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The territories of Bila Tserkva district, located in the north-eastern part of the right-bank Forest-Steppe of Ukraine, have been
studied. This area is dominated by chernozems that are typically low-humus. In vegetable crops grown in Yosypivka and Tarasivka
of Bila Tserkva district, which was exposed to radioactive contamination and is located in the southern part of Kyiv region, Central
Forest-Steppe Ukraine, contamination of **’Cs and *°Sr were determined. The content of 137Cs and 90Sr in soils was studied, and
the density of pollution of privately-owned vegetable plots in these villages was calculated. The transition coefficients of 137Cs and
90Sr radionuclides from the soil of typical chernozem into plants, in particular cucumbers, potatoes, onions, beets, carrots,
tomatoes, and white cabbage, have been calculated and established, which makes it possible to calculate the transfer coefficients to
vegetable crops to be grown in radioactively contaminated areas of the Central Forest-Steppe of Ukraine. Reducing 137Cs and 90Sr
radionuclides from soil to vegetable crops is one of the leading agricultural production tasks on lands contaminated with
radionuclides. These studies make it possible to elucidate the current state of migration of these radionuclides in the "soil-plant" link
of agroecosystems of the Central Forest-Steppe of Ukraine for further forecasting.
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Introduction

Regardless of the time elapsed since the Chernobyl disaster, the problem of radioactive contamination continues to be quite
relevant. At present, 6.7 million hectares of our country's territory remain contaminated, including 1.2 million hectares contaminated
with 137Cs with a density of 42 to 589 kBq/m? (1-15 Ki/km?). There are 2,161 population centers in radioactively contaminated
areas with a population of about 3 million (20 years of the Chernobyl disaster. Looking to the future: National Report of Ukraine).
The primary food source for rural residents of these population centers is from products grown in privately owned home plots,
which is why the determination of contamination of crop products with artificial radionuclides *’Cs and °°Sr on land affected by
radioactive contamination from the Chernobyl accident is relevant. Since the internal radiation dose is formed by the consumed
products grown mostly on privately owned plots (Chobot'ko, 2015; Beresford, 2016; Yakymenko, 2013; Kashparov, 2011;
Hudkov, 2012) reducing the transition of *’Cs and *°Sr radionuclides from soil to vegetable crops is one of the main tasks of
agricultural production on lands contaminated with radionuclides (Gudkov, 2003; Feshchenko, 2016; Skuterud, 2014; Zubets, 2011;
Umans'kij, 2016)

The implementation of these findings will make a more detailed analysis of the current state of migration of these radionuclides in
the "soil-plant” links of the Central Forest-Steppe of Ukraine's agroecosystems. Since the Chernobyl accident, leading scientists
(Furdychko, 2011; Grodzinsky, 2011; Gudkov, 2009; Likhtarev, 2012, et al.) have conducted a significant amount of research in
studying the migration of **’Cs and ®°Sr in agricultural production facilities, their accumulation in food products, and estimates of
human radiation doses.

The main focus of scientific research was concentrated in the Polissya region. There has also been slightly more focus on **’Cs, the
main dose-forming radionuclide (Schuller, 1988; Chobot'ko, 2014; Kimura Y, 2015; Jelin,2016, et al.) Besides, in areas of the
Forest-Steppe that are radioactively contaminated, a significant share of contamination is accounted for by *°Sr; the intensity of
migration, according to scientists, will gradually increase (Prister, 2011; Herasimenko, 2017; Pertsovyi, 2017; Uematsu, 2016;
Tsubokura, 2016). All these data necessitated a detailed study of the state of migration of **’Cs and 90Sr, in the soil-plant chain
of agroecosystems of agricultural enterprises and privately-owned home plots of the central forest-steppe, which are affected by
radioactive contamination from the Chornobyl accident for the long term.

The content of radionuclide contamination of vegetable crops 33 years after the Chernobyl disaster indicates that the challenge of
monitoring, studying, and forecasting products remains quite relevant. These studies aimed to investigate the migration of *’Cs and
Sr in the soil - plant link in Yosypivka and Tarasivka, Kyiv region, in the central forest-steppe of Ukraine; and to establish 13’Cs
and *°Sr transition coefficients from typical chernozem to vegetable crops for further forecasting.
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Materials and Methods

The Bila Tserkva district's studied territories are located in the north-eastern part of the right-bank Forest-Steppe of Ukraine,
represented mainly by typical low-humus chernozems in forests located in river plains. According to generally accepted methods,
samples of crop production and soil were taken on private plots of residents of the villages of Yosypivka and Tarasivka, Bila Tserkva
district, Kyiv region, according to generally accepted methods .

The territory of these villages was in the zone of the "southern trace of radioactive contamination." Samples were prepared, then
analyzed for the activity of 137Cs and 90Sr, at the Department of Life Safety of Bila Tserkva National Agrarian University at the
spectrometric complex "USC Gamma Plus," according to the method for this device . To determine 90Sr, selective radiochemical
isolation by oxalate precipitation was performed. Determination of 90Sr was performed on the beta spectrometric tract of USC
"Gamma Plus" . Research data were processed statistically using Microsoft Excel.

Results and Discussion

The main vegetable crops grown in the home plots were carrots, cucumbers, potatoes, cabbage, tomatoes, zucchini, beets, onions,
peppers, and radishes. The research data were collected during 2015-2018. The activities of 137Cs and 90Sr in vegetable crops
were studied, and the coefficients of their transition in home plots were calculated. According to the data shown in Fig. 1, it is seen
that the lowest activity of '*’Cs was in potatoes, onions, and cucumbers. It was twice as high in zucchini and sweet peppers, carrots
and tomatoes almost four times, beets and radishes almost eight times, and in beans, it was 11 times higher. Thus, the average
activity of 137Cs in potatoes was 2.83 Bqg/kg, cabbage 5.67, beets 13.93, carrots 8.45, onions 2.84, tomatoes 8.36, cucumbers 2.85,
zucchini 5.65, sweet peppers 5.65, radishes 16.75, and beans 26.54 Bqg/kg.
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Fig. 1. The relationship between 137Cs activity and soil contamination density.
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Fig. 2. The relationship between the activity of 90Sr and the density of soil contamination.

According to data shown in Fig. 2 obtained for 90Sr activity in vegetable crops, we observe that based on its lowest activity in
onions, it was twice as high in tomatoes and cucumbers, four times higher in sweet peppers, almost ten times higher in potatoes
and cabbage, twenty times higher in zucchini, and 30 times higher in table beets, carrots, radishes, and beans. Thus, 90Sr activity
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in onions was 0.34 Bg/kg, tomatoes 0.60, cucumbers 0.62, sweet pepper 1.10, potatoes 2.70, cabbage 2.53, zucchini 4.67, table
beets 9.0, carrots 7.98, radishes 7.45, and beans 7.87 Bqg/kg.

Coefficients of 137Cs transition from soil to vegetable crops grown in the third zone of radioactive contamination accumulate from
0.01 to 0.09, and 90Sr accumulates from 0.01 to 0.30 (Fig. 3). The lowest 137Cs transition coefficient is in potatoes, onions, and
cucumbers (0.01). Cabbage, zucchini, and sweet pepper have a conversion rate twice as high (0.02), carrots and tomatoes three
times as high (0.03), beets five times (0.05), radish six times (0.06), and beans nine times higher (0.09).

The lowest conversion factor of 90Sr is in onions (0.01), in tomatoes and cucumbers, it is two times higher (0.02), in peppers four
times (0.04), in potatoes and cabbage nine times (0.09), in zucchini eighteen times (0.18), in radishes 26 times (0.26), and in table
beets, radishes, carrots and beans 27-30 times (0.27-0.30) higher.

According to GN 6.6.1.1-130-2006, "Permissible levels of 137Cs and 90Sr radionuclides in food and drinking water," the content of
137Cs should not exceed 60 Bkg/kg in potatoes or 20 Bg/kg in fresh vegetables and legumes; while the content of 90Sr should not
exceed 40 Bg/kg in potatoes or 20 Bg/kg in fresh vegetables and legumes. Therefore, these vegetable crops meet the criteria of
radiation safety. The data indicates that, on average, the lowest activity of 137Cs and 90Sr in vegetable crops grown in the village
of Tarasivka is twice lower when compared with crops from the village of Yosypivka. Thus, the average activity of 137Cs in
potatoes was 1.10 Bqg/kg, cabbage 3.10, beets 5.45, carrots 3.67, onions 1.23, tomatoes 3.45, cucumbers 1.33, zucchini 2.56, sweet
peppers 2.32, radishes 6.44, and beans 9.58 Bq/kg. Activity of 90Sr in potatoes was 1.51 Bqg/kg, cabbage 1.52, table beets 5.05,
carrots 4.71, onions 0.17, tomatoes 0.35, cucumbers 0.34, zucchini 2.86, sweet peppers 0.67, radishes 4.37 and beans 5.04 Bqg/kg.
The lowest activity of *’Cs was in cucumbers, potatoes, onions. In zucchinis and sweet peppers, it was twice as high, in carrots and
tomatoes almost four times, in beets and radishes almost eight times, and in beans ten times higher. The lowest activity of 90Sr
was in onions. Tomatoes and cucumbers were two times higher, sweet peppers four times, potatoes and cabbage almost ten times,
zucchini 20 times, and in table beets, carrots, and beans, 30 times higher. As mentioned above, the accumulation of **’Cs and *°Sr
in vegetable crops depends on their mineral nutrition properties. Thus, plants that contain lots of potassium accumulate more
radioactive cesium, while crops that contain lots of calcium contain more radioactive strontium. According to the literature, the
potassium content in white cabbage is 190 mg/100 g, beets 278, carrots 195, tomatoes 304, cucumbers 157, sweet peppers 145,
radishes 265 mg/100 g, and calcium is contained in cabbage 53mg/100 gr., beets 42, carrots 49, tomatoes 15, cucumbers 24,
sweet peppers 19, onions 27, and radishes 37 mg/100 gr.
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Fig. 3. Transfer factor 137Cs i 90Sr in vegetable crops.

This can be explained by the fact that the soils in home plots of these villages are typical light and medium loam chernozems with
an average humus content (3.3 - 3.6%), with a neutral reaction of the water extract environment (6.80 - 7.72), soil density of 1.18
- 1.25 g/cm?, and the average content of metabolic potassium (82 - 120 mg/kg) and calcium (15 - 20 mg-eq/100 g).

We found the lowest conversion rate of 137Cs in potatoes, onions, and cucumbers (0.01). In white cabbage, zucchini, and sweet
peppers, the conversion rate is two times higher (0.02), in carrots and tomatoes three times higher (0.03), in beets five times,
radishes six times, and in beans nine times higher. The lowest conversion factor of 90Sr is observed in onions (0.01). I in tomatoes
and cucumbers, it is twice as high (0.02), in peppers four times (0.04), potatoes and cabbage nine times (0.09), and in table beets,
carrots, white radish, and beans 28-30 times higher.

Our research data show a directly proportional relationship between *’Cs and °Sr in vegetable crops and soil contamination
density.

The research results make it possible to predict the contamination of plant products grown in the radioactively contaminated
territories of the Central Forest-Steppe of Ukraine based on the clarified transition coefficients for 13’Cs and *°Sr.

Conclusions

Our research proves that the studied vegetable crops, which were obtained in the villages of Yosypivka and Tarasivka, do not
exceed DR — 2006 and are therefore quite suitable for consumption. However, despite this, it should be noted that research data
indicates the content of artificial radionuclides 137Cs and 90Sr, which previously did not exist in nature, indicating that constant
monitoring of their content in the agroecosystems is justified.

The coefficients of the transition of *’Cs and *°Sr radionuclides from soil (in this case, typical chernozem) to vegetable crops grown
on home plots have been determined and can be used to predict 137Cs and 90Sr contamination of vegetable crops in radioactively
contaminated areas.
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