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Investigation of tritium assimilation by sunflower crop at uptake through root

This study presents a quantitative assessment of tritium assimilation by sunflower (Helianthus annuus L.)
crop at HTO uptake by root in vitro. It is found that at chronic uptake of tritium radionuclide as tritiated water
(HTO) by sunflower through root system mean value of OBT/TFWT ratio during vegetation was 0.21. The
conversation rate of tissue free water tritium (TFWT) to organic matter as organically bound tritium (OBT)
varied from 0.08 to 0.044 % h™!, with a maximum in the leafage phase. Translocation index (TLI) for sun-
flower crop at root uptake of tritium was 65 %. The distribution nature of tritium in sunflower parts at lasting
root uptake of tritium for tissue free water tritium and organically bound tritium decreases in the next rows
consequently: “roots>inflorescences>stems>leaves” and “inflorescences>stems>leaves>roots”. At root up-
take of tritium by sunflower as HTO form values of TFWT activity closely correlate with the activity of the
isotope in water using for plant irrigation (» = 0.89). Established regularities of tritium assimilation and distri-
bution in sunflower parts and OBT/TFWT ratio are of practical importance to biomonitoring of environmen-
tal contamination with tritium at impact territories of nuclear fuel cycle enterprises.

Keywords: sunflower, tritium, tritiated water, root uptake, assimilation, tissue free water tritium, organically
bound tritium, conversion rate, ratio, translocation index.

Introduction

Tritium is produced during the operation of nuclear reactors of all types [1]. Currently, there are no effi-
cient ways of capturing tritium, therefore the radionuclide together with discharges and releases from nuclear
fuel cycle enterprises enters aquatic and terrestrial ecosystems and thus food chains, in which man can be the
end link. The main depot of naturally occurring tritium isotope is water; therefore tritium together with a wa-
ter flow and water vapors from places of primary contamination easily travels long distances [2—4].

A significant stage of tritium transfer is plants that are able to absorb man-made tritium incorporated in
water through roots [5]. Next, as a result of identical chemical properties of ordinary water molecule (H,O)
and tritiated water (HTO), tritium is readily involved in photosynthesis processes, which result in its transfer
to organically bound tritium (OBT) [6, 7]. Organically bound form of tritium is capable of being retained in
cell structures for a long time, and its dose coefficients are roughly three times as high as tritiated water
(HTO) ones [5, 8]. In this context, the study of problems of radiological and hygienic hazard of man-made
tritium from the perspective of its uptake, distribution and incorporation in crop products, is a relevant task
for developing strategic measures and predicting radioecological consequences in case of radiation accidents.
However, risk assessment in case of contamination with trititum has remained a challenge up to now with
many unknown quantities. Reasons are insufficiency, inconsistency of most in vitro and in vivo quantitative
data describing processes of uptake, distribution and incorporation of man-made tritium. The paper is aimed
at a quantitative assessment of the process of root uptake of HTO by plants in vitro the case of sunflower
crop.

Experimental

Sunflower (Helianthus annuus L.) was chosen as an experimental plant because it is actively cultivated
in the Republic of Kazakhstan as an oil crop. Research into quantitative indices of incorporation of tritium at
HTO root uptake by plants was undertaken in vitro.

Drainage system, then background light-chestnut loamy soil, in which sunflower was germinated in
vitro, were placed in plastic vegetation vessels (V=35 1). A total of 10 vessels were prepared. Seeds similar in
size and weight were used for the experiment. 3 plants at most were cultivated in the same vessel. For tritium
root uptake simulation, plants were watered with water with HTO high activity concentration for the duration
of vegetation. Water with a high activity concentration of tritium was sampled in the territory of Semipala-
tinsk Test Site every 10 days to simulate natural dynamics of HTO in the soil solution of vegetation vessels.
Experimental plants were watered with a regular portion of tritiated water 3 to 5 times for 10 days. In morn-
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ing hours — with water at a pre-calculated rate maintaining optimal moisture of soil at the level of 60 % of
the total moisture capacity [9].

Rather similar growth conditions of experimental plants were ensured by a phyto-lighting and ther-
moregulation system. The ventilation system in the laboratory premises was employed to exclude aerial up-
take of tritium during the experiment owing to evaporation of HTO by soil after watering and transpiration
activity of plants. The activity concentration of tritium in water and in plant samples was controlled simulta-
neously every 10 days.

The experiment lasted as long as the growth phase of sunflower seeds (when ripening begins) was 65
days. During the entire experiment, sampling of sunflower leaves was randomized every 10 days in three
replications. At the end of the vegetation period, at the ripening stage, sunflower parts were additionally
sampled (stems, leaves, inflorescences, roots) to establish the nature of tritium distribution in tissue-free wa-
ter (TFWT — tissue-free water tritium) and in the organic matter (OBT — organically bound tritium). The
weight of each plant sample averaged 100 to 150 g.

The activity concentration of tritium was measured in tissue-free water and the organic matter of plants.
Free water from plants was separated through a special facility [10]. The facility represents a pressurized
transparent vessel for feeding plant samples, connected with a cool metal surface and a receiver to collect
condensate extracted from a sample. A 10-15 ml condensate collected was prepared for B-spectrometric
measurement of the activity concentration of tritium with a liquid scintillation spectrometer.

Plant samples for measuring the activity concentration of OBT were prepared using a technique of
combusting a dry plant sample with a “Sample Oxidizer 307" facility (Perkin Elmer, USA) followed by
preparation of resulting water for B-spectrometric measurement of the activity concentration of *H with a
liquid scintillation spectrometer.

The activity concentration of tritium in test samples was determined by liquid scintillation spectrometry
using a “QUANTULUS 1220 spectrometer (Perkin Elmer, USA) [11]. Just before the analysis, all samplese
passed through ha filtration stage to remove mechanical impurities. Then a 3 ml aliquot was collected from a
measured sample and placed in a 20 ml plastic vial adding a scintillation cocktail in the ratio of 1 to 4.
A scintillation cocktail Ultima Gold LLT specifically developed for measuring tritium in natural samples
(tritium registration efficiency was in the order of 60 % ranging from 0 to 18 keV) was used to analyze sam-
ples. The measurement time of each sample was about 120 minutes. A beta-spectrum was processed, and
tritium activity concentration was calculated with “Quanta Smart” software. The minimum detectable activi-
ty of tritium for the radiometric instrumentation used ranged as follows: for OBT — 4.5 to 7, for HTO — 2.7
to 5 Bq kg

Activity concentration ratio was determined as the ratio of activity concentrations of OBT and TFWT
[12, 13].

The rate at which OBT is produced was calculated as per the formula [14]:

dc,
VXCTFWT = d(;BT 4 (1)

where Copr — activity of OBT in sunflower leaves, Bqgkg'; Crrwr — activity of TFWT in leaves, Bgkg™;
t — observation time (exposure time), h; v — the rate at which TFWT turns into OBT, % h..

For a quantitative assessment of OBT transfer to the plant, the translocation index was employed, which
was determined by the following ratio [15]:

TLI:ﬁxloo%, ()
TFWT

where Copr — activity of OBT in plant parts, Bq kg!; Crrwr — activity of TFWT in leaves.
Results and Discussion

During the experiment with sunflower crop, climatic changes affecting biological productivity of plants
were measured (temperature and relative humidity). Air temperature varied from 23 to 32 °C, relative air
humidity — 35 to 55 % and as a whole corresponded to normal growth conditions of sunflower. The dura-
tion of the experiment was 65 days before ripening began.

Values of the activity concentration of tritium in water (for watering) during the experiment varied from
95 to 540 kBq kg (Fig. 1). As a whole, the variation range was 1 order of magnitude. Thus, natural dynam-
ics of HTO was simulated in vitro.
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Figure 1. Measurement of the activity concentration of tritium in water (for watering)

Figure 2 illustrates the measurement results of TFWT and OBT activity concentration into sunflower
leaves throughout the experiment.
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Figure 2. TFWT and OBT activity concentrations in sunflower leaves

According to provided data, values of OBT activity concentration (n-10%) are one order of magnitude
lower compared to TFWT values (n-10°) for sunflower leaves during vegetation.

Based on derived quantitative parameters of TFWT and OBT, the conversation rate of TFWT to OBT in
sunflower leaves was estimated (Fig. 3). During vegetation, rate values were varying between 0.080 and
0.044 % h™'. The maximum rate at which OBT is produced was found in the active growth phase of sunflow-
er, and at the end of vegetation (stage of seeds growth), the index of the rate at which OBT is produced de-
creased almost twice. A similar regularity was found when studying quantitative parameters of aerial uptake
of tritium in vivo [16]. High rate of OBT formation at the early stages of plant development is attributed to
intensive biosynthesis and consequently photosynthesis [5, 17]. A drop in the rate of tritium incorporation
into organic structures of plants at the end of vegetation was probably caused by ageing of laminae and, ac-
cordingly, green plastids in which photosynthesis occurs [17].
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Figure 3. The conversion rate of OBT in sunflower leaves

Dependence derived from the conversion rate of OBT points to the fact that the process of *H incorpo-
ration is largely attributed to specific nature of the entire complex of internal processes physiological pro-
cesses in the course of vegetation development of the plant.

To analyze experimental quantitative parameters of tritium uptake by sunflower crop, a non-parametric
statistical technique was applied — rank correlation analysis. According to obtained data, a significant trust-
worthy correlation (at p < 0.05) dependence was only revealed between values of activity concentration of
tritium in the source of uptake (water that was used for watering) and TFWT (» — 0.89, »r — 0,89, at
p <0.05).

Based on experimental data, values of OBT/TFWT ratio were derived for sunflower at root uptake (Fig.
4), which can be employed as tritium contamination markers.
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Figure 4. Values of OBT/TFWT ratio for sunflower at root uptake of HTO

The mean OBT/TFWT ratio over the vegetation period for sunflower was 0.21.
Figure 5 provides the nature of tritium distribution in parts of sunflower at root uptake at the end of the
vegetation period.
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Figure 5. Tritium distribution in sunflower parts

As seen from Figure 4, at root uptake of tritium the distribution of TFWT and OBT in parts of sunflow-
er is different. For example, the TFWT activity decreases in the series “roots>inflorescences>stems>leaves”,
and that of OBT — in “inflorescences>stems>leaves>roots”. According to earlier studies [16], at aecrial HTO
uptake, tritium distribution is opposite, and maximum activity concentrations of TFWT and OBT are ob-
served in aboveground plant parts. This fact indicates that tritium distribution in the plant is affected by radi-
onuclide pathway.

The translocation index at root uptake of tritium was 65 %, which is almost 2 times higher than a simi-
lar value at aerial uptake of the radionuclide [16].

Conclusions

Experimental quantitative parameters of uptake and incorporation of tritium in the case of sunflower
crop demonstrated that the TFWT activity depends on the activity level of tritium in the source whereas that
of OBT is a quantity being dependent on plant vegetative growth.

Practical utility of research findings is that regularities established for tritium distribution in parts of
sunflower and OBT/TFWT ratio values can be used in biomonitoring of contamination with tritium, in par-
ticular, to reveal the source of entry of this radionuclide into the environment. Values of translocation index
derived for OBT to the yield can be used in assessing radiation exposure of the population living in nuclear
facility impacted areas.
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E.H. IlonuBkuna, JI.®. Cy66otuna, @.®. )KamanauHos

KyHn0arbic 1aKbLIBIHBIH TAMBIPBIMEH CiHIpY Ke3iHe
TPUTHIIII MHKOPNIOPANUSIJIAYAbI 3ePTTEy

Makanana kyHOarbic nakbUibiHbIH (Helianthus annuus L.) tameippiven HTO in vitro cidipy ke3inze
TPUTHIIIH MHKOPIIOpaUUsIaHybiHa Meepiik 6ara Gepinren. Kyubarsictien tputuii cyst (HTO) typinzeri
TPUTHH pagHOHYKIHIIHIH CO3BUIMANBI TYPAE TAMBIPMEH CiHIpiiyi ke3inzae Bererauus keseinge OCT/TCB
apaKaThIHACBHIHBIH oprama MoHI 0,21 KyparaHsl aHbIKTangel. TiHpepamin 6oc cysmpmarsl Tputuiiaig (TCB)
opraHuKainblK Oaitnmansickan Tputuiire (OBT) aifHamy >KbUIIaMABIFEI JKalbIpakTaHy (a3zachblHAa MaKCHMyM
0,08-nen 0,044 % car'-re neiiin e3repi. TpUTHIl TaMBIP apKBUIBI CIHIpUIreHIe KYHOAFbIC OHIMIHE apHAIFaH
tpancnokanusa uapekci (TLI) 65 % kypansl. Tputuiiin KyHOArbIc MYyIIeNepiHAE TaMBIPIapbIMEH Y3aK
cinyimen Ttapany cunarbl TCB yuriH — «raMeipiaap > TYJILIOFBIp > cabakrap > jkambipakrap», an OCB
YIUiH — «TYJILIOFBIp > cabakTap > jKamblpakTap > TaMbIpiap» KaTapblHAa a3asasl. TpUTHHIIH KyHOarbiC
JaKbUIBIHBIH TaMbIpbIMeH CiHipinyi ke3inge TCB meHmIikTi OenceHaniriHia MoHI TaMbIpJIapMeH CiHIpiLIeTiH
CyAarbl pagUOHYKIHATIH OenceHaimiriMeH ToiFbI3  Oaimaneictel (r — 0,89, p <0,05). Kynbarsic
MYIIenepiHae TPUTHIAIH TapallybIHBIH Oenrienred 3apapiibiKTaps! xkoHe OCT/TCB apakaTeIHACH! SAPOIIBIK
OTBIH IMKJII KOCIMOPBIHAAPEIHBIH MMIAKT ayMaKTapbIHIAFbl KOPIIAFaH OPTaHBIH TPUTHHMEH JIaCTaHYBIHBIH
OMOMOHUTOPHHTI YIIiH KOJJaHOAIEl MOHTE He.

Kinm coe30ep: XyHOAFBIC, TPUTHUH, TPUTHIICHTEH Cy, TAMBIPJBIH CIHIpLTYi, aCCHMUIALNS, TPUTHH TIHIECPIIH
0oc CybIHIOAarbl TPUTHH, OpraHMKAJbIK OalNaHBICKAH TPUTHIL, KOHBepcHs KO3(QQUIMEHTI, KaTbIHAC,
TPAHCIIOKALUS UHACKCI.

E.H. IlonuBkuna, JI.®. Cyb6otuna, ®©.D. XXamanguHos

I/Iccnesza}me KOPHEBOTO NMOIJVIOIICHUSI TPUTHUS Ky.]'ILTypOﬁ MNHOACOJIHCYHHUKA

B crarke mpencraBieHbl pe3yabTaThl HCCIETOBaHUS KOPHEBOTO TOTJIOMICHHS U ACCHMWISAIIMH TPUTHUS KYJIb-
Typo nmoaconHeunuka (Helianthus annuus L.) B yCIOBUSX MOJEIBHOTO SKCIECPHMEHTA. Y CTAHOBIICHO, YTO
MIPH JUTATEIIFHOM KOPHEBOM TOTJIONICHUH H30TOIA TPUTHS B pacteHus 3HaueHus: cooTHomenuss OCT/TCB B
TEUeHHE BETeTallMOHHOTO LMKJIa u3MeHstorcs B nuanaszone 0,1-0,27, cpennee 3Hauenue coctaBuino 0,21.
CKOpoCTh 06pPa30BaHMsl OPraHUIECKH CBS3aHHON (opMbI TpuTHs m3Mensinach ot 0,08 mo 0,044 % u'!, noctu-
rasg MakcuMmyMma B (paze oOJHCTBIICHHUS MOJICONHEYHUKA. MHACKC TPaHCIOKALUK AJIsSL KyJIbTYphl MOJCOTHEY-
HHMKa TPH KOPHEBOM TOCTYIUIEHHH TPHUTHUSI COCTaBUI 65 %, 4TO 3HAYUTENBHO BBIIIE (IOYTH B 2,5 pasa) 1o
CPaBHECHUIO C adPaJbHBIM MOTJIONICHUEM PaIUOHYKIHIA. XapaKTep pacipeleliCHUs] TPUTHS 10 OpraHaM IO~
COJIHEUHHUKA IPU XpOoHHUEcKOM KopHeBoM mnoriouienun Tputus ais TCB nu OCT ymeHbliaercs B cieqylo-
X PAJaX COOTBETCTBEHHO: KOPHH>COLBETHS>CTCONM>IUCThS W COLBETHS>CTCONN>IUCThI>KOpPHUA. B
YCIIOBUSAX KOPHEBOT'O MOCTYIUICHUS TPUTHS B MOJCOJNHEYHHK 3HAYCHUs yaenbHOW aktuBHOCTH TCB TecHo
KOPPEIHUPYIOT C yIEIbHON aKTUBHOCTHIO H30TOIA B COCTaBE TPUTUPOBAHHOM BOJIBI, HCIIOJIB30BAHHOM [UIS IO~
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muBa pactenuit (r — 0,89, mpu p <0,05). BeigBaeHHBIE 3aKOHOMEPHOCTH IOTJIOLICHUS, TPAHCIOKALUKN U
pacnpezenernst GOpM TPUTHA 10 OpraHaM IOJCOJHEYHHUKA UMEIOT IPHUKIAJHOE 3HAYCHHE I OMOMOHHTO-
pHHIa TPUTUEBOTO 3arpsA3HEHUS OKPY KaIOLIEH Cpellbl HA UMIIAKTHBIX TeppUTOpUsx npeanpustuid ATLI.

Kniouesvie cnosa: TOACONHEYHWK, TPUTHH, HACBHIICHHAas TPUTHEM BOJA, KOPHEBOE IIOTJIOIICHHE,
ACCUMMWIISIIINS, TPUTHUIT CBOOOTHOM BOABI TKAHEH, OPraHWIECKH CBS3aHHBINH TPUTHH, KO (DUIINEHT KOHBEPCHH,
coorHomenue OCT/TCB, nanekc TpaHCIOKAINL.
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