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UPTAKE OF TIGHTLY BOUND TRITIUM BY PLANTS
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A study of the bioavailability of a tightly bound tritium in the soil in situ under the conditions of the Semipalatinsk test
site (STS) and in a laboratory vegetation experiment was conducted. Significant concentrations of organically bound
tritium (OBT) were recorded in Stipa capillata plants growing on the territory of the STS. At the same time, tritium in
the free water of plant tissues (TFWT) was not detected. In a model experiment using Cucumis sativus culture, the specific
activity of tightly bound tritium in the composition of the solid phase of the soil and tritiated water (HTO) in the
composition of the soil solution at the beginning and at the end of the experiment differed significantly. At the same time,
TFWT activity in Cucumis sativus was 2 orders of magnitude less compared to the activity of tightly bound tritium in the
soil and slightly differed from the activity of tritiated water in the soil solution, which is accessible to the root system of
plants. The results of vegetation studies have shown that the direct source of tritium for experimental plants was a soil
solution. However, changes in the tritium activity in the soil liquid and solid phases in vegetation vessels indicate that the
source of tritiated water in the soil solution was a tightly bound form of radionuclide as a result of leaching processes.
It is assumed that the possible causes of leaching of tightly bound radionuclide from the solid phase into the soil solution

are the moisture regime, as well as the influence of the rhizosphere of plants.

Keywords: Semipalatinsk test site, tightly bound tritium, bioavailability, Stipa capillata, Cucumis sativus.

INTRODUCTION

Tritium is a radioactive form of hydrogen that is pro-
duced either naturally in the environment as a result of
cosmic ray interactions in the atmosphere, or during nor-
mal operation of nuclear facilities and in large quantities
in certain types of accidents [1 The most common forms
of tritium in the environment are gaseous (HT, HT Osteam,
CHsT), liquid (HTO, T20) or organically bound (tritiated
organic compounds - carbohydrates, proteins, amino ac-
ids, DNA, etc.) [1-3]. These forms of tritium are charac-
terized by ultra-high migration ability both in the trophic
structure of the ecosystem and in general in all its com-
partments. In this connection, the ecological significance
of these radionuclide compounds is obvious. However, a
special strongly bound form of tritium has been found in
the soil of the Semipalatinsk Test Site (STS) near the ep-
icentres of nuclear tests [4, 5]. Moreover, the isotope con-
tent in this form in soil reaches significant levels from 5
to 240 kBg/kg [4]. It should be noted that the soil on the
migration path of any radionuclides in the terrestrial eco-
system is the main depositing link from which the vege-
tation cover is able to extract them and, thus, to involve
them in further biogeochemical cycles, in particular
through the trophic structure. As for the tightly bound
tritium compounds, their ecological significance in this
aspect is unclear, so the aim of the work was to investi-
gate the bioavailability of this form of the isotope in soil,
in order to understand the mechanisms of its migration in
the ecosystem.

OBJECTS AND METHODS RESEARCH

The bioavailability of tightly bound tritium was stud-
ied in situ (directly at nuclear test sites) and in a labora-
tory vegetation experiment In the STS territory, where
areas with high specific activity of tightly bound tritium

have been previously established in the soil cover [4], 16
sites near 5 epicenters of above-ground nuclear tests have
been laid down (P-1, P-2, P-3, P-5, P-7). The dominant
species of needlegrass was used as an object of study un-
der natural conditions (Stipa capillata). Plants were se-
lected from 1 to 2 m? depending on the projective cover
of the plots. The mass of the plant samples averaged be-
tween 100 and 150 grams.

Soil from technical site P-1 with a known high spe-
cific activity of tightly bound tritium was used for the
vegetation experiment in laboratory conditions. Soil sam-
ples were taken to a depth of 5 cm, then pre-dried, sieved
through a sieve (d — 5 mm) and mixed. The total mass of
the model soil sample was about 50 kg.

The prepared soil was placed in 20 litre plastic grow-
ing vessels. Cucumber culture (Cucumis sativus) was
used as an experimental plant, which was grown to full
maturity. Optimal lighting conditions were maintained
using an artificial phyto-lighting system (up to 10
kilolux). Plants were watered with distilled water, main-
taining soil moisture at 60% of full water capacity. In the
laboratory where the vegetation experiment was con-
ducted, a ventilation system was constantly operating to
prevent secondary contamination of the plants with trit-
ium in case the experimental plants transpired or the veg-
etative vessels evaporated from the soil surface.
Therefore, the only possible source of tritium for plants
in the experiment was the tightly bound form of the radi-
onuclide in soil. The duration of the experiment was 50
days. Repetition was fivefold.

Soil samples for control of specific tritium activity
were taken before planting and at the end of the growing
season. The weight of each soil sample averaged 300 g.
Plant samples were taken from the aboveground part of
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shoots by organs at the end of vegetation period. The
weight of each plant sample averaged between 100 and
150 g. To prevent tritium loss, soil and plant samples are
immediately packed in zip bags after sampling and stored
in a freezer at —20 °C until laboratory tests are performed.

The specific activity of tritium in the free water of
plant tissues (TFWT) was measured and in the organic
component (organically bound tritium - OBT). In soil
samples, the specific activity of the radionuclide was
measured in soil solution (tritiated water — HTO) and in
the solid phase (tightly bound tritium).

Preparation of soil samples for measurement of spe-
cific activity of tritium in soil solution was carried out by
distillation at 105 °C in a desiccator. Then, to extract the
tightly bound form of tritium from the soil solid phase,
the samples were subjected to autoclave decomposition
[5].

Free water extraction from plant tissues was carried
out using a special unit [6]. Samples for OBT determina-
tion were prepared on a Sample Oxidizer 307 (Perkin
Elmer, USA).

The specific activity of tritium was measured by lig-
uid scintillation spectrometry using a spectrometer (Per-
kin Elmer, USA) [7]. The samples were first passed
through a filtration stage to remove mechanical impuri-
ties, then a 3 mL aliquot was taken and placed in a 20 ml
plastic vial. Then scintillation cocktail was added to the
vial in the ratio of 1:4 (sample-to-scintillator ratio). Ul-
tima Gold LLT scintillation cocktail, specially designed
for measuring tritium in natural samples, was used to an-
alyze the samples (tritium detection efficiency was about
60% in the range from 0 to 18 keV). The measurement
time of each sample was at least 120 minutes. Beta spec-
tra were processed and tritium activity was calculated us-
ing Quanta Smart software. The minimum detectable tri-
tium activity for the radiometric instruments used ranged
from 4.5 to 7 for OBT and from 2.7 to 5 Bqg/kg for HTO.

The quantitative assessment of the bioavailability of
strongly bound tritium was carried out indirectly using
the OBT/TFWT ratio [3].

RESULTS AND DISCUSSION

Field research

In plant samples of Stipa capillata collected from nu-
clear test sites characterized by high levels of specific ac-
tivity of tightly bound tritium, free tissue water could not
be obtained due to arid growing conditions. At the same
time, high values of specific activity of tritium incorpo-
rated into organic matter were found in the majority of
Stipa capillata samples (Table 1).

In general, the values of variation-statistical parame-
ters presented in Table 1 indicate a high variability of
OBT concentration in Stipa capillata, which is possibly
due to the different levels of tritium content in the soil on
which the plants grew. This is confirmed by the previ-
ously obtained data on the distribution of tightly bound
tritium in the soil of the investigated sites [4]. Since or-
ganically bound tritium (OBT) in plants is formed only

from tritium in the free water of plant tissues (TFWT) [1—
3, 8], its significant concentration in Stipa capillata sam-
ples indirectly indicates the presence of high TFWT con-
centrations during certain growth periods.

Table 1. Specific activity of tritium in Stipa capillata samples

Sele_ction . Specific activity of organically bound tritium, kBg/kg
site Average+SD* Range (min-max)
P-1 8 44449 0,8-16
P-2 4 1,00+0,67 0,3-2
P-3 6 1,00+0,69 0,3-2,3
P-5 6 0,60+0,57 0,1-1,6
p-7 7 5,0£10,8 0,1-29

“Note to Tables 1-3: SD — Standard Deviation

Tritium is known to penetrate the free water of plant
tissues by both aerial and root routes [3]. However, ac-
cording to earlier research [9], tritium was not detected
in the surface air of the study area, and there are no sur-
face and underground watercourses that could become a
source of the radionuclide. Thus, the source of tritium for
Stipa capillata could only be the soil cover, which
strongly bound tritium is present in high concentrations
[4]. At the same time, it should be noted that from the
point of view of soil chemistry, tightly bound tritium is
not a mobile form of moving [5], respectively, it does not
have a direct high bioavailability. Accepting this hypoth-
esis, a modelling experiment using cucumber culture was
carried out (Cucumis sativus).

Investigations under model laboratory conditions

The values of specific tritium activity in model soil
samples before planting and at the end of the vegetation
experiment with use are presented in Table 2.

Table 2. Specific activity of tritium in the soil
of vegetation vessels

Specific tritium activity, kBq/kg
Selection Solid phase Soil solution
time n | (“tightly bound form”) (tritiated water)
Average£SD I_Range Average£SD I_?ange
(Min-max) (min-max)
Belore | 5| sgos04 | 56-59 | 0044002 | 0,02-005
planting
Theendof | | 4o,9 3154 | 07:02 | 06-09
vegetation

According to Table 2, the specific activity of tightly
bound tritium in the soil solid phase and tritiated water
(HTO) in the soil solution at the beginning and at the end
of the experiment are significantly different. So, at the
end of the experiment, the specific activity of tritium in
soil moisture available to plant roots increased by an or-
der of magnitude, indicating the processes of radionu-
clide leaching from solid phase.

Table 3 presents the results of measuring the specific
activity of tritium in the free water of tissues and organic
component of the experimental culture of Cucumis
sativus.
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Table 3. Specific activity of tritium in plant samples
of Cucumis sativus

Activity concentration of 3H, kBql/kg

Indication |n leaves stems fruits

TFWT | OBT | TFWT | OBT | TFWT | OBT
AverageSD | 5 | 260£27 | 17411 | 120413 | 8,0£3,2 | 160456 | 17+14
Range 51240-290| 7-29 |110-140| 4-11 |117-220| 4-31
(Min—max)

As can be seen in Table 3, TFWT activity is an order
of magnitude higher than OBT activity. This pattern can
be explained by the biochemical origins of tritium, which
is bound organically and results from its inclusion in met-
abolic processes. It should also be noted that the activity
of tritium in free water is usually slightly lower than that
of the radionuclide in the source [1, 3, 8], due to the sim-
ultaneous influence of several factors: equilibrium on the
one hand [3] and transpiration loss [1, 3, 10] on the other
hand. According to the results of the experiment, TFWT
activity in Cucumis sativus is 2 orders of magnitude
lower than that of strongly bound tritium in soil, and is in
the same range as that of tritiated water in soil moisture
available to plant root systems. Thus, it is obvious that
the direct source of tritium in experimental plants is soil
moisture. At the same time, the change in the specific ac-
tivity in the liquid and solid phases of the soil in the ves-
sels for growing plants at the beginning and at the end of
the vegetation experiment (Table 2) showed that the
source of tritium for plant roots was a soil solution. Ac-
cordingly, this indicates that the strongly bound form of
tritium is capable of leaching. It is likely that one of the
reasons for these processes could be active moistening of
soil during irrigation. Also, chemically active exometab-
olites of plant roots in the rhizosphere zone could con-
tribute to leaching [11-13]. This assumption is confirmed
by studies of the rate of movement and distribution of
tritium in soil compartments, including the rhizosphere,
the root zone of plants, especially towards the end of the
growing season [14].

The value of the OBT/TFWT ratio for Cucumis
sativus averaged 0.1, which indirectly indicates the weak
bioavailability of the radionuclide in a strongly bound
form. According to the literature data [1, 3], this range
for terrestrial ecosystems with a constant supply of trit-
ium varies from 0.6 to 1.0.

CONCLUSION

Taking into consideration the results of field and labor-
atory tests, it can be confidently stated that tightly bound
tritium has no direct bioavailability to plant roots. Obvi-
ously, the bioavailability of tightly bound tritium is indi-
rectly related to the influence of soil water conditions and,
possibly, to the exometabolic activity of roots. However,
this question is still open and requires further research.

The research was funded by the Committee of Science
of the Ministry of Science and Higher Education of the Re-
public of Kazakhstan (grant AR19675034 “Study of the ra-
dioecological hazard of organically bound tritium when
accumulated by farm crops”).
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KATTBI BAIVIAHBICKAH TPUTHII OCIMAIKTEPIIH CTHIPYI

E. H. Moauekuna“, H. B. Jlapuonosa, JI. B. Tumonoga, E. C. CbicoeBa, A. B. Ilanuukuii
KP Y410 PMK «Paouayuanslk Kayincizoik yscone skonozua uncmumymsoty ¢unuanst, Kypuamos, Kazaxkcman
*Baiinanvic ywin E-mail: polivkina.elena75@gmail.com

Cewmeit cemak mosmroHsl (CCII) xarmalbIHOa JKoHE 3epPTXaHAJBIK BEreTAIlISUIBIK TdKipuOe OapachlHma in situ
TOTIBIPAFBIHIA TPUTHHIIH THIFBI3 OailyIaHBICKaH TYPiHIH OHONOTHSIIBIK KOJDKETIMIUTITIHE 3epTTeY KYprizimi. Saporbik
chHakTap xyprizinetin opeiaaapaa CCII aymarsiaa ecerin Stipa capillata ecimuikrepinme ipikTey kesiHme TiHAEpIiH
6oc cysrHna tputnit (BCT) Gonmmaran xarmaiina opraHukanslk Oaitmansickad TputuigiH (OBT) eneymi mofFspiaHys!
tipkearen. Cucumis sativus makeUIIapblH KOJNIAHATHIH MOJEIBIIK TOKIpuOeae ToKIpuOeHiH 0achIHaa JKOHEe COHBIH/IA
TOMBIPAK CPITIHIICIHIH KypaMBIHAAFbl TOTBIPAKTHIH KaTThl (ha3ackl MeH TputuitieHreH cynsiH (HTO) xypaMbIHIarb
TBIFBI3 OailIaHBICKAH TPUTHIIIIH MEHIIIKTI OenceHainiri aiTapabikrail epexkuienenni. CoubiMeH Katap, Cucumis sativus-
teri BCT-HiH MEHIIIKTI OEICEH AT TOMBIPAKTAFbI THIFBI3 OaMIaHBICKAH TPUTHUHIH OCICSHIITITIMEH CaTBICTRIPFaH 1A 2
ecere a3z 0OJ/bI XKOHE OCIMIIKTEPIiH TaMBIp JKYHeci YIIiH KOJ jKeTIMA1 TONBIPaK epiTiHAICIHACTT TPUTHIIEHTEH CYIbIH
OeyceH IiTIriHeH call e3relie 00Jibl. Beretausibik 3epTTeysep il HoTHKeNepi TOKIpUOeTik oCIMIIKTep YIIiH TPUTHI-
IIiH TiKeJIe! K31 TOMBIPaK epiTiHAici eKeHIH KOpCeTTi. AJaiia, BereTalrsUIbIK TaMBIpJIapJaFbl TOMBIPAKTHIH CYHUBIK KOHE
THIFBI3 (pa3achIHOAFBl TPUTHIAIH MCEHIIKTI OCICEHAUITIHIH ©3repyl CUITiIEY MpOIeCTepiHiH HOTWKECIHAE paIuo-
HYKJIUATIH THIFBI3 OalJIaHBICKAH TYPi TOMBIPAK €PITIHAICIHACTI TPUTHUIIICHTEH CYIbIH K031 O0IFaHbIH KepceTeni. THIFbI3
OalTaHBICKAH PaIHOHYKIHATIH THIFBI3 (pa3a/iaH TOMBIPaK EPiTiHIICiHE CUITIICHYIHIH BIKTUMAI ceOeTTepi bUIFaIIaHABIPY
pexuMi, coHmai-ak eciMIiK pu3ocqepachHBIH dcepi OOTBIT TaOBLIAIE.

Tyiiin co30ep: Cemell colHAK NOIUSOHBL, MbLEbL3 OAUIAHBICIBL MPpumuil, OUoL02UsLILIK Koacemimoinix, Stipa capillata,
Cucumis sativus.

HOI'JIOINEHUE ITPOYHOCBA3AHHOI'O TPUTUSA PACTEHUAMU
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IpoBeneHoO Uccie0BaHue OHOIOTUYECKOM JOCTYITHOCTH IPOYHOCBS3aHHON (JOPMBI TPHTHS B TIOYBE iN SitU B yCIOBHSX
CeMunanaTHHCKOT0 HctnbITaTenbHOro nonurona (CUII) u B mabopaTopHOM BereTallMOHHOM 3KCIIepUMeHTe. B pactenumsix
Stipa capillata, npouspacraronmx Ha Teppuropur CUIl B MecTax MpOBEIEHHs SAEPHBIX MCIBITAHHIA, 3a()UKCHPOBAHBI
3HAYMMBbIe KOHIIEHTpanuy opranuuecku cBszaHHoro tputus (OBT) npu oTcyTcTBHM TpUTHS B CBOOOIHON BOJIE TKaHEH
(TCB) Ha MOMeHT 0TOOpa. B MOJIeNTEHOM KCIIEpUMEHTE C UCIOJIb30BaHUEM KyJIbTYpbl CUCUMIS Sativus ynenbHas aKTHB-
HOCTB TIPOYHO CBSI3aHHOTO TPUTHSA B cOCTaBe TBEPOH (a3bl MouBbl U TpuTHpoBaHHOU Bosbsl (HTO) B cocraBe mouBeH-
HOTO PacTBOpa B HadaJie M B KOHIIE SKCIIEPUMEHTa CYIIECTBEHHO oTimdanuck. [Ipu aTtom ynensHast aktuBHOCTE TCB B
Cucumis sativus Obi1a Ha 2 TOpsAKa MEHBIIE [0 CPABHEHUIO ¢ aKTUBHOCTBIO IMPOYHO CBS3aHHOT'O TPUTHUS B MOYBE H
HE3HAUUTENFHO OTINYANIach OT aKTUBHOCTH TPUTHPOBAHHON BOJBI B IOYBEHHOM PAaCTBOPE, KOTOPBI SBJIAETCS TOCTYTI-
HBIM JJIS1 KOPHEBOM CHCTEMBI pacTeHUH. Pe3ybTaThl BereTallMOHHBIX NCCIIEA0BaHUH TTOKA3aJIH, YTO HETIOCPEACTBEHHBIM
HUCTOYHHUKOM TPUTHSA [UIA SKCIIEPUMEHTAIBHBIX PACTCHUN ABIISIICSA MOYBEHHBIN pacTBOp. OHAKO, H3MEHEHHUS YIeIbHON
AKTUBHOCTH TPUTHS B KHUJIKOH M TBEpJOoH (pa3e MOUBHI B BETETAIIMOHHBIX COCYAaxX yKa3bIBalOT HA TO, YTO MCTOYHHKOM
TPUTHPOBAHHOM BOJBI B IOYBEHHOM PAaCTBOPE SIBJSLIACH IIPOYHO CBSA3aHHAs popMa paJHMOHYKIIH/IA B pe3yJIbTaTe MMpoliec-
cOB BbIIIenaunBanusl. CrenaHo MPeaIooKeHHe, YTO BOSMOXKHBIMU NMPHUYMHAMH BHIIIETIAYNBAHHUS IPOYHO CBSI3aHHOTO
palMoOHYKINAA U3 TBEPAOH (a3bl B OUBEHHBIH pacTBOpP SBISAETCS PEXUM YBIAKHEHUS, a TaKKe BIMSHHE pU30chepsl
pacTeHuil.

Knrwoueevte cnosea: Cemunanamunckuil ucnvlmamesbHblil NnOJMUCOH, NPOYHO CEA3AHHbI mpumuﬁ, buono2uyeckas
docmynnocme, Stipa capillata, Cucumis sativus.
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