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Abstract—To reveal the distribution patterns of pollutants in the elementary landscape-geochemical systems
(ELGS) (top–slope–closing depression), the 137Cs distribution was studied in detail in the soil–moss cover
of the test site, which characterizes undisturbed forest landscapes subjected to the fallout of technogenic
radionuclides during the Chernobyl accident. Over the thirty years after the primary contamination, no uni-
directional 137Cs migration from top to the closing depression was found in the ELGS. In contrast, all studied
ELGS show the well expressed 137Cs cyclical variation, which is traced both in the soil and in the vegetation
(moss) cover. The pattern of 137Cs variability in the moss cover is generally similar to the surface soil contam-
ination, but in some cases demonstrates specific features. At present, the top 8-cm soil layer contains from 70
to 96% of total 137Cs content of soil cover, while 0–20-cm layer hosts 89–99% 137Cs. Such vertical distribution
makes it possible to apply field spectrometry technique for study of the spatial structure of 137Cs contamina-
tion field. The 137Cs content in the photosynthesizing part of the moss best correlates with its reserve in the
2–4 cm soil layer (r0.01 = 0.747, n = 15). The revealed structural heterogeneity results from secondary redis-
tribution of the radionuclide in ELGS and, in our opinion, reflects the general regularities of element migra-
tion in such systems.

Keywords: elementary landscape-geochemical system, 137Cs, vertical migration, lateral distribution, soil,
moss cover
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INTRODUCTION

The elementary landscape-geochemical system
(top–slope–closing depression) is a primary chain in
the spatial structure of any landscape. Therefore, the
detailed study of distribution of elements and/or their
compounds is of obvious interest. Due to significant
practical importance, the most detailed studies of ele-
ment migration in relief were aimed at determining the
activity of soil erosion, frequently using 137Cs as a
radioactive marker for obtaining experimental data
(Walling D.E., He, 1999; Olson et al., 2008). In Rus-
sia, the Bryansk region experienced the strongest
radioactive impact during the 1986 Chernobyl acci-
dent. Its western part with the 137Cs contamination
density more than 40 Ci/km2 (1480 kBq/m2) was
ascribed to the abandoned zone and was excluded
from exploitation (Izrael’ et al., 1998; De Cort et al.,
1998). This made it possible to apply field gamma-
spectrometry for studying the structure of forming
secondary 137Cs contamination fields, in particular,
within ELGS. Among components of the ground
cover, mosses were selected for monitoring the vegeta-
tion contamination due to their ubiquitous abundance

and long lifetime (Nifontova, 2003; Aleksiayenak
et al., 2013; Cevik and Celik, 2009; Florek et al.,
2001; Steinnes and Njåstad, 1993; Gulan et al.,
2020а; Malikova et al., 2019; Sawidis et al., 1997;
Sawidis, 1984).

Our work is aimed at studying the spatial 137Cs dis-
tribution as a tracer, which allows identifying the reg-
ularities of element migration in soil and plant cover of
ELGS 30 year after the primary contamination and
over two-fold change of moss cover and needles of
pine representing the predominant species of local
woody vegetation.

MATERIALS AND METHODS
In 1990, the Russian Scientific-Practical and

Expert-Analytical Centre under the State Chernobyl
Committee of the Russian Federation set up 19 test
sites in the abandoned zone of the Bryansk region to
study and control the migration of the Chernobyl
radionuclides under different landscape conditions
within distinguished radioecological test site (Linnik
et al., 1993). Starting in 2005, one of these test sites
conditionally termed “Vyshkov-2” was annually used
779
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Fig. 1. Location of the Vyshkov-2 test site (a) and profiles D-21 and D-25 with points of 137Cs activity measurement (b).
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by collaborators of the Laboratory of Environmental
Biogeochemistry of GEOKHI RAS to study the sec-
ondary migration of 137Cs as a technogenic tracer of
pollutant redistribution in the soil–plant cover of the
elementary landscape–geochemical systems (ELGS)
(Korobova, 2006).

This test site is located 15 km SE of the town of
Novozybkov on the high terrace of the Iput river,
which is occupied by the pine forest with Hylocomium
splendens, Dicranum, etc. (Bryidae subclass) grown on
the sod–podzolic illuvial–ferruginous sandy loamy
soils formed on the rewashed sandy deposits. Relative
elevation range in the site is about 4.5 m (Fig. 1a). The
soil cover has well expressed litter layer and humic
horizon, with no traces of replowing.

The spatial distribution of 137Cs was studied along
two parallel 60-m long landscape–geochemical pro-
files cutting across ravine-like depression in the
northeastern part of the test site (Fig. 1b), which is
ubiquitously covered by moss cover dominated by
Pleurozium schreberi, with the less contribution of
two other species (Dicranum polysetum and Poly-
trichum commune) (<10%).

Each profile characterizes the specifics of radionu-
clide distribution in two adjacent ELGS of the north-
ern and southern expositions. The analysis of four
conjugated ELGS pairs allowed us to make justified
conclusions on the migration tendencies, which are
typical of the systems of the studied type.
GEOCH
The 137Cs distribution pattern in the soil cover of
ELGS was studied by the measurement of 137Cs activ-
ity using a Violinist-III modified portable gamma
spectrometer equipped with a collimated scintillation
detector allowing the determination of integral activity
of radionuclide in a hemisphere 20 cm across (Roma-
nov et al., 2011).

An absolute error in field determinations of the
activity was no more than 5–10 imp/s. Before measur-
ing the 137Cs activity in ELGS with a step of 1 m, the
relative height of each point was determined using the
Boif DJD-20 theodolite to ensure accuracy up to 1 cm
in changing the relative height. The measurement
points in different years were numbered in opposite
directions. Therefore, point 60 of profile D-21 corre-
sponded to point 0 of profile D-25 (Fig. 1b).

To study the 137Cs distribution, plant samples were
collected using a metallic ring 14 cm in diameter in each
point of field measurements. In laboratory conditions,
moss samples were separated into photosynthesizing
(green) and nonphotosynthesizing (stem + rhizoid,
hereafter rhizoid) parts with preliminary extraction of
litter fall consisting mainly of pine needles.

To verify field measurements of 137Cs activity and to
estimate its vertical migration, soil cores were col-
lected in separate points of ELGS. Sampling was car-
ried out using marked soil corer down to a depth of
40 cm, with subsequent subdivision of the core into
EMISTRY INTERNATIONAL  Vol. 60  No. 8  2022
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Fig. 2. Relative heights, points of 137Cs activity measurement along two profiles D-25 (a) and D-21 (b) crossing the hollow with
indication of ELGS of different exposition (1, 3) and bottom (2), as well as soil core sampling points.
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2-cm layers down to a depth of 20 cm and into 5-cm

layers below 20 cm. All samples were placed into plas-

tic bags and weighed for subsequent determination of

their natural moisture. The samples were preserved

under dark cold conditions up to the measurement of
137Cs content in the laboratory using a stationary Can-

berra gamma spectrometer (USA). Error of 137Cs

determination was no more than 1–5%, although

sometimes reached 30–40% in the lower soil horizons

with low RN content.

Data were treated using MS Excel and STATISTICA

softwares. The period of variation of parameters in soil

and moss cover was determined using Fourier Trans-

form spectral analysis. The activity of 137Cs accumula-

tion in the moss cover was estimated by relation of its

accumulation in biomass to a weight unit of soil (accu-

mulation coefficient, Ka) and to a soil contamination

density unit (transfer coefficient, Kt, m2/kg).

To compare the 137Cs measurements performed in

different years, all data were adjusted to a single date of

August 15, 2020.
GEOCHEMISTRY INTERNATIONAL  Vol. 60  No. 8 
RESULTS AND DISCUSSON

The studied profiles (Fig. 2) characterize four
ELGS: two ELGS of the southern exposition 26 m long
with relative elevation range of 2.71 m (profile D-21)
and 2.43 m (D-25), and two ELGS of the northern
exposition 17 m long with relative heights range of 1.52
and 1.47 m, respectively (Fig. 2).

Profile D-21 is located 2 m to the north relative to
the profile D-25, the correlation coefficient between
heights of the corresponding measurement points
accounted for r0.01 = 0.996; n = 26 along ELGS of the

southern exposition and r0.01 = 0.995; n = 17 along

ELGS of the northern exposition.

Collection of soil cores in separate points with dif-

ferent surface 137Cs activity allowed us to estimate the
comparability of results of field and laboratory mea-
surements.

Comparison of Field and Laboratory Measurements
of 137Cs Activity

Results of statistical analysis of the laboratory mea-

surements of 137Cs contents in samples of soil and moss
 2022
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Table 1. Statistical parameters of 137Cs content in samples of soil and moss cover based on the results of field and laboratory
measurements (n = 23)

Statistical parameters

137Cs surface activity 

in the soil–plant cover, 

imp/s

137Cs inventory in soil 

according to the soil 

core data, kBq/dm2

137Cs invertory in moss 

cover, Bq/dm2

137Cs inventory 

in moss cover, 

% of soil inventory

Min 115 3.20 19.27 0.33

Max 218 9.11 85.45 2.37

Mean 159 5.19 43.57 0.90

Error of mean 5.5 1.11 9.29 0.19

St. deviation 26 1.54 18.92 0.46

Variation coefficient 16 29.7 43.4 51.2

Median 165 5.10 39.00 0.84

Table 2. Statistical parameters of the 137Cs activity in soil–plant cover of ELGS (imp/s)

* Hereinafter, ELGS index indicates the affiliation to the profile and slope exposition.

Statistical parameters

137Cs activity in the soil–plant cover of ELGS, imp/s

All ELGS D-21_S* D-21_N D-25_S D-25_N

Number of observation points 84 26 16 26 16

Min 113 113 135 121 115

Max 219 219 208 180 178

Mean 154 151 158 155 153

Error of mean 2 5 5 3 4

St. deviation 20 25 20 16 17

Variation coefficient 13 17 12 11 11

Median 153 151 152 157 149
cover and field measurements of activity in points of

simultaneous sampling of soil and moss are presented

in Table 1. According to core measurement data, the

total radiocesium inventory in 0–40 cm soil layer var-

ied from 3.2 to 9.11 kBq/dm2 (by 2.8 times), whereas

the activity measured by portable gamma spectrome-

ter in core sampling points varies from 115 to 218 imp/s

(by 1.9 times). A different scatter in 137Cs variations

(wider in core measurements compared to surface

measurements) is obviously related to the averaging of

activity over a greater area during field measurement

compared to the core.

The contamination of moss cover changed by

1.5 times more than that of soil cover, which is caused

by specifics of radiocesium transfer in biomass.

Thereby, the contamination of moss cover accounted

for, on average, 1% of soil contamination density and

was no more than 2.4%, i.e., a contribution of plant to

the total contamination is insignificant, while radio-

nuclide is mainly restricted to soil (Table 1).
GEOCH
Analysis of vertical 137Cs distribution in the cores

showed that 137Cs during 35-year period after primary
contamination in undisturbed ELGS weakly migrated
in the lower soil layers: 70–96% of its total reserve was
fixed in 2020 in the top 8-cm layer of soil, while 0–
20 cm layer retained 89–99% of the radionuclide. This
fact is confirmed by statistically significant relationship
between radionuclide reserve in 0–20 cm soil layer and
field measurements of its activity in core sampling
points, which provide most complete characteristics of
ELGS (along ELGS D21_C, Fig. 6): correlation coef-
ficient accounted for r0.01 = 0.738; n = 9.

Assessment of Variation Pattern of 137Cs activity
in the Soil–Plant Cover of ELGS using Fourier Analysis 

and Harmonics Modeling

Based on the analysis of field measurement data,

the 137Cs activity in ELGS showed practically two-fold
variations from 113 to 219 imp/s, n = 84. Thereby, the
studied ELGS slightly differed in the average values,
range, and variation pattern, although ELGS of the
EMISTRY INTERNATIONAL  Vol. 60  No. 8  2022
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Fig. 3. Distribution of 137Cs activity in the ELGS of the southern (a) and northern (b) expositions (shown is the topographically
lower position of ELGS points of profile D-21 relative to ELGS points of profile D-25).
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southern exposition of profile D-21 showed a range of
activity of 1.9 against 1.5 in other ELGS (Table 2),
which is obviously related to the more active redistri-
bution of radionuclide with water (this ELGS is
located practically along runoff line, Fig. 9).

Analysis of variations of 137Cs activity in each
ELGS regardless of slope exposition revealed its sys-
tematic cyclic variability within ranges indicated in
Table 2, with different amplitude (Figs. 3a, 3b).

Spectral Fourier-analysis of the spatial distribution

of 137Cs activity in the soil–plant cover made it possi-
ble to determine variation periods (harmonnics),
which increased with an amplitude growth (Fig. 4).

For ELGS of the southern and northern exposi-

tions, the variation step of surface 137Cs activity was
comparable, with insignificant differences. Periodicity
along the entire D-21 profile corresponded to that of
its ELGS. In profile D-25, such relationship was
observed only within ~ 4-m interval. Periodicity of
GEOCHEMISTRY INTERNATIONAL  Vol. 60  No. 8 

Table 3. Assessment of step length variation of the surface 137

Parameter D-21, n = 60 D-25, n = 60 D2

Surface act. 2.85; 5; 5.45; 6; 8 4.61; 10; 20 2.88; 3.25
change of surface 137Cs activity over all points of pro-
file D-25 seemed to be different from that of profile
D-21 (Table 3). These differences were explained by
solving inverse problem: using harmonics modeling.

The inverse periodicity problem was solved by the

using the data of Fourier analysis of surface 137Cs activ-
ity. Periodicity was modeled based on three Fourier
obtained main harmonics (2.85; 5.45, and 6 m). The
initial and modeled variations are illustrated by two
plots in Fig. 5. Correlation coefficient between factual
variation of surface activity and its model was r0.01 =

0.528, n = 60.

Obtained result demonstrates that inclusion of data
on ravine bottom in profile in addition to measured

surface activity 137Cs along ELGS leads to a significant
deviation of model values from true ones along ELGS

(Fig. 5). This fact suggests that at study of 137Cs migra-
tion and distribution in soil–moss cover, the ELGS
should be considered separately from other landforms
(Dolgushin and Korobova, 2021).
 2022

Cs activity

1_S D-25_S D-21_N D-25_N

; 5.20; 6.50 2.16; 4.33; 5.20; 8.66 4; 5.33; 8 2.28; 5.33; 8
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Fig. 5. 137Cs surface activity distribution (factual data) and its model constructed based on three main harmonics of Fourier-anal-
ysis.

Period, m

ModelFactual distribution of 137Cs surface activity, imp/s

250

200

150

100

50

0

5
9

6
0

5
8

5
7

5
6

5
5

5
4

5
3

5
2

5
1

5
0

4
9

4
8

4
7

4
6

4
5

4
4

4
3

4
2

4
1

4
0

3
9

3
8

3
7

3
6

3
5

3
4

3
3

3
2

3
1

3
0

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8171
6

1
5

1
4

1
3

1
2111
09876543210

1
3
7
C

s 
su

rf
a

c
e
 a

c
ti

v
it

y,
 i

m
p

/
s

Fig. 6. Inventory of 137Cs in 0–20-cm soil layer of ELGS of D-21_N (according to soil core data).
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Analysis of Vertical 137Cs Distribution
in the Soil Cover of ELGS

The 137Cs inventory in soils estimated from labora-

tory 137Cs measurement in cores collected from ELGS

D-21_N varied in compliance with the 137Cs contam-
ination density obtained during field measurements
(Fig. 6).

This was due to the fact that the main fraction of
radionuclide is confined to the upper layers within the
depth 4–12 cm (Fig. 7). It should be noted that the total
radionuclide vertical distribution pattern in different
points of core sampling along ELGS showed no signif-
icant differences from that in the closing depressions.

It is pertinent to mention that some increase of
radiocesium content was observed below 8–10 cm, in
layers containing organic interbed.
GEOCH
The ELGS closing depression of the southern and
northern expositions along profile D-21 sharply dif-
fered in the total radionuclide inventory in 40-cm soil

layer: 49 Bq/cm2 in core D21-28 and 78 Bq/cm2 in
core D21-45. In addition, in the vertical soil profile,
practically all radionuclide inventory in the lower
part of the ELGS of the steep southern slope was

confined to 0–2 cm layer, whereas the main 137Cs
inventory in the lower part of ELGS of the more gentle
and wetter northern slope is restricted to a layer 4–
12 cm, with maximum activity at a depth of 8–10 cm
(Figs. 8a, 8b).

Such difference can be explained by: (1) essentially
higher moisture of ELGS of the northern exposition
compared to that of the southern expositions, which is
proved by the higher humus content in profile D21-45,
(2) position of D-21-28 core on the runoff line (Fig. 9).
EMISTRY INTERNATIONAL  Vol. 60  No. 8  2022
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Fig. 7. 137Cs vertical distribution in soil cores (а–h) of the northern ELGS of profile D-21 (position of cores in relief is shown in
Fig. 2).
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The total inventory and penetration depth of 137Cs

in closing depressions of two other ELGS of different

expositions (profile D-25) also appeared to be dissim-

ilar. In the ELGS of the northern exposition, 137Cs in
GEOCHEMISTRY INTERNATIONAL  Vol. 60  No. 8 
a 40-m-thick layer is lower and confined to the thinner

top layer of vertical profile (0–2 cm against 2–6 cm),

which is obviously caused by its localization on the

purely thalweg runoff line (Figs. 9, 10).
 2022
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Fig. 8. 137Cs vertical distribution in cores located in the closing depressions of ELGS of the southern (a) and northern (b) expo-
sitions.
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Fig. 9. Position of runoff line on the test site according to relief (modeling results in ArcGIS).

1

2
59

58
57
56

55
54
53
52
51
50
49

48

59
60

58
57
56
55

54
53

52
51
50
49
48
47

47
46

46

45

45

44

44

43

43

42

42

41

41

40

40

39

39

38

38

37

37

36

36

35

35

34

34

33

33

32

32

31

31
3030

29

29

28

28

27

27

26

26

25

25

24

24

23

23

22

22

21

21

20

20

19

19

18

18

17

17

16

16

15

15

14

14

13
12
11
10

9
8
7
6

5

4
3
2
1
0

13
12
11
10
9
8
7
6

5
4
3

140

14
0

140

140

139

13
9

139

13
9

138

13
8

13
7

137

D-21 D-25

31°41′10″ 31°41′11″ 31°41′12″E

52°30′03″
N

52°30′02″

Measurement points Runoff area, m2

Profiles

0 2.5 5 10 15 m

A step of 0.2 m

A step of 1 m

A step of 5 m

<20

20–50

50–100

100–200

200–500

>500



PECULIARITIES OF 137Cs DISTRIBUTION IN THE SOIL–MOSS COVER 787

Fig. 10. 137Cs vertical distribution in cores located in the closing depressions of ELGS of the northern (a) and southern (b) expo-
sitions along profile D-25.
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Fig. 11. Distribution of 137Cs in the green part of the moss cover of ELGS of the southern (a, D-21_S, D25_S) and northern (b, D-21_N
and D-25_N) expositions (the relief for different profiles is reduced to the same height).
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Thus, all studied cores show no unambiguous

increase of 137Cs in closing depressions of ELGS. The

vertical 137Cs distribution in the depressions is affected
by surface runoff. For instance, core D21-28 com-
pared to the core D35-36 located higher on the runoff

line is characterized by the greater 137Cs activity of the

top 0–2 cm layer (30 against 25 Bq/cm2) and its
sharper decrease in the lower 2–4 cm layer (5  against

15 Bq/cm2, i.e., six-fold against two-fold decrease,
Figs. 8, 10).

Distribution Pattern of 137Cs Activity in the Plant Cover 
of ELGS its Assessment using Fourier Analysis 

and Modeling based on Harmonics

The 137Cs distribution in the plant cover of separate
ELGS is illustrated in Figs. 11 and 12.

The radionuclide content in plant cover of all ELGS
showed more significant variations than in soil cover:
variation coefficient accounted for 32–54% against 16–

30% (Tables 4 and 5). The 137Cs content in the studied
components of ground plant cover decreased in the
series: rhizoid part of moss > green part of moss > nee-
dle–leaf fall (Tables 4–6). Within separate ELGS, it
GEOCHEMISTRY INTERNATIONAL  Vol. 60  No. 8 
varied twice to five times in the photosynthesizing part
of moss, 3–6 times in rhizoid part, and up to 13 times in
litter fall.

The 137Cs accumulation in the photosynthesizing
part of moss in general corresponded to its content in
rhizoid part, which is confirmed by sufficiently high
correlation coefficient between radionuclide contents
in the indicated parts for both profiles (along D-21—
r0.01 = 0.704; n = 60, along D-25—r0.01 = 0.519; n = 57).

The highest coefficient was obtained for moss cover
from two ELGS: D-25_N (r0.01 = 0.839, n = 16) and

D-21_S (r0.01 = 0.790, n = 26). Note that the former

ELGS is located on the more wettened slope of the
northern exposition, while the latter ELGS is relatively
wettened owing to the location practically on the runoff
line, which gives grounds to believe that the correlation

of 137Cs reserve in green and rhizoid parts of the moss is
caused by the water exchange activity between them.

Thus, the 137Cs distribution in the moss cover of
ELGS was similar to that of soil cover, although the
step and amplitude of variations in some cases were
different. No radiocesium accumulation was found
both in separate parts of moss cover and in the whole
moss cover in closing depressions of ELGS.
 2022
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Fig. 12. Distribution of 137Cs in the rhizoid part of moss cover of the ELGS of the southern (a, D-21_S, D25_S) and northern
(b, D-21_N and D-25_N) expositions (the relief for different profiles is reduced to the same height).
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To quantify the periodicity of 137Cs variability in

moss cover, data on ELGS and on two profiles in gen-

eral were processed by Fourier analysis. Intervals

obtained for the plant cover of ELGS insignificantly

differed from those of soil cover (Tables 3, 7).

In general, the periodicity of 137Cs change in moss

cover seemed to be comparable both on ELGS (from

2 to 6.50 m) and in all points of profiles crossing the

hollow (from 2 to 15 m), which is rather related to the
GEOCH

Table 4. 137Cs in the moss cover of ELGS (photosynthesizing

Statistical parameters
All ELGS D-

Number of observation points 84 2

Min 4.90 1

Max 56.56 5

Average 13.52 1

Error of mean 0.75

St. deviation 6.89

Variation coefficient 51.01 5

Median 12.62 1

Table 5. 137Cs in the moss cover of ELGS (rhizoid part)

Statistical parameters

137Cs co

All ELGS D-21_S

Number of observation points 84 26

Min 6.06 8.37

Max 52.91 52.91

Mean 16.88 20.70

Error of mean 0.95 2.41

St. deviation 8.75 12.27

Variation coefficient 51.84 59.26

Median 15.31 15.81
greater significance and similar transfer of radionu-

clide to plant in each point.

The 137Cs variation in whole moss sample along

D-21 profile was modeled based on three main har-

monics (2.3, 4.6, and 15.3 m). To compile more reli-

able model, we used data set of 45 successive measure-

ments due to the sharply elevated 137Cs contents in four

samples located in different positions (out of order),

which prevented constructing the model of uninter-
EMISTRY INTERNATIONAL  Vol. 60  No. 8  2022

 part)

Content, kBq/kg

21_S D-21_N D-25_S D-25_N

6 16 26 16

0.29 5.90 4.90 7.04

6.56 25.05 22.77 17.69

7.65 13.98 10.87 10.64

1.88 1.10 0.78 0.91

9.58 4.42 3.99 3.62

4.29 31.61 36.70 34.05

4.37 13.58 10.55 9.14

ntent in rhizoid part of moss, kBq/kg

D-21_N D-25_S D-25_N

16 26 16

6.06 8.20 7.13

22.76 44.40 24.82

15.62 16.15 13.10

1.36 1.30 1.30

5.44 6.61 5.22

34.80 40.95 39.81

16.13 15.40 11.97
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Fig. 13. Distribution of 137Cs content in total moss sample (factual data) and its model constructed using three main harmonics
of the Fourier analysis according to data on profile D-21.
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rupted variability on all 60 points. Initial and model
data are illustrated as two plots in Fig. 13. The correla-
tion coefficient between factual and model values of
surface activity is r0.01 = 0.739 (n = 45).

Thus, it was shown that the plant cover is charac-

terized by the cyclic 137Cs variations, which makes it
possible to estimate its periodicity using input data
(harmonics) of Fourier analysis.

Relationship of 137Cs Distribution 
in the Moss and Soil Cover of ELGS

In absence of current aerial contamination the
137Cs presence in the photosynthesizing part of moss
GEOCHEMISTRY INTERNATIONAL  Vol. 60  No. 8 

Table 6. Cs-137 in ELGS litter fall

Statistical parameters
All ELGS D-21

Number of observation points 84 26

Min 1.92 1.92

Max 25.86 25.86

Mean 10.35 10.22

Error of mean 0.47 0.90

St. deviation 4.33 4.58

Variation coefficient 41.87 44.82

Median 9.74 9.50

Table 7. Assessment of step length of 137Cs variation in the m

Parameter D-21, n = 60 D-25, n = 60

Green part of moss 2.22; 7.50; 15 2.14; 4.28; 6; 8.57; 

15

2; 2.1

Rhizoid part of moss 2; 3.15; 15 2.06; 4; 5.45; 6.66; 

12

2.16

Whole moss sample 2.22; 7.50; 15 4.28; 5.45; 6; 6.66; 

12

2; 2.1
cover indicates radionuclide transfer to plant from con-

taminated substrate. The coefficients of 137Cs transfer to

the moss cover from its inventory in 0–20 cm soil layer

based on core sampling varied significantly from 0.009

to 0.048 m2/kg. On average, the transfer value seemed

to be comparable with previously obtained value for

moss cover of eluvial forested landscape studied in

1994 on the Barki-2 test site, which is also located in

the abandoned zone of ChNPP (Korobova, 2006).

This indicates a continuous radionuclide circulation

in the soil–plant system on the contaminated territo-

ries over no less than 25-year period. With a growth of
137Cs inventory in soil layer, its accumulation in the

moss cover of ELGS in general decreased. (Fig. 14).
 2022

137Cs content in litter fall, kBq/kg

_S D-21_N D-25_S D-25_N

16 26 16

5.35 4.00 3.62

18.48 22.51 14.27

11.57 11.37 7.68

0.92 0.88 0.83

3.70 4.47 3.32

31.93 39.29 43.25

12.01 10.68 6.45

oss cover

D21_S D-25_S D-21_N D-25_N

6; 3.71; 5.20 2.16; 4.33; 5.20; 

6.50

2; 2.66; 5.33 2.66; 5.33

; 2.60; 3.25; 

3.71

2.60; 3.71; 4.33; 

5.20; 6.50

2; 2.28 2.66 2; 2.66; 5.33

6; 3.25; 3.71 2.60; 3.71 4.33; 

5.20; 6.50

2.28; 2.66; 5.33 2; 2.66; 5.33
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Table 8. Coefficients of 137Cs transfer (calculated in two
variants) and accumulation* along ELGS D25_S (sampling
from ring area)

*  Кt 1 is the ratio of 137Cs specific activity in the moss cover
(green +rhizoid parts, Bq/kg) to 137Cs in soil cover (Bq/m2); Kt 2
is the ratio of 137Cs contamination densities (Bq/m2) of the moss
cover to that of 0–2 cm soil layer; Ka is the ratio of specific 137Cs
activity (Bq/kg) in moss to that of soil cover.

Statistical 

parameters

D25_S, n = 21

Kt 1 Kt 2 Ka

Min 0.04 0.02 0.46

Max 0.41 0.49 2.58

Mean 0.14 0.10 1.32
The comparison of 137Cs content in the air-dry
plant mass and in soil at different depths (according to
core data) revealed a significant positive correlation

between 137Cs in photosynthesizing part of moss and in
the soil layers 8–10 and 10–12 cm deep, i.e., in layers
GEOCH

Fig. 14. Relations of 137Cs inventory in soil cover 2–4 cm
deep (kBq/m2) and its transfer into moss cover (kBq/kg) in
core sampling points on ELGS of D-21_S and D-21_N.
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where the most mobile radionuclide fraction pene-
trates (r0.05 = 0.479 and 0.592, respectively, n = 23),

which confirms the probability of pollutant influx in
the plant in its most mobile species, since lower layers
gain dissolved species.

The transfer of 137Cs from soil to the moss cover was
also estimated along ELGS D25_S (Table 8). Kt was
estimated from ratio of radiocesium content in plant in
mass unit to the radionuclide contamination density
in two variants. Variations of Kt and Ka in ELGS
D25_S are presented in Fig. 15 with statistical param-
eters in Table 8.

As seen in Fig. 15, these parameters also show
cyclic variations in ELGAS, but have different ampli-
tude and not always coincide in frequencies, which is
also related to the variability of biomass. In the found

published data, the 137Cs transfer coefficient in Pleuro-
zium schreberi collected in Serbia varied from 0.001 to

0.058 m2/kg (Dołhańczuk-Śródka et al., 2011), which
in general corresponds to our data in Table 8. The

coefficient of 137Cs accumulation by moss Pleurozium
schreberi according to the same authors is close to our
estimates (from 0.11 to 3.28). According to other data,
this coefficient for Hypnum cupressiforme collected from
the same area (Gulan et al., 2020b) seemed to be higher
and varied within 0.02–8.50, which is higher than our
data but lower than data obtained for the same species
by (Dragović et al., 2010)—1.01–13.1. The elevated
accumulation of the radionuclide in moss Hypnum
cupressiforme can be related to the fact that this species
is hydrophilic and resistant to contamination.

Calculation of correlation coefficients confirmed
the direct relationship between Kt1 and Ka2 r0.01 =

0.878; n = 21. Significant correlation coefficients were
also found between Kt 1 and 2 and Ka (r0.01 = 0.756;

n = 21 and r0.01 = 0.701; n = 20), which shows their

principal comparability.
EMISTRY INTERNATIONAL  Vol. 60  No. 8  2022

ts of 137Cs, down the slope of ELGS D25_S.
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CONCLUSIONS

Results of our study revealed no unidirected
downslope secondary migration of the initially uni-

form 137Cs fallout both in soil and in moss cover of
ELGS. In contrast, the distribution of the radiomarker
reveals systematically ordered (cyclic) pattern.

The analysis highlighted a need in more detailed
ELGS studies. At that, the technogenic radioactive
isotopes provide more detailed insight into spatial
redistribution of pollutants in such systems.

The study of regularities of element migration in
the ELGS is the key helping optimum solution of sev-
eral practical tasks, in particular, geochemical moni-
toring, predicting ion consequences and determinat-
ing measures decreasing anthropogenic contamina-
tion of the territory and agricultural production, as
well as the applying schemes of fertilization decreasing
expenses. For this reason, the developed approach to
the ELGS study and obtained regularities are of signif-
icant interest.
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