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ARTIFICIAL RADIONUCLIDES IN THE FOREST LITTER AT THE TERRITORY
ADJACENT TO SEMIPALATINSK TEST SITE

Ye.S. Syssoyeva, N.V. Larionova, Yu.S. Shevchenko, N.A. Leschenko, A.l. Merkel
Branch “Institute of Radiation Safety and Ecology” RSE NNC RK, Kurchatov, Kazakhstan

The paper provides results of research of concentration and distribution of artificial radionuclides in the components of
forest litter and in the top soil layer of the pine forest of Priirtyshie long after nuclear tests at the territory of Semipalatinsk
Test Site (the STS). Minimum and maximum values of specific activity were determined for 3’Cs, %Sr, 242 Am, 23%+240py
in the soils researched as well as in mineral and organic components of litter. Series of radionuclides were formed
depending on their ability to be accumulated in the top layer of soil and in the components of forest litter. Dependence
between concentrations of *37Cs, %°Sr, 24LAm, 23%+240py in the litter and its thickness was determined.
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INTRODUCTION

Semipalatinsk Test Site (STS) — is one of the largest
test sites used for testing nuclear weapons in the world. It
occupies the area of 18 300 km?. For 42 years of opera-
tion, 456 nuclear tests using 616 devices were conducted
here. The tests conducted at the STS caused contamina-
tion not only of the test site territory itself but also,
beyond its boundaries. So, as the result of the test of the
29" of August, 1949, territory of pine forest of Priirtyshie
suffered contamination (Figure 1).

Processes of radionuclides migration in forest bio-
cenoses have a series of peculiarities comparing with
other natural plant communities, due to large area of
above-ground phytomass, multi-year cycle of plants
development, availability of forest litter and etc. [1].

The main primary absorbers of radionuclides in forest
ecosystems include leafage and needles, forest under-
growth, as well as forest litter. Radioactive substances
can be flushed off with precipitations, get on soil surface
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when leafs fall from the plants, and also, when stalks (of
grass, for example) die off. Only moss and lichens can
retain radionuclides indefinitely. Therefore, irrespective
of season, when the fallout took place, major part of
contamination proves to be in the litter [2, 3].

Forest litter is the first soil layer, where radionuclides
get accumulated, transformed, and from where their
migration starts. In course of time, radionuclides entering
the soil litter and top layers of soil get redistributed in
such a manner that they enrich the soil layers below with
mobile compounds. At that, decomposing forest litter
serves as a potential source of mobile forms of radio-
nuclides that enter soil [4, 5].

The aim of this research is to study composition and
distribution of artificial radionuclides (**’Cs, °°Sr, 24!Am,
239+240py) in forest litter and in the top soil layer of pine
forest of Priirtyshie long after the nuclear tests at the STS

territory.
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Figure 1. Study area
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MATERIALS AND METHODS

As the research areas, forest plots within the plume of
the 1949, with presumably increased concentrations of
radionuclides in the environmental components were
chosen. In total 36 research areas were arranged (Figure
1). From each site, samples of litter and mixed samples
of soil were taken to the depth of 5cm using envelope
method.

Litter was dried under natural conditions. After that,
to separate organic components from mineral compo-
nents, the sample was sieved through a 2 mm mesh.
Organic component was charred until black residue,
milled using laboratory mill to reach homogenous mass.
After that, specimens were placed into crucibles for
further ashing. Initial temperature was increased to
200 °C for 50-60 minutes, after that the maximum
temperature of muffle furnace was set as follows: ashing
temperature for further determination of *¥Cs is 400 °C,
while for %Sr, 222Am and 2%9*240Py it’s up to 550 °C.

Samples were dried to the air-dry state in drying
cabinets at the temperature of 50-60 °C. After coarse
stones and inclusions (plant residues) were removed,
dried samples were weighed using counterbalance. Then
the entire soil mass was carefully mixed, ground in a
mortar of porcelain using pestle and sieved using a 1 mm
mesh. To check whether the whole amount of sample was
sieved, or not, each sieve was shaken above a sheet of
paper.

Analyses to measure activity concentrations of
radionuclides in samples were conducted in accordance
to GOST guidelines with a certified laboratory equip-
ment [6-7]. Activity concentrations of *¥Cs and ?**Am
were determined with a y-spectrometer Canberra GX-
2020, %°Sr and®**?%py were determined using a
radiochemical isolation followed by measuring with a f3-
spectrometer TRI-CARB 2900 TR and o-Spectrometer
Canberra (mod. 7401), respectively. The bias for **’Cs
and 2**Am did not exceed 10-20%, for ®°Sr — 15-25%, for
239+240Pu _ 30%)

RESULTS AND DISCUSSION

Ranges of values as well as the arithmetic mean and
its error of activity concentration of ¥’Cs, %°Sr, 2*1Am,
239+240py in components of the forest floor (organic and
mineral constituent) and the top soil are listed in the table.

It was found that maxima of the activity concentration
are characteristic of *¥'Cs (up to 370 Bg/kg) and 23%+240py
(up to 370 Ba/kg), lower concentrations are characteristic
of %°Sr (up to 190+30 Bg/kg), the content of 2*2Am does
not exceed 19+2 Bq/kg.

Based upon the in vitro analysis, it was found that
activity concentrations of radionuclides are on average
higher in the forest floor than in soil: the fate of the
content of radionuclides was 71% in the floor (39% in the
organic and 32% in the mineral constituent) and 29% in
soil. The distribution of radionuclides among compo-
nents of the forest floor and top soil is provided as
histograms (Figure 2).

The minimum activity concentration in components
of the forest floor and top soil is observed for 24!Am, the
higher content was found for 2%*24°Py and %°Sr, maxima
are characteristic of *¥’Cs. At the same time, the range of
activity concentration values in the organic part of the
floor for *37Cs, %Sr and ?**Am is on average two orders
of magnitude, for 23%*2490py — three orders of magnitude;
in the mineral constituent of the floor for *Sr and 2**!Am
is on average different by one order of magnitude, for
137Cs and #3%*24%py — two orders of magnitude; in the top
soil, differences in ranges of activity concentration values
average one order of magnitude for 2*:Am and *°Sr, two
orders of magnitude for ¥Cs and three orders of
magnitude for 239+240py,

Based on data obtained, a series according to the
accumulation degree of *¥’Cs was arranged: the mineral
constituent of the floor > top soil > organic part of the
floor. The cause of the low vertical migration of ¥'Cs is
that it is tightly fixed in the soil absorbing complex. A lot
of literature data on most of forest soils proves that the
radionuclide is mostly accumulated in the lower layer of
the forest floor or in top soil, which is proved by the data
obtained in the course of research.

Table. Activity concentrations of artificial 13’Cs, %Sr, 241Am, 239+240py in components of the forest floor and the top soil

Components Activity concentrations of radionuclides, Bq/kg *

under study 131Cs 90y 1AM 239+240Py

_ 42+13 30+7 3+1 34+16
Organic partofthe floor | 79370 (n—33) 1,4-190(n—33) 0,3-19(n—21) 0,3-320(n—31)
| 63+15 1242 3+1 66+ 28
Mineralpartof the floor | 5 7350 (n—32) 1,4-48(n-21) 0,9-9,7(n-19) 1,9-370 (n—21)

| 36+5 17+4 2+0,3 33+10
Top sol 4,3-120 (n —31) 11-71(n—25) 0,5-5,1(n-20) 0,7-240(n—28)

*)

n — the number of test samples

In the numerator — arithmetic mean, error of the arithmetic mean; in the denominator — the minimum and maximum activity concentration;
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137CS

%0Sr

B organic part of the floor B mineral part of the floor M top soil

Figure 2. The average content of 137Cs, %Sr, 21.Am and 239+240Py in components of the forest floor and top soil
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Figure 3. A variation in the inventory of radionuclides in the floor depending on its thickness

%Sr behaves different, the series of which according
to the accumulation degree appears as follows: the
organic part of the forest floor > top soil > mineral
constituent of the forest. It is known that most of *°Sr in
natural components are oftentimes in mobile forms
(water-soluble and exchangeable). A high index of easily
accessible form of %°Sr defines its intensive migration
ability, which indicates its higher mobility and,
consequently, a higher biological availability for plants.
This can explain an intensive accumulation of *°Sr in the

organic part of the floor.

For radionuclides of the transuranic series, the
following series according to the accumulation degree
were arranged: for 2*Am: the mineral constituent of the
forest floor > the organic part of the floor > top soil; for
239+240py: the organic part of the floor > the mineral
constituent of the floor > top soil. As a result, research
undertaken, it was found that the major inventory of
transuranic elements (?*Am, 2%9*240py) is contained in the
floor. At the same time, most of 2*1Am, 239*240py js
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incorporated in slightly-soluble complex compounds,
which explains their low mobility and accumulation in
the organic and mineral constituent of the floor.

A special role of the forest floor in accumulation
processes of radioactive substances is largely defined by
its structure and thickness — the weight of the floor per
unit area. The average thickness of the floor for the
territory of interest is 0.25 kg/m2. A variation in the
inventory of radionuclides in the floor depending on its
thickness is listed in graphs (Figure 3).

As you see from the graphs provided, an increase of
the accumulation of radionuclides in the forest floor is
observed as its thickness increases, which, in turn, proved
a special role of the floor in accumulation and distribu-
tion processes of radionuclides in the forest floor as a
whole.

CONCLUSION

As a result of the researches conducted, concentra-
tions of ¥7Cs, %0Sr, 24Am and 23%*24°Py in the top layer of
soil as well as in mineral and in organic components of
litter were determined. The maximum values of specific
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CEMEN CBIHAK IIOJIMTOHBIHA IPTEJEC AYMAKTAFbI OPMAH
TOCEMIHIAETI'T )KACAH/IbI PAIMOHYKJ/INATEP

E.C. CsicoeBa, H.B. Jlapuonosa, 10.C. llleBuenko, H.A. Jlemenko, A.U. Mepke/b

KP ¥A0 PMK «Paduayuanslx Kayincizoix jncone Ikonozus uncmumymaty gunuanst, Kypuamos, Kazaxcman

Maxkamaga Cemeit ceiHak monmuronsl (CCII) aymarelHOArbl SOPOJNBIK CHIHAKTApAaH KEWiHTi anbic Ke3eHmeri Epric
MaHBIH/IAFbl Kaparaijabl OpMaHHBIH OCTKI TONBIPAK KabaThl MEH OpPMaH TOCEMIHIH KypaybIIITapbIHIAFbl KaCaHIbI
PAIMOHYKIIMATEPAIH KypamMbl MEH TapajyblH 3€PTTEY HOTHIKENIEPi YCHIHBUFAH. 3ePTTENIN JKaTKaH TOMbIpaKTap/a,
COHJIali-aK TeceMHiH MHHEpas/bl JKoHe OpPraHMKaNblK KypaybiuTtapbiaaarsl ¥7Cs, 9Sr, 241Am, 2%9+240Py menmikri
OeJCeHIUTIr HIH MUHUMAJI/IBI )KOHEe MaKCHMAIIIbl MOHJIEp] aHbIKTabl. PaguoHykimaTepiy OETKi TONnbIpak KadaThIHAa
JKOHE OpMaH TOCEeMiHIH KypayblITapblHJa >KUHAKTaly KaOineTi OOWbIHIIA KaTapiapbl KaibllTacThipbluiFaH. OpmaH
TeceHiliHiH Kypaybimrapeiaaars: 37Cs, %Sy, 241Am, 23%+240Py panmonykiuaTepidid KypaMbl MEH OHBIH KyaThl apachIHa

0aliJTaHBIC OPHATHLIEL.

Tyitinoi cesoep: paguosxonorus, Cemeli cenak monuronsl (CCII), sxacaugsl pagumonykmuarep (*37Cs, %0Sr, 241Am,

239+240py)), opmaH SKOXKYiieci, OpMaH TOCEHili.
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UCKYCCTBEHHBIE PAJTMOHYKJWJIbI B JECHOM MOJACTUJIKE HA TEPPUTOPUH,
MPUJIETAIOMIENA K CEMATTAJIATHHCKOMY UCHBITATEJILHOMY IMOJUTOHY

Crbicoesa E.C., Jlapuonosa H.B., IlleBuenko }0.C., Jlemenko H.A., Mepkeas A.H.
Qunuan «Mncmumym paouayuonnoii 6ezonacnocmu u sxonozuuy PI'TI HAI] PK, Kypuamoe, Kazaxcman

B cTaThe mpeacTaBIeHBl Pe3yIIbTaThl HCCIETOBAHMS COAEPIKAHUS U PACTIPENEIEHHS HCKYCCTBEHHBIX PaIHOHYKIHIOB B
KOMIIOHEHTaX JIECHOM MOJCTIIIKA M BEPXHEM IOYBEHHOM CJIOE COCHOBOTO Gopa IIpMHPTHINIES, B OTIAJICHHBIN MEPHOT
Hocie sAAepHbIX UCIBITAHMK Ha Teppuropuu CeMHUNANaTHHCKOTO HCIbITarenbHoro monmrona (CHUII). OmpeneneHst
MHHUMaJIbHBIE ¥ MAKCHMAJILHBIE 3HAUYEHHs yIebHO akTuBHOCTH *3'Cs, 90Sr, 22 Am, 239+240py g yecnenyeMbIx nousax,
a TaKkKe B MUHEPAILHON M OpPraHMYecKoil cocrapisromeil noacTunkd. CHOpMUPOBAHEI PAABI PaIHOHYKIUIOB O X
CIIOCOOHOCTM K HAKOIUIGHHIO B BEPXHEM IOYBEHHOM CJIOE€ M KOMIIOHEHTaX JIECHOH HOJICTHIKM. YCTaHOBJIEHA
3aBUCHMOCTD MEKIY CofepkanueM pamquonykiaugos 37Cs, %Sy, 241 Am, 239+240py g koMmoHEHTaX JIECHOM TIOACTHIIKY 1 €€
MOIIHOCTEIO.

Knrwouessvte cnoea: pannosxonorusi, CemumanaTHHCKHA wucnbITaTenbHbl momuroH (CUII), WMCKycCTBEHHBIC
paguonyknusl (37Cs, 9°Sr, 241 Am, 239+240Py) necnas skocucTeMa, JIeCHas HOACTIIIKA.
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