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Abstract. The wide application of countermeasures in agriculture at different
times after the Chernobyl accident provided an opportunity to estimate the
most efficient means of reducing radionuclide transfer through the chain soil-
plant-animal-man. The choice of countermeasures against the background of
traditional practices was governed by a variety of factors, including the
composition of the radioactive fallout, the soil types, land usage, the time
elapsed since the accident and the economics. The efficiency of the various
countermeasures was assessed in terms of both reduction of individual dose in
the contaminated areas and of the collective dose.

The estimation of the various countermeasures comparative efficiency is
presented, their impact on individual doses reduction and the contribution
reduction of produce produced in the contaminated area into the collective
dose of the population is shown.

1. Introduction

During the first weeks after the Chernobyl accident the experts in agricultural radiology
elaborated for the Ukraine, Belarus and Russia the guidelines for agricultural farming
in the contaminated areas. For the period of 10 years these guidelines were
supplemented and made more precise.

The experience of agricultural farming in the area contaminated with long-living
radionuclides after the Chernobyl accident shows that the implementation of certain
land-reclamation and organizational measures make it possible to produce plant and
animal products within temporary permissible levels of Cs-137 and Sr-90.

The technological cycles of agricultural production provided an opportunity to
perform countermeasures in the key links of the radionuclides transfer through food
chains: - soil - plant, feed - animal, raw materials - ready food products.
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The most critical food product on Cs-137 content in agricultural areas in the
Ukraine, Belarus and Russia after the releases of the Chernobyl NPP appeared to be the
cows milk the contribution of which into the internal dose of the population varies
within the limits of 40-80%.

The variety of soil cover in contaminated areas and the radioactive deposition
heterogeneity cause the differential approach to the choice of countermeasures in all the
three technological links.

2. Countermeasures in the chain soil-plant

2.1 Arable lands

The countermeasures on arable lands are the most available and easily feasible. The
applying of mineral and organic fertilizers does not require additional equipment, the
change in methods of crops cultivating and improves physical and agrochemical soil
properties and also increases the yield of field crops.

For the time period elapsed after the accident the radiocaesium transfer from soil
into plants reduced significantly at the expense of the "aging" processes, migration, the
radioactive decay of Cs-134 (96%) and Cs-137 (19%) and the realization of
countermeasures (Fig. I).
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Fig.l. Cs-137 content related to the contamination density in main field crops (1 - cereals, 2 - potato).

The period of the intensive applying of countermeasures is characterized by the rapid
decrease of Cs-137 uptake into field crops (T1/2 1.0-1.4 y). During the more remote
periods after the accident when the volume of the countermeasures carried out on
arable lands reduced (1991-1995) Cs-137 transfer into plants also became slower
(T1/2 2.8-5.9 y). According to the estimate of R.M. Alexakhin el al [1] the
countermeasures contribution into the total rate of Cs-137 transfer reduction on arable
land is up to 57%.

In table 1 the comparative estimate of countermeasures efficiency on arable lands in
the contaminated areas in Russia, the Ukraine and Belarus is presented [1,2,3,4].

The experiments carried out within ECP-2 project on the lands of the three CIS
countries showed the efficiency of the traditional countermeasures (the applying of
manure, phosphorous-potassium fertilizers in increased doses).
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Table 1.
Effectiveness of agrochemical countermeasures for three settlements in CIS countries

Countermeasure

Liming, 1.5 Hg

Fertilizers N60P90K120, 1.0:1.5:2.0

Manure, 60 ton per hectare

Liming, Fertilizers N60P90K120

Liming, Manure

Liming, Fertilizers N6OP9OK120,
Manure

Manure, Fertilizers N60P90K120

Soil type

Mineral
Organic

Mineral
Organic

Mineral
Organic

Mineral
Organic

Mineral
Organic

Mineral
Organic

Mineral
Organic

Reduction of root uptake transfer

Belarus

1.3-2.5

1.1-2.8

1.4-2.8

1.5-2.3

1.5-3.0

2.0-3.9

2.8-6.5

Russia

1.6-2.3

1.5-2.2

1.3-2.6

2.0-2.7

1.7-2.9

2.3-3.6

2.1-3.7

Ukraine

1.5-2.5
2.0-3.0

1.5-2.2
1.4-2.4

1.2-2.5

1.8-3.5
2.0-4.0

1.5-3.0

2.5-4.7
2.7-5.2

2.0-3.6

The attempt to reduce Cs-137 uptake from soil into plants by means of applying of
clay minerals: bentonite, clynoptilolite and zeolite appeared to be ineffective. It is
accepted to consider the clay minerals mentioned above as caesium-selective sorbents
and that was confirmed by the laboratory experiments while the imitation of fresh
caesium fallout. However, during quite a long period (8 y) the process of Cs-137 "aging"
have taken place that was confirmed by the reduction of mobile forms, i.e. the fixing of
it with native clay minerals. Just because of this the applying of additional clay minerals
in soddy-podzolic soils under natural conditions did not make an impact on the
reduction of Cs-137 uptake into plants [5].

Thus, during the remote period after the accident the most effective and expedient
countermeasures for arable lands are countermeasures aimed at the increase of their
fertility. They are available, traditional and are covered by the increase of the yield.

Within the program of the Chernobyl accident consequences liquidation the
following volumes of countermeasures are financed (thousand, ha):

Ukraine 1994 Russia 1994 Belarus 1995

Liming 10.3

Additional applying of P 8.3

14.8 260

800.5

Additional applying of K 8.3 56.8 1239
To reduce the production of crops accumulating the radionuclides intensively in the

contaminated areas cereal-leguminous and leguminous perennial grasses were excluded
from the crop rotation. The part of technical crops, including oil-yielding rape-seed
increases.

2.2. Meadows and pastures

As it was mentioned above, the cows milk is one of the main dose-forming food
products. That is why it is necessary to use countermeasures reducing radionuclides
uptake in feeds to decrease internal irradiation doses. Meadows and pastures used for
milk and meat production occupy about 60% of the total balance. Therefore the
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applying of countermeasures on meadows and pastures (the radical improvement of
natural meadows and resowing of grasses on cultivated lands) contributes the most
greatly into the reduction of irradiation doses of the population in the contaminated
areas.

The results of various methods efficiency of the radical improvement of meadows on
mineral and peaty soils [6,7] are presented in Fig. 2 and 3. All the methods of soil
processing in combination with various methods of applying of lime and mineral
fertilizers give stable reduction (3-5 times) of Cs-137 and Sr-90 accumulation in the
herbage of meadows on mineral soils. The radical improvement of meadows on peaty
soils gives a sharp decrease of Cs-137 uptake in cultivated grasses. However, these
methods are not effective in relation to Sr-90.
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(Bq/kg:kBq/sq.m)

TF Sr-90
(Bq/kg:kBq/sq.m)
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Fig. 2. Efficiency of different methods of the radical improvement of meadows on mineral soils for
Cs-137 and Sr-90 reduction in herbage dry weight (Bq/kg : kBq/m2). Control - natural meadow, Variant 1
- 6 t/ha of lime on the sod, disking, Variant 2 - 6 t/ha of lime on the sod (Sr-90 did not determine in 1992
and 1993), N30 P»° K120, disking, Variant 3 - K2S0 on the sod, ploughing, N30 P90 K120 + 6 t/ha of lime
on the sod.
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Fig. 3. Efficiency of different methods of soil treatment and fertilization for Cs-137 and Sr-90
reduction in herbage dried weight on peaty meadows (Bq/kg : kBq/m2). Control - natural meadow,
1 . N 6 0 ?60 K120, disking, 2 - K250, disking, N60 P60 K120 , 3 - ploughing, N60 P60 K120, 4 - K250,
ploughing, N60 P60 K120.

The investigations carried out by the other authors confirmed the reliability of these
countermeasures [8,9,10], the implementation of which made it possible to reduce
sharply the production volumes of contaminated milk (table 2).
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Table 2.
Milk production in the collective sector with Cs-137 content exceeding TPL, thousand t

Year

1986

1987

1988

1989

1990

1991

1992

1993

1994

Ukraine

78*

61*

62*

1*

0*

0*

0*

Russia

110.9*

96.8*

95.9*

74.8*

48.8*

10.97*

6.2*

1.6*

0.59*

Belarus

524.6*

308.9*

193.3*

69.6*

7.2*

22.1**

9.4**

14.9***

12.4***

Note: * - TPL 370 Bq/1, ** - 185 Bq/1, *** - 111 Bq/1.
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Fig. 4. Dynamics of activity reduction in milk produced on natural and cultivated meadows.
1 - natural meadows, 2 - cultivated meadows, 3 - production data.

Dynamics of activity reduction in milk produced on natural and cultivated meadow
lands is presented in Fig. 4. The half-periods of milk calculated for these curves are 4
and 1.3 y, respectively.

Curve 3 reflects the exponential recession of milk activity under real conditions with
the half-period of 2.1 y and sums up the relative contribution of 2 types of meadows.

The radical improvement of meadows not only reduced the activity of produced milk
but also accelerated the rates of its 'cleaning'. The results presented indicate that the
potentialities of countermeasures have not been realized fully.

The means for the radical improvement of meadows and pastures are allocated at the
expense of the state in the following volumes (thousand. Ha): Ukraine (1994) - 52.7,
Russia (1994) - 6.9, Belarus (1995) - 95.0.
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3. Countermeasures in the chain feed - animal

Though the radical improvement of meadows and pastures is a reliable method of the
radionuclides uptake reduction into the feeds for animals but not all natural lands can
be cultivated. It concerns the forest and boggy pastures where it is very complicated to
perform the radical improvement and sometimes even impossible. In this case the
selective sorbents preventing from the absorption of radionuclides in the gastro-
intestinal tract are introduced into the diet of animals. The most wide-spread and well-
known are caesium-selective sorbents of a number of ferric hexacyanoferrates (Prussian
Blue, ferrocyn, Giese salt, Nigrovich salt).

The Prussian Blue and ferrocyn have the high selectivity and absorption capacity.
Within the joint project realized by IAEA, FAO, Agricultural University of Norway

and Radiation Hygiene Institute of Norway, Belarussian Research Institute of
Agricultural Radiology, Ukrainian Research Institute of Agricultural Radiology, All-
Union Research Institute of Agricultural Radiology and Agroecology there were
carried out the investigations on the applying of ferrocyn in the composition of boli and
salt licks in order to reduce Cs-137 content in milk and muscle tissues of cattle.

The investigations in the three CIS countries showed the reliability of such
countermeasures and the stability of the effect. Cs-137 content in milk and muscle
tissues of cattle decreases 2-5 times [11, 12].

The technology of the production of boli and salt licks with Prussian Blue was given
to Ukraine, Russia and Belarus by K.Hove.

In Belarus the boli production and the wide-scaled application of them was
organized with the financial support of the Ministry of Agricultural Products and
Goskomchernobyl. The Veterinary-Pharmaceutical Council elaborated and approved
the scientific-technical documentation on the application of boli, salt licks and
concentrates with Prussian Blue.

Boli and concentrates for dairy cows the production of which is paid by the state are
used in the private sector the most widely.

In Russia the compounds on the basis of Prussian Blue are given to 11,000 cattle and
in Ukraine - for 1,500 cattle.

In Belarus 100,000 boli and 4,000 t of concentrates are produced for 30,000 cattle.
Table 3.

Production of meat with Cs-137 content exceeding TPL (thousand t).

Year Ukraine Russia Belarus

21.1

6.9

1.45

0.6

0.08

1994 0 0.012 0.0026

One of the most widely applied countermeasures in cattle-farming since the first
months of the post-accidental period is the feeding of uncontaminated forage during
the final fattening of livestock [13]. The implementation of this countermeasure made it
possible to reduce the volumes of contaminated meat in 1988 up to insignificant
quantities and during the following years to solve this problem practically (table 3).

1986

1987

1988

1989

1990

6.41

1.28

0.168

0.064

0.017

5.4

5.7

1.5

0.3

0.04
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In the collective sector to produce milk with the levels meeting the requirements of
the permissible levels of Cs-137 and Sr-90 content it is a practice of the diets rate setting
according to the radionuclides content.

4. Countermeasures in the chain raw material - ready food produce

The common primary and technological processing of agricultural produce and also the
methods of cooking result, as a rule, in the reduction of contamination of ready food
products.

Thus, milling of wheat, rye and barley grain to white flour decreases twice the
radionuclides content in the final product, the milling of oats gives 3-fold reduction and
the processing of cereals for spirits practically excludes the radionuclides content in the
final; product.

The peeling of potatoes decreases Cs-137 and Sr-90 content in peeled tubers by 20%
and the processing of tubers into starch reduces the radionuclides content in the final
product up to 2%.

The processing of milk into butter and into cream decreases Sr-90 and Cs-137
content in the final product up to 1% and 5-7% respectively [14].

The processing of contaminated raw food products can reduce the radioactivity in
many kinds of foodstuffs and is especially effective under the conditions of mass
production. While estimation of the total result of processing by-products and waste
products the use of which for feeding animals must be controlled should be taken into
account.

Thus, the whole complex of countermeasures in the technological links of
agricultural production provide an opportunity to manage the processes of production
and use of agricultural produce for various purposes, ensuring by this the reduction of
irradiation doses.

5. Countermeasures efficiency for the individual and collective doses reduction.

As milk makes up to 80% of average annual individual dose from the internal
irradiation of the population living in the contaminated areas the most effective
countermeasures are those aimed at making of cultivated meadows and pastures.

In table 4 the comparative evaluation of internal irradiation doses from milk after
the radical improvement of meadows is presented.

Since the moment of using of herbage from the cultivated pasture during the
following 5 years the averted individual doses makes up 0.089 mSv. For all this the milk
component contribution during the 5th year is 4 times lower on cultivated pastures as
compared with natural ones.

Currently the necessity of countermeasures application is more important on a
private farm as the products produced just in this sector condition the internal
irradiation dose of a villager.
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Table 4.

Average annual doses of internal irradiation conditioned by the milk component
with the contamination level on pastures of 37 kBq/m2 (mSv/y).

Years

1989*

1990

1991**

1992

1993

1994

1995

Total 1991-1995

Pasturing of cattle on natural
meadow

0.06

0.048

0.04

0.035

0.033

0.03

0.028

0.166

Pasturing of cattle on a meadow
after radical improvement

0.06

0.048

0.03

0.018

0.013

0.009

0.007

0.077

Note: * - radical improvement of the meadow has been carried out.

** - the use of one has been started

As a rule, the commodity agricultural produce produced in the contaminated areas is
purchased by the state and exported to other regions for consumption if the
radionuclides concentration in it does not exceed the permissible levels.

Nevertheless, the total Cs-137 activity in such produce can form the collective dose
(table 5).

Table 5.
Efficiency of countermeasures complex for the reduction of the collective dose exported from the typical

farm with the agricultural lands contamination level of 370 2

Product

Grain

Potato

Milk

Grain

Potato

Milk

Grain

Potato (starch)

Milk (cream)

Milk (butter)

Square,
ha

740

200

1200

Produc-
tivity,
kg/ha

3000

20000

820

TF,
kg/m2

0.1

0.05

0.4

Total
Q,

MBq

82.1

48.1

145.6

Countermeasures in chain soil-plant

740

200

1200

740

200

3000

20000

2460

0.07

0.03

0.1

Food processing

3000

20000

0.07

0.03

58.7

28.9

109.2

58.7

28.9

109.2

109.2

Food
Proc.

Reten-
tion, F

-

-

-

-

-

0.5

0.02

0.05

0.01

Export,
Q,%

50

50

90

50

50

90

50

50

45

45

Export,
dose

man-Sv

0.58

0.34

1.84

2.76

0.42

0.20

1.38

2.00

0.21

0.004

0.035

0.007

The activity of natural products (grain, potato, milk) exported from the farm while
countermeasures applying in the chain soil-plant decreases by 28%. The processing of
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raw materials into other kinds of food products can make the exported collective dose
10 times less. Therefore to reduce the export of activity over the boundaries of the
contaminated territory it is expedient to perform the processing in the place of active
raw materials production.

Thus, the countermeasures in the chain soil-plant are effective for the reduction of
individual doses of the population living in the contaminated areas. For the collective
dose reduction the contribution of the processing is the most significant.
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