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Under laboratory (in a chamber) and full-scale conditions (at the former Semipalatinsk Test Site), pepper and eggplant
were exposed several times to tritium in the form of HTO at different growth stages. In chamber experiments, tritium
activity concentration in the free water (TFWT) of plants’ leaves during exposure increased, and under full-scale
conditions, it was marked by an unsteady dynamic. TFWT activity concentration in leaves of both crops was 1-2 orders
of magnitude higher than in stems and fruits. Values of TFWT/HTOg;.. showed that TFWT activity concentration at the
end of exposure reached equilibrium only in leaves. Both in full-scale and chamber experiments, tissue free water was
noted to be enriched with tritium compared to the ambient air (TFWT/HTO,;r >1). In the post-exposure period, FWT
activity concentration in both crops quickly dropped on the first day (over 90-95%). In the next 2 weeks (336 h), a
reduction in TFWT was markedly slowing down. In all experiments, activity concentration values of organically bound
tritium (OBT) in pepper and eggplant leaves are 1-2 orders of magnitude lower than TFWT. OBT activity concentration
in both crops on the first day after exposure was marked by both a positive and negative dynamics. After 2 weeks (336 h)
following the exposure, the loss of OBT was 60-95%. A close correlation relationship was established between TFWT
activity concentration in leaves and HTO in the air (r = 0.73; p<0.05), and a moderate one — between TFWT activity
concentration in leaves and the air humidity (r = 0.54; p<0.05). No significant correlation relationship was revealed
between OBT activity concentration in leaves and environmental factors (photosynthetically active radiation, temperature,
relative humidity). Findings showed that a possible contribution by organically bound tritium to the annual average
internal exposure dose on consumption of crop products exposed to a short-term aerial contamination by HTO will be
negligible. Data from full-scale experiments, taking into account the impact by actual climatic factors, could be used to
test regional models of tritium transport by air in the “air-to-agricultural plant” system.
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INTRODUCTION

Tritium is the radioactive isotope of hydrogen. It disin-
tegrates to *He with emissions of a low energy (<18.6 keV)
B-electron and an antineutrino at a half-life of 12.323 years
[1] Currently, the main source of tritium in the environ-
ment is routine release from nuclear fuel cycle facilities
(NFC), in particular nuclear power plants [2-4]. It is ex-
pected in the future nuclear fusion power plant will use trit-
ium as fuels [1]. As a consequence, one of unavoidable
problems for the realization of a nuclear fusion reactor in
future will quantitatively evaluate and prediction of bio-
logical incorporation and transfer of tritium in plant as na-
ture ecosystem as agriculture ecosystems. The base forms
of tritium releases are tritiated hydrogen (HT, T) and trit-
iated water or tritium oxide (HTO, T20) [2, 4, 5]. The trit-
iated hydrogen is not assimilated by aerobes and it is oxi-
dized to tritium oxide (HTO) in the environment [2]. Thus,
the tritium oxide or tritiated water is the most common in-
organic form of isotope existence, which has exceptional
migration activity and bioavailability as a result of the
identity of chemical properties with the ordinary water
molecule [3-8]. The tritiated water is easily enters into the
trophic structure of the ecosystem, the final link of which
can be a person. Plants play a key role in these processes
due to their ability is incorporated tritium into primary or-
ganic matter directly during photosynthesis [5, 8-10].

The interest of organically bound tritium (this defini-
tion will be used further on in the article as OBT) for-
mation and transfer, especially by crops, significantly in-
creased because it can translocate into edible parts
[8, 9, 10-14]. Besides, the OBT has more resistance in
human body compared to tritiated water [15-18]. Also, it
should be taken into consideration, that dose coefficient
of OBT is almost by a factor of 3 higher than of HTO
[15-17]. There is necessary for more reliable risk assess-
ment of accidental tritium releases is emphasized for nu-
clear energy future [19]. The development of a standard
conceptual model for accidental tritium releases is diffi-
cult, because tritium transfer to crops can depends on
changing meteorological condition, plant physiological
processes and local consumption [3, 5-9, 13]. The robust
assessment of possible radiological risks of crop contam-
ination with tritium as a result of its accidental release
must be based on the appropriate experimental database.
The aerial pathway of tritium to a plant is complex com-
pared to the root uptake, and this requires a detailed study
to understand this phenomenon [3, 7, 8]. The literature
contains a lot of data obtained either under field or under
laboratory conditions [22—26] on the aerial uptake of trit-
ium by cereal crops at different grain-ripening stages. Di-
abaté and Strack [23] studied the uptake of tritium by
wheat after a short-term exposure to HTO vapor under
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laboratory conditions. Atarashi-Andoh et al. [24] conduct
release experiments using deuterium as a substitute for
tritium and exposed potted rice plants to deuterated water
vapor. Choi et al. [25] conducted experiments with rice
outside at several different growth stages from booting to
harvesting and estimated that most of the human radia-
tion dose due to ingestion of rice is caused by OBT. There
also is data on the tritium uptake in grass vegetation [27]
and leafy vegetables [28, 29, 30]. Research presented
was conducted to comparatively evaluate the aerial trit-
ium uptake by crops (pepper and eggplant) at different
growth stages under laboratory and field conditions sim-
ulating an accidental release and the rate of tritium loss
after a long-term exposure.

OBJECTS AND METHODS RESEARCH

Plants cultivation. Pepper (Capsicum annuum L.)
and eggplant (Solanum melongena L.) were used in ex-
periments. These crops are typical vegetables which are
cultivated all over the Republic of Kazakhstan. For expo-
sure experiments under laboratory and field conditions,
plants were cultivated in plastic pots (V=35 L) with light
chestnut loamy soil. Dry seeds similar in size and weight
were sown at the rate of 2-3 seedlings per 1 pot. The
plants were grown in a greenhouse until the beginning the
different growth stages (exponential growth, flowering
and maturity). Crops were watered with distilled water
maintaining an optimal humidity of 60% of full soil
moisture capacity. Appropriate amounts of the composite
fertilizer were supplied as required during the plant
growth. Also, disease and insect controls were carried out
as required.

Experimental technique. Plant exposure started be-
tween 9:30 am. and 10:00 am. and ended between
16.00 p.m. and 18.00 p.m. Thus, during the exposure in
all experiments, the diurnal rhythms of plants matched.
This condition is important, since most physiological
processes in plants, in particular, resistance of stomata
and photosynthetic activity, are linked to daily bio-
rhythms [32].

Plant exposure lasted from 6 to 8 hours. During the
exposure, the soil in the pots was covered with polyeth-
ylene film to prevent HTO from being diffused into the
soil and, accordingly, from being uptaken by roots. After
exposure, the plants were left to grow naturally in a well-
ventilated room and kept for 14 days while being irri-
gated with distilled water.

Plants (leaves, stems, fruits) during the exposure were
sampled at 2 h intervals, 1 h, 24 h and 14 days after the
exposure. All plant samples were collected in 3—4 repli-
cations. Once collected, plant samples were divided into
leaves, stems and fruits. The weight of each plant sample
averaged 100-150 g. To prevent the loss of tritium in the
field, plant samples were immediately packed in zip bags
and stored in a portable freezer at —20 °C. Air samples
were collected at 1-2 h intervals using a tritium collector
“OS 1700” (AMETEK, USA).

An experiment under laboratory conditions was con-
ducted in a metal-plastic chamber. The chamber size is

2500%1500x1200 mm. The chamber is equipped with a
phyto-lighting system. From the perspective of energy ef-
ficiency, the illumination level in the chamber corre-
sponded to plant needs in the photosynthetically active
radiation (PAR) [33]. About 20-25 plants of each crop
were exposed to HTO vapor in the chamber. To do so, a
tray containing water with a tritium concentration of
(5.6-10%) Bq-I* was placed at the bottom of the chamber.
To continuously measure the concentration of HTO va-
pors in the air, a tritium collector sampling hose was
placed in the chamber through a special technical hole in
the side wall of the chamber.

For a better reproduction of the real impact of envi-
ronmental conditions and comparative analysis with la-
boratory results, similar experiments were additionally
carried out in the territory of the Semipalatinsk Test Site
(STS) at the former technical sites “Degelen”. This tech-
nical site characterized by high levels of tritium contam-
ination in the surface air near the radioactive tunnel wa-
tercourses due to underground nuclear tests. The maxima
of the tritium concentration in the air recorded in the cho-
sen area of experiments conducted [34, 35] were 1400
and 700 Bq m™3. The 30 pots with pre-cultivated crops at
different stages of growth were placed near radioactive
tunnel watercourses.

During the experiments, temperature, relative humid-
ity, and atmospheric pressure were recorded at 1 h inter-
val using a thermal hygrometer (IVA-6, Russia). The
light intensity was measured using a spectrometer (TEK,
Russia).

Extraction of tissue-free water tritium in plant sam-
ples. Free water of tissue was extracted from plant sam-
ples using a special device [36]. Samples of plant were
put into transparent box, which had a cover in the form
of a cooling vessel. In this device cold water was used as
a cooling agent. By natural evaporation of the plant sam-
ple, free water condensate was obtained from the plant
tissues. The obtained condensate corresponded to tritium
as a tritiated water named “tissue-free water tritium” (this
definition will be used further on in the article as TFWT).
The extracted TFWT was transferred to a counting poly-
ethylene vial. The volume of condensate varied from 10
to 15 ml. The TFWT activity concentration was meas-
ured by liquid scintillation spectrometry.

Combustion method for determining organically-
bound tritium in plants samples. After free water was
extracted, the plant samples were dried in a laboratory
drying oven (BINDER ED 53, Germany) at a tempera-
ture of 70-80 °C and powdered. About 2.0 g of the dry
sample combusted with a “Sample Oxidizer” (Perki-
nElmer Model No. 307, USA). Water obtained after com-
bustion was collected in a tritium counting vial. The OBT
activity concentration was measured by liquid scintilla-
tion spectrometry.

Liquid scintillation counting. Tritium activity con-
centration was measured by liquid scintillation spectrom-
etry using a “QUANTULUS 1220” spectrometer (Perkin
Elmer, USA) [37]. Prior to the measurement, samples

111



STUDY OF AERIAL TRITIUM UPTAKE BY VEGETABLE CROPS UNDER CHAMBER AND FIELD CONDITIONS

were filtered to remove mechanical impurities, then a
3 ml aliquot was collected into a 20 ml plastic vial and an
Ultima Gold LLT scintillation cocktail for natural sam-
ples (the registration efficiency for tritium in the
0-18 keV range of about 60%) was added at a ratio of 1:4
(“sample-scintillator” ratio). The measurement time was
at least 120 minutes, the beta spectra were processed and
the activity concentration of tritium was calculated using
the program “Quanta Smart”. The minimum detectable
activity of tritium was from 4 to 7 Bq L™* depend on trit-
ium form.

The volumetric activity of tritium in each air sample
was determined as the arithmetic mean from measure-
ments of 3 counting samples prepared from the initial
sample.

RESULTS AND DISCUSSION

Exposure conditions. The relative humidity, temper-
ature, and light intensity were recorded during exposures
every hour. The light intensity given as measured in
PPFD (density of the photosynthetic photon flux). Table
1 provides data on the meteorological conditions during
each exposure.

The mean values of air temperature ranged from 30

to 33.4 °C in chamber experiments. In the field experi-
ment, the mean temperature was 27.3 °C. Relative air hu-
midity in most cases varied from 61 to 90%.

Aerial tritium uptake by pepper and eggplant

TFWT in pepper and eggplant. Table 2 provided the
HTO activity concentration in air moisture and in the free
water of vegetables during each exposure under chamber
and field conditions.

According to the Tables 2 and 3, the HTO concentra-
tion increased very rapidly towards the end of exposure
both under chamber and field conditions. The maximum
values of the tritium activity in air were observed in the
chamber experiments. Throughout the chamber expo-
sure, HTO concentration varied from (1303+£130) to
(7366+1100). During the field experiment, HTO concen-
trations varied from (341£57) to (1107+108) Bg-I™.
In general, the concentration of HTO in the air of the
chamber was 1.5-21 times higher than in the field.

As shown by Table 3, the activity concentration of
tritium in the free water of vegetables increased at the end
of exposure compared to the initial activity concentration
(2 h) in chamber experiments.

Table 1. Meteorological conditions during exposures

Temperature, °C Relative humidity, % PPDF, pmol s-' m2
Cod of exposure
Range | MeanSD (n) Range | MeanSD (n) Range MeanSD (n)
Camber experiment

Eee 24.1-35 3045 (6) 65-88 78.7+6 (6) 851-902 907.3+21 (6)

Erm 22.8-23 22.7+4.,5 (6) 89-92 91+5.5 (6) 900-903 90124 (6)
Pe 234-41.7 33.4%5 (6) 61-90 766 (6) 66-143 101.3+32 (6)

Pw 234417 33.414 (6) 82-91 90.1+8 (6) 27-435 192165 (6)

Field experiment

Eve, Erm, Prem 23-29 27.3£3,5(8) | 65-80 68.36 (8) | 6607-2554 3680786 (8)

n - number of cases;
Note to Tables 1-9: E - eggplant; P - pepper; EG — exponential growth; F — flowering; M — maturation.

Table 2. Mean values of tritium activity concentrations in experimental samples in the chamber experiments

Tritium activity concentration, Bg:I-!
Cod | Part Exposure period, h Post-exposure period, h
4 6 1 24 336
TFWT HTO TFWT HTO TFWT HTO TFWT

leaf 16004200 2500+400 2800+400 20004300 590490 156123
Eec 73661100 3492+525 3810571

stem 270440 590+90 9204140 9204140 430165 214£32

leaf 2700+400 33004500 4100600 2600+400 220435 230435
Er 15764234 3698+560 4832+730

stem 160+25 270440 220422 190+29 3315 6510

leaf 3000+400 4600+700 5200+800 3700+600 6904100 —
Pe 31414470 3672+551 42714639

stem 210430 240440 420460 200435 121+18 —

leaf 1100+200 24004400 4500650 23004300 350460 260440
Em stem 84112 1576234 250447 3698+560 390460 4832+730 340450 467 56+8

fruit 386 10716 330450 3245 240434 120+16

leaf 2900+400 50004750 8300+1150 4200650 8404125 —
Pu stem 176+26 13864153 470170 13294124 960+140 13034131 410460 107+16 —

fruit 151+24 260440 6504100 640+100 470170 —

Note to Tables 2-8: “—” — date is not obtained
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Table 3. Mean values of tritium concentrations in experimental samples in the field experiment

Tritium activity, Bq-I-!
Cod Part Exposure period, h Post-exposure period, h
2 6 8 1 24 336
TFWT HTO TFWT HTO TFWT HTO TFWT HTO
Eee leaf 1200+180 310440 31550 — 295440 95+14 54+7
stem 115+17 89+15 95+14 — 85+13 71+12 59+8
E. leaf 36550 340450 5554100 11004200 — — —
stem 2444 1843 1643 4316 — — —
. leaf — 635190 610+90 - 480+750 42560 11015 132422
stem — ] 28:+4 & 3345 < 3415 3 304 5148 | 96+22
leaf — 3 1400+200 § 1200+170 § 1200£200 § 530480 87413 1042
Ew | stem — 5748 3344 o 7411 568 5247 | 8%12
fruit — 4847 7010 11016 80+13 70+10 4515
leaf 166+25 220+34 320445 250435 360455 86+12 4+0,8
Pw stem 1743 4016 1843 2244 3545 4216 4+0,8
fruit 1743 4045 1843 2244 3545 4216 4+0,8
Table 4. Concentration ratio TFWT/HTOam at the end of exposure
Cod Chroatm at the end of exposure, Bq-I-* Concentration ratio Crrwr (Bq-I-*)/Chroatm (Bg*l™")
(mean%SD) (meanxSD)
Chamber experiment
leaves stems fruits
Eee 3810500 0,740,1 0,20£0,02 no
Er 48324620 0,840,2 0,100,003 no
Pr 42711640 1,240,2 0,10£0,01 no
Ewm 4500650 0,940,1 0,08+0,002 0,070,003
Pu 13034620 6,410,2 0,70+0,1 0,50+0,1
Field experiment
Eee 315250 0,340.05 0,05+0,01 no
Er 11004200 0,5+0,1 0,030,003 no
Pr 480+750 0,5+0,1 0,030,005 no
Ewm 12004200 1,240,2 0,07+0,01 0,11£0,02
Pw 250435 0,340,04 0,02+0,004 0,02+0,004

“no” — no fruits at this growth stage.

According to data in Table 3, during field exposure
the dynamic of the TFWT was not as uniform as in cham-
ber experiments.

During the Pg, Em, Pwm field exposure, the TFWT ac-
tivity concentration even decreased by a factor of 1-3
compared to the initial concentration (2 h) exposure. This
may be due to environmental factors such as air move-
ments, vapor pressure deficit, atmospheric CO. levels
and relative humidity influencing the conductivity of sto-
mata under field conditions and consequently the ex-
change of HTO between the plant and ambient air.

The TFWT activity concentration in pepper and egg-
plant leaves were 1-2 orders of magnitude higher than in
the stems and fruits during exposures. Only at the expo-
nential growth stage the difference was by a factor of 5—
8. This fact is certainly attributed to the isotope entry
through the stomata. The obtained data is in agreement
with the results of rice exposed to atmospheric HTO va-
por under semi-outdoor conditions [25], and wheat

exposed in the box [23]. In the field experiments con-
ducted by Kline and Stewart [27] the TFWT activity con-
centration in grass leaves was also an order of magnitude
higher than in other plant parts during the exposure to at-
mospheric HTO.

Table 4 shows the observed ratios between the tritium
concentrations of tissue water in different plant parts and
of the air humidity (HTOam) at the end of the exposure
under chamber and field conditions.

According to obtained for values of TFWT/HTOam,
tritium concentration in free water was reached to steady-
state at the end of exposure only in leaves. The
TFWT/HTOam ratio varied from 0,3 to 6,4. In the stems
and fruits the concentration of the isotope did not reach
to steady-state at the end of 6-8-hour exposure. This may
be due to the surface relative to mass is much smaller in
stems and fruits than in leaves leading to lower TFWT
concentrations [23].
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In chamber (Pwm, Pr) and field (Em) experiments the
values of TFWT/HTOam were a higher than 1.0 because
the tritium concentration in the free water of leaves was
higher than in the ambient air. The enrichment of the free
water of leaves with tritium can occur in transpiration
when the liquid phase passes into steam. When crossing
the liquid-gas phase interface, “light” water molecules
are preferably released due to the difference in vapor
pressure between H,O and HTO when the ambient tem-
perature rises [38]. As a result, there is a “weighting” of
free water of tissues by concentrating HTO. During box
experiments with wheat the TFWT concentration in
leaves is dominated by the tritium concentration in the
atmosphere only under strong light conditions and with
relative humidity around 90% [23]. The literature also
contains data on the enrichment of free water by other
heavy isotopes concentrations of which exceeded the
level in the ambient air [39, 40]. The phenomenon of en-
richment in the free water of leaves with tritium can lead
to a more active involvement of the isotope in metabolic
processes and, as a consequence, this can lead to fraction-
ation of isotope in plant organic matter. This phenome-
non must be taken into account especially in the case of
plants with a rapid rate of photosynthesis.

According to Table 4, most of HTO mean concentra-
tions under chamber conditions were 1 order of magni-
tude higher than the ones under field conditions. How-
ever, the values of TFWT/HTOam for Eeg, Em, Pr and Pw
in chamber and field experiments indicate that the con-
centration of the radionuclide in the free water of plants
might not only depend on the level of tritium contamina-
tion. In these variants of exposure seems the vary of the
TFWT concentration in the pepper and eggplant to be pri-
marily due to the difference between in the stomatal con-
ductivity of leave crops under influence of environmental
factors [41].

As shown by Tables 2 and 3, after the end of every
exposure, the TFWT concentration in plant parts de-
creased at a rapid rate for the first day, at a much slower
rate for the following 336 h. Overall, 336 h after expo-
sure, the loss of tritium in the free water of leaves was on
average more than 90-95% compared to the level at the
end of exposure. The reason for this is the dilution of the
intercellular sap with pure water absorbed by the plant
through the root, the loss during transpiration and the in-
clusion of TFWT in metabolic processes. the presented
data are in good agreement with the results of rice exper-
iments [25]. After the end of every exposure, the TFWT
concentration in each rice part decreased at a rapid rate
in the first several hours, at a much slower rate for the
following 300-500 h.

OBT in crops. The Tables 5 and 6 provide mean val-
ues of OBT activity concentration during experiments.

The OBT activity concentration in leaves increased
only by a factor of 14 at the end of exposure compared
to the initial concentration (2 h) exposure. This is due to
the fact the organically bound form of the radionuclide is
a result of biochemical processes, which requirement
more time than diffusion of HTO through stomata
[10, 11, 13]. Furthermore, OBT formation depends on
the plant physiological state and rate of photosynthesis
[10].

All values obtained for OBT in pepper and eggplant
leaves were 1-2 orders of magnitude lower than TFWT
in both chamber and field experiments. This reflects the
fact that about 90% of the organically bound form of the
isotope is formed in leaves during photosynthesis
[6, 9, 16]. The results of experiments with wheat [23],
rice [25], Chinese cabbage [42] exposure to HTO also
showed 1 showed OBT being 1-3 orders of magnitude
higher in leaves.

Table 5. Mean values of OBT activity concentrations in crops in chamber experiments

OBT activity concentration, Bg-I™*
Cod of Part Exposure period Post-exposure period
exposure

2h 4h 6h 1h 24h 336 h
Fro leaf 66111 96114 161123 234+30 176124 79+12
stem 3919 69+13 146122 232429 98+17 58+11
E leaf 92+15 125422 98+17 145425 92+17 50+10
stem 1845 287 358 4712 57412 154

leaf 80112 117118 17025 162125 10017 —

Pr stem 1747 5048 4247 3345 5518 —
leaf 3348 7512 75413 70£13 62+10 2245
Ewm stem 3847 3310 175 40110 185 124
fruit 1715 2547 2848 2747 50412 2845

leaf 358 387 78112 72412 50+10 —

Pwm stem 103 412 134 48+10 4048 —

fruit 5049 2747 3047 60112 5010 —

114




STUDY OF AERIAL TRITIUM UPTAKE BY VEGETABLE CROPS UNDER CHAMBER AND FIELD CONDITIONS

According to Tables 6 and 7, the dynamics of OBT
concentration during the first hour and 24 hours after ex-
posure did not show a clear pattern. In most cases, how-
ever, there was a decrease in OBT concentration. After
336 hours following the end of exposure, the OBT con-
centration decreased more slowly compared to the TFWT
concentration in the parts of pepper and eggplant. This
indicates that after exposure the conversion of leaf TFWT
into organic matter and outflux of tritium assimilates con-
tinues. Observed small peaks of OBT concentration in
pepper at the maturation stage (Ewm) 24 hours after the end
of exposure, are also attributable to these reasons. On the
other hand, a decrease in OBT because of newly formed
organic matter occurs after exposure in which tritium was
not included. In the experiments conducted by Choi et al.
[25] similar dynamic of OBT concentrations in different
rice exposed to atmospheric HTO was found. It should
be noted that after exposure the loss of organically bound
tritium occurred slowly for both crops, once translocated

to fruits. A similar pattern was established in experiments
with wheat by Diabate and Strack [23], and with rice by
Choi et al. [25].

Since the concentrations of HTO in air varied from
experiment to experiment (Table 2, 3), findings were nor-
malized to make it easier to compare trends between cal-
culations and observations in different experiments. All
OBT concentrations (Bq I') were related to TFWT in
leaves concentrations measured at the end of exposure. It
should be noted, in the presented study the OBT-to-
TFWT ratio is not the so-called “R-value” or specific ac-
tivity ratio (SAR) [5, 8, 9, 13, 22] cited in the literature.
The values of OBT-to-TFWT ratio for all parts of pepper
and eggplant are summarized in Table 7.

The low values of OBT-to-TFWT obtained in this
study are apparently attributed to a short-term exposure.
The OBT concentration ratio in this study are in good
agreement with the results of the short-term exposure to
HTO vapor presented in the literature [25, 35, 40].

Table 6. Mean values of OBT activity concentrations in crops in the field experiment

OBT activity concentration, Bq:I!
ef;:szr'e Part Exposure period Post-exposure period
2h 4h 6h 8h 1h 24h 336 h
E. leaf 2246 2547 1215 50+10 — — —
stem 613 1215 1515 2045 — — —
leaf — — — — — — 3347
Pr
stem — — — — — — 35+7
leaf — — — — — — —
Rwm stem — — — — 53+10 — —
fruit — — — — 2547 — —
leaf 1244 3710 3047 3318 4318 67115 104
Pu stem 81 1315 74 1847 1545 1245 1515
fruit — 9+4 2347 3318 1745 3248 3318
Table 7. Concentration ratio OBT/TFWT ear at the end of exposure
Cod of Crewt in the leaves at the Concentration ratio Cosr (Bq I'/Crewt aves (Bq I)
exposure end of exposure, Bq I (meanSD)
(mean%SD)
Chamber experiment
leaves stems fruits
Eee 28004400 0.06+0.002 0.30+0.01 no
Er 4100600 0.010.001 0.20+0.01 no
Pr 5200+800 0.03+0.001 0.01£0.003 no
Ewm 45004650 0.02+0.001 0.01£0.003 0.0120.001
Pu 83001150 0.010.003 0.01%0.001 0.05+0.003
Field experiment
Eee 315250 - — no
Er 1100£200 0.050.01 0.02+0.003 no
Pr 480175 - — no
Ewm 1200+200 — — —
Pu 250435 0.10+0.02 0.10£0.03 0.10£0.03

“no” — no fruits at this growth stage
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Table 8. Correlations matrix

. Spearman rank order correlations (rs)
Variable No.
1 2 3 5 6 7
Crewt (ean) (Bq ") 1 1.00 -0.10 0.73* 0.21 0.12 0.54*
Cosr eat) (Bq I") 2 1.00 0.03 -0.22 0.12 -0.23
Chroair (Bq 1) 3 1.00 0.45* 0/34* 0.33*
t(°C) 5 1.00 0.11 -0.35
PPDF (umol s~ m2) 6 1.00 -0.23
0 (%) 7 1.00

* Correlations values highlighted are statistically significant at p<0,05

According Table 4, the concentrations in the leaves of
pepper and eggplant during chamber experiment were
significantly higher than ones under field conditions. De-
spite this the estimated OBT-to-TFWT ratios did not
show any clear relationship between OBT formation and
the level of TFWT in leaves. One of the possible reasons
may a limitation of photosynthesis under chamber condi-
tions by a likely impoverishment of CO; because of it
plays one of key role as limit factor [10, 42]. The results
of wheat box experiments [23] also showed the limitation
of photosynthesis. On the other hand, the rate of photo-
synthesis depends on light intensity [9, 10, 13]. Under
field conditions the values of PPDF were one order of
magnitude higher than in the chamber (Table 1).

As shown by Table 4, the concentration ratio
OBT/TFWT ieaves did not show clear differences related to
the growth stage neither for pepper nor eggplant. In paper
by Atarashi-Andoh et al. [23] found no differences in the
concentration of the isotope in rice at the grain growth
stages during exposure using deuterium as an analogue
of tritium. But it should be noted, in the rice experiments
conducted by Choi et al. [25] ear OBT concentration and
the seed and chaff OBT concentrations at harvest were
greatly affected by grain-ripening stage on which expo-
sure occurred.

Dependence between the tritium activity and envi-
ronmental factors. The assessment of the relationship
between the variables (HTOuir, TFWT ear, and OBT ear)
and the environmental factors is provided in the correla-
tion matrix (Table 8). For the analysis, only the values of
the concentrations of TFWT and OBT in the leaves were
used, since more than 90% of tritium is incorporated into
organic matter during photosynthesis in leaf chloroplasts
[5, 8-10].

According to Table 8, there is a positive strong corre-
lation relationship (rs=0.73) between TFWT¢ and
HTO.ir activity concentration. At the same time, between
TFWT e activity concentration and air humidity the pos-
itive moderate correlation relationship (rs = 0.54) was es-
tablished. In turn, the HT O activity concentration in air
weak correlates with air temperature (rs = —0.45), PAR
intensity (rs = 0.34), and relative humidity (rs = 0.33).

No statistically significant correlation was estab-
lished between the OBT activity concentration in leaves
and the tritium activity concentrations in free water, as
well as the air HTO. This result is also confirmed by the

values of the OBT-to-TFWT ratio for leaves obtained in
chamber and field experiments (Table 7). Also, the re-
sults of the correlation analysis did not reveal a depend-
ence of the concentration of OBT in leaves on environ-
mental factors, such as PAR, temperature, and relative
humidity (Table 8). This is explained by the key role of
physiological aspects in the intensity of photosynthesis.
The ecological aspect of the influence of temperature and
lighting conditions on photosynthesis is related to daily
and seasonal cycles only. The most characteristic feature
is the single-peak shape of the daily photosynthetic gas
exchange curve, with a pronounced midday maximum on
a clear day and a gently domed maximum on a cloudy
day [44].

CONCLUSION

A series of experiments with pepper and eggplant
plants at different growth stages were conducted under
laboratory (in the chamber) and field conditions (in the
former STS territory). Concurrent experiments with the
same crops gave a unique opportunity to compare data
obtained under simulated and natural conditions.

The TFWT eaves activity concentration increased at the
end of exposure in chamber experiments. During the field
exposure, the concentration of TFWT jeaves ShOwed unsta-
ble dynamics. The level of TFWT eaves activity in both
crops was 1-2 orders of magnitude higher than in other
plant parts. The TFWT-to-HTOun ratios indicated that
the TFWT activity concentration reached a steady-state
only in leaves at the end of exposure. In some variants of
chamber and field experiments TFWT activity concen-
tration dominated to the level of isotope in the ambient
air. The phenomenon requires more attention to risk as-
sessment, especially, in cases where plants have a higher
rate of photosynthesis. In other plant parts the TFWT ac-
tivity concentration did not reach a steady-state during
exposure. After exposure the TFWT loss in leaves aver-
aged more than 90-95% compared to the end of expo-
sure.

After short-term exposure the organically-bound trit-
ium (OBT) concentration in both crops was only a small
fraction of the one in tissue water. The OBT activity con-
centrations in pepper and eggplant leaves were 1-2 or-
ders of magnitude lower than TFWT in all variants of ex-
periments. The OBT/TFWT ratios did not show any clear
relationship between OBT formation and the level of
TFWT in leaves. The clear relationship between OBT
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formation and TFWT concentration in leaves was not es-
tablished. During post-exposure period the OBT activity
concentration in both crops slowly decreased compared
to TFWT. The OBT loss in all parts averaged in range
60-95% compared to the end of exposure.

A positive strong (r = 0.73) correlation was found be-
tween TFWT leaf and HTO air activity concentrations,
and a positive moderate (r = 0.54) correlation was also
found between TFWT leaf and air humidity. No correla-
tion was found between the OBT concentration in leaves
and environmental factors such as PAR (photosyntheti-
cally active radiation), temperature, and relative humid-
ity.

The risks from OBT in crop products exposed to a
short-term aerial contamination with the radionuclide at
any development stage would be negligible. In case of
testing regional models of aerial transfer of tritium in
plants and incorporation of the radionuclide into organic
matter, it would be best to use field experimental data that
takes into account the influence of actual climatic factors.
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KAMEPAJIA ’KOHE TABUT U JKAFJIAMJIA KOKOHIC JTAKBLIJIAPBIHBIH TPUTHAMII
A3PO30JIBMEH CIHIPYIH 3EPTTEY

E. H. Mosuskuna®, E. C. CeicoeBa, A. B. lanuuxuii, JI. B. Tumonosa, JI. B. Ken:xuna
KP Y410 PMK «Paouayuanslk Kayincizoik yscone skonozua uncmumymsot) gunuanst, Kypuamos, Kazaxkcman
*Baiinanwic ywin E-mail: polivkina@nnc.kz

3epTxaHaNBIK (KamMepaaa) xKoHe JaiajblK karnainapaa (OypeHrsl CeMeid ChIHAK ITOJIMTOHBIHBIH ayMarbIH/a) BETEeTATHB-
TIK JaMyIBIH OPTYPJi Ke3eHIepiHae OyphIm xkoHe OakiakaH AaKbUITaphIMEH OipKarap 3KCIIEPHUMEHTTEp KYPTi3ijii.
KamepanipIk sKcriepuMeHTTepAe OCiMAIK KamblpakTapelHAarel 06oc cynmarbl Tputuiinin (BCT) morsipmaHysl 3KCIO-
3UIUSHBIH COHBIHA Kapail alTapiblkTaid apTThl, an ganana Tinti bBCT 1-3 ecere Temenaeni. Exi AakplinbH Karblpak-
tapeiHaarsl bCT morslpnanysl cabakrap MeH jkemicrepre Kaparanga 1—2 ecere skorapbl 0omapl. BCT/HTOocep
katbiHackiHaH, BCT MIOFBIpIIaHybl SKCIIO3MIMSHBIH COHBIHA Kapail jkamblpaKrapja FaHa TYPaKThl KYHTe )KEeTKeHIH Kep-
certi. Kelibip karmaiinap/a »anslpakTapAblH 00C CybIHIAFbl TPUTHI/II KOpIIAFaH ayaMeH CalbICTBIPFaHaa OalbITHLTY bl
Oaiikanmanel. Jkcno3unus KesiHge cabakrap MeH xemictepae BCT 1IoFbIpiaaHybl Teme-TEHIIKKE JXETKEH JKOK.
DKCMO3UIMSIHBIH COHbIHA Kapai sxkambipakrapaarbl OBT morbipianysl 1—4 ece ocTi. DKCIEPUMEHTTIH OapIibIK HyCKaia-
peiaga OBT morsipnanyst BCT-re katbicTel 1-2 ecere TomeH MoHIepre ue 6ongsl. OBT Ty3unyiHiH jKambIpaKTapIarsl
OTB IIOFBIpJIAaHYbIHA, COHAAN-aK BETETATHBTI JaMy CAaTBHICBIHA TOYENIUIri aHBIKTaJIMaraH. OJKCHO3WIMAAH KeHiHTi
ke3erne ecimaikrepae BCT merbabr 90-95%, OBT — 60-tan 95% neiiinri MOHAI Kypaabl.

3epTTey HOTIXKeIepl TPUTHHIIH anaTThIK MIBIFapbIHABUIAPH KaFJalbIHAa KOFAMABIK KaTep/i *KaH-)KaKThl Oaranay YIIiH
TaOuFy Karaaiia ajablHFaH AEPEKTepAl NMaiaanaHFaH Qypbic eKeHiH kepceTTi. COHBIMEH KaTap, 3epTTey HOTIKENEpiH
aliMaKTBHIK >KaFJainapaa KOJAaHBICTAFbl TPUTHI TachIMAJIAy YATUIEpiH TEKCepy YIUiH naiinananyra OoIazbl.

Tyitin co30ep: TPUTHIA, TPUTHIA OKCHII, 00C CyIaFrbl TPUTUMN, OPraHUKAJBIK OaiiJIaHBICKAH TPUTHUH, JaKbUIIAP, a3PalibIbl
CIHIpY, KaMepaJbIK )KoHe TaOUFU TOXipuodesep.

HNCCIEJOBAHHUE ADPAJIBHOT'O ITOI'VIOIEHUA TPUTHUA OBOIIIHBIMHU KYJIBTYPAMU
B KAMEPE U HATYPHBIX YCJIOBUAX

E. H. Mosuskuna®, E. C. CeicoeBa, A. B. lanuuxuii, JI. B. Tumonosa, JI. B. Ken:xuna
Qunuan «Hncmumym paduayuonnoii 6ezonacnocmu u sxonozuuy Pr'TlI HAIL] PK, Kypuamos, Kazaxcman
*E-mail ons konmaxmos: polivkina@nnc.kz

B nabopaTtopHbIX (B Kamepe) W HATYPHBIX YCIOBUAX (Ha Tepputopuu ObiBinero CeMUIaTaTHHCKOTO MOJIUTOHA) Oblia
NPOBEJICHA Cepysl SKCIIO3ULIUI KyJIbTyp nepiia u Oaknaxana tputueM B popme HTO Ha pasHbix cramusx pocra. B ka-
MEpHBIX 3KCIIEPUMEHTAaX yeNbHas aKTUBHOCTh TPUTHSA B cBOOOAHOM Bojie (TCB) nucTheB pacTeHuil B X01€ 3KCIIO3UINH
YBEIMYWBAJach, & B HATYPHBIX YCIOBHUAX XapaKTepHU30BaJlach HECTAOMIBHON TUHAMUKOW. Y nenbHas akTuBHOCTH TCB B
JICThSIX 00euX KyJbTyp Obuia Ha 1-2 mopsizika Bblle, 4eM B ctebuisix u mioaax. 3HaueHus: TCB/HTOgos, mokaszanu, uto
yzaenbHast akTiBHOCTh TCB B KOHIIE 5KCHO3UIMHI TOCTUTaeT PABHOBECHOTO COCTOSTHMS TOJIBKO B JMCThsIX. Kak B HaTyp-
HBIX, TaK ¥ B KAMEPHBIX AKCIIEPUMEHTaX HabIr0anoch odoramenne cBOOOAHON BOABI TKaHEH TPUTHEM I10 CPAaBHEHHIO C
okpyxatouM Bo3IyXoM (TCB/HTOges; >1). B mOCT-3KCIIO3MIMOHHBINA TIepHoA yaensHas akTHBHOCTH TCB B 00emnx
KyJIbTypax OBICTPO CHMXanach B mepsble cyTkH (6oiee 90-95%). B mocnenyromue 2 nenenu (336 4) camwkenne TCB
3HAYUTEIBHO 3aMeUIsUI0Ch. Bo Bcex sKcreprMeHTax 3Ha4eHHs YAEIbHOW aKTUBHOCTH OPraHMYECKU-CBSA3aHHOTO TPUTHS
(OCT) B nmucThsX mepia u 6aknakaHa Ha 1—2 mopsaka Hioke 1o cpaBHeHHIO ¢ TCB. Y aenpHas aktuBHOCTh OCT B 00emx
KyJnbTypax B HEpBbI€ CYTKH MOCJE 3KCIIO3UIMH XapaKTePU30BaIach KaK MOJOKHUTEIbHOM, TaK M OTPULIATEIFHON TUHA-
Mukoi. Yepes 2 nHenenu (336 4) mociue sxcno3unuu noteps OCT cocraBuma 60-95%. TecHas KOppeIsSIMOHHAS 3aBUCH-
MOCTh YCTaHOBIIEHA MEXy yaenbHOH akTuBHOCTEIO TCB B mucthsax 1 HTO B Bo3ayxe (r = 0.73; p<0,05), u ymepeHHas
— MEeXAy yaensHo! akTUBHOCTRIO TCB B IMCTHSIX M BIAXXHOCTHIO Bo3ayxa (r = 0.54; p<0,05). Mexmy yaensHOH aKTHB-
HocThI0 OCT B IMCTHSIX M (haKTOpaMH OKpY>Karommei cpensl ((OTOCHHTETHYECKN aKTHBHAS paJlalis, TeMIeparypa, oT-
HOCHTEJIbHAS BIAXKHOCTH) JOCTOBEPHAS KOPPEISAIIMOHHAS 3aBUCUMOCTH HE BBISBIICHA.

IomyueHHble pe3ynbTaThl NOKA3ald, YTO BO3MOXKHBINA BKJIaJ] OPTaHUYECKU-CBSI3aHHOTO TPUTHS B CPEJHETOJOBYIO JJO3Y
BHYTPEHHEro 0OJIy4eHHUs IpU yNOTPeOJICHNN PacTEeHUEBOAYECKON MPOITYKIIMH, TIOABEPTIIEHCS KPaTKOBPEMEHHOMY a3-
panbHOMY 3arpssHernto HTO, OynyT npeneOpexumo Maiibl. JJaHHBIE HATYPHBIX 3KCIIEPUMEHTOB, YUUTHIBAIOLINE BIINS-
HHE PEeTbHBIX KIMMAaTHYECKHX (aKTOPOB, MOTYT OBITh MCIIOJIb30BAHBI JJIsl TECTUPOBAHMS PETHOHAIBHBIX MOJIEIeH BO3-
JIyLTHOTO MEePEHOCA TPUTHUS B CUCTEME «BO3IYX — CEIbCKOXO3HCTBEHHBIEC PACTEHUS.

Knrouegvte cnosa: mpumuil, oxcuo mpumus, mpumuti 8 c60000HOU 600e, OPLAHUECKU-CEAZAHHBIN MPUMUT, CENbCKO-
XO03sUiCMEeHHbIe KYIbMYpPbl, A3PATbHOE NO2TOUJEHUe, KAMEPHDIIL U HAMYPHBIU IKCREPUMEHNbL.

119



	STUDY OF AERIAL TRITIUM UPTAKE BY VEGETABLE CROPS  UNDER CHAMBER AND FIELD CONDITIONS

