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137Cs REDISTRIBUTION IN TIME IN WET BORY AND SUGRUDY SOILS
IN FORESTS OF UKRAINIAN POLISSIA

The data on *¥Cs distribution in sod-podzol forest soils of Ukrainian Polissia contaminated by radionuclides after
Chornobyl accident are presented. Researches were conducted on the permanent sample areas in wet bory and sugrudy
in 2000 and in 2012 years. It is proved that *3’Cs migration from the forest litter to the soil mineral part occurred com-
paratively quickly. It can be explained by a thin layer and a high mineralization of the forest litter in wet sugrudy. Ne-
vertheless, wet bory are characterized by more intensive radionuclide migration to the deeper layers of the soil mineral
part. Such regularity can be explained by a small amount of humus and fine-dispersed particles as well as higher soil

acidity in wet bory.
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Introduction

It is known that radionuclides aerial migration in-
to forest ecosystems occurred as a result of Chorno-
byl accident. It is considered that 60 - 90 % of ra-
dioactive fallout was absorbed by tree crowns de-
pending on the tree species, the age of the tree and
the condition of forest plantations. After that, the
radionuclides migration and redistribution among
the components of forest biogeocenosis began. By
the end of the vegetative period of 1986 almost 95 %
of radionuclides migrated from the tree crowns to
the forest litter surface [4].

After Chornobyl accident many scientists from
Ukraine [1, 3], Belarus [2], Russia [7] and some other
Western European countries [9, 10] studied 'Cs
distribution in forest soils. The majority of the re-
search on this topic were conducted in the period of
10 — 15 years after Chornobyl accident. However, the
behavior of ™*'Cs in soil is very complicated. It is
dynamic process in time and in space. The peculiari-
ties of *¥'Cs behavior influences on the amount of
radioactive contamination of the components of forest
ecosystems; it also influences on the directions and
the intensity of the radionuclide following migration
in trophic chain, as well as the isotope penetration
into human body. These research issues are still topi-
cal. Nevertheless, just few reports on radionuclides
distribution in forest soils have appeared for the last
decade [8]. There has been no investigation of these
processes for a long period of time.

Materials and methods

The investigations were conducted on the perma-
nent sample areas (PSA) in forest massifs of SE
“Lugyny F” in 2000 and in 2012 years. PSA-68 is
located in wet bory (As) and PSA-88 is located in wet

sugrudy (Cs). The study areas are characterized by
equal humidity and different soil trophicity. Bory
have poor soil condition; sugrudy have comparatively
rich soil conditions. Wet bory are characterized by
pine forest plantations. The Oak (Quercus robur L.)
with insignificant number of pine (Pinus sylvestris L.)
prevail in sugrudy. The plantations on these sample
areas are of the same age and planting density.

PSA-68 has sod-medium podzol sandy soil locat-
ed on water-glacial sediments. The forest litter is of
15cm there. PSA-88 is characterized by compara-
tively rich type of sod-medium podzol sabulous soil
located on fluvioglacial sediments. The forest litter
on this area is of 3 cm. In 2012, the average value of
soil radiation contamination density on PSA-68 was
342 + 26 kBg/m?and 421 + 19 kBg/m? on PSA-88.

Thus, permanent sample areas differ in some
characteristic factors such as: soil conditions; com-
position of forest plantations; diversity of species
and their spread in undergrowth and understory, as
well as in herbaceous layer; forest litter density. But,
the soil radiation contamination density on these
sample areas does not differ much.

Sample areas with the territory of 100 x 100 m
were laid out according to the generally accepted
technique [5]. There were digged out 3 soil profiles
within a sample area. The examination of horizons
was done there. Soil samples were collected from
each 2 cm thick layer starting from the soil top. Soil
sampling was performed with a sample selector in
the form of rectangle scoop (500 cm? (25 x 20 cm).
Selected samples were dried under the temperature
of 105°C in thermostats. After that, they were mixed
and studied using spectrum analyzer “CEI-005-
AKIT” and scintillation detectors “BJIEI'-20-P1” and
“BJIEI’-20-P2”.
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Results and discussion

In 2000, investigations of soil from sample area
laid out in wet bory showed that 69.03 % of the total
137Cs content was concentrated in the forest litter and
30.97 % was concentrated in the mineral soil part
(Table 1). Radionuclides distribution in different
layers of the forest litter was also uneven. The major
part of 1*'Cs (48.75 % of the total content in the soil)
was concentrated in the lower decayed (humified)
layer. It should be mentioned that the forest litter on
this sample area is very dense. It consists mainly
of organic remains of pine (Pinus sylvestris L.)
(needles, bark, branches, strobiles). These remains
contain numerous organic substances (e.g.: lignin,
which is difficult to hydrolyze; gums, essences,
waxes, etc.). Such substances have a high acidity.
All these factors slow down the humification of
organic remains. The decay of organic abscission

under the influence of chemicals, humidity and tem-
perature occurs simultaneously with the biological
destruction. Bacteriological action of some sub-
stances from abscission of coniferous species causes
mineralization of the forest litter, predominantly,
under the action of fungi [6]. It slows down the de-
cay of organic substances and causes its accumula-
tion. Thus, it could be mentioned, that the major part
of **¥'Cs moved to the decayed layer of the wet bory
forest litter during 14 years after Chornobyl acci-
dent. Taking into account the density of the forest
litter (about 15 cm), the rate of this process can be
calculated. Thus, the rate of **'Cs transition into the
forest litter is about 1cm per year. The results of the
investigation show that during this period the con-
siderable part of the radionuclide migrated to the soil
mineral layer, mainly to the 0 - 4 cm layer of the
humus-alluvial horizon.

Table 1. *¥Cs radiation contamination density (kBg/m?) in soil layers in different types of forest conditions
(2000 and 2012)

Wet bory — As Wet sugrudy — Cs
2000 | 2012 2000 | 2012
Soil layer 137Cs radiation contamination density 187Cs radiation contamination density
in soil layers in soil layers
kBg/m? % kBg/m? % kBg/m? % kBg/m? %
Forest litter 445.26 69.03 42.49 12.41 242.62 34.73 7.7 1.70
not (;t(():layed 1.04 0.16 0.50 0.15 0.62 0.09 0.16 0.04
Adf 129.80 20.12 27.04 7.90 11.84 1.69 1.80 0.43
half decayed
Adh 314.42 48.75 14.95 4.36 230.16 32.95 5.21 1.23
decayed
SO'I'a”;;?:ra' 19974 | 3097 | 29977 | 8759 | 45592 | 6527 | 41476 | 9830
0-2 118.72 18.40 146.08 42.68 258.36 36.99 197.45 46.79
2-4 23.00 3.57 56.95 16.64 96.96 13.88 129.52 30.70
4-6 8.44 1.31 22.95 6.71 54.86 7.85 41.63 9.86
6-8 6.64 1.03 15.50 4.53 22.52 3.22 22.13 5.25
8-10 5.90 0.91 12.15 3.55 9.72 1.39 7.06 1.67
10-12 3.66 0.57 10.64 3.11 5.42 0.78 4.85 1.15
12-14 3.98 0.62 9.81 2.87 3.22 0.47 1.68 0.40
14-16 5.52 0.86 6.42 1.88 1.46 0.21 2.10 0.50
16 - 18 4.60 0.71 4.14 1.21 0.80 0.11 1.60 0.38
18 - 20 4.96 0.77 3.25 0.95 0.60 0.09 1.40 0.33
20 - 22 3.60 0.56 2.24 0.65 0.50 0.07 1.11 0.26
22 - 24 3.44 0.53 3.57 1.04 0.44 0.06 1.43 0.34
24 - 26 2.88 0.45 2.34 0.68 0.40 0.06 1.30 0.31
26 - 28 2.60 0.40 2.21 0.65 0.36 0.05 0.91 0.22
28 - 30 1.80 0.28 1.52 0.44 0.30 0.04 0.59 0.14
Total 645.00 100.00 342.26 100.00 698.54 100.00 421.93 100.0

64 ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2016 Vol. 17 No. 1




1¥Cs REDISTRIBUTION IN TIME IN WET BORY AND SUGRUDY SOILS

Other regularities in the process of **’Cs disinte-
gration were observed in wet sugrudy in 2000. For-
est litter contained just 34.73 % from the total radio-
nuclide content in soil. The mineral part of soil con-
tained the rest of the radionuclide activity. Consider-
ably high radionuclide migration was observed in
the mineral part of soil down to the depth of 8 cm.
The oak (Quercus robur L.) prevails in the composi-
tion of forest plantations on this sample area.
Abscission of the oak and of other tree species and
shrubs, as well as the remains of herbs, mineralize
quickly enough. It lasts for 1 - 1.5 year [6]. At the
same time, pine (Pinus sylvestris L.) abscission slows
down the process of humification and mineralization
of organic remains. In this way forest litter of 3 cm
thick forms. The structure of the forest litter in
sugrudy is similar to the forest litter formed in wet
bory. More intensive mineralization of organic mat-
ter causes the radionuclides transition to the deeper
soil layers.

Reselection of samples was performed in 2012.
The investigation results show that considerable
radionuclides transition from the forest litter to the
soil mineral part occurred on both sample areas du-
ring 12 years.

Thus, the density of **'Cs radiation contamina-
tion of the forest litter in wet bory declined to
12.41 % (or by 5.6 times). Notwithstanding the con-
siderable radionuclides transition down through the
soil profile, the forest litter in bory still contains a
large amount of *3’Cs. More considerable radionu-
clide transition occurred in wet sugrudy. In such
conditions the density of **'Cs radiation contamina-
tion of the forest litter declined to 1.7 % (or by
20.4 times) of the total in the soil. Now, soil radia-
tion contamination in wet sugrudy is calculated by
radionuclide content in soil mineral part.

Thus, gradual decrease of the forest litter radia-
tion contamination occurred in 2000 and in 2012
(Figs. 1 and 2). This process can be explained both
by the vertical **’Cs migration into the soil mineral
part and by the decline of **’Cs content in the abscis-
sion. The decline of the radionuclides penetration
into plants is explained by the radioactive disintegra-
tion of isotopes, which allocate in the organic and
nonorganic parts of the soil as well as by the estab-
lishing of the dynamic balance of **’Cs in a biotic
component of the forest biogeocenosis [4].

137Cs radiation contamination density (%) in soil layers

Wet bory
0,1 1 10 100
Agl not decayed
Aof half decayed
Agh decayed
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Fig. 1. The vertical distribution of the ratio of **’Cs radiation contamination density (kBg/m?)
in soil layers in wet bory (2000 and 2012).
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Fig. 2 The vertical distribution of the ratio of **'Cs radiation contamination density (kBg/m?)
in soil layers in wet sugrudy (2000 and 2012).

Investigation results show that *¥'Cs transition to
the soil mineral part occurred more quickly in wet
sugrudy than in wet bory. The process of the radio-
nuclides vertical migration slowed down with the
lapse of time. *’Cs migration in the mineral part of
the soil profile in bory differs from that in subory.
Thus, more than 1 % of the radionuclide activity in
wet bory soil was observed in the depth of 8 cm in
2000; in 2012, the same radionuclide activity in soil
was observed in the depth of 24 cm. Wet sugrudy
were observed to have 1 % of the radionuclide activ-
ity in the depth of 10 and 12 cm respectively. Such
regularity appears when analyzing in-depth distribu-
tion of '¥Cs activity in the soil mineral part
(Table 2). In 2000, **¥'Cs content in bory sandy soil
was about 25.22 % in the layer of 0 - 10 cm; in
2012, *'Cs content in this layer was about 74.11 %.
Thus, the activity increased by 2.9 times. Similar
increase was observed in the layer of 0 - 20 cm. In
2000, the radionuclide content in sandy-loam
sugrudy was about 63.33 % in the layer of 0 - 10 cm;
in 2012 this index was about 94.27 %. The activity
increase by 1.5 times was observed in the layer of
0 - 20 cm. When compared rich soil conditions of
sugrudy with poor soil conditions of bory, it can be

seen that today, the major part of *¥'Cs activity is
concentrated in sugrudy in the layers of the soil min-
eral part with the thickness of 10 and 20 cm. Thus,
in wet bory, 10 cm soil layer contained 74.11 % of
the total radionuclide activity in soil; in wet sugrudy
this index was about 94.27 %. Depending on the
type of forest conditions, a 20 cm thick layer con-
tained 84.13and 97.03 %. Today, soil mineral part is
a source of radionuclide penetration into plants.
Mentioned peculiarities are explained by a higher
content of organic matter and fine-grained particles
of soil in wet sugrudy, as well as by higher soil acid-
ity in wet bory [6]. Consequently, in wet sugrudy
after *" Cs transition from the forest litter to the soil
mineral part it fixes strongly in the upper layers of
the humus-alluvial horizon. The thickness of this
horizon in wet sugrudy is about 20 cm. The data
show that 94.27 % of **" Cs activity in soil was con-
centrated in 10 cm layer even in 2012. Only 2.97 %
of this radionuclide activity migrated outside the
humus-alluvial horizon. The thickness of the humus-
alluvial horizon is about 10 cm in wet bory. Thus, in
2012, this soil horizon contained 74.11 % of *" Cs
activity in soil (2000 — 25.22 % of the activity).
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Considerable part of the radionuclide, that is
25.89 %, migrated to the alluvial horizon. It causes
more intensive radionuclide migration to the deeper

soil layers. It is known that practically, the alluvial
horizon does not contain humus and fine-grained
particles.

Table 2. The ratio of **’Cs (%) activity in soil mineral part layers of different density
in wet bory and sugrudy (2000 and 2012)

Layers of soil Wet bory Wet sugrudy
mineral part. cm 2000 2012 2000 2012
0-2 18.40 42.68 36.99 46.79
0-4 21.97 59.32 50.87 77.49
0-6 23.28 66.03 58.72 87.35
0-8 24.31 70.56 61.94 92.60
0-10 25.22 74.11 63.33 94.27
0-12 25.79 77.22 64.11 95.42
0-14 26.41 80.09 64.58 95.82
0-16 27.27 81.97 64.79 96.32
0-18 27.98 83.18 64.90 96.70
0-20 28.75 84.13 64.99 97.03
Summary comparatively rich conditions of wet sugrudy re-

1. During the period of the observation (in 2000
and in 2012) the considerable redistribution of the
total *¥'Cs activity between the forest litter and the
soil mineral part occurred. The density of *¥'Cs radi-
oactive contamination of the forest litter in poor soil
conditions of wet bory reduced by 5.6 times. And
the density of *¥'Cs radioactive contamination in

duced by 20.4 times.

2. More intensive “*'Cs vertical migration was
observed in poor sandy soils of wet bory during 2000
- 2012 compared to comparatively rich sandy-loam
soils of wet sugrudy. However, a higher percentage of
B7Cs activity is concentrated in 10 - 20 cm layer of
the soil mineral part in more rich conditions of
sugrudy, compared to poor bory conditions.
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B. II. Kpacnog!, T. B. Kyp6er?, 3. M. Illexect?, O. JI. Boiiko?

1 JKumomupcoruii depacasnuii mexnonoziunuii ynisepcumem, Kumomup
2 Kuiscvka Hayko6o-00cniona cmanyis YKpaincbKo2o HayKo80-00CTiOH020 THCIMUIMYmY iC06020 20CHO0ApCmEa
ma agponicomeniopayii imeni I'. M. Bucoyvrozo, Jliomesic Kuigcoroi obnracmi

MEPEPO3IOJLI ¥'Cs Y TPYHTAX BOJIOT'UX BOPIB
I CYTPYIB JICIB ITOJIICCS YKPATHH Y YACI

Hageneno matepianu mozo posnoziny *¥’Cs y nepHoBo-nifzonucTux rpyHrax nicis Ionices Ykpainu, 3a0pyAHEHHX
pamionykiizamu micis aBapii Ha YAEC. ocnimkerss npooamwmmck y 2000 i 2012 p. Ha mocTiHHUX MPOOHUX IDIOMIAX,
3aKJIaJIeHUX Y BOJIOTHX 6opax i cyrpyaax. [TokasaHo, 1o y BoJorux cyrpyaax nepemimenns 3’Cs 3 jicosoi migcrunku
JI0 MiHEpaTbHOT YaCTHHHU IPYHTY BiIOYJIOCS B KOPOTIIUH TIepiol. [10sSCHIOETHCS 11e MEHIIIOK MOTYXHICTIO 1 OLIBII 1HTE-
HCHBHOIO MiHEpaTi3alli€ro JiCOBOI MIACTHIKK y BOJOTHX CYrpyaax. Y BOJOTHX 0Opax 3 4acoM BiJ3HAYA€ThCS OLIBII
IHTEHCHBHE TIepeMillleHHs paJioHyKJIiga y IJMOII miapu MiHepallbHOI YacTHHH IPYHTY. Bin3HaueHa 3aKOHOMIpHICTBh
MIOSICHIOIOTECS], IMOBIPHO, MEHIIIUM BMICTOM I'yMYCy Ta ApiOHOJHMCHEPCHUX YacTOK 1 BHUIIOI KHCIOTHICTIO IPYHTY Y
BOJIOTHX OOpax.

Kniouosi crnosa: pamioHykiIiny, pagioakTHBHE 3a0pyAHEHHS IPYHTY, TUTOMA aKTUBHICTh PaiOHYKIIia, JTICOBI Haca-
IDKSHHSI, IEPHOBO-TIII30JIUCTI IPYHTH.

B. I1. Kpacnog!, T. B. Kyp6er?, 3. M. Illenect!, A. JI. Boiixo?

L JKumomupcruii 2ocydapcmeennviii mexuonozuveckuii ynusepcumen, Kumomup
2 Kuesckas HayuHo-ucciedo6amenbCkas cmanyus. Ykpauncko20 HayuHo-uccied06amencko20 UHCmumyma
JecHo2o xos3aticmea u azponecomenuopayuu umenu I'. M. Bvicoyxoeo, Jlromeosic Kuesckoui obnacmu

NEPEPACHPEJEJIEHUE *¥'Cs B IOYBAX BJIAJKHBIX BOPOB U CYT'PYJIOB
JIECOB INIOJIECHhSA YKPAUHBI BO BPEMEHHA

I[TpuBeneHsl MaTepuanbl mo pacnpeneiennto ='Cs B 1epHOBO-MOI30IMCTHIX TT0UBax JecoB [losechst YKpanHsl, 3a-
TpA3HEHHBIX pajuonykInaaMu nocie aBapun Ha YADC. Uccnenosanus nposoauuck B 2000 n 2012 r. Ha MOCTOSTHHBIX
MPOOHBIX IJIOIIA/SX, 3aJI0)KEHHBIX BO BIAXHBIX Oopax W cyrpyaax. [lokaszaHo, 4To BO BIQXXHBIX Cyrpy/ax mnepemerie-
nue B¥Cs U3 necHOM MOJICTUIIKM B MUHEPATBHYIO YaCTh TIOYBHI TIPOM30ILTO ObicTpee. OOBACHAETCS 9TO MEHBIIEH MOII-
HOCTBIO M OOJbIIEH MHTCHCUBHOCTHIO MIUHEPAIN3AIMHY JIECHOH MOJICTHIIKH BO BJIQXKHBIX Cyrpyaax. Bo BiaxHbIx 6opax
CO BPEMEHEM OTMedaeTcsi Ooee MHTEHCHBHOE MEpPEMEIEHHNE PaJHoOHyKInAa B Oojee TIyOOKHE CIIOM MHHEPAaTbHOH
yacTH MouyBbl. OTMEUCHHAs] 3aKOHOMEPHOCTh OOBSICHSIETCS, BEPOSITHO, MEHBIINM COJEPKAHUEM T'yMyca W MEIKOJHC-
TIEPCHBIX YaCTHII U 00JIee BHICOKOH KHCIOTHOCTBIO ITOYBHI BO BIAKHBIX OOpax.

Kniouegvie cnoea: paauOHYKIHIbI, paJUOaKTUBHOE 3arpsA3HEHHE TOYBBI, YJEIbHAs aKTUBHOCTb PaJAMOHYKIIHJIOB,
JIECHBIE HACAXKICHNUS, IEPHOBO-TIOA30IIMCTHIC TIOYBHI.
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