’Cs specific activi-
ties were below 5 Bq kg™ in the soils of Serbia (Popovié¢ and
Spasié-Jokié, 2006). After the Chernobyl accident, the differ-
ent survey reported a wide range of the *Cs specific activi-
ties in soils of different regions of Serbia (Bikit et al., 2005;
Dragovi¢ et al., 2012; Dugalic et al., 2010; Jankovi¢-Mandi¢ et
al., 2014).

The vertical distribution of the '*’Cs in soils of a study site
is presented in Figure 3. A typical example of the vertical dis-
tribution of the *’Cs in an uncultivated soil was found, its ac-
tivity decreases exponentially with soil depth, about 94% of
the total activity was found in the top 15 cm (Figure 3). This
indicates that the study site has not been cultivated since
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Figure 2. The histogram of the ™Cs specific activities (Bq kg-1) in soil
samples from the study site.
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1986, when the main input of ®Cs into the landscape oc-
curred. Constant decrease of **’Cs, but with different config-
urations, in soil profiles collected along the transect was
found in the study of Turian et al. (2012), according to the au-
thors this may be due to percolating water, growth condi-
tions of microflora or biotic interactions within the soil. Dif-
ferent soil horizons may have different soil characteristics,
which can influence the degree of retention and migration
of ¥’Cs through the profile (Nimis, 1996).

Descriptive statistics of ’Cs specific activities and soil
properties of studied soils are given in Table 1. According to
the USDA soil textural classification, most samples belonged
to the silty loam textural class.

Data transformations have been performed prior to anal-
ysis to obtain a normal or near-normal distribution. The one-
way ANOVA test results indicate that for most of the varia-
bles there is statistically significant difference in average
values between at least two of the sampling locations or at
least two soil depths (Table 2).
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Figure 3. Mean depth profile of the 137Cs in soils from the study site.

Table 1. Basic descriptive statistics for *’Cs specific activities and soil properties.

Coef. Var. Shapiro -Wilk
Parameter Mean St. Dev. (%) Min Median Max (Sig.)
8Cs (Bq kg™) 56.2 88.1 157 b.d.l. 127 357 0.000
Sand (0.05-2 mm) (%) 15.6 5.6 35.9 9.10 13.9 347 0.000
Silt (0.002-0.05 mm) (%) 66.7 1.24 10.9 49.2 69.3 794 0.001
Clay (<0.002 mm) (%) 177 721 407 9.20 153 37.1 0.000
Particle density (g cm?3) 2.59 0.03 129 2.52 2.59 2.65 0.0M
Bulk density (g cm?) 151 0.16 10.6 112 1.52 2.02 0.025
Total porosity (%) 4§17 5.75 13.8 235 413 55.9 0.025

b.d.L below detection limit.
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Table 2. One-way ANOVA test results for 137Cs and soil properties with
soil depth and location.

. Source of F-value Sig.
Variable variation
¥Cs (Bq kg™) Depth 252 0.000
Location 1.70 0.087
Sand (0.05-2 mm) (%) Depth 0.18 0.970
Location 6.37 0.000
Silt (0.002-0.05mm) (%) Depth 4,08 0.003
Location 8.29 0.000
Clay (<0.002 mm) (%) Depth 5.58 0.000
Location 6.77 0.000
Particle density (g cm?3) Depth 217 0.000
Location 2.05 0.033
Bulk density (g cm?) Depth 5.10 0.000
Location 417 0.000
Total porosity (%) Depth 4.20 0.002
Location 423 0.000

The cluster analysis using Ward’s method and squared Eu-
clidean distance was applied to obtain a dendrogram illus-
trating similarities between soil profiles (Figure 4). Two main
clusters are distinguished - the first one contained soil pro-
files collected from the first transect. In the second cluster,
soil profiles collected from the second transect are grouped.

In the area affected by Chernobyl fallout, some of the var-
iability may reflect an initially non-uniform distribution of
Chernobyl fallout, i.e., irregular distribution of rainfall dur-
ing the short period after the accident in the landscape due
to factors influencing the meso- and micro-scale variability
in rainfall distribution (TAEA, 2014). According to Navas and
Walling (1992), high spatial variability of *’Cs can be mainly
attributed to the distribution of vegetation cover

along with the micro- and meso-topography, which 20
control the small-scale redistribution of "*'Cs.

Along the transects, the downslope variations of 100
Cs activities show similar patterns in the upper
part of the slope (Figure 5). The ’Cs activity de- 80
crease from hilltop locations to locations at the mid T_O%D
of the slope (Figure 5). From the middle of the slope g 604
at Transect I, there is a sudden increase of **’Cs ac- 5
tivity and then a decrease at the bottom of the &
slope, while at Transect II, there is a small increase 40
of ¥Cs at the bottom of the slope. Patterns of
downslope variation in "*’Cs activities could be de- 20
scribed by field topography. Before started sam-
pling, we were assured by the landowner that the 0
land had never been used for agriculture before.

But, according to the topographic map from 1971,
most of the sampling locations are within an area
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Figure 4. Dendrogram derived from the hierarchical cluster analysis

classified as the orchard. There was no evidence about it on
the field in the time of sampling and obtained vertical distri-
bution of *Cs in soil profile confirmed that the land had not
been cultivated since the main fallout *’Cs occurred in 1986.
According to the literature data (FAO/IAEA, 2017), the undis-
turbed site can be found at the hilltop, the eroded site is com-
mon at the mid-slope position, and the deposition site occurs
at the bottom of the slope. The existence of eroding areas
downside the slope due to the morphological pattern of the
field was reported in the study of Iurian et al. (2012). The
close relationship between erosion rates and variations in
vegetation cover density was found in the study of Porto et
al. (2001).
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Figure 5. Distribution of ™'Cs along the slope transects.
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5. Conclusion

In order to improve soil conservation strategies, the search
for additional methods for soil erosion assessment showed
that fallout radionuclides (FRNs), especially *’Cs, can be used
as a soil erosion tracer. This preliminary investigation pro-
vides insight into the possibility of using *’Cs as soil erosion
tracers within the study site. To obtain quantitative esti-
mates of soil erosion/deposition rates from *’Cs measure-
ments, using different conversion models, in further investi-
gations, the reference site should be identified, and addi-
tional samples should be collected within the study site fol-
lowing the grid approach.
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