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Abstract. Implementation of agricultural countermeasures is one of the principal methods that allow to decrease irradia-
tion doses. Summarizing available information about countermeasures and taking into account the experience in the
elimination of the nuclear accident consequences, it is demonstrated that the most widespread countermeasures after the
Chernobyl accident were soil ameliorations. These methods are simple, inexpensive and effective in reducing radionuclide
transfer from the soil to agricultural crops. Among the above mentioned methods, agrotechnical countermeasures were the
most applicable, decreasing the contamination of plant products up to 20 times. Radical and surface improvements of
natural and semi-natural meadows were carried out on a large scale on contaminated lands. The biggest decrease of vege-
tation contamination was observed after the radical improvement of meadows, with and without drainage, 43 and 16
times, respectively. Other effective measures are agrochemical methods. In fact the application of various fertilizers per-
mitted to decrease the radioactive contamination of production averagely 2-3 times. Potassium fertilizers were the most
effective for the decrease of *’Cs transfer to harvested crops. Application of sorbing minerals decreased '*’Cs transfer to
crops from a peaty soil up to 11 times, and from a sod-podzolic soil up to 3 times. Moreover, these countermeasures in-

creased the yield and improved the quality of products.
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1. Introduction

As a result of the Chernobyl accident a large territory
of the Ukraine was exposed to radioactive contamination.
42 000 km? have been contaminated by '“'Cs with the
density above 37 kBg/m?, and 28 000 km* — by *Sr with
the density above 5,55 kBq/m*[1].

Reduction of the internal doses of human irradiation
is the main purpose of restoration actions in contaminated
areas. The implementation of countermeasures is impor-
tant, and sometimes it is the principal method that permits
to decrease the doses, because limiting the consumption
of local products is not always a practical and feasible
requirement.

The main problems that had to be solved after the
Chernobyl accident were optimization of countermeasure
application and elaboration of rehabilitation strategy on
contaminated lands in different periods after the accident.
Urgency of the problem was predetermined by the large
scale of environmental pollution and the necessity of
application of protective measures in vast areas during a
long period, which, therefore, required significant finan-

cial support. The solution of this problem involved va-
rious factors. The principal ones are as follows:
assessment of contamination of arable lands and pro-
ducts; the characteristic of soils in the polluted area; zonal
peculiarities of agricultural farming (land-use, orientation
of industry, technologies of crops production), efficiency
of countermeasures on various land types; changes of
countermeasure efficiency in time [2, 3].

Many authors assessed the role of species and varie-
ties characteristics in pollutant accumulation [4-6].

The most significant decrease of radionuclide trans-
fer to the agricultural crop yield was observed after the
fertilization of poor soils with a light granulometric com-
position [7-9]. At the same time, the effect of fertilization
on fertile soils was very low [10, 11]. Application of
enhanced doses of phosphorous fertilizers decreases '*’Cs
transfer to crops from sod-podzolic sandy-loamy and
sandy soils 2-2,5 times, and *’Sr transfer — up to 8 times
[12]. Organic fertilizers decrease "*'Cs transfer to crop
yield 1,5-3 times, the biggest effect was observed on
light soils [13-15].



244

Some of these protection measures can be applied
with restriction, others are applied widely. Generalizing
available information on countermeasures and conside-
ring the experience in nuclear accident elimination, we
can conclude that for minimization of the accidental
consequences, it is necessary to apply all acceptable mea-
sures. However, at present the general strategy of coun-
termeasure implementation leads to the reduction of the
internal doses of human irradiation from the consumption
of food stuffs containing radionuclides. The value of
population dose, averted by the countermeasure imple-
mentation, should be regarded as the first criterion for the
evaluation of countermeasure efficiency. The next crite-
rion should be the cost of a unit of averted population
dose and the total financial investments for the imple-
mentation of countermeasures [16].

Publications of the International Commission of Ra-
diation Protection and Standards of Radiation Safety in
the Ukraine [17] state that the implementation of coun-
termeasures (or intervention) should be based on the fol-
lowing two general principles:

— justification: countermeasure shall be justified when
the produced sufficient benefit to exposed individuals or to
society offsets the radiation detriment it causes;

— optimization: countermeasure shall be optimal
when the difference between the total benefit and total
detriment is maximal.

Important condition of countermeasure application,
in a long-term period, is to guarantee maximal effect and
minimal expenses. Reducing internal irradiation is more
reliable and cost-effective than reducing external irradia-
tion. Also, exclusion from the diet of agricultural food
products with radionuclide content above permissible

Table 1. Agrochemical properties of investigated soils
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levels is very important both in social and psychological
aspects and will help to prevent the spread of radio-
phobia among the population. Therefore, we need to
evaluate the efficiency of the wide range of protective
measures developed during the 20-year period after the
Chernobyl accident. The above mentioned approaches to
the analysis of countermeasures efficacy are adduced in
the present work.

2. Materials and methods

The studies were carried out in long-term field ex-
periments on the radioactively-polluted lands of Polessje
and Chernozem zone of the Ukraine in the most contami-
nated regions: Chernigov, Kiev, Zhitomyr, Rovno and
Volyn. Deposition of *'Cs in the soil varies from 34 to
25000 kBg/m® and that of *’Sr — 5-140 kBg/m®. Sod-
podsolic, grey forest and peaty soils are the dominant
types of soil in Polessje. The soils of Chernozem zone are
represented by chernozems. Table 1 shows the agro-
chemical properties of the investigated soils. Soil proper-
ties widely varied, and that allowed to evaluate the
efficiency of countermeasures under different conditions.
Influence of agrotechnical and agrochemical countermea-
sures reducing yield contamination was studied in field
experiments on meadows and arable lands radiocontami-
nated due to the Chernobyl accident. Cultivation and
amelioration of fields were carried out according to the
local agrotechnical and agronomic practices.

Samples of plants were taken in the stage of produc-
tion ripeness during harvesting. Soil samples were taken
at the same time from the upper 20 cm plough-layer on
arable lands, and at 10 cm depth on meadows.

Content Bulk Acidity, | Humus, | Exchan- [Exchan- Extrac- Extract- CEC,
of physi- | density pHkal % geable geable table able cmol/kg
. cal clay, of soil, calcium | magne- potassium phos-
Type of soil Texture % mg/em’ (Ca™), sium (K", phorus
cmol/kg | (Mg™), cmol/kg (P),
cmol/kg mg/kg
Name n
Sod-podzolic Medium | 204 - 1,3-14 | 68-74 | 09-1,6 | 2,4-5,48 ]0,12-0,58 | 0,02-0,26 [12,4-46,3 |2,81-6,46
loam
Sod-podzolic Loamy 948 - 1,2-1,48 | 42-6,8 | 0,724 0,7-4,6 |0,16-1,7 [0,095-0,77 |34,9-156 3-45
sand
Sod-podzolic Sandy 24 - 1,3 49 1,2 0,6 0,25 0,21 101 13,5
Sod-podzolic Medium 36 |[20,1-23,1| 1,2-1,3 | 4,858 | 1,6-1,7 3,245 0,7-1,2 | 0,17-0,28 69-195 6,9-9.4
mid-gley loam
Sod-podzolic Loamy 79 |[105-16,5| 1,3-14 | 53-59 | 1,3-24 3,4-5,5 0,3-1,3 | 0,15-0,33 | 100221 | 4,9-74
mid-gley sand
Sod-podzolic Sandy 186 5,1-7,9 1,3-1,5 | 5,3-58 | 1,6-24 32-55 0,3--0,6 0,1-0,17 140-294 [ 5,9-8,0
mid-gley
Chernozem Medium 185 |33,5-355 1,2 4,7-59 | 5,9-7,0 | 20,1-26,5 | 2,1-3,8 | 0,27-0,43 89-157 | 22,2-35,4
typical loam
Grey forest Medium 42 33,6 1,2 4.8 2.4 6,7 1,4 0,28 80 12,3
loam
Soddy Loamy 10 12,1 1,0 4.8 4,5 4 0,8 0,13 33 17,1
strongly gley sand
Peaty - 48 - 0,1-0,3 | 4,7-6,5 - 2,3-3,7 0,43 0,18-0,61 44-370 5-83
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37Cs content was detected in 100 g of samples by the
gamma-spectrometry method using low-background high
resolution gamma-spectrometers, with passive shielding: a
semi-conducting detector of pure germanium GEM-30185,
and a Ge(Li) detector of GMX-series (“EG&G ORTEC”),
with multichannel analyzers (ADCAM-300; IN-1200). OS¢
was determined by the radiochemical method. Agrochemi-
cal analysis of soils was carried out by standard techniques.
Absorption capacity (T) was calculated by the addition of
the sum of exchangeable bases (S) to hydrolytic acidity
(Hp): T=S+Hy. pH of the salt extract was detected potenti-
ometrically. Exchangeable calcium was also determined
potentiometrically. Humus was determined by the Turine
technique, based on the organic matter oxidation with
chromic acid till the carbon dioxide formation. Determina-
tion of mobile phosphorus was carried out by the Kirsanov
technique. Exchangeable potassium was determined by the
method of Maslova. Statistic processing of the data was
performed by Statistica 6.0 and S-Plus 6 programs [18].

For the estimation of countermeasure efficiency, a
specific data base (DB) “Countermeasures” was devel-
oped that consists of two separate sub-DBs: “Plant pro-
duction” and “Meadow ecosystems”. The sequential
system of differentiated application of countermeasures
for the restriction of radionuclide transfer from the soil to
foodstuffs served as a basis of the conceptual structure of
the DB. The analysis of countermeasure efficiency is
based on the following criteria: a) radiological evaluation
expressed by the reduction factor of a radionuclide con-
tent in a product as a result of countermeasure applica-
tion, and b) productivity evaluation expressed by the
increase factor of a yield as a result of countermeasure
application.

The reduction factor of radionuclide content in
products is the main criterion in estimating the possibility
to produce foodstuffs within local standards and deter-
mining the time period for application of countermea-
sures in zones with various levels of radioactive
contamination. Productivity evaluation is an additional
criterion for the estimation of countermeasure efficiency.

These two criteria are used in the two sub-DBs
“Plant production” and “Meadow ecosystems”. Sub-DB
“Plant production” includes 1328 experiments of coun-
termeasure application on arable lands (Table 2). The
influence of countermeasures on *’Cs and *’Sr accumula-
tion in plant products are described in 1240 and 88 cases,
respectively. Typical agricultural crops for Polessje and
Chernozem zone of the Ukraine were studied and de-
scribed in this DB.

The countermeasures that include application of ag-
rochemical means and change of species and varieties are
the most common in agricultural practices, and they were
most widely used after the Chernobyl accident (Table 3).

The sub-DB “Meadow ecosystems” includes 541 re-
cords of application of countermeasures in a radioac-
tively-contaminated territory (Table 4). The amount of
data for sod-podsolic and peaty soils totals 1825 and 683
records, respectively. The countermeasures were taken on
dry-land meadows in 778 experiments, and on low-land
meadows in 442 experiments.
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Table 2. Number of data by studied plant species, in sub-DB
“Plant production”

Crop Total number of data

Barley spring 20
Bean forage 4
Beet root (food) 4
Beet root (forage) 74
Beet-sugar 2
Buckwheat

Cabbage white head 16
Carrot 2
Clover 32
Corn 160
Flax 4
Lupine 242
Millet 4
Oats 516
Peas 4
Peas-oat mixture 16
Potatoes 64
Radish 2
Radish oil-bearing 10
Rye winter 4
Timothy meadow 30
Tomato 4
Winter wheat 110

Table 3. Number of data by type and subtype of applied coun-

termeasures
Countermeasure classification
Total No.
Type Subtype
Agrochemistry Clay minerals 121
Liming 63
Mineral fertilizers 10
Organic fertilizers 131
Complex application 186
Change of crops Selection of crop species 12
Selection of crop varieties 8
Soil cultivation Ploughing and cultivation 30

Table 4. Total number of data by type of countermeasures in
sub-BD “Meadow ecosystems”

Type of countermeasures Total No.

Complex application with soil cultivation (radical 491
improvement)

Complex application 29
Soil cultivation 3
Complex application with soil cultivation (surface 9
improvement)

Complex application 9
Mineral fertilizers 29
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3. Results and discussion

The general strategy of countermeasure application
is aimed at decreasing human irradiation doses formed
due to the consumption of contaminated foodstuffs. The
value of collective dose averted by the implemented
countermeasures, cost of the averted dose and total costs
of countermeasure implementation are considered as the
criteria of protective measure efficiency [2, 16, 17].

Soil countermeasures are the mostly applied ones at
the present time. These countermeasures are aimed at
decreasing "*'Cs and *°Sr migration through human tro-
phic chains.

Soil amelioration is a simple, inexpensive and effec-
tive method to decrease radionuclide transfer from the
soil to crops. These countermeasures were applied inten-
sively after the great radiation accident at the industrial
association “Majak” (Chelyabinsk, 1957). The most sim-
ple and widely spread complete countermeasures are
radical and surface improvement of meadows. These
protective measures are implemented on the meadows
polluted with Chernobyl radionuclides. Soil amelioration
is represented by agrotechnical and agrochemical coun-
termeasures.

3.1. Agrotechnical measures

Agrotechnical countermeasures are the most avail-
able ones which can be taken urgently on radioactively
contaminated lands. After the accident, the most widely
used agrotechnical measures were as follows: various
types of soil treatment, growing of crop species and va-
rieties with the lowest accumulation of '*’Cs and recla-
mation of abandoned lands. However, the most efficient
measures were the removal of the upper soil layer and
deep ploughing.

3.1.1. Removal of soil

The analysis of our own data and the data of other
authors [7, 11-15] allowed to estimate the efficiency of
the main agrotechnical countermeasures that can be used
after radiation accidents (Fig 1). This figure shows that
the removal of the upper layer of the soil reduces the
radiocontamination of fields more than 120 times.

3.1.2. Deep ploughing

One of the effective agrotechnical countermeasures,
which can be used on radiocontaminated agricultural
lands, is a burial of the upper layer of the soil by deep
ploughing (up to 50-70 cm) with the turnover of the
layer, which permits to decrease the contamination of the
crop yield 540 times (Figs 1, 2). This measure is rec-
ommended for soils with the depth of a fertile layer of
more than 50 cm. Deep ploughing can lead to possible
breakdown of the drainage; it is non-effective for sandy
soils with a thin humus horizon. This measure was not
widely used after the Chernobyl accident because the
depth of the upper fertile layer of most soils was shallow
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(below 20 cm), and soils with the powerful fertile layer
were ploughed without any control.

3.2. Agrochemical measures

Agrochemical countermeasures, i.e. ameliorative
procedures, were accompanied by the changes of agro-
chemical properties of the soil (acidity, absorption capac-
ity of soil-absorbing complex (SAC), content of nutrients,
and content of ions competing with radionuclides in min-
eral nutrition of plants). The efficiency of agrochemical
countermeasures significantly depends on the soil proper-
ties. Therefore, it should be higher for light low-fertile
acidic soils than for fertile, clayey neutral soils.

The usual methods of farming aimed at saving and
increasing the soil fertility, growth of yield, improvement
of plant production quality, as a rule lead to the decrease
of radioactive substance transfer to plants.

The used agrochemical countermeasures can be di-
vided into the following groups, taking into account the
main principles of their action:

¢ liming of acidic soils;
liberal application of mineral fertilizers;
application of organic fertilizers;
application of microfertilizers;
application of adsorbing minerals.

3.2.1. Liming of acidic soils

Lime increases the capacity of cation exchange of
acidic soils due to pH decrease, so the migration mobility
of radionuclides in the soil-plant system decreases. On
the contrary, physiologically acid fertilizers decrease the
capacity of cation exchange and increase radionuclide
transfer to plants.

Application of calcium to the soil decreases Sr
availability due to the decrease of Sr**/Ca®* ratio in soil
solution. Therefore, the best results are obtained in soils
with a low concentration of exchangeable calcium
(<10 mg-eq. Ca**/100 g of soil) and with a relatively low
saturation in SAC. Liming is useful for soils with calcium
content below 10 mg-eq./100 g of soil. It is especially
valid for mineral soils where the rate of Sr** absorption is
higher than Ca™*. In soils with a high content of organic
matter, where Ca**is well absorbed, lime can force stron-
tium out into the soil solution (low probability). Lime
application for the neutralization of acidic soils in
Ukrainian Polessje is the traditional method for support-
ing soil fertility. Achieving high yields of most agricul-
tural crops requires a neutral soil solution. Permanent
ploughing of sod-podzolic and peaty soils leads to their
acidification because of the acidic layer lifting to the soil
surface. Lime (CaCOQj;), dolomite flour, lime-tufa, lake
lime, marl and peaty-tufa were used as lime ameliorants.

The results of our investigation show that radionu-
clide accumulation in the yield, depending on pH of salt
extract and the type of soil, varies: for *’Cs up to 17,5
times, and for *°Sr up to 28 times (Table 5).
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Table 5. Influence of the type of soil and pH of salt extract on radionuclide accumulation in the yield of agricultural crops

Accumulation of radionuclides, relative units, according to the type of soil
Crops* Peaty-bog, Sod-podzolic, Grey forest, Chernozem,
pH =4,0-5,0 pH=4,5-5,5 pH =5,6-6,5 pH =6,6-7,5
137 137+ 90g 137 90g 1375 90g,
Beet root - 12,5 31 5.5 6,5 1,5 4,5
Winter rye 15,5 9,5 155 3,5 21 - 5,5
Winter wheat - 5,5 205 2.5 25 <0,5 16,5
Winter barley 14 6 190 2 25,5 <0,5 10
Cabbage - 12,5 27 2,5 4 1 1
Potato 17,5 7 26 4 20 1 35
Cucumbers - 55 5 1,5 6 1,5 1
Tomatoes 1 10,5 1 4,5 1 1
*moisture at harvesting
Table 6. Influence of countermeasures on >'Cs transfer from %
peaty soil to meadow herbage 250
EH max
Countermeasure Concentration of
) Cs in grass, % 200
Meadow, without countermeasure 100 O min
Disking + plaguing (control) 24,6 1504
Control + Ng, 55,1
100
Control +Pgq 42,8
Control +K 5 7,1 5
Control + Manure 50 t/ha 18,5
Control +Lime 1,5 Hh* 16,5 0 | L | | L
Control +N60 Pgo K120 19,4 E % g ‘q:; % % § .:_%' %:) g
- S R B AR O O
Control +Ngo Pog K20 + Lime 1,5 Hh* 6,1 < g g 2 - I §
: f 0§ £ 8% % E ¢
. . . . 2 3 2z 2 a gz 3B
Radical improvement (with drainage) 2,3 = g g ”,:;- : 2 s 5%
< § § <+ & g

Liming of acidic soils decreases the transfer to
plants of both radionuclides and microelements. Liming
of acidic soils decreases plants contamination in all cases,
but the highest effect was observed in the combination of
liming with fertilization (Table 6). The biggest effect on
natural and semi-natural meadows was found after their
radical improvement, including the destruction of the old
sod and creation of a new one, applying lime and fertili-
zers. The efficiency of this measure was reduction 16,4
times without drainage, and 43,5 times with drainage.

3.2.2. Application of mineral fertilizers

Radionuclide transfer from the soil to plants can be
decreased or increased after the application of fertilizers.
The efficiency of mineral fertilizers depends on their
type.

According to our data, the most effective for sod-
podsolic sandy loam soils was the use of fertilizers that
neutralize the soil solution (Fig 3).

Fig 3. Influence of mineral fertilizers (nitric, phosphorous,
potassium) on '*’Cs transfer from sod-podzolic sandy soil
to the yield of agricultural crops

The addition of fertilizers in the ratio of nutrients is
a common local farming practice and is sufficient to de-
crease radionuclide uptake from poor soils in many cases.
However, application of high doses of fertilizers, includ-
ing nitric ones, leads to the increase of radionuclide trans-
fer to the crop yield (Fig 4). The biggest effect of
fertilizers for the decrease of '*’Cs uptake was observed
at the ratio of nutrients N:P:K = 1:1,5:2. Application of
potassium fertilizers decreases radiocaesium transfer to
crops due to the decrease of Cs/K ratio in the soil solution
because potassium is a chemical analogue of caesium,
and the elements are competing in the root uptake. The
best results were obtained for a soil with a very low con-
tent of available potassium (<8-10 mg/100 g of soil).
Application of potassium as potassium-magnesia was the
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most effective in our studies. But application of increased
doses of potassium fertilizers can lead to the displace-
ment of ”’Cs by potassium ions from ion-exchangeable
zones, and increase of root uptake. Therefore, application
of potassium in doses exceeding 200 kg of an active sub-
stance for 1 ha per year is not recommended.

without countermeasure

control + N60

control + P90

control (ploughing.+disking)

control + N60 P90 K120

control +manure 50 t/ha

control + lime 1,5Hr

control+ K120

control+N60 P90 K120+lime 1,5Hr

radical improvement

—=sn jﬁ

=)

10 20 30 40 50 60 70 80 90 100

Fig 4. Influence of countermeasures on '*’Cs transfer
from peaty-gleic soil to meadow herbage

The efficiency of nitric fertilizers depends on their
chemical form. Application of ammonia salts leads to the
increase of "*’Cs mobility and its accumulation in crops
[19-20]. Increase of *'Cs availability in the soil after the
application of nitric fertilizers in the form of ammonia is
connected with similar radii of hydrated NH;* and Cs*
ions. NH," can substitute Cs* on high absorbing sites of
SAC and displace *’Cs" into the soil solution, increasing
the availability of radionuclides to roots. Hence, it is
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mainly recommended to apply nitric fertilizers as nitrates
in optimum doses, before sowing.

The biggest effect was obtained after applying phos-
phorous in the form of phosphate flour (Fig 3). Applica-
tion of phosphorous fertilizers for peaty soils increased
7Cs uptake by 18 % (Fig 4).

3.2.3. Application of organic fertilizers

Organic fertilizers, such as manure, peaty compost
and sapropel, are often used for melioration of radioac-
tively-contaminated lands. A high efficiency of organic
fertilizers was observed in light mineral soils; organic
fertilizers lead to the increase of absorption capacity of
soils, decrease of their acidity, and promote the formation
of organo-mineral complexes with radionuclides, where
radionuclide forms are unavailable. However, the fraction
composition of humus is very important. Humic and
fulvic acids promote the formation of soluble substances
with univalent ions that results in anomalous high "*'Cs
transfer from peaty soils to crops.

It should be noted that 137Cs transfer from fresh
manure is higher by 1-2 orders of magnitude than its
transfer from the soil; therefore, it is expedient to apply
manure as humus (fall manure). The results of our study
show that the biggest effect (2-3-fold decrease of 137Cs
transfer to agricultural crops) was obtained after applica-
tion of 50 t of manure to a sod-podsolic sandy-loam soil,
together with complete fertilizer and lime (Fig 5).

Applying 50 t/ha of sapropel together with the
complete fertilizer for the same soils was optimum for
these soils, and a 2-fold decrease of *’Cs transfer to agri-
cultural crops was observed [21]. We have estimated that
sapropel is active during 3 years. On the 2™ year after
sapropel application in a rate of 50 t/ha, *'Cs transfer to
maize, beet and lupine decreased 1,9, 3,1 and 1,4 times,
respectively. On the 3™ year "*’Cs transfer to maize dec-
reased 1,7 time.

|

background + lime + sapropel 100 t/ha

background + sapropel 150 t/ha

background + sapropel 100 t/ha

sapropel 100 t/ha

|

background + sapropel 50 t/ha

sapropel 50 t/ha

background + lime + manure, 50 t/ha

background + manure, 50 t/ha

manure, 50 t/ha

I

N60 P90 K120 (background)

o
—_
o
N
o
W
o

S
o
()}
o
[}
o
N
o
®
o

90 100
rel. un.

‘ B3 maize

O oats

O lupine ‘

Fig 5. Influence of organic fertilizers on '*'Cs transfer from sod-podzolic sandy-loam soil to green mass of agricultural crops
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3.2.4. Application of microfertilizers

The province of the Ukrainian Polessje is geochemi-
caly characterized by a low content of microelements (B,
Cu, Co, Mo, Zn, Mn etc.), and liming makes the situation
more complicated. Application of microfertilizers in the
zone of radioactive contamination was performed in order
to measure the improvement of product quality. More-
over, we studied the microelement influence on'*’Cs
migration in soil-plant systems. The results have shown
that most of the tested microelements decreased weakly
Cs transfer to plants, and in some cases a tendency to
increase radionuclide content in the yield was observed
(Mn for pea and Cu for oats) (Fig 6).

140 % Opea

2 B oats
100
80
60+
40+
20+
04

control B Zn Mn Mo Cu

Fig 6. Influence of microelements on '*’Cs accumulation
in vegetative mass of peas and oats from sod-podzolic
sandy-loam soil

3.2.5. Application of adsorbing minerals

This countermeasure includes the application to a
soil of clay minerals with a high sorbing capacity. The
use of immo bilising substances is based on the transfor-
mation of the available radionuclide species into unavai-
lable substances. Application of clay minerals, alumino-
silicates of alkaline and alkaline-earth metals with a big
sorbing surface, increases the absorbing capacity of soils.
Various ions, including ions of radioactive elements, are
absorbed by the soil in exchangeable and non-
exchangeable forms. At the same time calcium and potas-
sium ions move out from minerals to the soil solution and
compete with *°Sr and *’Cs ions in root uptake.

Long-term studies of the influence of various sor-
bing minerals on "*'Cs transfer to agricultural crop yield
were carried out. As it is seen from Table 7, the efficien-
cy of amelioration of a peaty gleic soil is higher than that
of a sod-podsolic soil. The maximum decrease of '*'Cs
uptake due to the ameliorant application for a peaty soil
reached 11 times, however, the rate of decrease for a sod-
podsolic soil did not exceed 2,8 times (Table 7).

The long-term results on the efficiency of different
ameliorative measures are summarized in Table 8.

All these countermeasures were applied in farms du-
ring the first post-accidental period after the Chernobyl
accident. At the present time the implementation of coun-
termeasures is largely confined. The dynamics of coun-
termeasure implementation after the Chernobyl accident
is characterized by the increase of volume of lime and
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fertilizer applications and radical improvement until
1992, when countermeasures were applied on 120 thou-
sand hectares. Since 1993 the financing of the counter-
measure implementation had been reduced, and by 2000
amelioration of radioactively-contaminated lands had
been practically stopped.

Table 7. Efficiency of adsorbing mineral application

Adsorbing minerals and | Rate of decrease of '*'Cs transfer
ameliorants to crop yield
Peaty gleic soil | Sod-podzolic
soil

Sandy soil, 200 t/ha 1,3-5,2 -
Chernozem, 100 t/ha 0,9-11,0 0,9-1,1
Caoline clay, 200 t/ha 1,7-5,9 2,0-2,3
Zeolite, 20 t/ha 1,5-2,5 1,5-2,5
Saponite, 20 t/ha - 1,7-2,3
Glaukonite, 20 t/ha - 1,8-2,3
Bentonite, 20 t/ha 2,7-6,4 1,5-2,8
Vermiculite, 5 t/ha 1,7-2,9 1,6-2,5

Table 8. Average efficiency of countermeasure application in

farming
Decrease of *’Cs
Durability | transfer to crops from
Countermeasures of action, soil, times
years | gody-podzolic| Peaty
soil soil
Radical improvement of 7-10 6 16
meadows
Radical improvement of 7-10 15 43
meadows with drainage
Liming 3 3 2
Complete mineral fertil-
izer 1 2 1,3
Potassium fertilizer 1 2 3
Organic fertilizer 2-3 2 1,5
Mineral and organic fer-
tilizer mix 2-3 2 2
Adsorbing minerals 7-10 2

4. Conclusion

The most widespread countermeasures used after the
Chernobyl accident were soil ameliorations, i.e. simple,
inexpensive and effective methods reducing radionuclide
transfer from the soil to crops. Among them the most
applicable ones were agrotechnical countermeasures,
decreasing the plant production contamination about 20
times. The most effective and widely used agrochemical
measures after the accident were the application of vari-
ous fertilizers that permitted to decrease the radioactive
contamination of production averagely 2—3-times. Potas-
sium fertilizers were the most effective for the decrease
of '¥Cs transfer to the crop yield. Application of sorbing
minerals decreased '*'Cs transfer to crops from a peaty
soil up to 11 times, and from a sod-podsolic soil up to 3
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times. These countermeasures increased the yield and
improved the quality of products. However, the efficiency
of soil-based countermeasures varies for separate sites.
Considering the soil properties and agricultural practice
before application is of great importance.

Radical and surface improvements of natural and
semi-natural meadows were carried out on a large scale.
The biggest decrease of vegetation contamination was
observed after the radical improvement of meadows: 16
times without drainage and 43 times with drainage.

Under the conditions of Polessye zone which has
been exposed to radioactive contamination and where
locally-produced milk is consumed, the main counter-
measure, used in the long-term period after the accident
for the decrease of an effective dose, should be the radical
improvement of meadows. Recommendations on the
countermeasure application should be distributed to the
farmers and authorities in radiocontaminated regions.
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AGROKULTURINIU ATSAKOMUJU PRIEMONIU TAIKYMO RADIOAKTYVIAJA TARSA UZTERSTUOSE
LAUKUOSE RADIOLOGINIS EFEKTYVUMAS

G. Perepelyatnikov, L. Perepelyatnikova, T. Ivanova, L. Kalynenko, N. Grytsyuk, M. Zhurba, V. Davydchuk,
G. Arapis

Santrauka

Agrokultliriniy atsakomyjy priemoniy jgyvendinimas yra vienas i§ pagrindiniy metody, leidZian¢iy sumazinti spinduliavimo
dozes. Apibendrinus informacija apie atsakomasias priemones ir jvertinus turima branduoliniy nelaimiy padariniy $alinimo
patirt{, parodoma, kad po Cernobylio avarijos platiausiai taikomos atsakomosios priemonés buvo dirvoZemio gerinimas. Sie
metodai, padedantys sumazinti radionuklidy pernasa i§ dirvoZzemio i pasélius, yra paprasti, nebrangus ir efektyviis. Agrotech-
ninés atsakomosios priemonés buvo tinkamiausios siekiant sumaZinti augalinés produkcijos uzZterStuma iki 20 karty. Natiiraliy
ir pusiau natiiraliy pievy Sakniniy ir pavirSiniy daliy pagerinimas buvo atliekamas placiu mastu uZterstose dirvose. DidZiau-
sias augalijos uZterStumo sumazéjimas buvo nustatytas pagerinus pieva su ir be drenazo (atitinkamai 43 ir 16 karty). Kitos
efektyvios priemonés yra agrocheminiai metodai. Naudojant jvairias trasas galima sumazinti produkcijos uZterStuma radioak-
tyviosiomis medZiagomis vidutini§kai 2-3 kartus. Kalio traSos buvo efektyviausios maZinant e pernasa i javy derliy. Nau-
dojant sorbcinius mineralus '¥'C pernaga i javus i§ durpingos dirvos sumaZ&jo 11 karty, o i3 veléninio dirvoZemio — iki 3
karty. Be to, Sios atsakomosios priemonés padidino derliy ir pagerino produkty kokybe.

ReikSminiai ZodZiai: radioaktyvusis uZterStumas, 137C, 9°Sr, paséliai, atsakomosios priemonés, efektyvumas.

PAAUOIKOJIOT'HYECKASA Y9OPPEKTUBHOCTb KOHTPMEP, IPUMEHSEMbBIX HA PATMOAKTHUBHO
3AI'PA3HEHHBIX TEPPUTOPUAX

I'. lepenensiTHukoB, Jl. Ilepeneasirankosa, T. UBanoBa, JI. Kaaunenko, H. I'pumtok, M. ’)Kyp6a, B. laBpiauyk,
I'. Apanuc

Peszowme

[TpumeHeHNEe KOHTPMED B CELCKOM XO3SIHCTBE SIBIISIETCS OJHUM U3 OCHOBHBIX METO/IOB, MO3BOJISIOMINX CHU3UTH JI03y 00-
JMy4eHUs HACEJICHWS Ha PaJuOaKTHBHO 3arps3HEHHBIX TeppuTopusax. OO0OLMIMB HAKOIUICHHYIO HWH(QOPMAIHIO O
KOHTPMEpax W Y4YTs ONBIT JMKBHUAALMM TMOCIEACTBHH SAEPHBIX aBapHi, MOXKHO 3aKIIOYHTh, YTO Hauboiee IIHUPOKO
MIPUMEHSIOTCS MOYBEHHBIE MEIHOpaliH. ODTH METOIBl JOCTaTOYHO IPOCTHI, NemeBbl W 3(P(EKTHBHB B CHWKEHHH
Mepexosia PaJvoHYKINIOB M3 IIOYBEI B CEIbCKOXO3SMCTBEHHBIE pacTeHWs. Hambosaee IOCTYNHBIMH SIBISFOTCS
arpoTeXHHYEeCKHe Mephl, CHIDKAIOIINE 3arpsi3HEHHEe pacTUTeNbHOW mponykimu a0 20 pa3. KopHeBoe M MOBepXHOCTHOE
yIlydIIeHHe MPHUPOIHBIX M MOJYHPUPOAHBIX JIYTOB OBUIO TPOBEJCHO HAa OrPOMHOW TEPPUTOPHH, 3arps3HEHHOW Mocie
YepHoObuIbCKOW aBapuu. Haubosbliee yMeHbIIEHHE 3arps3HEHUs BEreTallMOHHOM Macchl JIyroB M HacTOMI
HabII0/1aoCch Tocie KOpHeBoro yiyuiieHus: B 43 pa3a ¢ ocyuieHueM u 16 pa3 6e3 Hero. DbQEeKTHBHBI TaKkKe
arpoxuMuueckue Mepbl. [IpuMeHeHe pa3snuIHEIX yAOOPeHHUH MO3BOMNSET CHU3UTH 3arpsA3HEHNE NMPOIYKIHH B CPEIHEM B
2-3 pa3a. Kanuitaeie yno6penus Hanbonee 3pheKTUBHBI ISl CHIDKEHHS TIepexoa s 8 ypoxaii KynbTyp. IIpuMenenue
COPOUPYIOIMINX MHUHEPANOB TAKKe CHIDKAeT mepexox °'Cs m3 TOpsHBIX mous g0 11 pa3 U W3 IepHOBO-TIOM30THCTHIX
1o4B — 110 3 pa3. bosee Toro, 3TH KOHTPMEPHI MOBHIIAIOT YPOXKall M YITydIIaloT €ro KauecTBO.

Kl04eBble CJI0Ba: PaIHOAKTHBHOE 3arpssHenue, - Cs, “°Sr, celbCKOXO3AIICTBEHHbIE KYIbTYPBI, KOHTPMEPEL, ShdeK-
TUBHOCTb.
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