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B’Cs DISTRIBUTION IN THE WOOD OF SCOTS PINE RADIAL GROWTH
IN THE FORESTS OF UKRAINIAN POLISSIA

This research was conducted in regards to the distribution of ¥’Cs in the radial growth of pine forests within the
humid pine forests of the Polissia, Ukraine. To set the value patterns we used radionuclide specific activity of 5-year
rings that were formed before and after the accident. Based on the quantitative assessment of the modern distribution of
187Cs in pine wood it showed much higher levels of radionuclide in the peripheral annual rings. This analysis was
marked by very significant values that were found in the forests formed after the accident at Chernobyl. The latter can
be explained as the movement of radionuclide from the wood formed after the accident and radioactive contamination

of forest ecosystems due to global fallout.
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Introduction

The accident at Chernobyl Nuclear Power Plant
radically changed the state of radiation in the forests
of Polissia, Ukraine. This in turn, led to the need to
review the existing ideas on the use of all forest re-
sources and, in particular, wood recourses directly in
areas contaminated with radionuclides. Some of the
territories have introduced a ban or limit to use the
wood. Over time, the level of radioactive contamina-
tion of forests and forest ecosystem components,
including those used by people, declined. This, in
turn, allowed the researchers to recommend the indus-
try to restore the forest in certain areas. However, the
exploitation of wood species has a problematic char-
acter because a significant number of radionuclides
accumulated and continues to accumulate in the
wood. These circumstances require continued moni-
toring levels of radioactive contamination.

In the 1950’s and 1960’s, researchers were inter-
ested in the distribution of radionuclides in the tis-
sues and organs of tree species [1, 2]. They conclud-
ed that the tissues and organs can be positioned in
the following row according to the content of =*'Cs
in them: needles (leaves) > branch > bark > wood.
The researchers noted that the differences between
the indicator values (specific activity of a radionu-
clide) in that row reached 10 - 100 times.

After the Chernobyl accident, new research re-
sults obtained by Ukrainian scientists were similar to
the mentioned above [3]. At the same time, they
found out that in different periods since the Cherno-
byl accident certain tissues and organs of tree spe-
cies occupied different places in the above noted
series (row) of radioactive contamination. The

researchers explained these circumstances by peculi-
arities of radioactive contamination of forest ecosys-
tems and subsequent migration of radionuclides in
them, and further, by the structure of the trees and
functions of certain organs.

In Ukraine, for the first time researchers studied
the distribution of *3’Cs in pine annual rings [3].
These studies were conducted in 8 years after the
Chernobyl accident. It should be noted that this type
of research was very complex and because of tech-
nical difficulties the research was discontinued. At
that time, it was found out that the highest specific
activity of radionuclide was observed in radial
growth between 1992 and 1994. At the same time,
the researchers noted the presence of **’Cs in forest
growth from 1956 - 1958, which is approximately
37 % of the growth that was in between the years
1992 - 1994. The latter was explained by diffusion
of radionuclide from the outside of post Chernobyl
annual increments of radial rings. In the following
years, similar research was periodically conducted in
Ukraine [4, 5]. The research data showed the in-
crease of *¥’Cs specific activity in peripheral annual
rings of scots pine. It should be noted that this type
of research has not been conducted for more than 10
years. At the same time, these data results are in-
formative from the point of view of the processes
taking place in forest ecosystems, besides; they are
useful in the practice of wood industry.

In Belarus, similar research was conducted in
several stages during the first 7 - 15 years after the
Chernobyl accident [6, 7]. Researchers indicated that
B7Cs specific activity in peripheral annual rings
differs by 2.5 times from that in the middle of the
trunk.
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Objects and methods

The aim of the research was to study current
137Cs radial distribution in the wood of scots pine
trunk formed before and after the Chernobyl acci-
dent. Research was conducted in 2011 and 2015 on
permanent sample plots Ne 15 (PSP-15) in the SE
“Luhiny LH” (Povchansk forestry) in the north of
Zhytomyr region.

Characteristics of permanent sample plots PSP-
15 (2011): radioactive soil contamination density of
195 + 11 kBg/m?. This sample plot with 65-year
pine plantation demonstrates following characteris-
tics: composition — 10 C, completeness — 0.9, ave-
rage height — 24.0 m, type of forest conditions - wet
subor (Bs). Herb-shrub layer (projective cover —
60 %) consists of Vaccinium myrtillus L., Vaccini-
um vitids-idaea L., Calluna wvulgaris (L.)
Hull.),Vaccinium uliginosum L., Ledum palustre L.,
Molinia caerulea L., Equisetum sylvaticum L.,
Melampyrum pratense L. Moss layer of projective
covering 90 % of Dicranum polysetum Sw., Pleu-
rotsiya Schreber (Pleurozium schreberi). Association
— blueberry-green moss pine forest.

Soil is sod-middle-podzolic, sandy, on water-ice
deposits. Litter has a thickness of up to 10 cm. Soil
mineral part has the following horizons: humus-
alluvial horizon is dark grey with a thickness of 10 -
12 cm; alluvial horizon is almost white and sandy
with a thickness of 8-10cm; illuvial - brown,
loamy, with a thickness of 6 - 8 cm. The parent rock
occurred at the depth of 80 - 85 cm.

Permanent sample plots (measuring 100 x 100 m)
were laid down as a standard method [8]. Resear-
chers made a list of trees to determine the average
size — the diameter and height. Subsequently, on this
PSP researchers selected 3 pine trees, the size of
which met the average parameters. Selected trees
were cut and at the bottom of the trunk (komel) the
rings of wood (5 cm thick) were cut at a height of
1.3 meters and height of 0.5 to 0.75 of the trunk. The
wood was selected from these rings by years. Since
the removal of rings by using existing cutting tools
is quite difficult, wood selection was carried out
over the period of 5 years. Thus, the wood samples
were obtained using radial growth periods (years):
2010 - 2006, 2005 - 2001, 2000 - 1996, 1995 - 1991,
1990 - 1986, 1985 - 1981, 1980 - 1976, 1975 - 1971,
1970 - 1966, 1965 - 1961. In 2015, three pine trunks
of average size were selected to take samples of
wood at the height of 1.3 m from the soil surface
using a Pressler drill. Selected samples of the annual
forest growth for the period of 2015 - 2010 were
taken for the following spectrometric studies.

The density of soil radiation contamination was
detected by taking 5 samples from soil under each of
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the selected trees. Soil samples were taken from the
depth of 10 cm with a 5-cm-diameter bore. Compo-
site sample was formed of 5 selected samples by
envelope method (1 x1m).

Selected sample were dried in oven at 105° C and
subsequently were chopped and analyzed using
spectrum analyzer “CEI'-005-AKII” and scintillation
detectors “BJIEI'-20-P1” and “BJEI'-20-P2”. Aver-
age total error of **¥'Cs specific activity was about
+ 9 % (confidence level — 0.95).

Results and discussion

The results helped to determine certain patterns
in the specific activity of **’Cs in annual tree rings of
pine for the 5-year period (Table 1). A marked in-
crease in this indicator since the Chernobyl accident
to the 2010 - 2006 and then it’s following reduction
was observed. Thus, the value of the specific activity
of **¥Cs in the wood accumulated in the year 1990 -
1986 was about 1144 + 13.9 Bg/kg (data are ob-
tained at the bottom of the trunk); and accumulated
during the 2010 - 2006: 1825 + 22.6 Ba/kg, which is
1.6 times higher. At the same time, the value of the
indicator during 20 years after the accident changed
in a small range: from 1144 + 13.9 Bq/kg to 1283 +
+ 37.6 Bg/kg. It either increased or decreased slight-
ly over the 5-year periods of study. These fluctua-
tions can be explained by weather conditions
observed in the growing seasons of specific years.
For the annual rings that were formed during the
2010 - 2006, there was a significant increase in **’Cs
specific activity. It was confirmed by the data
obtained at different trunk heights. This can be
explained by several factors: weather conditions of
the periods during which this wood was formed:;
cyclical migration of **’Cs in forest ecosystems.

A significant decrease in *’Cs specific activity in
wood formed in 2015 - 2011's was observed com-
pared to the previous period. Thus, in 2015 - 2011 at
a height of 1.3 m from the soil surface, specific
activity of radionuclide in tree wood was about
1305+ 32.6 Bg/kg, and in 2006 - 2010 the wood
was of 2021 + 114.2 Bag/kg.

At the same time, we have seen quite significant
values of the radionuclide specific activity in trees
formed before the Chernobyl accident. The indicator
for wood during the period of 1985 - 1981 was not
much different; it was 99.3 % from that we have
observed over the period 1986 - 2001 years. In ge-
neral, in the wood that was formed 25 years before
the accident, there is a gradual decrease in radionu-
clide specific activity from the trunk periphery to its
center; wood formed in the period of 1985 -
1981years showed the following indicator 1136 =+
+ 37.3 Bg/kg, and in 1965 - 1961 — 698 + 4.0 Bg/kg
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(decreased by 1.6 times). The difference between the
value of *¥'Cs specific activity in wood of 2010 -
2006 (1825 + 22.6 Bg/kg) and 1965 - 1961 (698 +
+ 4,0 Bg/kg) is higher by 2.6 times.

It was noted that there was a significant contami-
nation of wood formed before the accident at Cher-
nobyl NPP. This can be explained by two factors:
the migration of radionuclide to the pine during the

global contamination of forest ecosystems by radio-
nuclide after the testing of nuclear weapons (wood
was analyzed for 25 years before the Chernobyl
accident), and their partial migration from the wood
formed after the accident at Chernobyl nuclear pow-
er plant. It is known that in the pine trunk there is
some migration of substances from the outside tim-
ber to the inside along the medullary rays [9].

Table 1. ¥Cs specific activity in radial growth of pine wood at different trunk heights, Bg/kg

Radial growth 187Cs specific activity in wood at the height of the trunk (P), m
for years 0.1m 1.3m 0.5H 0.75H
2015 - 2011 - 1305 + 33 - -
2010 - 2006 1825 + 23 2021+ 114 1722 +£13 1724 +£103
2005 - 2001 1157 £ 30 1140 + 44 1195+ 97 1164 + 109
2000 - 1996 1262 + 58 1123+ 35 1275+ 108 1182 £ 56
1995 - 1991 1283 + 38 1174 + 45 1237 £ 23 -
1990 - 1986 1144 £ 14 1130 £ 57 1150 £ 78 -
1985 - 1981 1136 + 37 1140 + 48 - -
1980 - 1976 1193 £ 53 1005 + 55 - -
1975 - 1971 1222 +£43 643 + 29 - -
1970 - 1966 677+2 651 + 31 - -
1965 - 1961 698 + 4 - - -

The above materials were obtained in the lowest
(the thickest) part of pine trunks where the number
of selected annual rings was in maximum (50 years).
This allowed researchers to establish a relationship
between *'Cs specific activity in periodic radial

growth of wood and the number of years from the
period of 2006 - 2011 to 1961 - 1965 (Fig. 1). Corre-
lation between these parameters satisfactorily ap-
proximated by a linear equation is authentic, close
and inversely proportional (r = -0.79).
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Fig. 1. ¥¥"Cs specific activity change in periodic radial growth of wood
from 1961 (5 years) to 2010 (55 years) in the butt part of the wood trunk.

Studies conducted in 2015 revealed that the value
of ¥Cs specific activity in wood (at a height of
1.3 m from the soil surface) that was formed during
the 2010 - 2015 was lower (by 1.6 times) of that of
trees formed for the previous 5 years. These materi-
als may prove the reduced intensity of radionuclide
penetration to trees. This conclusion may be con-
firmed by analyzing the timber wood over the next
5years, or at the present, after analysis of wood
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taken for each given year. It should be noted that the
researchers’ forecast models show that a slowdown
of radionuclide penetration into tree species should
have commenced about 10 years ago [10].

This data clarifies some methodological issues as
for the comparing radioactive contamination of
wood by using the indicator of the radionuclide spe-
cific activity in it. This indicator is used for radiation
control of wood products and in the practice of
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Radioecology of forest ecosystems.

In the case of radiation control, a selection of
wood is usually carried out in the thickest part of the
trunk through its cross section using a chainsaw. At
the same time, tree sawdust from the surface is col-
lected and studied. Thus, the wood contains sample
formed both before and after the accident. In our
case, (65-year plantations) samples from the butt
part of the wood trunk consist of the wood formed
before (25 years) and after (25 years) accident. In
the first sample, the average specific activity of **’Cs
is (according to our data) 985 Bg/kg, and in the
second - 1334 Bg/kg. Thus, any object that is made
wholly or in part using the central part of the trunk
will contain the amount of *¥'Cs specific activity
much lower than that produced from the peripheral
part. Something similar occurs in the study of wood
at half the height of the trunk - the average value of
the index amounted to 1316 Bg/kg. It is higher from
such a central part of the trunk — 985 Bg/kg. This
analysis allows us to recommend a detailed study of
forestry products and forestry areas at the stage of
allotment and felling.

Along with the study of **'Cs in periodic radial
growth of pine wood, we investigated the relative
magnitude of the radionuclide in the bark (Fig. 2). It
was found that the specific activity of **'Cs in the
bark is much higher than this indicator in wood.
Thus, in the bottom of the trunk it comprised around
4767.0 + 527.6 Bag/kg, half the height of the trunk —
3574,0 + 194.1 Bg/kg, and at 0.75 % of the height of
the trunk — 4145.0 + 148.3 Bg/kg. It is known [10]
that the current contamination of the bark generally
can be explained both by surface pollution during
migration of radionuclide to forest ecosystems in
1986 (the outer layer of the bark) and the migration
of radionuclide through roots in the subsequent peri-
od (the inside of the bark). Somewhat higher levels
of 3’Cs specific activity in the bark of the bottom of

the trunk can be explained by the migration of ra-
dionuclide that fell on the trunk in 1986 to its lower
part via rainwater.
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Fig. 2. ¥7Cs average specific activity in the bark
and the wood, formed before and after the accident
in the butt part of the trunk of pine
(at a height of 0.1 and 1.3 m from the soil surface).

These materials also have practical value, be-
cause higher levels of radioactive contamination of
bark complicate the use of wood bark. The specific
activity of **Cs in the wood bark exceeds its value
for wood formed after the accident by 3.6 times,
and for wood created before the accident — by 4.8
times. It can be recommended to the forestry produc-
tion that wood processed from the contaminated
areas should be subsequently processed with the
removal of the bark. Thus, our studies have shown
that the manufactured middle part of log (a bar) has
significantly lower levels of radionuclide (Table 2).
The specific activity of **'Cs in bars (682 Bg/kg) is
3.3 times lower than the one in the bark and the
wood slab (2219 Bg/kg).

Table 2. ¥7Cs specific activity in different parts of the trunk of pine in the manufacture of wood

Parts of the trunk, Statistics number distribution of specific activity of *3’Cs, Bg/kg
type of product average average value standard variability experiment accuracy
value (M) error (m) deviation (o) coefficient (V), % (P), %
Slab*, bark 2219 51 889 4,0 2,3
Slab, wood 922 17 29 3,2 1,8
Slab, wood with bark 1279 76 131 10,3 5,9
Bar 682 7 12 1,7 1,0

N o te: 1. Slab* - the outside of the trunk (cut), consisting of wood and bark. 2. Parameters of normal distribution,

repeatability is threefold.
Conclusions

1. There is a decrease in the specific activity of
37Cs in pine wood on the periphery of the trunk (in
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2010) to its center (1961) and the fluctuation of this
indicator in different periods since the accident.
Marked fluctuations can be explained by weather
conditions and the period during which the timber
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was formed and cyclical migration of radionuclide in  trees (diameter and height) can be as high as 20 -

forest ecosystem. 25 % requiring a revision of some regulations in the
2. Differences in the value of specific activity of method of radiation control of forest products.

137Cs in wood used from various parts of the trunk of
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L )Kumomupcoxuil depacagnuii mexnonoziunuil ynisepcumem, Kumomup
2 Kuiscoka nicosa Hayko6o-00Ciiona cmanyis YKpaincoko2o Hayko80-00CIiOHO20 IHCMUMymy ic06020 20CH00apCcmea
i aeponicomeniopayii im. I'. M. Bucoyvroeo, Jlromeoic, Kuiscvra obnacme
8 Honicoxuii ghinian Yxkpaincvko2o HayKo60-00CTiOHO20 THCMUMY MY iC06020 20CHOOAPCMEA i azporicomeniopayii
im. I'" M. Bucoywkoeo, Hoeowcux, ’Kumomup

PO3NOALI *'Cs Y JEPEBUHI PAJIIAJIbHUX IIPUPOCTIB COCHHA 3BUYAMHOI
V JICAX IIOJIICCS YKPATHH

TposeneHo nociimkenns moa0 posnoainy *’Cs y nepeBuHi pajialbHUX NPUPOCTIB COCHU 3BUYAMHOI y BOJOTHX
cyb6opax miciB [lomicess Ykpainn. {711 BcTaHOBICHHS 3aKOHOMIPHOCTEH BUKOPHCTOBYBAJIACH BEIMYMHA ITUTOMOI aKTHB-
HOCTI PaliOHYKIiJa B S-piuHMX KUIBILIX, IO YTBOPHIKCH 10 1 micis aBapii Ha YAEC. Ha ocHOBI KiNBbKICHOI OIIHKH
cydacHoro posnoiny *¥’Cs y nepeBuHi cocHU 3BUYaifHOT II0KA3aHO 3HAYHO OiNbINI PiBHI BMICTY pafioHyKIiga B nepu-
(epiiiHuX piuyHKUX KUTBIAX. Big3HaueHO NOCUTH CYTTEBI BEMYMHHU TIOKA3HHUKA, 110 BUBYABCS, Y IEPEBHUHI, YTBOPEHOI 10
aBapii Ha YAEC. OcraHHe MOXe MOSCHIOBATUCH SIK TIEPEMIIIEHHAM PaJioOHyKIiJa 3 JePEeBUHH, YTBOPEHOT Micis aBapii
Ha YAEC, Tak i paiioakTUBHUM 3a0pyAHEHHSIM JIICOBUX €KOCHCTEM YHACIIIOK TJI00abHUX BUIAIIHb.

Kniouosi crnoea: pamioHyKIiIW, pafioOakTUBHE 3a0pyIHEHHS IECPEBHHH, MUTOMAa aKTHBHICTH PamiOHYKIiAa, PidHI
KIJTBIISL.
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L OKumomupcruii 2ocydapcmeenmviii mexnonouveckuti yuusepcumem, XKumomup
2 Kueeckas necnas nayuno-ucciedo8amenvekas Cmanyus YKpauncKo2o HayuHO-UCCIe006amenseKo20 UHCMumyma
JlecHoeo xosscmea u azponecomenuopayuu um. I. H. Bucoyxoeo, Jlromeoic, Kuesckas obnacmo
3 Honeccxuti punuan Yrpaunckozo nayuno-ucciedo6amensbcko20 UHCIUNYma 1eCHO20 X03ACmea
u azponecomenuopayuu um. I'. H. Bucoyxoeo, [osocux, Kumomup

PACHPEJIEJIEHUE *'Cs B IPEBECUHE PAJIMAJIBHBIX IIPUPOCTOB COCHbI OBBIKHOBEHHOM
B JIECAX ITOJIECHS YKPANHBI

Iposeneno usydenue pacnpeaeienus *¥'Cs B ApeBecHHE paguaibHbIX IPUPOCTOB COCHBI OOBIKHOBEHHOI BO BJIa-
HBIX cyOopsix jecoB [loneckst Ykpaunsl. [[ynsi ycTaHOBIEHHS] 3aKOHOMEPHOCTEH HCIONIb30BAJIaCh BEJIMUMHA YIEIBHOM
AKTUBHOCTH PaJUOHYKIIHAA B 5-JIETHUX TOJOBBIX KOJbI[AX, KOTOPbIe 00pa30Baiuch a0 u nocie aapuu Ha YADC. Ha
OCHOBE KOJIMYECTBEHHOM OLEHKH COBpeMeHHOro pachpenenenus 3’Cs B 1peBecHHe COCHEI OOBIKHOBEHHON OTMEYEHBI
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3HAYUTEIHHO OOJIBLINE YPOBHH COJCPIKAHUS PAAUOHYKIHIA B TepU(EPUIHBIX TOAMYHBIX KoblaxX. OTMEUYeHbI JJOBOJIb-
HO CYIIECTBEHHBIE BEIMYMHBI H3y4aeMOTro MoKa3aTess B ApeBecHHe, oopa3zoBanHon m0 aBapun Ha YADC. Ilocriennee
MOJKET OOBACHITHCS KaK HEKOTOPBIM IEPEMEIICHUEM PaJUOHYKIIH/A U3 IPEBECHHBI, 00PAa30BAHHON B MMOCIICIHUE TOJIBI,
TaK U paJUOAKTUBHBIM 3arpsA3HECHUEM JICCHBIX O9KOCUCTEM BCJICACTBUEC FﬂO6aﬂbHLIX BLIHaHeHMﬁ.

Kniouegvie cnosa: paguOHYKIUIIBI, PaAMOAKTHBHOE 3arpsi3HEHUE JIPEBECHHBI, YJIeJbHAs aKTHBHOCTh PaMOHYKINAA,
TOJIMYHBIC KOJIBIIA.
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