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Ilicaa aeapii na YAEC 3nauna wacmuna 3emens llonicvkoi 30Hu eussusacs 3a6pyonena
padionykaioamu, sKi i0n06i0HO 00 YUHHUX HOPMAMUBHUX AKINIE 6UEe0eHI 3 3eMACKOPUCTY -
8AHHA, MOMY HAMU NPOAHANI308AHO CYHACHUL CMAH 2aAy3ell AbOHAPCMBA Mma KOHONAAPCMEA
6 Ykpaini. Yoprobunwvcoka asapis npussena 00 padioakmueHo2o 3a0pyOHeHHs 6eAUKUX NA0W,
cinbCcbKkoeocnodapevkux yeios, momy dedani binvue npusepmaroms yeazy pobomu 64eHux,
CHPAMOBAHI Ha 3HUdICEHHS padioakmueHo2o 3abpyonents. OOTpYHIMOBAHA MONCAUBICMb BU-
DPouLy8ants Ay0 SHUX KYAbMYpP 8 YM08aX padioaKkmugHoeo 3a0pyOHeHHs, PO32AAHYMI eneMeH-
mu mexHon02ii 6UPOUY8aAHHS Ma NeP8UHHOI Ui eAUOOKOI nepepodKU AbOHY Ma KOHOneab, uio
0aroms MONCAUBIMb ICMOMHO 3MEHWUMU HA0X00XceHHs padioakmueroeo yesiio ’Cs 6 npo-
O0yKUYil0 pOCAUHHUYMBA MA 6MICM [1020 8 PI3HUX 8UAaX NPOJYKmMie nepepobKuU Yux Kyabmyp.
3anponoHoeari KOHKpemHi KOHmMp3axoou 04 00CseHeHHA yiei Memu, a came: npu 8UPOULY-
BAHHI NbOHY MA KOHONEAb 6HOCUMU POCHOPHO-KariliHI 000pusa, AKi 3HUNICYIOMb HAOX00MHCEH -
HA padioHyKidie y npoOyKUilo, Wo UPOUYEMbCS 8 YMOBAX PIZHUX PiBHIE padioakmueHoeo
3a6pyOdHenHs, nocié 1b0HY NPOBOOUMU CYMICHO 3 HeWiINbHOKYUW,08UMU 31AK08UMU MPABAMU,
3acmocosyovu 045 Uboeo Hopmy eucigy 15—20 ke nacinna mpas. Ilpu eunexcysanti conomu
AbOHY 00 mpecmu npogooumu 06epmanHs cmpiuoK, wo 0a€ 3mMo2y 3HU3UMU HAKONUYEeHHs
DPadioHyknidié 3a paxyHok 3MeHUuleHHs Macu NUAONO0IOHUX OMIUIOK | YHUKHEHHS NpAMOoe0
KOHmaxkmy npodykuii nepsurHnoi nepepobku 3 rpynmom. Tpecmy neped nepepobkoiw Ha
M SAbHO-MINAALHOMY azpeeami peKoMeHO08aAHO NPOMUBAMU Y BOOHOMY NOMOYI HA 8i0NCUM-
HO-NPOMUBHITI MAULUHI.

Karouosi caosa: avon oniiinuii, 160H-00682yHeyb, KOHONAL, POCAUHHA 0Ais, pACIOAKMUBHULL
uesiii ("*’Cs), ocghopni dobpusa, wpom, maxyxa.
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INTRODUCTION

In accordance with the legislation of
Ukraine, lands on mineral soils contaminated
with radionuclides over 15 Ci/sq. km and
lands on organic soils with a level of pollu-
tion over 5 Ci/sq. km are withdrawn from
land use. Other lands are used for agricultural
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activities. The content of radionuclides in
the products produced on them should not
exceed the current standards. The man-made
Chernobyl accident has led to radioactive
contamination of large areas of agricultural
land, so the work of scientists aimed at redu-
cing radioactive contamination by biotechno-
logical methods is attracting more and more
attention [1].
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At the same time, studies show that ra-
dionuclide-contaminated soils can be used to
grow industrial crops that accumulate mini-
mal radionuclides and are not grown for food.
Such crops are linseed flax, fiber flax, hemp
and other textile crops.

In Ukraine, fiber flax in the 90s of the
twentieth century was grown on the area of
160 thousand hectares. Due to the decrease
in the area under fiber flax in recent years,
linseed flax has been cultivated in Polissya of
Ukraine, including Zhytomyr region. Linseed
flax is a crop that has become an alternative
to sunflower and rapeseed. According to the
State Statistics Service of Ukraine, in 2017
the sown area under fiber flax was 1.5 thou-
sand hectares in Zhytomyr, Chernihiv, Lviv,
Rivne and other regions. In the same year, the
sown area under crown flax was 45.8 thou-
sand hectares mainly in Odessa, Mykolaiv,
Kherson, Kharkiv, Zaporizhzhia and Zhyto-
myr regions [2].

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The tendency to increase the area under
linseed flax, in addition to economic inte-
rest, is largely explained by global climate
change. Climatic and soil conditions of Cen-
tral Polissya with the introduction of the re-
quired amount of nutrients correspond to the
biological characteristics of linseed flax of
mezheumka type. Linseed flax in Zhytomyr
region has normal growth and development,
provides an average seed yield of 1.5-1.6 t/ha,
straw of 2.0-2.3 t/ha and fiber of 1.6—
2.2 ¢/ha[2].

Linseed flax, in contrast to fiber flax, is a
raw material for the production of food and
technical oil: linseed flax seeds contain 42—
49% of oil, which is 7-12% higher than that
of fiber flax. Flaxseed oil is a leader among
vegetable fats in its biological value. It is the
richest source of polyunsaturated fatty acids,
the content of which in flaxseed oil is several
times higher than in fish oil. The content of
essential linolenic fatty acid in flaxseed oil
reaches 50-70%, and vitamin C — 50 mg/
100 g [3; 4]. Hemp should be attributed to
crops similar in chemical composition of oil.

This rare culture of Polissya allows to im-
prove the sanitary condition of the soil. At
the 4th Conference in Rouen (1996), Polish
experts in the report Reclamation of lands
contaminated with radionuclides» stated im-
portant facts of reducing the content of heavy
metal salts in soils sown with hemp.

Thus, hemp and its processed products
have significant environmental value. This
is due to the fact that marketable products
in the cultivation of hemp is used mainly for
technical purposes, i.e. it does not give ad-
ditional radiological load on humans, in the
cultivation of hemp to obtain fiber, chaff and
seeds [5].

Hemp fiber is used to make ropes for the
navy and river fleets, cores for steel ropes,
twine, household and technical rope, fire
hoses, tarpaulin, and various technical fab-
rics. Hemp fiber is used in the oil industry,
construction, for the manufacture of securi-
ties. The seeds are used to make oil, oil cake
meal, and medicines. Oilcake contains up to
28% of protein, 9-11% of fat. It is used as
a valuable feed for farm animals. Waste of
primary processing of hemp (chaff) is a valu-
able raw material in the manufacture of hemp
particle boards for the furniture industry and
construction [5].

MATERIALS AND RESEARCH
METHODS

The aim of the research is to determine the
possibilities of growing flax and hemp in con-
ditions of high levels of radioactive contami-
nation of soils. For this, we used the materials
of our research on the co-sowing of fiber flax
with sparsely shrubby grasses in order to cre-
ate a grass cover of the rettery in conditions
of radioactive contamination.

To achieve this aim, the following tasks
were solved: to determine quantitative in-
dicators characterizing the accumulation of
137Cs in stems, seeds and flaxseed oil while is
processing; to determine the influence of arti-
ficially created retteries and rotation of strips
on the yield and quality of flax products.

Researches on hemp were aimed at stu-
dying the effect of doses and ratios of fertili-
zers, biostimulants on productivity, quality of
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hemp production and accumulation of *’Cs
by plants when grown on radioactively con-
taminated peat-bog soils of Polissya. The ex-
periments are based on quite common in the
Polissya area lowland peat-bog soils rich in
organic matter. The depth of peat varies be-
tween 1.0—1.5 m, concerning the depth of peat
horizons they are medium-deep. According to
the granulometry and lithology of the under-
lying rock are on sandstones and loams, they
are mesotrophic. According to the botanical
composition peat is of sedge-reed origin. The
high-fiber hemp variety YUSO-31 was used
for the research. Sowing was carried out in
optimal agronomic terms. The sowing rate
was 4 million hectares of similar seeds, and
the width between rows was 15 cm [5].

The '¥7Cs content was determined by gam-
ma spectrometry. Samples weighing more than
50 g and with a volume of more than 30 ml
were spectrometered on an AMA—03F ma-
chine with a Nal detector. The specific ac-
tivity of *’Cs in samples with lower weight
and volume was determined at the Swedish
Agricultural University (city Uppsala) on a
gamma spectrometric system equipped with
a Gedetector (ORTEC, P8T) and a multi-
channel analyzer (ORTEC Adcam).

RESULTS AND THEIR DISCUSSION

The specific activity of fiber flax seeds
grown at high levels of radionuclide contam-
ination of soils (pollution density of *’Cs
is 20.5 Ci/sq. km) was ¥’Cs of 510 Bq/kg,
which allows to use them for sowing pur-
poses, as well as to process them into oil. The
obtained seeds in all years of research had
high sowing qualities — germination energy,

laboratory and field germination. At the same
time, the chaff after threshing flax had a con-
tent of ¥7Cs of 1539 Bq/kg (Table 1), so it is
impractical to use it as food.

The stalks of linseed flax contain fiber
suitable for the production of coarse fabrics
(tarpaulin, burlap), twine, ropes and other
products. Straw, which contains up to 85.0%
of cellulose, serves as a raw material for the
production of high-quality cigarette paper,
cardboard [4; 6]. An important and urgent
task today is the development of the tech-
nological process of preparation of flax straw
from linseed flax stalks for further processing
into fiber for the production of high quality
consumer goods.

Building boards and furniture are made
from waste (chaff), and chaff is also used
as an alternative energy type of fuel, using
energy in technological processes. Important
by-products of flaxseed oil processing are oil
meal and cake. In practice, the by-product —
cake — is more widely used in screw-press-
ing. According to the botanical classification,
linseed flax and fiber flax are representatives
of the Eurasian variety of prefabricated spe-
cies — cultivated flax (Linum usitatissimum),
having a similar chemical composition of bast
(Table 2).

As it can be seen from Table 2, the chemi-
cal composition of flax of different species is
quite similar, and therefore in the selection of
crops suitable for cultivation in conditions of
radioactive contamination, it is advisable to
recommend fiber flax and linseed flax.

Thus, studies of the Institute of Agricul-
ture of Polissya NAAS, conducted on soils
with a contamination density of *’Cs of

Table 1. The content of radionuclides in the products of flax threshing during combine harvesting
of flax (average for 2011-2003)

Processed products

Specific activity of 134Cs, Bq/kg

Flax before drying
Dried flax

Tangle

Chaff

Seeds

643.6+46.5
1154.4+102.3

743.7£62.8
1539.0+122.7

510.5£49.6
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Table 2. Chemical composition of flax bast

Content, %

Species and variety of flax

cellulose lignin pectin substances
Charming (fiber flax) 64.99 4.59 6.90
Southern Night (linseed flax) 54.58 1.89 8.85
Iceberg (linseed flax) 67.33 2.09 12.18
Debut (linseed flax) 63.79 1.90 8.47

20.5 Ci/sq. km found that the content of this
radionuclide in straw and fiber flax seeds was
in the range of 100-510 Bq/kg, which does
not exceed the allowable levels for agricul-
tural products [6; 7].

High levels of radioactive contamination
did not affect the growth and development of
flax plants, their disease and pest damage, and
the optimal fertilizer applied taking into ac-
count soil fertility, helped to obtain standing,
suitable for machine harvesting and low in
radionuclides products at the level of 5 t/ha
(Table 3).

According to research results, using phos-
phoric fertilizers in the system of counter-
measures in the cultivation of flax, and in
their absence — granular phosphorites, it is
possible to obtain flax raw material with a
minimum content of ¥’Cs (Table 3).

Flax is one of the few crops that has a
low conversion rate of the radionuclide '*’Cs
and is contaminated with radionuclides by
secondary input [9].

About 95% of '¥’Cs is accumulated in flax
during maceration by adhesion and transfer
of eolian material to plants, and the specific
activity of fiber and wood from different areas
of contamination does not differ significantly
in increasing specific activity only in waste
processing of flax straw (Table 4).

The table shows that the specific activity
of ¥7Cs in flax straw was insignificant, even
in conditions of soil contamination density in
the range of 186—195 kBq/sq. m. However,
the specific activity of '*’Cs in waste (dusty
impurities) was much higher compared to
other flax products and approached the spe-
cific activity of radiocaesium in the soil.

The use of compatible sowing of fiber flax
and sparsely shrubby grasses and subsequent
rotation of the strip allowed to reduce the
content of radioactive cesium in flax products
and thus ensure its use.

In addition, the flax straw with a high
level of radioactive contamination can be
washed on a squeezing-washing machine,

Table 3. The effect of fertilizers on the contamination of flax straw with radionuclides,
average for 2011—-2011

Specific activity of '*’Cs, Bq/kg

Variant Transition rate
In soil In flax straw
Control 528 14 0.09
N3,Kgo 514 23 0.15
N30 PgoKgy (superphosphate) 405 24 0.20
N30 PgoKgo (phosphorite flour) 526 14 0.09
N3¢ PgoKg (granular phosphorites) 526 20 0.13
HIP(s5 60,0 2,28 0.016
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Table 4. Specific activity of flax products with '*’Cs, Bq/kg, average for 2005—2007

Density of soil pollution

Variant of flax straw 36—-38 kBq/sq. m

186-195 kBq/sq. m

aging
Flax straw | Fiber Chaff | . Dus_ty Flax straw | Fiber Chaff | . Dusjcy

impurities impurities

Without grass and 48+11 25+6 >8 2746  132%33

straw rotation

(control) >6 >3 >5

Without grass and 51+15 19+5 24+7  128+28

with straw rotation

On perennial 52£15 21+7 >8 23+£7  134£32

ryegrass without

straw rotation

On perennial ryeg- 48+14 17+6 21£7  135£35

rass with straw

rotation >6 >3 >5

On meadow fescue 47+15 1845 24+5  133+41

without straw

rotation

On meadow fescue 55+19 1516 23+4  134+29

with straw rotation

followed by drying in a stream of air. In ad-
dition, this operation allows to reduce the
content of radionuclides in it by 1.5-2.0 times
and the dustiness of the working area during
the processing of the flax straw on the scut-
ching-and-breaking machine to the level al-
lowed by sanitary norms (Table 5).

As shown by the analysis (Table 5), the
content of radionuclides in long and short flax
fiber from flax straw obtained by aging flax
straw with a high level of radioactive con-
tamination is in the range of 390-430 Bq/kg,

which does not exceed the permissible norms
for agricultural products. Washing of flax
straw allows to reduce pollution of it and
flax fiber by 1.5 times.

This technology allows the use of flax
straw from the area of radioactive contamina-
tion and recycle it without harm to the health
of workers. The cost of washing flax straw
is fully offset by increasing the yield and
improving the quality of the fiber with this
technology. In this case, water for washing
flax straw can be used repeatedly [7; 8].

Table 5. The effect of washing flax straw on its contamination and flax fiber with radionuclides '*’Cs,
average for 2003—2007

Ne Variant Specific activity, Bq/kg
1 Flax straw without washing (control) 850+93.5
2 Washed flax straw 600+79.1
3 Flax fiber scutched from flax straw without washing 390+22.8
4 Flax fiber scutched from washed flax straw 270+26.5
5 Short flax fiber from flax straw without washing 430+66.3
6 Short flax fiber from washed flax straw 350+54.5
2020 + Ne 3 + ATPOEROJIOTTYHUI HKYPHAJL 77
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It is known that the higher the agronomic
background is created by applying fertilizers,
the higher the productivity of hemp plants.

Thus, the application of mineral fertiliz-
ers in the norm of NgyPgoKio provided an
increase in fiber by 8.5 ¢/ha compared to the
control (without fertilizers), in the control
11.2 ¢/ha of fiber was obtained. The highest
fiber yield from straw (32%) was obtained
when applying mineral fertilizers at the rate
of P60K60 in combination with the biostim-
ulator EM—4, with the best fiber strength
(32.6 daN).

On peat-bog soils, in conditions of potassi-
um deficiency, in the processes of plant metabo-
lism the plants use its chemical analogue —
cesium. This is confirmed by the fact that
the application of mineral fertilizers, which
include potassium, dramatically reduces the
uptake of cesium by plants.

The mobility of cesium in these soils can
be explained by the insignificant content of
the mineral part in them, due to which its
fixation takes place. Soil minerals are known
to be a source from which potassium reserves
are replenished. From this point of view, the
low mineral content also promotes the transi-
tion of cesium into plants. The use of mineral
fertilizers in combination with biostimulants
helped to reduce the inflow of radiocaesium
from the soil into the production of hemp:
fiber and chaff. Thus, when growing hemp
on contaminated peat-bog soils without fer-
tilizers (control), radiocaesium was accumu-
lated in the fiber in the amount of 237 Bq/kg
and in the chaff in the amount of 319 Bq/kg,
while mineral fertilizers in the norm PgyKs
in combination with the biostimulator EM—4
reduced the accumulation in the fiber up to
118Bq/kg, and in the chaff up to 96 Bq/kg, or
119Bq/kg and 223Bq/kg, respectively, com-
pared with the control. These data indicate a
high KN of radiocaesium in the «soil-plant»

chain, especially in terms of the structure of
accumulation, chaff accumulates more radio-
caesium than hemp fiber [1; 5].

Analyzing the data, we can conclude that
phosphorus-potassium fertilizers and bio-
stimulants have a positive effect on hemp
productivity. The content of radionuclides in
the fiber and chaff is reduced by 2.0-2.5 times
by the introduction of phosphorus-potassium
fertilizers and the use of biostimulants.

CONCLUSION

Fiber flax, linseed flax and hemp are crops
that are recommended for cultivation in con-
ditions of radioactive contamination due to
a complex of economic and biological charac-
teristics. On soils with a high level of such
contamination, these crops accumulate a min-
imum amount of radionuclides. These crops
and areas of their cultivation and processing
deserve priority in the use of land contami-
nated with radionuclides.

In the system of countermeasures in the
cultivation of flax and hemp in the fertilizer
system it is necessary to use phosphorus-po-
tassium fertilizers, which will significantly re-
duce the flow of radionuclides into products.

Combined sowing of fiber flax and sparse-
ly shrubby grasses and subsequent rotation
of the strip allows to reduce the content of
%7Cs in flax straw, which is grown at different
levels of density of radioactive contamination
of the soil.

Prior to processing on the scutching-
and-breaking machine of the straw with the
increased content of radionuclides it is ne-
cessary to wash it in a stream on the squee-
zing-washing machine.

Further research will improve the tech-
nology of growing bast crops on radiation-
contaminated soils and the technology of
processing raw materials, which will reduce
the specific activity to acceptable levels.
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