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The ef¿ciency of various countermeasures (radioprotective measures) in agricultural production at the
radionuclide-contaminated territories after the radiation accidents in the South Ural, at the Chernobyl NPP and
NPP Fukushima I are compared. The inÀuence of these accidents on the decreasing of radionuclides uptake
and accumulation in plant-breading and animal-breeding products, and consequently, on internal radiation
dose for the human being due to foodstuffs varies in different conditions and mainly depends on radionuclide
composition of contamination, soil type and manufacturing pro¿le of production.
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One among the most severe environmental implications of the radiation incidents (nuclear weapon explosions, emergencies in the nuclear power plants) is the
radioactive contamination of agricultural land and natural ecosystems, i.e. meadows, pastures, forests, since
soil is not only the ¿rst and basic link, whereto radionuclides fall from the atmosphere, but also their storage
battery and depositor. The radionuclides begin their
way to the human body and form the internal radiation
dose just from it by means of plant growing and animal
breeding products via trophic chains. In the population inhabiting within the radionuclide-contaminated
territories the part of internal radiation dose obtained
with food products can be up to 70-90 per cent of total
radiation dose [1]. That is why, development and implementation of special radioprotective steps (or, countermeasures) decreasing the transition of radionuclides
into plant growing and animal breeding products is the
basic way of radiation dose reduction for the agrarian
manufacturing.
The emergencies in the South Ural, at the Chernobyl NPP, NPP Fukushima I (Fukushima Daiichi) have
in common not only their immensity, as these are the
greatest radiation emergencies during the entire nuclear
power history [2, 3], but also their agricultural effect,
even more, forest agricultural, while all three occurred
in the agrarian-developed zones signi¿cantly covered
with forests (Table 1). Thus, the population of the radionuclide-contaminated territories is mainly the rural
inhabitants often obtaining many times as large internal radiation dose, than the city dwellers, as a result
of the local agrarian products and also natural forest
72

food consumption. So, the radiation dose obtained not
only by the inhabitants of rural localities, but also the
city population also consuming these products depends
on the implementation of the countermeasures in the
agrarian production directed toward the decrease of radionuclides entering and accumulation in plant growing and animal breeding products. Consequently, the
agriculture manufacturers bear responsibility for radiation safety of the state population.
Even during the so-called Kyshtym emergency mitigation in the South Ural, at the Mayak Enterprise in the
Chelyabinsk Region, that occurred in 1957, the basic
managerial and agrarian-technological principles of
agricultural production within the radionuclide-contaminated territories have been developed. The so-called
countermeasures, or radioprotective methods contributed to the decrease of the radionuclides accumulation in food products were approved for plant growing and animal breeding [4]. They successfully passed
tests under the conditions of after-emergency period in
the contaminated zone of the Chernobyl NPP, were improved and augmented [5–7]. In the Polissia zone, on
the radionuclide-contaminated sod-podzol soils of the
various degree of podzolization, and also acid peat-bog
soils, poor practically in all nutrients, such methods
as liming, introduction of the increased standards of
phosphoric and potassium fertilizers, organic fertilizers, used both separately, and in various combinations,
allow decreasing the entering of 137Cs into the plants
in 2.5–4 times, while 90Sr – in 1.5–2.5 times, and consequently, decreasing the internal radiation dose of the
human-being in 1.5–3 times [5–8].
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But these measures proved to be inef¿cient under
conditions of the radionuclide contamination of agricultural land as a result of the NPP Fukushima I emergency, where the loamy and clay red soil of heavy texture with the powerful humus horizon predominate.
First, these soils are slightly acid, close to neutral pH,
that is why, liming insigni¿cantly inÀuences on the radionuclides mobility. Secondly, under conditions of the
land contamination as a result of the Chernobyl NPP
emergency the lime, as the source of calcium, acts as
90
Sr radiation blocker. But this very radionuclide is
practically absent in the emergency ejections at the
NPP Fukushima I. For the same reason, there is no need
for the introduction of the increased standards of the
phosphoric fertilizers, as their effect is connected to the
formation of the weakly-dissoluble secondary and tertiary phosphates of 90Sr. Thirdly, these soils are considerably greater provided with the nourishing elements,
including potassium, so the introduction of both the potassium and organic fertilizers insuf¿ciently inÀuences
on entering of 137Cs into plants [9]. And, fourthly, due
to high content of the humus (up to 6 per cent), macroand micro-elements, powerful soil absorbing complex,
these soils are capable of this radionuclide’s ¿xation
and its acceleration of its so-called “aging” – transition
into the state almost inaccessible for the plants. The latter, surely, should be carried to the positive qualities of
these soils, since it gives evidences on their high autorehabilitative potential.
All mentioned above suggests that if only the radiation accident in the territory of Ukraine occurred not

in the Polissia zone, i. e. in the forest zone, but in the
steppe, where powerful chernozem soils predominate,
its consequences would be considerably less not only
in the agriculture, but also in total. This is another
evidence of the very unsuccessful selection of place
for building of the Chernobyl NPP and necessity for
thorough comprehensive approach for similar issues.
As the practical experience of the ¿rst years stated, in
Japan such methods, as the deep-plowing with a trench
plow or specially designed so-called soil horizons mixer proved to be effective (Fig. 1). This mounted equipment allows removing the upper contaminated layer at
thickness up to 20–25 cm and moving it at depth of
0.5–0.7 m by the trench plow and 0.8–1 m by the soil
horizons mixer [10].
Among ef¿cient steps are: the upper contaminated
ground layer removal in thickness up to 3–5 cm (Fig.
2) [11], covering the surface with sorbent materials
followed with their collection and removal [12], water
turbidity in the rice paddy¿elds with its subsequent selection and cleaning from radionuclides [13], as well.
These measures allow cleaning soil radionuclides,
decreasing their transition into the plants ten times or
even more, and consequently, lessen the internal radiation dose of the human-being for 3–5 times.
Such well-known and even described in the textbooks methods, except for the last one, were tested and
applied at the radionuclide-contaminated agricultural
land after emergencies in the South Ural and at the
Chernobyl NPP. Concerning the deep-plowing method

Table 1. Common and Distinctive Characteristics of Three Greatest Radiation Accidents
Characteristic

Mayak Enterprise

Chernobyl NPP

NPP Fukushima I

Emergency Location
Year
Date
Region
Geographic zone
Regional economic pro¿le
Emergency facility
Radioactive emission cumulative volume, Bq
INȱS emergency coef¿cient
Long-lived radionuclides
Radionuclides’ physical-chemical state
Contaminated territory
square, thousand km2
Wind direction in the moment of the emergency
Prevailed soils

ex-USSR, Chelyabinsk Region
1957
September, 29
Asia
Forest
Crop farming, forestry
Radioactive waste storage
7.4 ǜ 1016

ex-USSR, Kyiv Region
1986
April, 26
Europe
Forest
Crop farming, forestry
NPP
5.3 ǜ 1018

Japan, Fukishima Prefecture
2011
March, 11
Asia
Forest
Crop farming, forestry
NPP
1.4 ǜ 1018

6
Sr
Aerosol, hydrosol
90

7
Cs, 90Sr, 239Pu
Aerosol

137

7
Cs
Aerosol
137

23

195

55

NE

NW

NW

Grey forest, leached chernozem

Sod-podzol, peat-bog

Red soil, forest
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Fig. 1. Deep-plowing method with soil horizons mixing
(Japan)

Fig. 2. Upper contaminated ground layer removal (Japan)

with soil horizons mixing, it is suitable for the fertile
soils with powerful humus layer typical for the Fukushima Prefecture [14]. Though, as the Chernobyl experience proved, this technique was not suitable for the
light texture sandy and sandy loam soils in the Polissia. Its drawback under these conditions is the actual li74

quidation of the fertile horizon and the large power requirement of the technology that needs the use of heavy
muling vehicles.
The rest of the measures causes huge amount of radioactive wastes requiring utilization or burial. The
removal of only 3–5 cm of soil layer within 1 hectare
of agriculture land results in 300-500 m3 of radionuclide-contaminated soil, about 500í700 tons of total
weight.
As may well be imagined, what will happen to a ¿eld
of sod-podzol sandy soil in the Polissia zone, where the
fertile layer is measured by the depth of the arable horizon, after the application of the soil horizons mixer. Or,
just picture the piles of radioactive soil after the upper
5-cm layer removal.
Both the research works and rehabilitative measures
implemented in Japan are caused by struggle for each
are (100 m2) of agricultural land (in Japan there are 4
ares of arable land per capita, while in Ukraine – almost 70 ares per capita). Relatively small amounts of
contaminated soil are stored in the large plastic bags
and temporarily placed within the concrete constructions limiting it as the source of external radiation in
Japan. There are attempts to decrease the amount of
such wastes due to the burning-out of radioactive cesium from the soil by heating in special furnaces at temperature 1300 °C with their subsequent catching with
¿lters, concentrating and burial. It is believed that the
mineral product appearing after soil burning-out can be
used both as a construction material and also for road
furnishing. However, the usefulness of this technology
is negligible thus far [15] and, of course, it is also very
energy-consuming.
Both under conditions of emergencies at the Mayak
Enterprise, or Chernobyl NPP and at NPP Fukushima
I the soil phyto-decontamination techniques has demonstrated its low effectiveness. It means cleaning
from radionuclides by means of those plants cultivation, which have the high ability to accumulate radionuclides while forming large biomass (sunÀower,
amaranth, lupine and others) [16, 17]. Moreover, its application is also accompanied with the formation of radioactive wastes in immense amount. Furthermore, in
whole it is acknowledged inadvisable to use the plants –
radionuclides accumulators for soil cleaning [18].
In the animal production forage improvement is
highly effective for the limitation of the radioactive
cesium accumulation in milk and meat due to the
meadows and pastures management, especially radical one, also addition of enterosorbent, in particular
hexacyanoferrate (Prussian blue) to the nutrient budget
of animals, ¿rst of all the cattle. As the experience of
the Russian [19], Belorussian [20] and Ukrainian [1]
scientists, also con¿rmed by the Japanese researchers
[21–23] proves, these methods allow to reduce the rate
of 137Cs in production of animal breeding for 3–6 times
and so, decrease the radiation dose of the human-being
correspondingly.
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Table 2. Multiplicity of Radionuclides Rate Decrease in the Agricultural Products, and so – the Radiation Dose For the
Human-Being, Applying the Countermeasures
Multiplicity of Rate Decrease in
Agricultural Products

Countermeasures

Cs

137

Deep-plowing method with soil horizons mixing
Upper contaminated ground layer removal
Acid soils liming
Introduction of the increased standards of potassium fertilizers
Introduction of the increased standards of phosphoric fertilizers
Introduction of organic fertilizers
Meadows and pastures radical management
Addition of hexacyanoferrate to the nutrient budget of animals
Milk dehydration
Meat, vegetables, mushrooms, etc boiling-out
Clean nutrient budget of animals for one month before butchering

Table 2 gives the averaged data on the inÀuence of
separate basic countermeasures on the radionuclides
accumulation decrease in plant growing and animal
breeding products taken in whole and based on the
experience of the Ukrainian, Russian, Belorussian
and Japanese scientists. While taking into account the
average rate of various agricultural products in the diet
of an ordinary person (no doubt, the diets in the Fukushima Prefecture and Ukrainian or Belorussian Polissia is dif¿cult to be compared), it was tried to estimate
approximately the multiplicity of the radiation dose
decrease due to one or another countermeasure applying the standard methods of estimation and calculation
of internal radiation dose for the human-being [8]. The
results give evidences on the great potential of the ef¿ciency of the latter.
It should also be mentioned that the combinations
of separate countermeasures, for example, liming and
simultaneous introduction of potassium, phosphoric
and organic fertilizers or, forage improvement together
with hexacyanoferrate addition to the animals diet, and
so on, have not been researched yet. Indisputably, the
strengthening effect will be observed in that case, since
the decreasing mechanisms of the radionuclides transition into products are various, although it is not worth
expecting their additivity, as simple summation. However, some combinations allow to hope for the probability of the internal radiation dose reduction for the
human-being by an order less.
Clean nutrient budget of cattle for one month before
butchering allows to decrease the 137Cs content in meat
twice, and the same for two months – for four times.
The particular role in cleaning of agrarian products
can belong to the primary cooking and processing con-

6–10
4–8
1.5–4
2–4
0–1.5
2–3
2.5–10
2–8
10–30
1.5–3
2

Sr

Approximate
Multiplicity
of Radiation
Dose Decrease

3–7
3–6
1.5–2.5
0–1.5
1.5–2.5
1.5–2
2–6
–
5–10
1.5–3
0–1.5

3–5
2–5
2–3
1.5–2.5
1.5–2
1.5–2
2–5
1.5–4
3–5
up to 1.5
up to 1.5

90

cerning some kinds of plant growing and stock breeding products: in particular, to the meat, vegetables,
mushrooms boiling-out during 10–30 min, the milk
dehydration, as it is the basic supplier of radionuclides,
due to the serum and skim milk separation. That allows
to delete up to 90 per cent of radionuclides.
Conclusions. 28-year experience of the Chernobyl
NPP emergency consequences minimization in the
agrarian sphere together with three-year experience of
Japan (the latter is not so small – judging from the large
amount of the executed works) give clear evidences on
the necessity of the differentiated approach to the application of the peculiar countermeasures in the case of
the agricultural land radioactive contamination in the
result of the radiation incidents. This approach can be
determined by many factors, but ¿rst of all – the radionuclide composition of contamination, the physicalchemical state of radionuclides, soil type and regional
economic pro¿le.
ɉɨɪɿɜɧɹɥɶɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɤɨɧɬɪɡɚɯɨɞɿɜ
ɜ ɚɝɪɚɪɧɨɦɭ ɜɢɪɨɛɧɢɰɬɜɿ ɧɚ ɡɚɛɪɭɞɧɟɧɢɯ
ɪɚɞɿɨɧɭɤɥɿɞɚɦɢ ɬɟɪɢɬɨɪɿɹɯ
ȱ. Ɇ. Ƚɭɞɤɨɜ
e-mail: ingudkov@ukr.net
ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɛɿɨɪɟɫɭɪɫɿɜ ɿ
ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ ɍɤɪɚʀɧɢ
ȼɭɥ. Ƚɟɪɨʀɜ Oɛɨɪɨɧɢ, 15, Ʉɢʀɜ, ɍɤɪɚʀɧɚ, 03041
ɉɨɪɿɜɧɸɽɬɶɫɹ ɟɮɟɤɬɢɜɧɿɫɬɶ ɪɿɡɧɢɯ ɤɨɧɬɪɡɚɯɨɞɿɜ (ɪɚɞɿɨɡɚɯɢɫɧɢɯ ɞɿɣ) ɩɪɢ ɜɟɞɟɧɧɿ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɧɚ ɡɚɛɪɭɞɧɟɧɢɯ ɪɚɞɿɨɧɭɤɥɿɞɚɦɢ ɬɟɪɢɬɨɪɿɹɯ
ɭ ɡɨɧɚɯ ɪɚɞɿɚɰɿɣɧɢɯ ɚɜɚɪɿɣ ɧɚ ɉɿɜɞɟɧɧɨɦɭ ɍɪɚɥɿ, ɑɨɪ-
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ɧɨɛɢɥɶɫɶɤɿɣ Ⱥȿɋ ɿ Ⱥȿɋ «Ɏɭɤɭɫɿɦɚ-1». ɉɨɤɚɡɚɧɨ, ɳɨ
ʀɯɧɿɣ ɜɩɥɢɜ ɧɚ ɡɧɢɠɟɧɧɹ ɧɚɞɯɨɞɠɟɧɧɹ ɿ ɧɚɤɨɩɢɱɟɧɧɹ
ɪɚɞɿɨɧɭɤɥɿɞɿɜ ɭ ɩɪɨɞɭɤɰɿʀ ɪɨɫɥɢɧɧɢɰɬɜɚ ɿ ɬɜɚɪɢɧɧɢɰɬɜɚ
ɬɚ, ɜɿɞɩɨɜɿɞɧɨ, ɧɚ ɮɨɪɦɭɜɚɧɧɹ ɞɨɡɢ ɜɧɭɬɪɿɲɧɶɨɝɨ ɨɩɪɨɦɿɧɟɧɧɹ ɥɸɞɢɧɢ ɡɚ ɪɿɡɧɢɯ ɭɦɨɜ ɧɟ ɽ ɨɞɧɚɤɨɜɢɦ ɿ
ɡɚɥɟɠɢɬɶ, ɝɨɥɨɜɧɢɦ ɱɢɧɨɦ, ɜɿɞ ɪɚɞɿɨɧɭɤɥɿɞɧɨɝɨ ɫɤɥɚɞɭ
ɡɚɛɪɭɞɧɟɧɧɹ, ɬɢɩɭ ʉɪɭɧɬɿɜ ɬɚ ɩɪɨɮɿɥɶɧɨʀ ɫɩɪɹɦɨɜɚɧɨɫɬɿ
ɿ ɫɩɟɰɿɚɥɿɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɪɚɞɿɚɰɿɣɧɿ ɚɜɚɪɿʀ, ɑɨɪɧɨɛɢɥɶɫɶɤɚ Ⱥȿɋ,
Ⱥȿɋ «Ɏɭɤɭɫɿɦɚ-1», ɚɝɪɚɪɧɟ ɜɢɪɨɛɧɢɰɬɜɨ, ɪɚɞɿɨɧɭɤɥɿɞɢ,
ɪɚɞɿɨɚɤɬɢɜɧɟ ɡɚɛɪɭɞɧɟɧɧɹ, ɤɨɧɬɪɡɚɯɨɞɢ.
ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɧɬɪɩɪɢɟɦɨɜ
ɜ ɚɝɪɚɪɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɚ ɡɚɝɪɹɡɧɟɧɧɵɯ
ɪɚɞɢɨɧɭɤɥɢɞɚɦɢ ɬɟɪɪɢɬɨɪɢɹɯ
ɂ. ɇ. Ƚɭɞɤɨɜ
e-mail: ingudkov@ukr.net
ɇɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɛɢɨɪɟɫɭɪɫɨɜ
ɢ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ ɍɤɪɚɢɧɵ
ɍɥ. Ƚɟɪɨɟɜ Ɉɛɨɪɨɧɵ, 15, Ʉɢɟɜ, ɍɤɪɚɢɧɚ, Ʉɢɟɜ, 03041
ɋɪɚɜɧɢɜɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɤɨɧɬɪɩɪɢɟɦɨɜ (ɪɚɞɢɨɡɚɳɢɬɧɵɯ ɞɟɣɫɬɜɢɣ) ɩɪɢ ɜɟɞɟɧɢɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɡɚɝɪɹɡɧɟɧɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɚɦɢ ɬɟɪɪɢɬɨɪɢɹɯ ɜ ɡɨɧɚɯ ɪɚɞɢɚɰɢɨɧɧɵɯ ɚɜɚɪɢɣ
ɧɚ ɘɠɧɨɦ ɍɪɚɥɟ, ɑɟɪɧɨɛɵɥɶɫɤɨɣ Ⱥɗɋ ɢ Ⱥɗɋ «Ɏɭɤɭɫɢɦɚ-1». ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɫɧɢɠɟɧɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɢ ɧɚɤɨɩɥɟɧɢɹ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɩɪɨɞɭɤɰɢɢ
ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɚ ɢ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,
ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɨɡɵ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɱɟɥɨɜɟɤɚ
ɡɚ ɫɱɟɬ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ, ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟɨɞɢɧɚɤɨɜɨ ɢ ɡɚɜɢɫɢɬ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɨɬ ɪɚɞɢɨɧɭɤɥɢɞɧɨɝɨ ɫɨɫɬɚɜɚ ɡɚɝɪɹɡɧɟɧɢɹ, ɬɢɩɚ ɩɨɱɜɵ ɢ ɩɪɨɮɢɥɶɧɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɢ ɫɩɟɰɢɚɥɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɞɢɚɰɢɨɧɧɵɟ ɚɜɚɪɢɢ, ɑɟɪɧɨɛɵɥɶɫɤɚɹ Ⱥɗɋ, Ⱥɗɋ «Ɏɭɤɭɫɢɦɚ-1», ɚɝɪɚɪɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɪɚɞɢɨɧɭɤɥɢɞɵ, ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ, ɤɨɧɬɪɩɪɢɟɦɵ.
REFERENCES
1. Twenty-¿ve years after Chernobyl accident: Safety for
the future (National report of Ukraine). – Kyiv : KIM,
2011. – 328 p.
2. Prister B. S. Safety – absolute priority in atomic energy //
Safety in Technosphere. – 2012. – N 5. – P. 10–17.
3. Yarovyi S. S., Skalozubov V. I. Estimate of radioactive
environmental impact as a result of heavy emergencies
at the NPP Chernobyl and Fukushima I // Ecological
Sciences. – 2013. – N 3. – P. 98–113.
4. Gulayakin I. V., Yudintseva E. V. Agricultural radiobiology. í Mosɫow : Kolos, 1973. – 272 p.
5. Prister B. S. The Consequences of accident at the
76

Chernobyl NPP for agriculture of Ukraine. – Kyiv :
CPER, 1999. – 103 p.
6. Prister B. S., Gudkov I. M., Tarariko Yu. O. Particularities
housekeeping of agriculture at radionuclide-contaminated
territories in consequence of accident at the Chernobyl
NPP // Scienti¿c securing of steady development of
agriculture in the Ukrainian Polissia. – Kyiv : Alefa,
2004. íVol. 2. – P. 662–722.
7. Housekeeping of agriculture at radionuclide-contaminated territories in consequence of the Chernobyl
catastrophe in the distant period (Guideline / Ed. B. S.
Prister. – Kyiv : Atika-H, 2007. – 196 p.
8. Gudkov I. M., Khaichenko V. A., Kashparov V. O.,
Kutlakhmedov Yu. O., Hudkov D. I., Lazarev M. M.
Radioecology. – Kherson : Oldi-plus, 2013. – 462 p.
9. Nakao A., Ogasawara S., Sano O., Ito T., Yanai J.
Radiocesium sorbtion in relation to clay mineralogy of
paddy soils in Fukushima, Japan // Sci. Total Environ. –
2014. – 468í469. – P. 523–529.
10. Nagasakan Y., Kobayashi K., Watanabe Y. Decontamination method using agricultural machinery and
implement // Int. Sci. Symp. on Combating Radionuclide
Contamination in Agro-soil Environment: Materials. –
Tokyo : MAFF, 2012. – P. 305–311.
11. Endo K. Research of the radioactive substance removal/
reduction technology in the Fukushima Prefecture
(animal production) // Int. Sci. Symp. on Combating
Radionuclide Contamination in Agro-soil Environment:
Materials. – Tokyo : MAFF, 2012. – P. 346–352.
12. Yoshioka K. Research and development of radioactive
substance removal/reduction technology in the Fukushima Prefecture (land and crops) // Int. Sci. Symp.
on Combating Radionuclide Contamination in Agrosoil Environment: Materials. – Tokyo : MAFF, 2012. –
P. 329–338.
13. Naka T. Development of decontamination technologies
for farmland soil – Physical decontamination // Int. Sci.
Symp. on Combating Radionuclide Contamination in
Agro-soil Environment: Materials. – Tokyo : MAFF,
2012. – P. 312–316.
14. Nakanishi T., Matsunaga T., Koarashi J., AtarashiAndoh M. 137Cs vertical migration in deciduous forest
soil following the Fukushima Dai-ichi Nuclear Power
Plant accident // J. Environ. Radioact. – 2014. – 128. –
P. 9–14.
15. Ohsugi T., Nakashio N., Okoshi M., Tokizawa T.,
Nakayama S., Kimura T. Partitioning behavior of Cs
during pyrolysis process of plant matter and soil // Int.
Sci. Symp. on Combating Radionuclide Contamination
in Agro-soil Environment. Materials. – Tokyo : MAFF,
2012. – P. 375.
16. Kimura N. Approach to countermeasures for reducing
radiocaesium contamination in agricultural soil and

AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 2014

COMPARATIVE EFFICIENCY OF COUNTERMEASURES IN AGRICULTURE
crops // Int. Sci. Symp. on Combating Radionuclide
Contamination in Agro-soil Environment. Materials. –
Tokyo: MAFF, 2012. – P. 300–301.
17. Suzuki Y., Saito T. Phytoremediation of radiocesium
in various soils using cultivated plant // Int. Sci. Symp.
on Combating Radionuclide Contamination in Agrosoil Environment. Materials. – Tokyo : MAFF, 2012. –
P. 403.
18. Aleksakhin R. M. About International scienti¿c symposium on liquidation of consequences of soil and
agricultural sphere radioactive contamination // Radiation biology. Radioecology. – 2012. – 52, N 3. – P. 335í
336.
19. Annenkov B. H., Egorov A. V., Ilyazov R. G. Radiation
accidents and liquidation of their consequences in agrarian branch. – Kazan : Fen, 2004. – 408 p.
20. Quarter century after the Chernobyl catastrophe: Results

and perspectives of overcoming (National report of ther
Republic Belarus). – Minsk : Ministry of Extraordinary
Situations of the Republic Belarus, 2011. – 90 p.
21. Togamura Y. Reducing radionuclide contamination of
forage crops // Int. Sci. Symp. on Combating Radionuclide
Contamination in Agro-soil Environment. Materials. –
Tokyo : MAFF, 2012. – P. 319–328.
22. Matsuzawa T., Muto K., Yoshida Y., Takase T. Plowing
meadow inhibit absorption of radioactive cesium // Int.
Sci. Symp. on Combating Radionuclide Contamination in
Agro-soil Environment. Materials. – Tokyo : MAFF, 2012. –
P. 412.
23. Oinuma H., Yanai K., Matusuyama H., Miyaji M. Effect
of zeolite and bentonite on radioactive caesium in daily
forage budget of the cattle // Int. Sci. Symp. on Combating
Radionuclide Contamination in Agro-soil Environment.
Materials. – Tokyo : MAFF, 2012. – P. 416.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 2014

77

