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INTRODUCTION

The explosion at the fourth power generating unit of the Chernobyl Nuclear
Power Plant is the greatest nuclear accident in the world history. As for the scale of
the radioactive emission and its consequences, it exceeded the most serious accidents
in Windscale (Britain, 1957), Three Mail Island (the USA,1979), industry complex
«Majak» (USSR,1957).
The result of the disaster touched upon a number of countries to a different
extent; consequently, it gives us the right to speak about its global character. It
caused most damage to the Ukraine, Belarus and Russia. But Belarus was exposed
to much more danger as compared with its neighbors. Therefore the consequences
of the Chernobyl catastrophe in Belarus are more adequately characterized by the
terms «catastrophe» or «national ecological disaster».
The overcoming of the consequences of the Chernobyl catastrophe has become
a matter of state significance for Belarus. Problems of population activity of the
affected territories are in the focus of legislative and executive authorities, the
President of the Republic of Belarus. All practical activity is conducted within State
Programs designated for mitigation of the Chernobyl consequences funding of
which is covered by the state budget.
Now, twenty years after the disaster the major problems are settled, but a
number of tasks need solving. Recently the fourth State Program for 20062010
has been started. Its acceptance is the best evidence that the Chernobyl problems are
still of top priority in the Republic of Belarus.
This report is dedicated to International Conference «Chernobyl: 20 Years
After. Strategy of and Sustainable Development of the Affected Region» (April 19
21 2006). The report provides an objective information of the Chernobyl consequences
in the Republic of Belarus, efforts of the Government aimed at their overcoming,
outcomes of the conducted activity, as well as problems having been still unsolved.
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1. THE CHERNOBYL ACCIDENT AND THE RADIOACTIVE
CONTAMINATION OF BELARUS
M.G. Germenchuk, V.L. Gurachevsky, O.M. Zhukova

1.1. THE ACCIDENT AT THE CHERNOBYL NUCLEAR POWER PLANT
The Chernobyl nuclear power plant consisted of 4 reactors, type RBMK, with thermal capacity
3200 MTV each. In 1986 15 reactors of the kind were exploited; those were the basement for a considerable
part of the nuclear power engineering in the USSR.
After more than 2 years of ordinary operation the fourth block was to be stopped for systematic
repairs. While the reactor was being stopped, experimental tests of one of the turbo-alternators were
being carried out. The aim of the tests was to check the possibilities of the rotor mechanic energy for
inner necessities of the energy block in conditions of de-energizing.
While the experimental test was being performed on 26 April 1986, at 01, 23 min, 40 sec. (Moscow
time), catastrophically rapid increase of capacity began. The two following thermal explosions resulted in
the destruction of the reactor, the reactor block and the machine premises, as well as in the appearance
of numerous fire centers.
The explosions caused the fall out of radioactive material blew into the sky. The fall out was an
extended process consisting of some stages. The activity of the fall out abated only in 10 days, when the
fragments of the graphite laying stopped burning.
The total activity of the released radioactive substances is estimated to 1019 Bq. The activity of the
released iodine-131 was (1,2  1,7) * 1018 Bq, cesium  137  3,716 * 10 Bq.
In 19861990 great work on clarifying of the reasons for the disaster and its consequences was
done. At the international conference «10 years after Chernobyl accident  results of the catastrophe
consequences», held in Vienna (Austria) in April 1996, the following facts were stated. «The main
reasons for Chernobyl catastrophe were the coincidence of serious shortcomings in the projects of the
reactor construction and the system of its stopping with infringements of operation rules».
Among the major shortcomings of the reactor construction is the absence of means which allow
preventing the breakdown at deliberate cut-offs of the automation and violation of operation rules.

1.2. FORMATION OF THE RADIOACTIVE CONTAMINATION
The process of the radioactive pollution of the earth surface included 3 stages: the fall out of the
radioactive substances of the catastrophe, their spreading or transferring and falling. The products of the
accident are fragments of constructive elements of the reactor, microparticles, and gases.
At these stages the products behaved in a different way. Radioactive products in the form of fragments
fell close to the destroyed reactor.
Microparticles of a comparatively big size (the diameter of some tens microns) fell mostly at a
distance of some tens kilometers from the reactor. Mostly these are so-called «hot» particles, which have
stuff, close to the stuff of irradiated partially working off fuel. Their activity reached tens thousand Bq.
Insignificant number of «hot» particles, the size of some units of microns spread fairly far; they were
registered even in Sweden.
Physical characteristics affected the portion of small particles and their spreading: the release of
easily-melting elements (iodine, tellurium, cesium) was tens, and hard-melting (plutonium and so
on)  units of percents. The most shifting elements spread over hundreds and thousands kilometers.
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The fallout was lasting a long time, so its spreading was affected by both difficult, rapidly changing
weather conditions and succession of processes at the spot of the accident. At the place of the catastrophe
at the moment of explosion the air at ground surface was static, but at the height of more than a
kilometer south-eastern winds were blowing at a speed of 510 m/ñ. The main part of the microparticles
rose as high as 12001300 meters. So by the evening on April, 27 the fall out reached Scandinavian
countries. (Fig. 1.1) Changing its direction and shape, during the following two days it happened to be in
Central European countries, and after a change in the wind direction  at the Balkan Peninsula.
Belgium, the Netherlands, Great Britain, Turkey, Israel, Kuwait and other countries were affected by
radiation.
The most shifting particles rose very high. Getting down to the ground, they managed to circle the
Earth several times and spread all over the Northern hemisphere in some months. Surely, the most fall
out was close to the reactor - on the territory of the Ukraine, Belarus and Russia. The level of pollution
in European countries is considerably lower. But even in Japan and the USA radioactive substances were
found in some amount. All this witnesses the global character of Chernobyl disaster.
In the course of time the fall out went through some stages. As a result of the explosion there
happened an initial fall out of fuel,
fragments and working substances of the
reactor. At the same moment radioactive
gases (mostly xenon) were almost fully
thrown out. From April, 26 to May, 2 the
activity of the fall out abated to some extent.
At this period the main isolation of gas
isotopes of iodine and cesium was taking
place. From 2 to 5 May as a result of graphite
burning, deterioration of convective cooling
the active zone heated up to 2500
2800° C, and the activity of the fall out
increased again. At this stage a considerable
number of radioactive isotopes of hardmelting elements were released. The
substances, thrown upon the reactors from
helicopters, also released: sand and clay
(1760 t.), lead (1400 t.), compound boron
B4C (40t.). From 5 to 6 May, after blockage
of the reactor shaft, the activity of the fall
out reduced about 100 times.
Rains are the most effective means of
washing radioactive substances out of
atmosphere. 98% of particles, size of 25
microns, i.e. microparticles, fell with rain.
In spring 1986 it did not rain often. In those
places, where it rained, there was a
considerable preci pitation of radioactive
substances. So spots of radioactivity appeared.
There are 3 main centers of pollution:
Central, Bryansk  Belarusian, and KalugaTulaOrel (Fig. 1.2). The central focal
occurred during initial active stage of fallout.
Two other focals were formed on April
Fig. 1.1. Formation of the radioactive contamination
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2829 1986 due to fallouts with rain. The spots
are specified by the following features. Their
radionuclide content is not the same, it is defined
by the distance and direction from the place of
the accident demonstrating changes in the content
of the fallout with progress of the accident and
dynamics of meteorological situation.
The falling out are of mosaic, stridently nonhomogeneous nature: the intensiveness of the spots
as well as the areas within one spot can differ
greatly. Sometimes, the spots situated far away
from the place of the accident have more
intensiveness, than those, placed closer. It also
occurs due to the pointed peculiarities of the
formation and spreading of the fall-out. The
dominant radionuclide within the spots is cesium137.
Full information about the contamination of
Europe with radioactive cesium is given the «Atlas
on the contamination of Europe with cesium after
Chernobyl catastrophe», created by European,
Russian, Belarusian, and Ukrainian scientists
under the aegis of the European commission.

Fig. 1.2. Cesium-137 content (more than 555 kBq/m2)

1.3. THE FALLOUT OF SHORT-LIVED ISOTOPES
Short-lived radionuclide, iodine-131 first of all, deserves special attention. The amount of the shortlived isotopes (circonium-95, iodine-131, barium-140, and lantanium-140) in fall-outs is considerably
higher than the amount of the long-lived isotopes. As a result, they determined the main part of the
radiation dose. The activity of the iodine-131 fall-out amounted 5060 % of the total activity within the
reactor.
In spite of light winds, iodine-131 had been found in Brest and Vitebsk by the 26 of April, and two
days later also in Gomel, Minsk and Mogilev. It was mainly transferred to the west and north-west and
reached Denmark and Sweden. In south direction transfer near ground surface practically did not take
place, therefore radiation background in Kiev did increased weak up to 30 April. But light aerosols were
brought to the altitude of 5 km, reached the Black sea, got into the zone of the thunderclouds due to the
rainfalls and formed the hearth of contamination in the regions of Odessa and Kherson.
Iodine-131 contamination was observed on the huge territory. Baltic countries, Hungary, Georgia
were damaged. In the beginning of May higher level of radioactivity was registered in Krasnojarsk and
even in Khabarovsk, Vladivostok, Juzhno-Sakhalinsk and Japan.

1.4. RADIOACTIVE CONTAMINATION OF BELARUS
Explosion of the Chernobyl reactor resulted into radioactive contamination of huge territories of
the Republic. The first weeks after the accident the extremely high levels of radiation caused by shortlived isotopes, first of all iodine-131, were registered all over the country. In the next period the
radioecological situation was determined by long-lived isotopes, including cesium-137, strontium-90,
trans-uranium elements: plutonium-238, 239, 240, 241, and americium-241. This situation is the
characteristic of the present moment and years to come.
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Fig. 1.3. The contamination of the territory of Belarus with iodine-131 (reconstruction) estimated on 10 May, 1986

1.4.1. The Contamination with iodine-131
According to the data of the Hydrometeorology Department of the Ministry of Natural Resources
and Environment Protection of the Republic of Belarus in April  May in 1986, the highest levels of
the iodine-131 fallout in the nearest to the Chernobyl NPP zone took place in the Bragin, Khoiniki,
Narovlya districts of the Gomel region, where its content in the soils constituted 37000 kBq/m2 and
more (estimated on 10 May, 1986). South-western and northern districts of the Gomel region and some
districts of the Mogilev and Brest regions had also the significant contamination (Fig.1.3.).
As a result the significant increase in gamma-radiation dose rate was estimated practically on the
whole territory of Belarus. In some settlements it reached 0,5 mSv/h which is several thousand times
higher than the natural radioactivity background. The contamination with iodine-131 led to high thyroid
gland radiation doses obtained practically by all the population of Belarus ( so-called «iodine blow») and
significant increase of the thyroid pathology, especially in children.

1.4.2. The contamination with cesium-137
The analysis of the radioactive contamination of Europe with caesium-137 shows that about 35% of
the Chernobyl fallout of this radionuclide comes upon on the territory of Belarus. Before the accident
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Fig. 1.4. The contamination of the territory of Belarus with caesium-137 (1986)

the contamination of the territory of Belarus with cesium-137 made up from 1,5 kBq/m2 to 3,7 kBq/m2
in individual spots. After the Chernobyl accident cesium-137 content in soil exceeded
10 kBq/m2 on 136,5 thousand km2 (66 % of the territory of Belarus).
According to the current legislation one of the criteria for contamination area (see part 7.1.) is the
exceeding cesium-137 content equals to 37 kBq/m2. Such exceeding was registered for 23% of the
Belarus territory (Fig. 1.4.).
In comparison with the Ukraine the corresponding amount is 7%, and with the European part of
Russia it is 1,5%. It happened that more than 3600 settlements were in the contaminated area including
27 towns with the population 2,2 million people in 1986, that is about one fifth of the whole population
of Belarus. The Gomel (1528 settlements), Mogilev (866) and Brest (167) regions turned out to be the
most contaminated.
The peak level of soil contamination with cesium-137 amounted to 60000 kBq/m2 was observed in
separate settlements both in the nearest (the Bragin district of the Gomel region) and in the far areas
(the Cherikov district of the Mogilev region).
In January 2004 the area of the contamination of Belarus with cesium-137 of the level more than
37 kBq/m2 amounted to 41,11 thousand km2 or 19,75% of the territory.
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Fig. 1.5. The contamination of the territory of Belarus with strontium-90 estimated for 2005

As a result of the natural radioactive decay of cesium-137 the area of the radioactive contamination is
gradually decreasing. The Hydrometeorology Department of the Ministry of Natural Resources and
Environment Protection of the Republic of Belarus has made predictive maps of the contamination with
cesium-137 for 2016 and 2046. By 2016 the area of the contamination of Belarus with cesium-137
content of 37 kBq/m2 and more will have decreased by 1,5 times as compared with the original one, and
by 2046  by 2,4 times.

1.4.3. The contamination with strontium-90
The contamination of the territory of Belarus with strontium-90 is of more local nature in comparison
with caesium-137 (Fig. 1.5.). The levels of soil contamination with this radionuclide exceeding 5,5 kBq/m2
(this is also the legislatively established criterion for area contamination) were found out on the area of
21,1 thousand km2 in the Gomel and Mogilev regions, which is 10 % of the territory of Belarus.
Strontium-90 content reached 1800 kBq/m2 within the 30 km zone of the Chernobyl NPP (Khoiniki
district of Gomel region).
In the North of Gomel region (Vetka district) strontium-90 content was 137 kBq/m 2. As for
Cherikov district of Mogilev region which is 250 km from Chernobyl NPP this content was 29 kBq/m2.

11

Fig. 1.6. The contamination of the territory of Belarus with transuranium elements estimated in 2005

1.4.4. Contamination with transuranium elements
The density contamination by plutonium-238, 239, 240 more than 0,37 kBq/m 2 (legislatively
established criterion for the contaminated areas ) is spread over 4,0 thousand km2, or almost 2% of the
territory (Fig. 1.6.) These are the areas mainly in Gomel region (Bragin, Narovlya, Khoiniki, Rechitsa,
Dobrush and Loev districts) and Cherikov district of Mogilev region. The highest levels of contamination
are observed within the 30 km zone from the Chernobyl NPP, in particular in Khoiniki district  over
111 kBq/m2.
Due to the natural radioactive decay of plutonium-241 increase activity americium-241 is increasing.
The prediction shows that by 2058 specific activity of americium-241 will have exceeded the total activity
of all isotopes of plutonium by 1,8 times.
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2. RADIOECOLOGICAL CONSEQUENCES OF CHERNOBYL DISASTER
V.S. Averin, V.J. Ageyets, A.V. Baraboshkin, I.M. Bogdevich, M.G. Germenchuk, V.L. Gurachevskij,
O.M. Zhukova, V.A. Ipatiev, L.N. Karbanovich, E.F. Konoplya, V.P. Kudrashov, Y.V. Putyatin

The fallout of radionuclides after the Chernobyl Accident caused complicated radioecological
environment on the considerable part of the territory of Belarus. On these territories radionuclides are
registered practically in the components of all ecosystem. They are involved in geochemical and trophic
cycles of migration and lead to population irradiation. The latest years consumption of foodstuff
contaminated by radionuclides became the main factor of internal irradiation. The only possible way to
maintain radiation safety of population is to carry out a system of countermeasures and first of all  in
agricultural production.

2.1. SOIL CONTAMINATION AND AGRICULTURAL PRODUCTION PROBLEMS
ON AFFECTED TERRITORIES
The system «soil-plant» is one of the major and initial steps of ecological cycle for radionuclides
transfer to a human body. One of the significant processes at this step is radionuclide migration that
means soil radionuclides movement in vertical or horizontal directions, and also their redistribution
among various chemical forms.

2.1.1. Vertical and horizontal radionuclide migration in soil
The reasons of radionuclide migration in vertical or horizontal directions are:
 entering into soil with atmospheric preci pitations;
 the capillary phenomena;
 diffusion;
 their transfer within the root systems of plants;
 soil animals activity
 human activity.
Parameters of vertical migration allow to estimate the duration of radionuclide location in the rootinhabited soil layer, potential of aquifers pollution, change of gamma dose rate owing to radionuclide
penetration in subsoil.
Nowadays most nuclides, fallen out on soil, are located in its top layers. Vertical migration in soil of
137
Cs and 90Sr goes very slowly. The average speed of such migration makes 0,30,5 cm year-1, therefore
practically there is no threat to aquifers. Migration intensity of 90Sr in most cases is slightly higher than
for caesium-137. Rates of migration increase with soil moisture growth.
On non-arable lands the main radionuclide quantity is concentrated in the upper 5-centimetric
horizon. In agricultural soils practically all radionuclides are located in plough-layer. In the immediate
future, root-inhabited soil layer self-remediation through vertical migration will be insignificant.
Maximal depth of migration is marked in sod-gley, sod-peat-gley and peat soils. In most cases depth
of radionuclide penetration does not exceed 15 cm, in peat soils penetration on depth of 35 cm and more
(fig. 2.1) is observed.
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Fig. 2.1. Dynamics of 137Cs and 90Sr migration by the profile of non-arable peat-marsh drained low-lying type soils
(in % of total content)

It should be noted that the great number of «hot» particles with small solubility and mobility fell out
in the nearest to the destroyed reactor area.
For last years significant distinctions in redistribution of physical and chemical forms of radionuclides
for the basic soil types is not noted, that indicates the certain dynamic equilibrium. The basic radionuclide
quantity will stay in root-inhabited soil layer and will be plant-available for long period.
Reduction of the radionuclide amount in root-inhabited soil layer occurs both due to their vertical
migration, and to natural decay. Therefore to predict radiological situation including calculation of
irradiation doze, the so-called effective period of half-decontamination is used i.e. the period in which
the amount of radionuclides in soil layer decreases twice taking into account their decay.
Horizontal migration occurs with a wind, fires, surface water flow, flood and rain streams. Human
economic activity is the certain factor in horizontal moving of nuclides. All these factors lead to gradual
decontamination of some parts of land and to pollution of other ones.
The main radionuclide quantity moves with fine soil fraction (dust) in surface air by means of wind
erosion or deflation. Processes of deflation arise at critical wind speed: for mineral soil  5-6 m s-1, for
the reclaimed peatbogs  89 m s-1. On average during a year on the polluted territories of Belarus
winds with speed over 5 m s-1 form 21% of their general number, and soils liable to deflation occupies
over 20% of arable lands. Transfer of melkozem during the spring-summer period is especially active.
Maximal radionuclide accumulation due to deflation is observed in places where wind speed sharply
varies: on valley bottoms, leeward slopes.
Migration owing to water erosion  with rain preci pitations and melted flow  for some relief
elements leads to radionuclide concentration change in arable layers of soil. Especially it affects crops in
average and bottom part of slopes. In cereal-grass crop rotations the density of soil contamination in
surface transfer zone increases for 2025 %, under cultivated crops  up to 75%. Surface transfer
with melted flow occurs less than with rains.
Thus, horizontal migration is capable to lead to secondary soil and plant contamination and should
be considered in agricultural production. As a countermeasure it is possible to use system of soil-protective
crop rotations and special soil cultivation with periodic deep (up to 40 cm) subsurface tillage of subsoil.
It allows reducing secondary pollution of the soils and losses of humus.
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2.1.2. Transfer of radionuclides from soil to plants
Transfer of radionuclides into plants is influenced essentially their compounds form in soil. There
are four forms: water-soluble, exchangeable (ammonium acetate extraction), moveable (weak solution
of hydrochloric acid extraction), immovable (bound or fixed). If radionuclides are in one of the first
three mentioned forms, their transfer to plants is possible.
The relative radionuclide quantity in plant available forms changes eventually, in many respects it is
defined by soil type and varies for cesium and strontium radionuclides. It has become known that in the
first years after the Accident there was a decrease of available fractions of 137Cs in various soils, and 10
years later some stabilization was registered. In soddy-podzolic loamy soils with high content of clay
components the part of available forms of 137Cs over a last period has been considerably decreased in
comparison with 1986 and does not exceed 5%. The main radionuclide part is in the fixed form,
including form implantated into crystal lattice of clay minerals. In sod-podzolic sandy loams and sands
soils part of available forms is 1020 %. The content of available forms of 137Cs in peat soils is approximately
the same or more. This area occupies about 13% of territory of the Republic.
The part of available forms of 90Sr (mainly exchangeable) generally increased. It reaches about 70%,
in sod-podzolic soils and about 50%  in peat soils.
The part of mobile forms of plutonium and americium is 10% and 13% .
The specified features are typical also for radionuclides transfer factors from soil to plants. Transfer
factors are used to predict contamination of agricultural production. It depends not only on density of
contamination, but also on soil type, level of soil moistening, granulometric composition and agrochemical
properties, biological peculiarities of cultivated crops and thus require periodic specification.
Essential influence on radionuclide accumulation by all agricultural crops renders parameters of soil
fertility. At increase of humus content in soil from 1 to 3,5% transfer of radionuclides into plants reduces
1,52 fold; and while increasing the content of moveable potassium from low (less than 100 mg Ê2Î
per kg of soil) to optimum (200-300 mg/kg)  in 23 fold (fig. 2.2, 2.3.).
Radionuclide transfer to crops essentially depends on granulometric soil composition. On sandy soils
radionuclide transfer to plants is approximately twice higher than from loams, especially at low soil
supply of moveable potassium (fig. 2.4).

Fig. 2.2. Dependence of radionuclide specific activity in hay of perennial grass on the humus content under density of soil
contamination by 137Cs  370 kBq m-2, 90Sr  37 kBq m-2
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Fig. 2.3. Dependence of transfer factors of 137Cs into clover green mass from moveable potassium
content in sod-podzolic loamy sand soils

Fig. 2.4. 137Cs transfer into oat grain in sod-podzolic soils of various granulometric compositions depending
on their moveable potassium content

Conditions of soil moistening influences greatly the radionuclide accumulation by agricultural crops.
On over-moistened sandy soils dominating in the Belarusian Polessye, high degree of grass forages
contamination is observed for even relatively less radionuclide-polluted soils. On the cultivated areas of
loess and moraine loams which are more typical for the Mogilev and Minsk regions, it is possible to
obtain products with the permissible 137Cs content up to 740-1110 kBq m-2.
Transfer of radionuclides from soil to plants also strongly depends on biological peculiarities of
cultivated crops. The same 137Cs content in winter rye grains is 10 fold lower, than in seeds of spring
rapeseed, and 24 fold lower in comparison with lupine grain. Multi ple differences are observed in
accumulation of 90Sr by cereals and legume crops (fig. 2.5).
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Fig. 2.5. Radionuclides uptake by crops on sod-podzolic loamy sand soils with density
of 137Cs  370 kBq m-2 and 90Sr  37 kBq m-2

Variety differences in radionuclide accumulation are also significant, though less notable. For example,
various sorts of summer rape differ by 2-3 fold in caesium-137 accumulation, by 4 fold in 90Sr, which
also should be taken into account in agricultural production on contaminated lands.

2.1.3. Methods to limit penetration of radionuclides into plants
Obtaining production with radionuclide content within the limits of admissible levels is the main task
of running of agricultural production on contaminated lands. With this purpose, a complex of special
protective measures allowing to lower the radionuclides concentration in agricultural production has
been designed.
Selection of cultures and varieties with minimal accumulation of radionuclides is the most accessible
means to decrease the radionuclide penetration from soil into the crop.
By the degree of caesium-137 accumulation by dry matter of plants, the following descending
succession is established: motley grass of water-logged meadows, lupine green masse, perennial cereal
grasses, green mass of rape, clover, pea, tare, oats straw, green mass of corn, grain of oats, barley,
potatoes, fodder beet, grain of winter rye and wheat. By accumulation of strontium-90, accordingly:
green mass of clover, lupine, pea, rape, tare, perennial cereal grasses, straw of barley, green mass of
winter rye, fodder beet, green mass of corn, straw of oats, of winter rye, grain of barley, oats, winter
rye, potatoes.
The established regularities form a basis for placement of cultures on fields and formation of crops
structure and crop growing specializations. In the Republic typical schemes of crop rotations depending
on level and character of soil contamination with radionuclides are developed. Use of variety features of
agricultural crops, on the one hand, allows to increase efficiency of hectare of an arable land, with
another  to expand an area of culture cultivation with the purpose of food grains (fig. 2.6).
Soil cultivation. Deep tillage which reduces radionuclides transfer into plants 510 fold, in conditions
of Belarus had limited application due to the dominance of weak humus soil horizons. After deep tillage
the subsequent cultivation is conducted on smaller depth. On overpacked eroded and temporarily abundant
humidified soils it is appropriate to apply periodic deep loosening or fissuring.
In haylands and pastures, where after radionuclide fallout the contaminated root mat was tilled
down, at subsequent meadow formation tillage is inadmissible. It is necessary to realize superficial milling
and rolling down together with grass sowing or renovation of herbage by seeding grasses into the root
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Fig. 2.6. Accumulation of 137Cs by spring wheat varieties at density of sod-podzolic loamy
sand soils contamination 370 kBq m-2

Fig. 2.7. Accumulation of 90Sr in clover green mass depending on the acidity degree of sod-podzolic
loamy sand soils at density contamination 37 kBq m-2

mat. Root and surface improvement of meadowlands is an efficient measure allowing decreasing at least
twice the transfer of radionuclides from soil into the perennial grass.
Liming of acid soils. Addition of lime is an effective way of decrease transfer of 90Sr from soil into
plants. Depending on the initial acidity degree of soils, liming ensures a decrease of radionuclides transfer
into yield from 1,5 to 3 fold (fig. 2.7).
The minimal radionuclides accumulation in crop production is observed at optimum parameters of
soil acidity (ðÍ), which for sod-podzolic soils make: for clay and loamy soils  6,06,7; for sandy
loams  5,86,2; and for sands  5,65,8. For peat and mineral soils of hayfields and pastures the
optimal parameters of ðÍ make accordingly 5,05,3 and 5,86,2. Rates of lime are differentiated according
to soil types, their granulometric composition, acidity and density of contamination with 137Cs and 90Sr.
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Fig. 2.8. Influence of increasing rates of potassium and organic fertilizers on 137Cs content
in green mass of corn at density of contamination 370 kBq m-2

Fig. 2.9. Accumulation of 90Sr by spring wheat grain depending on soil acidity and potassium fertilizers
at density of soil cotamination 37 kBq m-2

Fertilizers. Application of organic fertilizers reduces radionuclides transfer from soil into plants down
to 30%. In contaminated soils it is inexpedient to use all kinds of organic fertilizers providing the yield
increase which is paying back expenses for their application.
Depositing of increased rates of potassium fertilizers into poorly supplied with exchange potassium
soils reduces caesium-137 transfer into plants to 2 fold, and strontium-90  1.5 fold. Efficiency of
potassium fertilizers noticeably increases at a background of organic fertilizers and lime application (fig.
2.8, 2.9).
Application of potassium fertilizers is differentiated depending on soil type, content of exchange
potassium and density of radionuclides pollution. In lands with high content of mobile potassium forms,
it is expedient to apply minimal rates of fertilizers for support of optimum potassium content in soils.
Reduction of radionuclides transfer from soil into plants also is promoted by phosphoric fertilizers,
especially in soils with low content of mobile phosphates.
An important role is allocated to regulation of nitrogen nutrition of plants. Lacking of available
nitrogen in soil results in yield decrease, and radionuclides concentration in production slightly raises
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Fig. 2.10. Efficiency of nitrogen fertilizers at cultivation of perennial grass on peat soils under density
of soil contamination by 137Cs  370 kBq m-2 , 90Sr  37 kBq m-2

(fig. 2.10). On the other hand, high rates of nitrogen fertilizers strengthen radionuclides accumulation in
plants. For optimization of nitrogen fertilizers rates it is necessary to carry out soil and vegetative
diagnostics.
Slow-acting forms of fertilizers have proved to be rather effective for decreasing radionuclides and
nitrates contamination in crops. Their application allows to decrease accumulation of caesium and strontium
in plants by 1030% and get a crop 3050% higher in comparison with the usage of standard fertilizers.
In cereals and perennial grass the applications of preparations on the basis of associative nitrogen-fixing
bacterial strains is effective and allows to save 2040 kg of nitrogen of mineral fertilizers per hectare of
crops and decrease yield contamination down to 2550%.
Micro-fertilizers also promote decrease in radionuclide transfer into agricultural crops. Especially
effective are not-root dressing with manganese sulfate of perennial grasses on limed soils which allows to
decrease radionuclide accumulation in green forage and hay by 3040%.
Plant protection. Measures on chemical plant protection against pests, diseases and weeds also lead
to decrease in radionuclide accumulation in production. Integrated system of plant protection allows 40
% decrease of radionuclides transfer into plant production due to yield increase (fig. 2.11).
For cereals and potatoes in conditions of radioactive soil contamination it is expedient to include
mineral salts (potassium chloride, calcium nitrate) and growth stimulators of humus nature (peat
oxidate, oxi- and hydrohumates) in the technology of protection. This method reduces pesticides
consumption by 3040 % at the same efficiency of their influence and in a greater degree reduces
radionuclides transfer into crops.
Management of water regime. In case of over-moistened lands drainage is the important method to
reduce radionuclides content in agricultural crops. For the majority of peat and mineral bogged soils the
minimal radionuclides absorption by plants is reached at groundwater level 90120 cm below the soil
surface. The rise of groundwater up to 3550 cm from the soil surface, for example, as a result of
malfunction of drainage network, results in radionuclide accumulation increase up to 520 fold.

2.1.4. Management of cattle breeding on the contaminated territories
Agricultural animals grown on the radiopolluted territories are the important radionuclides pathway
to human body.
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Fig. 2.11. Influence of integrated system of plant protection on radionuclides accumulation in main agricultural crops
(in percentage to the control, 100 %  without any protection)

Radioactive substances penetrate into animals organism through a gastro-enteric path as components
of forages, during pasture feeding, and with sod and soil particles. In the current period a role of soil as
a potential source of cattle productions pollution with radionuclides is insignificant, transfer factors in
system «soilmilk» make 0,02% for 137Cs and 0,01% for 90Sr.
In conditions of continuous transfer of 90Sr and 137Cs with forage the equilibrium state of radionuclide
in soft animals organs and tissues is reached approximately in 3040 days after the beginning of
feeding. And then radionuclides concentration (Bq kg-1) in meat and by-products of growing animals
practically does not change.
It is determined (tab. 2.1), that 90Sr practically completely concentrates in skeleton, and its
concentration in muscles and soft organs is estimated in the tenth (pigs) or the 100-th (horned cattle)
parts of percent from radionuclide content in daily ration. For 137Cs uniform distribution in organism is
typical, except for skeleton radionuclides concentration which is approximately 23 fold less than in
soft organs and tissues. Concentration of both radionuclides in internal fat and bacon is approximately
2030 fold less than in meat and by-products.
Table 2.1
Concentration of radionuclides in organs and tissues
under chronic reception with forage
(% from daily activity reception with forage per kg of animal mass)
Organs and tissues

Cattle*
90

Muscles
Liver
Lungs
Heart
Kidneys
Skeleton

Sr

Pigs
137

0,011
0,029
0,028
0,032
0,024
4,32

Cs

3,0
4,9
4,2
5,4
7,0
0,9

90

Sr

0,03
0,30
0,63
0,40
0,65
115,5

* Live weight of horned cattle 400 kg, pigs  100 kg
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137

Cs

13,0
7,4
5,7
9,7
13,3
2,4

Transfer factors of 90Sr from ration into meat make (in % from radionuclide content in forage per
1 kg of weight): beef  0,01; pork  0,03; mutton  0,35; chicken-meat  0,10. For 137Cs factors
makes: beef  3, pork - 12, mutton - 10, meat of hens  7.
In eggs the stable level of 90Sr and I37Cs concentration is marked on 5-7-th day after the beginning
of radionuclides consumption with ration. In fiber and yolk of one egg in total 1,4 % from daily recei pt
with daily ration 90Sr and approximately 2,7 %  I37Cs is concentrated.
For express estimations of production contamination the data directly connecting radionuclide
concentration in cattle products with density of soil contamination with relevant radionuclide are used.
Tag values for typical rations from forages which have been grown up on various soil types, are
presented in table 2.2.
Table 2.2
Transition factors of radionclides from soil into cattle breeding products
Tag values (TV) *

Soil structure
Loamy sand, Sand
90

Sr

137

Loam

Cs

90

Sr

Peat
137

Cs

90

Sr

137

Cs

Soil-milk TF

0,24

0,11

0,07

0,036

0,54

0,40

Soil-beef TF

0,057

0,28

0,02

0,09

0,13

1,00

Soil-pork TF

0,0075

0,06

0,002

0,023

0,04

0,25

Soil-mutton TF

0,040

0,12

0,001

0,041

0,09

0,76

Soil-egg TF (melange)

0,055

0,006

0,02

0,004

0,17

0,08

Soil-chicken-meat TF

0,0004

0,0013

0,0001

0,0004

0,001

0,008

* TV  ratio of radionuclide concentration (Bq/kg of product) to contamination density of soil
by the same radionuclide (kBq/m2)

In system of measures of decreasing radionuclide concentration in cattle breeding production it is
possible to allocate the following ones:
 decrease of radionuclide concentration upon forages production;
 change of maintenance conditions and feeding of horned cattle;
 usage of the least radioactive contaminated forages at final stage of fattening;
 special additives in a diet reducing transfer in livestock products;
 technological processing of livestock products;
 over-profiling of cattle breeding branches (replacement of dairy cattle breeding on meat or 
cattle breeding on pig breeding, poultry farming, etc.).
The basic action reducing the radionuclide content at the initial stage of agricultural production is
re-grassing. As a result of given counter-measure accumulation of cesium-137 is decreased more than in
2 fold (fig. 2.12).
At the same set of forages which have been grown up in equal conditions, it is possible to achieve
essential changes in levels of production contamination only because of change of feeding (rations)
types. For sod-podzolic sandy soil with density of radionuclide contamination 1 kBq m-2, radionuclides
transfer to cows organism under different feeding types differs more than in 2 fold (fig.2.13).
For restriction of cesium radionuclides suction in the digestive channel of agricultural animals
preparations called «ferrocianides» (Prussian blue, PB) are used. For milk cows it is recommended to
use PB in quantity 3 g daily (about 6 mg/kg of body mass) or 2-3 capsules with weight 200 g containing
15-20% PB every 6-8 weeks during the pasturing. In this case concentration of 137Cs in milk decreases
approximately in 24 fold.
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Fig. 2.12. .

Cs contamination of grass as a result of radical improvement of pastures
(the village of Svetilovichi, Gomel Region, 2004)

137

Fig. 2.13. Daily radionuclides consumption under various type of feeding (A, B) of milk cows
Note. At voluminous type of feeding rough and juicy forages by nutritiousness are about 90% of a diet, at concentrated
type  do not exceed 40%.

Good results are obtained using PB for 137Cs concentration decrease in meat and by-products. For
animals pasturing for a long time good results were obtained when using prepared salt-licks (6 % PB). As
a consequence average decrease of 137Cs concentration in meat was at twice of the level before.
If meat cattle accumulates unreasonably large amounts of radionuclides due to adverse conditions of
feeding and maintenance, methods of lifetime «cleaning» of animals from earlier accumulated radionuclides
are used.
Factors of decrease of meat contamination by radioactive cesium are determined. It is possible to
achieve double (for cows) and even tri ple (for bull-calves) decrease in radionuclide concentration in
meat and by-products within a month in case cattle is shifted on «pure» forages (fig. 2.14).
Considerable decrease in contamination level can be reached by processing the agricultural production
from the contaminated areas (table 2.3). Thus, under milk separation about 85 % of radionuclides passes
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Fig. 2.14. Factors of 137Cs content decrease in animals after «pure» forages feeding

into non-fat milk, and in 20% cream only about 15% of radionuclides. During the further processing of
cream for butter production the most part of remained 90Sr and 137Cs passes to whey and cream, and to
butter 1,3 and 2,3% accordingly from initial radionuclides amount in milk. Melted butter practically
does not contain radionuclides.
Table 2.3
Radionuclides transfer from milk into dairy products
Foodstuff

TF *milk-product
90

Cream (20 % fat
content)
Butter
Melted butter

Sr

0,78
0,09
0

137

Foodstuff
Cs

TF *milk-product
90

Cottage
cheese acid
Hard cheese
Soft cheese

0,60
0,12
0,01

Sr

0,7
5,8
4,0

137

Cs

0,8
0,5
0,7

*TF milk-product  ratio of radionuclide concentration (Bq/kg) in product
to radionuclide concentration in milk.

2.1.5. Optimization of economic activities by change of specialization of farms
Possibility of conducting agriculture on the contaminated lands in order to obtain food products
with low radionuclide content is proved by extensive scientific material gathered during experimental
and scientific-production researches. Certainly at the same time radiation safety of workers should be
guaranteed.
Each farm usually has a basic activity direction which defines character of land management, uses
of plant growing production, and finally  production efficiency. In many farms of the suffered areas
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such directions are grain production, dairy and dairy-meat cattle breeding, potato cultivation. Under
historically developed direction of activity of concrete farm, basically it is possible to achieve production
with admissible level of the radionuclide content; however such production can appear inefficient.
Economical warranty of production can be reached by optimum choice of farm specialization.
One of criteria of such choice can be minimization of the contribution to collective doze of internal
irradiation of population due to consumption of production made in given farm that is explained by
following examples.
It is known, that the significant part of plant production growing in contaminated territories is
composed with voluminous forages; the basic consumer of these forages are ruminants, mainly cattle.
Calculations show that using 500 tons of fodder units of the voluminous forages received on agricultural
lands with average soil contamination density 90Sr 20 kBq m-2 and 137Cs 1000 kBq m-2, in total
approximately 2,9 MBq of radioactive strontium and nearby 67,6 MBq radiocaesium is excreted with
milk. At consumption by the population of such whole-milk production the collective dose of an internal
exposure equal 1,1 Sv is formed. When using in food of beef produced on the same forages, the
collective dose makes only 0,04 Sv, i.e. about 3 % from the dose received due to consumption of milk
contaminated with radionuclides. Thus, cattle breeding for meat from the radiological point of view is
much more preferable than for dairy products.
One more example. By consumption of bread and bakeries made from 500 t of «dirty» grain with
activity of 137Cs  40 MBq and 90Sr  22 MBq, population collective dose equal 0,87 Sv is formed. If
using this grain for cattle, pigs and broilers fattening at consumption of their meat the dose of internal
exposure will make, accordingly, 0,02 Sv, 0,03 Sv and 0,03 Sv. In other words, the dose of exposure of
population is decreased up to 2030 fold.
The second place on production volume and first on the area of crops is occupied by legume and
potato. As it is known, these crops are characterized by rather low factors of radionuclides accumulation.
However on arable lands with high levels of contamination 90Sr and 137Cs concentration in grain and
potato tubers can exceed sanitary-hygienic norms. Use of legume and potato crops with high radionuclide
content is expedient for conducting in two directions: for breeding and fattening meat animals (cattle,
pigs, chickens-broilers) and for processing on pure alcohol with subsequent use of grain for cattle
fattening. Thus agricultural animals are as an effective «biological filter» on the way of radionuclides
transfer into human body.
Hence perspective directions of agriculture in the polluted territories are meat and milk cattle breeding,
pig-breeding (in addition  broiler poultry farming). Beef, pork, bacon, creamy and melted butter,
broilers can be exported out of the borders of contaminated areas.

2.1.6. Countermeasures efficiency and unresolved problems
In carrying out protective measures on contaminated soils it is possible to emphasize two stages:
19861991 and since 1992 till present.
At the first stage heavy contaminated lands where it is impossible to obtain agricultural production
with permissible radionuclides content have been removed from use. Crops accumulating large amounts
of radionuclides have been excluded from crop rotations. Everywhere liming of acid soils was done,
increased rates of phosphoric and potassium fertilizers are applied. On a greater part of boggy fields
drainage and sod ploughing, and also grassing and re-grassing of haylands and pastures are conducted.
Since 1992, the stage of focused countermeasures in agriculture in view of each field and cattlebreeding farm features is carried out. Measures of contamination reduction in plant production due to
optimization of mineral nutrition, application of bacterial supplements and new forms of fertilizers are
used. Technological separation of forages depending on level of their radionuclide contamination is
provided in cattle breeding. Normalization of rations is done using fodder supplements which reduce the
radionuclides content in milk.
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Fig. 2.15. Dynamics of agricultural production with excess of the established permitted levels
of 137Cs content for the period 1986-2004

Protective measures mentioned above have allowed to reduce 137Cs transfer into agricultural production
on the average in 10 fold. In particular, manufacture of milk with excess of the permitted levels of 137Cs
in public sector has decreased with 524,6 thousand tons in 1986 up to 1,4 thousand tons in 2000 and
up to 0,2 thousand tons in 2004 (fig. 2.15).
The quantity of meat exceed the permitted levels, accordingly, has decreased from 21,1 thousand
down to several tons. The quantity of cattle returned from meat-processing plants according to results of
lifetime dosimetry, was reduced from 448 in 1997 to 48 animals in 2004.
Production of grain with 90Sr contents exceeding the permitted levels in 2002-2004 was 28,830,5
thousand tons. On the average, transfer of radiostrontium into foodstuffs during after accident period
has decreased twice. However it is necessary to consider, that plant availability of 90Sr remains high and
tends to increase.
Thus, rather high efficiency of large-scale protective agricultural measures is obvious. However it is
impossible to say that the problem of safe habitation of population and getting of high-quality food
products has been solved. Despite of significant amount of executed works (four cycles of acid soils
liming has been done, annually mineral and organic fertilizers were applied, fodder lands are improved),
it is required to neutralize the raised acidity and improve a potassium regime on half of meadow lands and
of 20 % of arable land. It is necessary to carry out works on regulation of water regime and surface
improvement of waterlogged and unproductive pastures and haylands, where cattle from personal farmsteads
are mainly pastured.
In the zone of radioactive contamination there are large areas of waterlogged and over-moistened
lands which make 37 % from all area of agricultural lands. For last thirty years it has been drained
approximately 60% of waterlogged lands, however the significant part of drainage system requires
reconstruction and repair. Secondary bogging of the drained lands become acute problem. In the nearest
years the significant areas of drained lands can be waterlogged, and radionuclides transfer into grass,
milk and meat will repeatedly increase. Maintenance of a drainage network in working order on the
contaminated areas has a priority value and should be under the state control.
In public sector the significant part of forages is made with excess of permitted levels of 137Cs
content. Basically (up to 80%) contamination of forage crops is observed on soils with contamination
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density contamination by 137Cs more than 555 Bq kg-1. Contamination of grass over the established levels
on low-fertile, waterlogged and peat soils is probable also at lower density of soil contamination.
Special concern is caused with quality of the foodstuffs made in a private sector. For the period
20022004 in 165273 settlements are periodically marked cases of milk production with the radionuclides
content higher than permitted levels (RDU-99).
The economic aspect of a problem is also important. Even at the permitted radionuclides content the
agricultural production obtained on contaminated lands basically is not competitive. In connection with
exclusion of lands, decrease in productivity and a number of other reasons, including outflow of
qualified experts, in most affected areas production of grain, potato and green forages, and, in a greater
degree  milk and meat production have decreased.

*

*

*

Summing up, it is possible to tell, that on large territories of Belarus the huge stock of radionuclides
was generated. Within many decades it will supply root system of plants with radionuclides, causing
significant damage to agriculture. Kept necessity of carrying out large-scale countermeasures is negatively
influenced on competitiveness of agriculture.
The solving of these problems demands the further study of economic and technological aspects of
agricultural production on the contaminated lands, expansion of international cooperation, and investments.

2.2. RADIOACTIVE CONTAMINATION OF OTHERS NATURAL ECOSYSTEMS

2.2.1. Contamination of surface and ground waters
The basic part of radioactive fallouts entered to drainage territories of Dnepr, Pri pyat and their
inflows. In the first years after the accident washout of radionuclides from drainage areas was the most
significant secondary source of radioactive contamination of ecosystems.
Now, when the situation is stabilized, radionuclides washout from catchments areas is essential only
of those rivers which basins partially or completely are in 30-kilometer zone of Chernobyl NPP. Export
of cesium-137 by the river Pri pyat on borders Belarus  Ukraine river station more than one order
higher than on Mozyr river station. It occurs due to more intensive radionuclides washout from
catchments area in 30-kilometer zone. Thus, transboundary radionuclides transfer with surface waters
of Pri pyat on border Belarus  Ukraine takes place and renders essential influence on pollution of
surface waters of this river on Ukraine territories. Radionuclides washout, especially strontium-90,
from river basins in the 30-km zone, considerably increases during floods.
The analysis of radioactive contamination transfer by rivers of Dnepr basin has shown, that if
during first years after the accident at Chernobyl NPP noticeable transboundary transport of cesium137 with surface waters of such rivers as Iput and Besed (Russia-Belarus), now such transfer is
insignificant and does not exceed 1% from general stocks of cesium-137 on catchments areas.
Due to processes of water transfer, suspensions sedimentation on the bottom of reservoirs and
natural decay concentration of cesium-137 in large and average rivers has considerably decreased. However
in surface waters of the majority of the controllable rivers activity of cesium-137 and strontium-90 till
now exceeds levels before accident.
Other situation is observed on the rivers which reservoirs partially or completely are in territory of
exclusion zone. For example, in surface waters of river Nizhnaya Braginka higher radionuclides content
in comparison with other controllable rivers is observed. In 2005 a range of concentration change of
cesium-137 in this river (s. Gden) has made 1,86,3 Bq/l; concentration of strontium-90  2,7
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3,6 Bq/l. Thus content of cesium-137 is below sanitary-hygienic norms (10 Bq/l), while strontium-90
content considerably (in 7-10 times) exceeds norm (0,37 Bq/l).
For surface waters of river Nizhnaya Braginka it is observed activity of strontium-90 increase during
spring-autumn high waters when polluted flood-lands are flooded. Washout of strontium-90 from
catchments areas occurs mainly in the dissolved condition.
The muscular tissue of fishes in the rivers outside the 30-kilometer zone around Chernobyl NPP
on the average contains cesium-137 within the limits of an admissible level (5-15 Bq/kg), under
significant fluctuations in various tests.
In closed and low circulating water systems of lake type due to radionuclides washout from catchments
areas activity concentration of cesium-137 and strontium-90 in surface waters comes nearer, and in
some cases exceeds sanitary- hygienic norms. The main contribution to radioactivity of surface water
systems is brought with benthic sediments, vegetative and animal organisms  water biota. A tendency
of reduction of their activity with time is insignificant. Lakes, storage reservoirs and meliorative systems
are characterized by high levels of cesium-137 accumulation in benthic sediments (up to 49 kBq/kg).
Lake reservoirs as fishery objects can play certain role in formation of radiation doses of population.
Fish populations in stagnant basins can have extremely high concentrations of cesium-137 reaching 70
kBq/kg in predator species. These concentrations directly depend on a degree of reservoir pollution.
At present in subsurface waters of the controllable bores located near to settlements in radionuclides
contaminated areas, isotopes of cesium-137 and strontium-90 are not found out.

2.2.2. Radioactiv econtamination of air
In April-May 1986 after Chernobyl accident level of radioactivity in all territory of Belarus increased
in hundred thousand times. The maximum radionuclides concentrations in air were observed on April,
2728. Even in the reserve Berezinskij located 400 km to the north of Chernobyl, activity of iodine-131
those days reached 150-200 Bq/m3, cesium-137  9,9 Bq/m3. Specific activity of plutonium-239, -240
made 0,60,8 Bq/m3 (compare  in March  first half of April, 1986  (35) 10-9 Bq/m3.
In 2000 the average annual radionuclides activity in air of settlements Khoiniki, Bragin, Babchin
(border upon exclusion zone) and Masany (it is located in exclusion zone) has made, accordingly 110,
40, 135, 350 mkBq/m3 for 137Cs and 210, 79, 67, 790 nBq/m3 for 239,240Pu.
Decrease of dose rate of gamma-radiation (DR) is constantly marked. So, in 2005 DR in Bragin in
comparison with April, 1986 decreased in 600 times, in Slavgorod  in 95 times (fig. 2.16). Intensity of
DR decrease depends on isotope structure of fallouts.
According to the data given by the Department of Hydrometeorology of Ministry for Protection of
the Environment and Natural Resources in 2005 maximum DR levels exceeding a natural background
(20 mkR/h), was registered in Bragin  82 mkR/h, Narovlya  70 mkR/h, Chechersk30 mkR/h,
Slavgorod  26 mkR/h, Khoiniki  29 mkR/h. In the regional centers the average annual level was
within the limits from 10 to 15 mkR/h.
The forecast shows that in Bragin DR will reach value before the accident (less than 10 mkR/h)
approximately in 65 years after the accident. In other Belarus cities where now DR exceeds level before
accident (Chechersk and Slavgorod), for this purpose approximately 25 years are required.
Thus, radioactive pollution of atmosphere near the ground surface remains actual mainly for the
territories neighboring to the exclusion zone. The greatest danger is represented here with transuranium
elements location in air. According to data of Institute of Radiobiology of National Academy of Sciences
there is a local increase in dust content in air (above 1 mg/m3 during the spring period) when carrying
out agricultural and other works. Therefore even in areas with rather low levels of soil contamination
with transuranium elements local concentration of plutonium in air during this period raises up to
10 mkBq/m3. In immediate proximity from dust sources (agricultural machinery, motor transport) the
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Fig. 2.16. Dynamics of DR in settlements

concentration of plutonium isotopes in air reaches 20 mBq/m3 at density surface contamination with
isotopes of plutonium 3500 Bq/m2 .
Radioactive contamination of air is influenced with the spontaneous phenomena: dust storms,
wood and peat fires; that, in particular, was showed in the droughty and fire-dangerous summer of
2002. Fallout of radioactive particles got in atmosphere during strong fire is probable on distance up to
tens kilometers.

2.2.3. Contamination of forest and meadow vegetative communities
As a result of the accident at the Chernobyl NPP more than 2 million in hectares of forests (22 %)
has undergone to radioactive pollution with level above 37 kBq/m2 (tab. 2.4) that exceeds similar
parameters in Russia and in Ukraine.
Table 2.4
The areas of forests contamination by caesium-137, êì 2
Country

Density contamination, kBq/m2

Total

37185

> 1480

185555

5551480

Belarus

13970

3194

2162

789

20115

Russia

8650

1040

290

20

10000

Ukraine

10880

1010

313

95

12300

Ministry of Forestry of Belarus are responsible for about 88 % of forests. 53 forestry from 95 with a
total area 1788,9 thousand hectares, or 22 % have suffered. Therefore production sold by the organizations
of the Ministry of Forestry passes the obligatory radiating control by services of the radiation control
(see section 7.6).
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Fig. 2.17. Cesium-137 pollution of ordinary pine wood depending on soil richness and humidity

Zones in which it is forbidden gathering berries and mushrooms, preparation of medicinal raw
material are allocated in forests of Gomel, Mogilev, Brest, Minsk and Grodno regions. Forests of
Narovlya, Khoiniki, Bragin, Chechersk, Dobrush, Vetka, Krasnopolie, Slavgorod and Cherikov districts
are contaminated to the greater extent.
The main changes in radiation situation in forests for the past 20 years changes are characterized by
decrease both in stock of cesium-137 in soil and dose rate of gamma-radiation. The main reasons for
cesium-137 stock decrease were radioactive decay and absorption by vegetation. Rate of decrease made
about 2% per year.
Process of dose rate decrease was defined not only by decay of radioactive substances in soil, but
also by migration of cesium-137 deep into the soil profile. Besides of radiation decrease by soil top layers
and underlying surface  on the one hand, and processes of radionuclides accumulation by trees,
bushes and plants of soil cover  on the other hand influenced the process. Average annual rate of
gamma-radiation dose rate decrease in various types of forests made from 2% to 4,4%.
As a result of vertical migration the main amount of cesium-137 stocks location in soil now is in the
zone of accommodation of roots cores feeding plants (in depth of 3-6 cm), which causes this radionuclide
accumulation in vegetation.
Processes of radionuclides accumulation by plants are influenced by the following factors: forms of
radionuclides; radionuclides stock in soil; agrochemical characteristics of soil; water regime of soil (fig.
2.17); biological features of plant species; specific features of plant; age; structure of a forest stand and
prevailing wood species; underwood, underbrush, plants of soil cover, etc.
In the ascending order by degree of cesium-137 accumulation by wood with bark it is possible to
form a following succession of main forest forming trees: fir, pine, alder (black), birch, aspen, oak.
Dynamics of root transfer of cesium-137 into surface part of trees is presented on fig. 2.18.
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Fig. 2.18. Dynamics of caesium-137 pollution of phytomass elements of ordinary pines

At present forest vegetation contains 57 % of radionuclides from general stock in wood ecosystems:
the lowest concentration  in the upper wood layer, the highest  in live top soil layer; underbrush
and underwood occupy intermediate position. The maximal accumulation of cesium-137 in plants of live
top soil layer is marked in spore plants and in plants of Vacciniacåàe, Ñóðåãàñåàå, Liliaceae, Primulaceae,
Ericaceae, Caryophyllaceae, Scrophulariaceae families.
Forecasts show that contamination of wood vegetation will increase, and root accumulation is the
main mechanism of radionuclide transition into plants. The nearest 10 years surface phytomass will
accumulate up to 1015 % from the general stock of cesium-137 in large forest massives.
Results of radiating inspection of forest reserves and the radiation control of production of forestry
testify that the intensity of Chernobyl consequences in forest ecosystems does not decrease. Despite of
forest use restriction, about two percent of tests of fuel wood exceed an admissible level of radionuclides
content. High levels of radioactive contamination of wild-growing food production of forest make the
significant contribution to doses of internal exposure of forestry workers and population.
Among forestry food products mushrooms and berries (bilberry, cranberry, cowberry) are the
most contaminated. About 50% of measured tests of mushrooms and berries collected in places allowed
for gathering are annually rejected. Cesium-137 content exceeds admissible levels even in territories
with insignificant density contamination (nearby 37 kBq/m2). Maximum levels of cesium-137 concentration
in fresh mushrooms in territory of Belarus in 2005 reached 156 thousand Bq/kg, in dry  86 thousand
Bq/kg. Specific activity of cesium-137 in berries of bilberry in 2005 reached 2,8 thousand Bq/kg.
Test research results of food forestry production by service of radiation control of Ministry of
Forestry for the period from 2003 till 2005 (fig. 2.19) are presented.
In perspective studies of Institute of Forestry of National Academy of Sciences it is shown that
under certain conditions forest can represent itself as «biological partition», allowing to adjust processes
of radionuclides redistribution in biological circulation. As a result of special forestry and meliorative
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Fig. 2.19. Food forestry production exceeding admissible levels
(a share from quantity of the investigated tests)

methods it is possible to lower radionuclides transfer into upper wood layer of trees and plants. As
consequence, their content decreases their maintenance in wood foliage, annually falling on soil surface.
As a result wood soil cover with lowered radionuclides concentration which decaying, promotes formation
of cleaner soil horizons is formed. The soil-vegetative barrier formed thus conducts to the further
reduction of radionuclides transition into wood vegetation.
In meadow vegetative communities accumulation of radionuclides by herbaceous plants depends on
species pecularities, soil and landscape conditions, moisture level. In the ascending order by cesium-137
accumulation herbaceous plants may be rated as follows: Cruciferae, Hypericaceae, Onagraceae,
Leguminous, Polygonaceae, Compositae, Gramineae, Ñóðåãàñåàå, Ericaceae family.
Least radionuclides accumulation by plants occurs on sandy soils, drained meadow-marsh complexes,
beds with sandy soils. In several times greater is accumulation on dry walleyes and flood plain meadows.
Radionuclides accumulation by herbaceous plants in forests of all types, especially pine is increased (in
dozens of times).
Monitoring of natural plants populations indicates that vegetative complexes in general are rather
resistant to radiating influence. The majority of flora representatives in the polluted territories underwent
no essential changes.
Visible effects of radiation influence on vegetation are observed only at abnormal high contamination
density (above 3700 kBq/m2), in immediate proximity from the destroyed reactor. Among them: a
curvature and tumoral thickenings of stems, leaves asymmetry and curliness, growth strengthening of
suckers, microsomia, bushiness, giantism, «a red wood», and also violations at cells level (chromosome
breaks).
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2.2.4. Consequences of the accident for fauna
Radionuclides accumulation in animals corresponds to radioactive pollution of their habitat territory.
The highest levels of radionuclides content in representatives of various fauna species were observed in
30-km zone in the first years after the Accident.
In the late 80th there was appreciable radionuclides decrease (in 510 times). During the subsequent
period the decrease was essentially slowed down, and for some animal groups (fishes, amphibians,
small mammals) living on the most polluted territories, radionuclide concentration in the organism has
become similar to the level in 1986. At present the tendency of stabilization of radionuclides content in
animal organism is observed.
The estimation of impurity of wild animals meat has significant uncertainty due to the large habitat
area and to some other factors. Cesium-137 content in meat of wild animals on the contaminated
territories in 2002 made 2250 thousand kBq/kg.
Among hunting-trade mammals the greatest radionuclides concentration is observed for omnivorous
(wild boar). It is determined by climate peculiarities of the year and depends on the season. Predatory
mammals being the final link of the trophic chain are characterized by the highest radionuclides content.
These levels reach 50 for wolves and 47  for foxes thousand kBq/kg that is 12 times more than in
herbivors. The maximum cesium-137 concentration among the birds, being a subject of hunting, is noted
in grey partridges and ducks.
According to recent researches in the nearest future essential decrease in the radionuclides content
in wild animals is not expected. As a whole animals habitation in radionuclides contaminated biogeocenoses
has not led to important radiation effects on them.
The cessation of economic activities in contaminated areas influenced both the structure of birds
species and their quantity and hunting-trade mammals. Stabilization and significant growth of species of
hunting-trade mammals have occurred in 30-km zone.
Owing to rich forage reserve and absence of hunting the number of wolves has increased in 4-5
times. Redistribution in communities and structure of species of small mammals is noted. Last years in
abandoned settlements forest species and species of the open spaces can be met. Number and species
variety of insects has increased in 3-3,5 times in comparison with homestead personal lands of neighbor
non-resettled villages. In locked meliorative systems a variety of species and number of amphibians and
reptiles, birds of marsh and tree-bush complexes have increased. In general a number of some rare
animal species has increased in fauna complexes.
The issues on parasitology demand attention. Diversity and number of parasites of wild birds, small
mammals, inhabitants of their jacks and blood-sicking di pterous insects in contaminated areas is higher
than in adjacent territories. Eventually the further increase of species numbers having epidemic and
epizootic significance is expected. It is a source of a real danger of infections and invasions, circulation of
rabbit-fever, tick-borne encephalitis and Californian fevers on the territory of exclusion and resettling
zones even in droughty years that are non-favorable for insects.
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3. POPULATION EXPOSURE DOSES
J.E. Kenigsberg, Y.E. Kruk, A.M. Skriabin

As a result of the Chernobyl accident actually the whole territory of the Republic of Belarus was
radioactive contaminated. Levels of population exposure varied in wide ranges. The reason laid in combination
of specific release of radioactive substances (long term period, combined isotopic content, various physicalchemical forms) and changed meteorological conditions, radioecological specifics of the contaminated
territory, terms of human vital activity and other factors.
From the total pool of dose-forming radionuclides and ways of exposure the main contribution to
the radiation dose of population was made by:
 Internal exposure from short lived radionuclides (first of all iodine-131) intaken to the human
body due to inhalation and ingestion with contaminated foodstuff;
 External exposure from radionuclides deposited upon soil and other surfaces;
 Internal exposure from long lived radionuclides from consumption of contaminated foodstuff.

3.1. THYROID DOSES
Approximately by mid June 1986 one of the main sources of exposure was iodine-131 that effected
mostly to thyroid. As a result of its intake (mostly with milk and leafy vegetables) internal thyroid doses
were formed for the majority of Belarusian population.
During several weeks after the accident approximately for 200 000 individuals (2% of the country
population) who lived in the most contaminated regions of Gomel and Mogilev region as well as Minsk
city direct measurements of exposure dose rate over thyroid were made (measurement of gamma irradiation
emitted from thyroid using detectors placed outside the human body). As a rule an individual was
subjected to measurement only once, and based on these readings only, exposure dose rate at the time
of the measurement was assessed. The majority of measurements occurred to be of low quality as far as
they were conducted by unskillful specialists using radiometric instruments with non-calibrated detectors.
Based on available measurements individual doses were reconstructed for 130 thousands individuals,
including 39 thousands children and adolescents. It should be noted that these data were inadequate to
conduct thyroid dose estimate in general for the whole Belarusian population. From 2 722 809 inhabitants
of Belarus aged under 19 years at the time of the accident direct measurements over thyroid were
conducted only for 39 188 individuals (1,4% from the total number) (Table 3.1).
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Table 3.1
Number of dose estimates based on direct measurement of exposure dose rate
over thyroid conducted for children and adolescents of Belarus in AprilMay 1986
Oblast

Number of children
an adolescents
in 1986

Brest
Vitebsk
Gomel
Grodno
Minsk (excluding
Minsk city)
Minsk city
Mogilev
Belarus

Number of conducted
measurements

% from total
amount

404017
354655
468092
306784

0
0
27463
0

0
0
5,9
0

422121
424455
342685
2722809

0
7177
4548
39188

0
1,7
1,3
1,4

Using the method of radioecological modeling wide-scaled reconstruction of average doses to thyroid
was conducted for 9,5 mlns persons at 19 age groups lived in 1986 in 23 325 settlements of Belarus 
actually for the whole affected population of the country considering age and region of living (Table
3.2).
Table 3.2
Distribution of inhabitants of different age groups through thyroid dose range
Age at the time
of the accident,
years

< 1 year
12
23
34
45
56
67
78
89
910
1011
1112
1213
13 14
14 15
15 16
16 17
1718
Total number of
children and
adolescents
Adults
Total

Number of inhabitants in dose ranges (Gy)
00,05

0,050,1

62310
58641
60838
62059
63169
66001
65048
63456
64192
94037
102049
103062
102706
104187
107383
106064
106318
213609

45229
44683
42261
47028
45569
44500
46427
42894
44980
15717
10878
10519
11488
12730
10604
10591
9833
18155

1605129
5597593
7202722

514086
502866
1016952

0,10,5

Number of
inhabitants

0,51

>1

32611
30914
29616
24129
31160
29003
25292
28170
24647
24294
22417
21560
19965
16732
15256
14573
14488
29231

13086
13657
13716
12959
3398
3201
2800
3077
2706
2298
2556
2432
2309
2030
1749
1279
906
1005

4892
4320
3577
3179
2693
2218
1806
2196
1777
1043
199
49
32
29
17
18
11
26

158128
152215
150008
149354
145989
144923
141373
139793
138302
137389
138099
137622
136500
135708
135009
132525
131556
262026

434058
727086
1161144

85164
46966
132130

28082
596
28678

2666519
6875107
9541626
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The results demonstrate that the majority of individuals having maximal thyroid doses (exceeding 1
Gy) falls to the youngest age group. With the increasing of the age of exposure the number of individuals
having maximal doses is substantial restrict. The group of children and adolescents being almost 30 %
from the total number of population for which thyroid dose have been reconstructed contains over
97% from the total number of cases with maximal doses.
Data of the Table 3.3 evidence that the highest doses have been received by inhabitants of Mogilev
and Gomel oblasts, at that exposure doses of children and adolescents of Brest oblast are compatible
with doses specific for Mogilev oblast.
Maximal average dose on a raion levels for age groups under 18 years were received by children and
adolescents inhabitants of Bragin, Khoiniki, Narovlia, and Vetka raions of Gomel oblast (Fig. 3.1).
Table 3.3
Average thyroid doses of Belarusian inhabitants in dependence of year of birth
and place of residence at the time of the accident, Gy
Oblast/city

Brest
Gomel city
Gomel*
Grodno
Minsk city
Minsk*
Mogilev
Vitebsk

Oblast/city

Brest
Gomel city
Gomel*
Grodno
Minsk city
Minsk*
Mogilev
Vitebsk

Year of birth
1968

1969

1970

1971

1972

0,025
0,118
0,134
0,003
0,024
0,005
0,027
0,003

0,021
0,102
0,115
0,003
0,020
0,004
0,023
0,003

0,025
0,120
0,135
0,003
0,024
0,005
0,027
0,003

0,024
0,136
0,129
0,003
0,027
0,005
0,028
0,003

0,031
0,152
0,169
0,004
0,030
0,006
0,035
0,004

1973

1974

1975

0,035
0,167
0,188
0,004
0,033
0,007
0,038
0,005

0,038
0,185
0,207
0,005
0,036
0,008
0,042
0,005

0,041
0,195
0,218
0,005
0,038
0,008
0,045
0,006

1976

0,044
0,212
0,237
0,005
0,042
0,009
0,049
0,006

Year of birth
1977

1978

1979

0,052
0,251
0,281
0,006
0,049
0,010
0,057
0,007

0,061
0,291
0,325
0,007
0,058
0,012
0,067
0,008

0,069
0,330
0,368
0,008
0,065
0,013
0,076
0,009

1980

1981

1982

1983

1984

0,061
0,293
0,326
0,007
0,058
0,012
0,067
0,008

0,067
0,324
0,361
0,008
0,064
0,013
0,074
0,009

0,080
0,386
0,431
0,010
0,077
0,016
0,088
0,011

0,093
0,449
0,499
0,011
0,089
0,018
0,103
0,013

0,104
0,499
0,561
0,013
0,099
0,020
0,114
0,014

1985

0,116
0,556
0,624
0,014
0,110
0,023
0,127
0,016

* Oblast, excluding city.

Levels of thyroid doses for adult population is significant lower. At that maximal doses specific for
this age group were obtained by inhabitants of the most contaminated areas as well as distant districts
such as Kalinkovichy, Lelchitsy, Dobrush, Rechitsa, Zhitkovichy raions of Gomel oblast. Therefore,
dose distribution in the age group up 18 years is moderately even within a oblast (Fig. 3.2).
The highest collective thyroid doses for two age groups were carried out for the inhabitants of
Gomel oblast and Gomel city, the lowest  for inhabitants of Vitebsk oblast. Total collective dose of
Gomel oblast and Gomel city inhabitants is 70% from collective dose for the whole country (Table 3.4).
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Fig. 3.1. Average thyroid dose pattern for children aged 018 years

Fig. 3.2. Average thyroid dose pattern for adults
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Table 3.4
Collective thyroid doses for two age groups
Region

Collective dose
for children and adolescents
(018 at the time
of the accident),
person-Gy

Collective dose
for adults (19 years
and older at the time
of the accident),
person-Gy

Total collective doses
of Belarusian population,
person-Gy

Brest

21129

24042

45171

Vitebsk

1164

1560

2724

Gomel city

36998

38236

75234

Gomel

112812

171939

284751

Grodno

3329

4453

7782

Minsk city

15063

19244

34307

Minsk

6404

8121

14525

Mogilev

22328

27694

50022

3.2. EXPOSURE DOSES OF LIQUIDATORS
AND EVACUATED POPULATION
Partici pants of liquidation of consequences of the Chernobyl accident (liquidators, clean-up workers,
emergency workers) are the most exposured cohort among all inhabitants of Belarus, undergone to an
additional exposure. According to the Law of Republic of Belarus «About social protection of the citizens
suffered of accident on the Chernobyl atomic power station» the citizens concern to liquidators which
were taking part in works in 19861989 within the bounds of a zone of evacuation (exclusion zone),
and also working in 19861987 in zones prime and the subsequent relocation (territory with density of
cesium-137 contamination was more than 555 kBq/m2). Last category of liquidators is present only in
Belarus, but is absent in the legislation of Russia and Ukraine.
The Ministry of Health of the USSR set up the following maximum permissible doses of accidental
exposure for liquidators: 1986  250 mSv (till May, 21 for military personnel  500 mSv), 1987 
100 mSv, 1988 and 1989  50 mSv.
Unfortunately individual dosimetric control was arranged inadequately. Till mid June the attempts to
arrange the service of dosimetric monitoring were unsuccessful. Only since July 1986 individual dosimetric
control using thermoluminescence dosimeters or film badge was put in practice for all civil employees.
Thereupon for very limited group of liquidators there are reliable data of external dose measurements.
As of 01.01.1996 in Belarus the status of liquidators had 113 000 persons, from them 91 000 person
have been included in the Chernobyl registry. The analysis of the data of the registry has shown, that
about 9 % of liquidators have official records about doses of an exposure that change in a wide range. The
maximal doses of an external exposure were received by liquidators of 1986  the average dose was
60 mGy at 95th percentile was equal 138 mGy (Table 3.5).

38

Table 3.5
Distribution of doses received by Belarusian liquidators
Years of
activity

1986
1987
1988
1989
1986
1989

Number of
liquidators

Percentage of
individuals with
known dose

Dose of external radiation*, mGy
Average
value

Median

75% percentile

95% percentile

68 000
17 000
4 000
2 000

8
12
20
16

60
28
20
20

53
19
11
15

93
29
31
30

138
54
93
42

91 000

9

46

25

70

125

* For convenience external dose is expressed in mGy.

The majority of liquidators in 19861987 received doses not exceeded 100 mGy (80% in 1986 and
96%  in 1987) (Table 3.6).
Table 3.6
Distribution of liquidators by dose intervals
Dose intervals, mGy

050
50100
100250
250500
Total

Number of liquidators by years
1986

1987

1988

1989

2539
1656
1027
47
5269

1943
183
78
4
2208

865
37
10
1
913

387
8
7
1
403

The majority of Belarus number of liquidators did not accept partici pation in works at the Chernobyl
station and close ground, therefore average doses of an exposure appeared below, than at liquidators of
Russia and Ukraine.
The thyroid doses in evacuated cohort were estimated for 23 892 individuals (Table 3.7).
Table 3.7
Thyroid doses of evacuated cohort
Age at the time of
the accident

< 1 year
12
37
812
1317
Adults
Total

Average thyroid
dose, Gy

Number of individuals
lived at the time
of the accident

2,03
1,91
1,39
0,95
0,55
0,46
0,65

422
869
1871
1848
1699
17183
23892
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Collective dose,
person-Gy

858
1658
2605
1749
932
7884
15686

Collective thyroid dose for this group of population is 15686 pers-Gy.
Maximal individual doses (over 0,4 Sv) of external radiation were received by less than 1% Belarusian
evacuees (Table 3.8).
Table 3.8
Distribution of evacuees by dose intervals
Dose, mSv

050

50100

100200

200400

>400

Number of inhabitants

21347

2286

800

244
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In general, exposure dose received by evacuees depended on the date of evacuation (Table 3.9.)
Table 3.9
Average doses of evacuated population in dependence of the date of evacuation in 1986
Stage of
evacuation

Absorbed thyroid
dose from
iodine-131, Gy

27 May
310 June
August-September

1,33
1,04
0,66

Effective dose
Internal exposure
from cesium-137, mSv

2,1
1,6
0,9

External exposure, mSv

31,2
15,9
20,3

3.3. RADIATION EXPOSURE DOSES OF POPULATION
Distant period after the accident starting 1992 and later is characterized by gradual decrease of the
amount of countermeasures and slowing down of the processes of natural decontamination of foodstuff
from radionuclides. Specific activity of 137Cs and 90Sr in agricultural produce after 19911992 was
decreased alongside with half-value period of 1020 years. Meanwhile concentration of 137Cs in the
human body that time statistically significantly was not changed and in some settlements it was even
increased. It could be explained by gradual decrease and in some cases complete cancel of countermeasures
and the fact that population again started consume foodstuff of local agricultural and forestry produce. At
that time the role of natural foodstuff in forming dose of internal radiation was increased significantly.
Currently the contribution of these foodstuff to the internal dose in some settlements could reach 70
80%. First of all it is caused by almost unchanged since the moment of radioactive fallout 137Cs concentration
in forest mushrooms. The mushrooms as a rule are the most important from radiological point of view
component of natural food diet in the majority of the affected regions.
Since 1986 and up till now, the dose of internal radiation is formed mostly at the cost of cesium137 intake with foodstuff.
Contribution of 90Sr to the dose of internal radiation is insignificantseveral percents, however, its
relative contribution to predicted dose will grow up.
Contribution to the dose of internal radiation at the cost of inhalation of plutonium and americium
isotopes is a share of percent.
By the beginning of 2004 in Belarus 2646 settlements with population of 1,34 mlns. were located on
the territory of radioactive contamination, at that 86% of this population reside in Gomel and Mogilev
regions (Table 3.10).
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Table 3.10
Distribution of settlements and inhabitants through the values of average
annual effective dose of radiation
Average annual
effective dose
(AAED) range,
mSv

£0,09
0,100,29
0,300,49
0,500,69
0,700,99
>1,00

Average
value
AAED,
mSv

0,07
0,16
0,37
0,58
0,81
1,48
Total:

Vitebsk
Settlements

Grodno

Inhabitants

Settlements

Brest

Inhabitants

Settlements

Inhabitants

2






30






18
107





1364
21139





39
94
12
1



47271
88426
6556
1225



2

30

125

22503

146

143478

Average annual
effective dose
(AAED) range,
mSv

Average
value
AAED,
mSv

Settlements

Inhabitants

Settlements

Inhabitants

Settlements

Inhabitants

£0,09
0,100,29
0,300,49
0,500,69
0,700,99
>1,00

0,07
0,16
0,37
0,58
0,81
1,48

31
121
1




2285
14082
4




249
464
67
8
6
3

37698
74039
14565
364
109
17

133
750
371
106
53
9

694975
207614
70552
45522
10618
1633

153

16371

797

126792

1422

1030914

Total:

Minsk

Mogilev

Gomel

Number of settlements where average annual effective dose exceeds 1 mSv is 12 with population of
1000 individuals. Average dose in nine of them is 1,2 mSv, in three rest  about 2,5 mSv. These
settlements are located on the territory with density of Cs-137 contamination over 555 kBq/m 2. To
additional factors of doses formation in these settlements one could refer proximity of «exclusion zone»
which serves as a supplier of contaminated natural products and forage for cattle. A peculiarity of these
settlements is small population: in 10 of them from 4 to 50 inhabitants live mostly elderly.
However, number of villages where 95%-quantile average annual effective dose is not less than dose
limit, is 158 (mostly in Gomel and Mogilev oblasts), and number of inhabitants whose doses excess
1mSv is about 2000. Maximal fixed cesium-137 concentration in the body corresponds to internal doses
of 1020 mSv/year. Such settlements are located on the territory with cesium-137 contamination of
more than 300 kBq/m2, and they could be considered as «critical».
Annual collective dose to population residing on the territory of radioactive contamination is about
21 person-Sv, average individual dose is 0,15 mSv. For Belarusian population in general main radiation
doses were formed in the first decade after the accident. Comparing two time post-accidental periods
19861995 and 19862005 it should be noted that with time annual contribution to cumulative dose is
constantly decreased (Table 3.11).
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Table 3.11
Collective cumulative effective doses for two time periods:
19861995 and 19862005 (for territories with density
of cesium-137 contamination in 1986 over 37 kBq/m2;
excluding thyroid doses)
Time period

Collective effective dose, person-Sv
external

19861995
19862005

internal

9636
11900

5504
6800

cumulative

15140
18700

So, for the recent decade collective cumulative effective dose has grown up only by 23% vs. dose
accumulated for the first decade after the accident, at that annual averaged increase was less than 2,5%.
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4. HEALTH EFFECTS OF THE CHERNOBYL ACCIDENT
O.V. Aleinikova, K.U. Vilchuk, I.E. Gurmanchuk, S.G. Gusev, E.P. Demidchik,
J.E. Demidchik, E.K. Kapitonova, V.V. Kolbanov, G.I. Laziyuk,
M.P. Potapnev, E.Y. Sosnovskaya

Health of liquidators and population residing in the contaminated areas is the problem of primary
social value. It is in the focus of state activity aimed at mitigation of the Chernobyl consequences.
In the Republic of Belarus specialized medical follow up over all groups of the affected population
is conducted through regular mass medical examinations. Annual individual medical data for over 1.5
mlns. individuals are collected by 201 regional departments and accumulated in the database of the State
Registry of Population Exposed to Radiation as a Result of the Chernobyl Accident (Chernobyl Registry).
Data of the Chernobyl Registry are required for making decisions. They are used for scheduling of
treatment and rehabilitation measures, development of long-term programs of medical rehabilitation,
and regulatory documents for social protection of population exposed to radiation due to the Chernobyl
accident.
On the other hand these data serve as a ground for studying medical-biological effects of the accident.
By now, as a result of twenty years follow up over the cohort of the affected population one could state
the following:
• There was proved radiation-induced nature of excess thyroid cancer incidence in individuals
exposed to iodine radionuclides in childhood and adolescence. Thyroid cancer incidence continues growing
steadily among adult population of Belarus. Due to early diagnostics and timely medical intervention
possible lethal outcomes caused by thyroid cancer have been brought to minimum.
• Recently conducted studies still have not demonstrated direct relationshi p of the effect of accidental
radiation and increased rate of other diseases except thyroid cancer. At that we should consider short
period of time passed since the end of theoretically minimal latent period.
• Among the most exposed cohort of liquidators excess growth of such malignant tumors as of lung,
bladder, skin, and stomach has been recorded vs. control group. The risk to have malignant tumors of all
sites in liquidators is 23% higher than in non-exposed population: stomach cancer  15 %, colon 
33%, lung caner  26%, urinary bladder  65%, kidney  24%, thyroid  2,6 times.
• In children resided in radionuclides contaminated areas of Gomel and Mogilev regions in 1993
2003 vs. pre-accidental period growth of leukemia including Hodgkine disease and non Hodgkin lymphoma
was not recorded. However these regions showed incidence growth of all forms of chronic leukemia for
population in general and significant growth of non-Hodgkin lymphoma incidence.
• For the period of 19902003 statistically significant increase of breast cancer was recorded in
female population resided in radionuclide contaminated areas. The risk to have breast cancer in this
group is 25% higher than in control one. Specific feature of the breast cancer on contaminated territories
is its shift to younger age: peak of incidence was recorded 15 years earlier and corresponded to age group
of 5559 years, and in women of the control group  7074 years. There was recorded a linear
dependence between accumulated radiation dose and realized relative risk of breast cancer development
in female population of Gomel region.
• Special attention should be paid to recorded mostly among clean up workers growth of cataract
incidence.
• Serious concern is caused by the significant growth of diseases specified by hypertension,
cerebrovascular disorders, myocardial infarction, thyroid pathologies among able-bodied liquidators and
population resided in radionuclides contaminated territories.
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• Statistically significant increase of congenital malformations in the affected regions is not observed.
However totally in the country number of recorded congenital malformations of strict registration has
been increased twice as compared to pre-accidental period.

4.1. THYROID CANCER
For the period of 19862004 incidence among adult population demonstrated 6-fold increase from
1,9 cases per 100000 population in 1986 to 12,7 cases per 100000 population in 2004. Peak of incidence
in children was happened to be during the period of 19951996 when the incidence was increased 39
times as compared to 1986 (Fig. 4.1).
For the period of 19862004, 2 430 thyroid cancer cases were recorded in individuals exposed to
radiation in the age of 018, moreover 2 399 of them were diagnosed since 1990. Absolute number of
primarily diagnosed thyroid cancers for the post-accidental period is presented in Fig. 4.2.
Thyroid cancer incidence growth required absolutely new approach to diagnostics and treatment of
malignant and benign thyroid tumors.
Worked out combined method of treatment of patients with locally sited thyroid cancer provides in
98% of cases five-year survival rate, allows to decrease recurrence rate up to 3,2%. Radioiodine therapy
in patients with distant thyroid cancer metastasis results in 55,5% of cases to steady remission and
decreases lethality up to 0,9% (world lethality rate is about 10%).

Fig. 4.1. Dynamics of thyroid cancer incidence among Belarusian population for the period of 19862004

Fig. 4.2. Dynamics of absolute number of primarily diagnosed thyroid cancers among
population exposed to radiation in the age of 018
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4.2. MALIGNANT TUMOR INCIDENCE
AMONG CHERNOBYL LIQUIDATORS
Relative risk of malignant tumor incidence of all sites in liquidators started growing in 1997, and in
19992003 it significantly exceeded 1,0 value (Fig. 4.3).
For the period of 19931996 no one tumor site except thyroid showed statistically significant
increase (Fig. 4.4).

Fig. 4.3. Dynamics of relative risk of malignant tumors of all sites among liquidators

Fig. 4.4. Relative risk of malignant tumor incidence among liquidators for the period of 19931996

During the period of 19972003 relative risk for stomach cancer, colon, lung, bladder, kidney,
thyroid and totally for all sites exceeded 1,0 value (Fig. 4.5).
Growth rate of malignant tumor incidence of all sites including lung, stomach, kidney, bladder in
liquidators is significantly higher than the rates in control group population. Significant differences in
growth rate of stomach and lung cancers in liquidators as compared to the control group was caused by
opposite trend of the dynamics: in liquidators statistically significant growth of incidence was observed,
and in control group decrease was recorded (Fig. 4.64.8).
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Fig. 4.5. Relative risk of malignant tumor incidence among liquidators for the period of 19972003

Fig. 4.6. Dynamics of standardized malignant tumor incidence rate of all sites among liquidators
and population of the control group for the period of 19932003

Fig. 4.7. Dynamics of standardized stomach cancer incidence rate among liquidators
and population of the control group for the period of 19932003
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Fig. 4.8. Dynamics of standardized lung cancer incidence rate among liquidators and population
of the control group for the period of 19932003

4.3. HEMOBLASTOSIS INCIDENCE IN POPULATION
OF GOMEL AND MOGILEV REGIONS
Total number of leukemia cases occurred de novo and recorded in Belarusian children (014 years
of age) during the period 19902004 was 1 117 cases. Given pathology is a leading one in world structure
of malignant tumor incidence in children (about 30% of cases) and takes the first place. In Belarusian
children during considered period share of leukemia cases was smaller (24,4%) due to increased incidence
rate of radiation induced thyroid carcinoma.
For the period 19902004 no evidences of increase were recorded both for total number of
leukemia cases and acute lymphoblastic leukemia (ALL). In Belarus leukemia incidence in general as well
as incidence of acute lymphoblastic leukemia and acute myeloblastic leukemia (AML) does not exceed
the rate of European countries (Table 4.1).
Table 4.1
Age standardized leukemia rate (world ASR) per million children population
(014 years of age) in Europe (19901999) vs. Belarus
(19901999 and 20002004)
ICCCgroup

Europe, per 1 million
Central

Eastern

Northern

Southern

Great
Britain

Whole
Europe

Belarus
1990
1999

2000
2004

I. Leukemia

45,1

39,2

48,5

43,3

43,6

44,1

38,3

40,3

Ia. ALL

36,8

31,4

40,3

35,2

35,8

35,9

31,0

31,0

Ib. AML

7,5

6,9

4,9

6,3

5,8

6,3

4,8

7,1

At that, obtained data evidence of significant growth of AML incidence in boys in 20002004,
requiring profound epidemiological studies for detection of induction factor.
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In children residing in areas with different levels of radionuclides contamination of Gomel and
Mogilev regions in post-accidental period compared to pre-accidental one (19791985) no growth has
been recorded in leukemia, Hodgkine disease and non Hodgkin lymphoma.
In comparable periods no growth of acute forms of leukemia has been recorded in adult population
of Gomel and Mogilev regions in general, as well as in population residing in the most contaminated
areas. Recorded in this regions in 19932003 increase of acute lymphoblastic and non-lymphoblastic
forms of leukemia could be explained by improved diagnostics resulted in considerable decreased share of
acute leukemia of unspecified cellular type (Tables 4.2, 4.3).
The tables demonstrate that in 19932003 vs. 19791985 in Gomel and Mogilev regions as well
as in the most contaminated areas a growth of incidence is recorded through all forms of chronic
leukemia.
Table 4.2
Acute and chronic leukemia incidence among adult population
of Gomel region (per 100 000 inhabitants; X±SX)
Nosology

Gomel region, total
Before
accident

After
accident

Affected areas
Ð

Before
accident

After
accident

Ð

Acute lymphoblastic
leukemia

0,28±0,07

0,78±0,11

<0,01

0,35±0,08

0,96±0,28

>0,05

Acute non-lymphoblas-tic
leukemia

1,23±0,14

1,83±0,11

<0,01

1,07±0,13

2,30±0,31

<0,01

Other acute leukemia
(unspecified cellular
type)

1,77±0,26

0,29±0,06

<0,001

2,03±0,23

0,21±0,09

<0,001

Acute leukemia
(total)

3,28±0,28

2,91±0,16

>0,1

3,45±0,30

3,46±0,40

>0,1

Chronic
lympholeukemia

3,53±0,31

4,83±0,23

<0,01

3,88±0,44

5,42±0,54

<0,05

Chronic
myeloleukemia

1,41±0,09

2,07±0,14

<0,01

1,46±0,29

2,42±0,39

>0,05

Erythremia

0,59±0,11

0,93±0,12

>0,05

0,36±0,13

1,25±0,14

<0,001

Other chronic
leukemia

0,18±0,05

1,00±0,13

<0,001

0,22±0,09

0,84±0,21

<0,02

Chronic
leukemia (total)

5,72±0,32

8,83±0,42

<0,001

5,91±0,21

9,94±0,75

<0,001

Unspecified leukemia

0,05±0,02

0,04±0,02

>0,1

0,09±0,06

0,04±0,04

>0,1

All leukemia cases

9,05±0,22

11,79±0,42

<0,001

9,45±0,40

13,44±0,69

<0,001

At that, in the most contaminated districts of Gomel region chronic lympho- and myeloleukemia,
erythremia rates recorded in 19932003 were higher than rates recorded for Gomel region in general. In
the affected districts of Mogilev region in 19932003 only lympho- and myeloleukemia rates exceeded
similar rates recorded for the region in general, however, chronic myeloleukemia rate is lower than in
considered districts before the Chernobyl accident (Table 4.3).
As compared to 19791985 vs. 19932003 statistically significant growth of myelomatosis rate was
recorded in population of Gomel and Mogilev regions in general, and in inhabitants of radionuclides
contaminated territories. At that considerable difference between incidence rate in the affected districts
and the region in general were not observed.
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Table 4.3
Acute and chronic leukemia rates in adult population
of Mogilev region (per 100 000 inhabitants; X±SX)
Mogilev region, total

Nosology

Before
accident

After
accident

Affected areas
Ð

Before
accident

After
accident

Ð

Acute lymphoblastic
leukemia

0,48±0,10

0,82±0,11

<0,05

0,44±0,22

0,78±0,21

>0,1

Acute non-lymphoblastic
leukemia

0,31±0,08

1,69±0,18

<0,001

0,56±0,27

1,73±0,35

<0,02

Other acute leukemia
(unspecified cellular
type)

2,01±0,30

0,77±0,09

<0,01

2,66±0,81

1,14±0,25

>0,05

Acute leukemia
(total)

2,80±0,39

3,28±0,16

>0,1

3,65±0,96

3,65±0,62

>0,1

Chronic
lympholeukemia

4,95±0,46

5,69±0,38

>0,1

4,86±0,69

6,05±0,90

>0,1

Chronic
myeloleukemia

1,43±0,16

1,48±0,08

>0,1

1,81±0,41

1,65±0,41

>0,1

Erythremia

0,39±0,08

0,78±0,09

<0,01

0,36±0,1Ç

0,79±0,30

>0,1

Other chronic
leukemia

0,15±0,06

0,74±0,07

<0,001

0,26±0,18

0,58±0,22

>0,1

Chronic
leukemia (total)

6,93±0,38

8,70±0,42

<0,01

7,29±0,75

9,07±0,89

>0,1

Unspecified leukemia

0,07±0,02

0,07±0,03

>0,1

0,17±0,11

0

>0,1

All leukemia cases

9,80±0,55

12,05±0,40

<0,01

11,12±1,23

12,71±0,87

>0,1

As compared to the rate recorded before the Chernobyl accident, in 19932003 a significant growth
of non-Hodgkin lymphoma rate was recorded in population of Gomel and Mogilev regions including
those resided in the affected districts. Moreover, in the second time period of observation incidence rate
of this disease recorded in population of the affected districts exceeded the similar rate for population of
the region in general (Tables 4.4, 4.5).
Table 4.4
Incidence of myelomatosis, Hodgkine diease and non-Hodgkin lymphoma
in adult population of Gomel region (per 100 000 inhabitants; X±SX)
Nosology

Mogilev region, total

Affected areas

Before
accident

After
accident

Ð

Before
accident

After
accident

Ð

Myelomatosis

1,24±0,12

2,22±0,14

<0,001

1,10±0,23

2,09±0,31

<0,05

Hodgkine diease

2,95±0,19

3,21±0,23

>0,1

2,64±0,28

2,58±0,57

>0,1

non-Hodgkin lymphoma

2,83±0,20

5,57±0,30

<0,001

2,25±0,21

6,46±0,60

<0,001
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Table 4.5
Incidence of myelomatosis, Hodgkine diease and non-Hodgkin lymphoma
in adult population of Mogilev region (per 100 000 inhabitants; X±SX)
Nosology

Mogilev region, total

Affected areas

Before
accident

After
accident

Ð

Before
accident

After
accident

Ð

Myelomatosis

1,68±0,15

2,39±0,20

<0,02

1,42±0,21

2,43±0,42

<0,05

Hodgkine diease

3,90±0,14

3,06±0,11

<0,001

4,61±0,52

3,35±0,21

<0,05

non-Hodgkin lymphoma

2,99±0,21

5,73±0,25

<0,001

3,44±0,48

5,01±0,47

<0,05

Growth of Hodgkine disease incidence rate in population resided in different by radioactive
contamination areas of Gomel and Mogilev regions in 19932003 vs. pre-accidental period was not
recorded.

4.4. BREAST CANCER IN FEMALE POPULATION OF GOMEL REGION
Nowadays there is strong evidence that effect of ionizing radiation considerably increases possibility
of breast cancer development in women survived after A-bombing and in patients subjected to radiation
therapy. That is why it is important to study breast cancer incidence in women exposed to external and
internal radiation due to the Chernobyl accident and resided in one of the most affected Gomel region.
For the period of 19902003 there was recorded statistically significant increase of breast cancer
incidence among female population of Gomel region resided in the areas with density of 137Cs contamination
of 185555 kBq/m2 and over 555 kBq/m2, as compared to appropriate value in the areas with density of
137
Cs contamination of 37185êÁê/ì2 (standardized incidence rates were 30,3±2,6, 76,7±12,0 and
23,2±1,4, correspondingly, per 100000 female population).
Dynamics of incidence in the areas under survey had also considerable differences. Significant
increase of incidence growth rate was recorded in women resided in the areas with density of 137Cs
contamination over 555 kBq/m2 as compared to the control group and less contaminated territories (Fig. 4.9).

Fig. 4.9. Dynamics of breast cancer incidence in women residing in Gomel region and in areas
with the density of contamination 37185 kBq/m2, 185555 kBq/m2, over 555 kBq/m2 and in the control (Vitebsk) region
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In women of the control group as well as those resided in the areas with the density of contamination
by 137Cs 37185 kBq/m2 the average annual growth of incidence was 1,2% and 5,7%, meanwhile, in
the areas with the density of contamination by 137Cs over 555 kBq/m2 average annual increase was
considerably higher  32,7%.
Age analysis of breast cancer incidence showed considerable shift toward younger age in female
population residing in radionuclides contaminated areas as compared to the control group. So, on territories
with density of contamination over 555 kBq/m2 peak of incidence is achieved in age group 5559 years
(193,5±49,7 per 100000 female population), in control Vitebsk region  7074 years of age (94,9±6,8
per 100000 female population).
Linear dependence was defined between accumulated dose of radiation and realized relative risk of
breast cancer development (Fig. 4.10).
With growth of dose increase of breast cancer incidence rate in women was observed (Fig. 4.11.)

Fig. 4.10. Dependence between accumulated dose and realized relative risk of breast cancer development

Fig. 4.11. Dose dependence of breast cancer incidence in women of Gomel region
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Obtained results indicating increased risk of breast cancer development and statistically significant
dependence of dose-effect in women of Gomel region exposed to radiation due to the Chernobyl
accident, are preliminary and will by verified by completion of case-control study. It should be noted that
uncertainties of obtained results are resulted from radiation doses uncertainties.

4.5. POSSIBLE CONSEQUENCES OF THE CHERNOBYL
ACCIDENT TO GENERAL HEALTH STATE
OF THE AFFECTED POPULATION
World medical science has not still found a solution of the problem that for all groups of the
Chernobyl affected population increase of non-cancer incidence is observed: autoimmune thyroiditis,
cataract, blood circulation disorders. All these diseases except cataract according to existing knowledge
are not considered as radiation-induced.
The majority of scientists consider that growth of common sickness rate is caused by combined
effect of radiation and a number of factors, including even pre-accidental unfavorable factors of natural
and man-made specifics, psychological stress caused by the accident as well as by social-economic
cataclysms (collapse of the USSR, material well-being worsening). At that ionizing radiation could serve
both as dominating factor and as a trigger for negative effect of other factors.
Thereupon special attention should be focused on health state of liquidators. Indeed, on the one
hand the majority of liquidators were young healthy people: their average age at the time of the accident
was slightly over thirty. On the other hand liquidators were exposed to the highest radiation impact due
to the Chernobyl accident.
For the period 19932003 among male-liquidators significant growth of tumor incidence was
recorded including malignant: digestion, respiratory and thorax organs, urinary tract, thyroid, nontoxic single- and multi-nodular goiter, autoimmune thyroiditis.
Comparative analysis of incidence among different male groups affected by the Chernobyl accident
showed that male-liquidators significantly more often as compared to men of the second group of
primary registration (GPR, see section 7.3.1) and GPR 3, had tumors including benign, endocrine
system and nervous system dysfunction, disorders of vision, ear and mastoid, blood circulation system,
musculoskeletal system and connective tissue, i.e all studied classes of diseases excluding malignant
tumors.
Comparative analysis of primary incidence in women affected by the Chernobyl accident showed
that female liquidators (GPR 1) significantly more often as compared to other groups of the affected
population had tumors, endocrine and nervous system disorders, disorders of vision, ear and mastoid,
blood circulation system, musculoskeletal system and connective tissue.
Moreover, female liquidators had significantly higher incidence rates as compared to appropriate
rate in GPR 3 of malignant tumors of thyroid, lymphatic and circulation system, including benign
tumors of breast and thyroid; acquired hypothyroidism, thyroiditis.
For the period 19932003 among individuals evacuated from the exclusion zone in 1986 (GPR 2)
primary incidence practically through all classes and nosology forms was characterized by statistically
significant trend to decrease. In men of GPR 2 the only nosology form demonstrated significant growth
of primary incidence was malignant tumors of lymphatic and hemopoetic tissues. Among female population
of the GPR 2 there was recorded a significant growth of primary incidence of tumors including malignant,
as well as diseases of digestion, respiratory and thorax organs, urinary tract, thyroid, non-toxic singleand multi-nodular goiter, autoimmune thyroiditis, increased blood pressure. It should be noted that
significant changes of primary incidence occurred in elderly age group (over 65 years).
Among population residing in zones of immediate and subsequent resettlement (GPR 3), as well as
among population of GPR2 significant decrease of primary incidence through the majority of classes
and nosology forms was registered in 19932003. However, alongside with decreased primary incidence
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there was recorded statistically significant growth of malignant tumors both in men and women. Average
annual growth rate was considerably higher in women as compared to men (18,0% and 4,4%,
correspondingly). It should be noted a five-fold increase of average annual growth rate of malignant
tumors over benign in women (18,0% and 3,6%, correspondingly).
In men of GPR 3 significant growth of malignant tumors was recorded mostly in able-bodied age 
4549 and 5559 years. At that the highest growth rate was recorded in the age group of 4549 years:
annual growth of incidence rate in this age group was 8,2% at average. Dynamics of primary incidence
of malignant tumors of respiratory system was also characterized by statistically significant growth
including in age groups of 4549 and 7074 years. Significant growth of primary non-toxic single- and
multi-nodular goiter, acquired hypothyroidism, circulation disorders in men of GPR 3 was recorded in
age groups of up to 50 years.
Among women of GPR 3 there was recorded a trend to growth of non-toxic single- and multinodular goiter actually in all age groups up to 60 years. Alongside with significant decrease of primary
incidence of ischemic heart disease in women statistically significant growth of myocardial infarctions
was recorded including in age groups of 3539 and 5559.
For the period of 19932003 in children born from exposed parents (GPR 4) there was recorded
significant decrease of primary incidence through all considered classes of diseases. However in the age
group of 1014 years primary incidence of nodular goiter, thyroiditis including autoimmune, disorders
of nervous system, organ of vision, circulation system was specified by statistically significant growth.
Alongside with decreased primary incidence in children of GPR 4 in general, in girls of 1014 years of
age significant growth of tumor incidence both benign and malignant was recorded. In this age group
delayed sexual development was also recorded. All indicated above allows to refer the children of GPR 4
to risk group of such diseases development as endocrine, circulation, nervous systems diseases,
dysfunction of, and dysfunction of reproductive systems.

4.5.1. Cataract incidence
Among eye diseases in male liquidators for the period of 19932003 significant growth of cataract
incidence was recorded: annual growth rate was 6,0% at average. Cataract rate in liquidators was significantly
higher as compared to appropriate rate in other groups of the affected male population (Fig. 4.12).

Fig. 4.12. Cataract incidence in men affected by the Chernobyl accident for the period
of 19932003 (per 100000 men, World)
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4.5.2. Circulation diseases
Significant growth of primary incidence of circulating diseases in the affected population particularly
in men liquidators causes great concern. During the period of 19932003 in men liquidators incidence as
a whole in the class of «circulation diseases» had annual growth rate  2,1% at average. There was also
recorded statistically significant growth of diseases specified by increased blood pressure (4,3%); acute
myocardial infarction (3,9%); cerebrovascular diseases (6,7%), atherosclerosis of extremity arteries
(2,3%). Maximal growth rate was detected for diseases specified by increased blood pressure, the second
place was taken by cerebrovascular diseases  annually 164 and 92 new cases were recorded
correspondingly (per 100000 men). An attention should be paid to significant incidence increase of
cerebrovascular diseases and diseases specified by hypertension at young able-bodied ages (4049 years).
Specifically it should be noted that there was recorded significant incidence increase of diseases specified
by increased blood pressure, ischemic heart disease including myocardial infarction and cerebrovascular
diseases in men liquidators as compared to appropriate rates in men of other affected groups (Fig.4.13).
Similar trends of primary incidence are observed also among women liquidators (Fig.4.14).

Fig. 4.13. Standardized incidence rate of circulation diseases in Belarusian men
affected by the Chernobyl accident for the period 19932003

Fig. 4.14. Standardized incidence rate of circulation diseases in Belarusian women
affected by the Chernobyl accident for the period 19932003
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4.6. POSSIBLE GENETIC EFFECTS OF THE CHERNOBYL
ACCIDENT TO BELARUSIAN POPULATION
Study of congenital malformations in newborn and fetuses was conducted based on Belarusian
registry of congenital malformations. The analysis of the congenital malformation dynamics in 1981
2004 showed that after the Chernobyl accident in Belarus number of recorded congenital malformations
of strict registration (CM SR) was increased with years. The frequency of these congenital malformations
was increased from 5,58 in pre-accidental period to 9,38 in 20012004. In 17 districts of maximal
radionuclide contamination in the first post-accidental period (19871989) growth of CM SR frequency
was the most intensive (Fig. 4.15), as compared to 30 control districts and in Gomel and Mogilev
regions in general. During 19912004 CM SR frequency in both areas under comparison became
actually equal.
Dynamics of CM SR frequency on regional level repeated the trend detected on a district level,
however differences between contaminated regions were less expressed (Fig. 4.16). For the last decade
growth rate of congenital malformation of strict registration has been considerable decreased.
Analysis of dynamics of some specific nosology forms of malformations demonstrated that alongside
with increased CM SR frequency in the first years after the accident malformations frequency with
high contribution of dominant de novo mutations  polydactyly, reductional deformation of extremity
and multi ple congenital malformations was much higher (Table 4.6).

Fig. 4.15. Frequency of congenital malformation of strict registration in 17 contaminated and 30 control districts

Fig. 4.16. Frequency of congenital malformation of strict registration
in contaminated regions (Gomel, Mogilev) and control (Vitebsk, Minsk) regions
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Table 4.6
Frequency congenital malformation of strict registration rates in 17 contaminated and 30 control
districts of the country through time periods (19811986, 19871989 and 19902004)
Regions of study
Years

Contaminated districts
(N=17)

Control districts
(N=30)

19811986

19871989

19902004

19811986

19871989

19902004

Vivi parity è mortinatality,
absolute number

58128

23925

76278

98522

47877

161972

total number of children
and fetuses with congenital
malformation strict
registration (CM SR)

237

187

601

430

239

1295

Frequency (1:1000)

4,08

7,82*

7,88

4,36

4,99

8,00

Some specific forms
of CM SR

abs.

‰

abs.

‰

abs.

‰

abs.

‰

abs.

‰

abs.

‰

Anencephalia Q00

16

0,28

8

0,33

57

0,75

35

0,36

14

0,29

115

0,71

Myelomeningocele Q0.5

33

0,57

21

0,88

88

1,15

68

0,69

46

0,96

228

1,41

Cheiloschisis and
(or) cleft palate Q35, Q37

38

0,65

26

1,09

82

1,08

63

0,64

40

0,84

199

1,23

Polydactyly Q69

13

0,22

30

1,25*

84

1,1

32

0,32

24

0,5

148

0,91

Reductional deformation
of extremity Q71, Q73

10

0,17

14

0,59*

37

0,49

22

0,22

6

0,13

56

0,35

Esophageal and (or)
anal atresia
Q39, Q39.2, Q42, Q42.3

8

0,14

5

0,21

16

0,21

19

0,19

13

0,27

37

0,23

Downs syndrome Q90

52

0,89

14

0,59

77

1,01

63

0,64

42

0,88

175

1,08

Multi ple CM
Q86, Q87, Q89.7,
Q9193, Q9699

74

1,27

71

2,97* 176

2,31

133

1,35

59

1,23

376

2,32

Note. Table presents the data for 7 nosology forms of isolated congenital malformations, separately for Dows syndrome
and totally for all multi ple congenital malformations.
* Statistically significant excess of CM frequency in contaminated regions as compared to the control in the first 3 years
after the accident (p<0,01).

The most probable reason for stable increase of CM SR frequency in Belarus is a complex of
negative factors. Alongside with effect of ionizing radiation, one could not exclude negative effect to
embryogenesis and congenital malformation of strict registration of other factors such as poor nutrition,
vitamins and proteins deficiency, deficiency of soluble selenium, high share of population with insufficient
thyroid function. Considerable increase of malformation rates with high contribution of dominant de
novo mutations in the regions with maximal level of radionuclide contamination does not exclude the
role of radiation component.
Conducted in the country specialized regular medical examination prevented from dramatic worsening
of health state, facilitated stabilization of the incidence rate and even significant decrease for some
classes and forms of diseases. Mortality rates in the cohorts of the affected population is significantly
lower than in control group not exposed to radiation.
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5. ECONOMIC AND SOCIAL DAMAGE

The Chernobyl Accident affected all spheres of human activity. It influenced agriculture and forest
businesses, industry, and social life.

5.1. ECONOMIC DAMAGE
The agriculture has suffered most. 2,65 thousand square kilometers of farmland was withdrawn.
Consequently crop areas, the gross output of the agricultural products, and the total number of
livestock reduced sharply (see section 7.5.1).
The usage of mineral and raw material resources was reduced essentially. 57 deposits including 9
sand (196 mln. m3), 19 kaolin (6 mln. m3), 6 refractory loam (46.5 mln. m3), 8 cement raw material (835
mln. tones), 14 chalk (853.5 mln. tones), 1 glass-making and molding sand (16.6 mln. tones) deposits
appeared to be in the highly contaminated area (more than 555 kBq/m2 or 15 Ci/km2). Regardless of the
fact that 10 of them were financed and ready for developing (2 sand deposits, i.e. 3.0 mln. m3; 3 kaolin
deposits, i.e. 0.6 mln. m3; 1 refractory loam deposits , i.e. 0.4 mln. m3; 1 cement raw material deposits, i.e.
109 mln. tones; 3 chalk deposits , i. e. 8.1 mln. tones), they are not worked nowadays.
The exploration of the southern part of Pri pyat oil-and-gas bearing deposit estimated at 25.3 billion
tones of oil has been limited because of radioactive pollution.
Forestry was damaged greatly. About a quarter of all forests of the Republic (20100 km2) was
contaminated. In the contaminated areas with cesium-137 of 555 kBq/m2 and over adult and overmature
forest exceeds 2 mln. m3 nowadays and is expected to be 3,5 mln. m3 by 2010. In the most contaminated
areas with cesium-137 of 555 kBq/m2 (Gomel and Mogilev regions) logging was stopped.
Due to the fact that 340 industrial enterprises are in the contaminated area their activity degraded.
Moreover, a number of enterprises and services stopped functioning because of the resettlement of the
population. Others are operating at a loss owing to the decrease in production volume and the impossibility
to compensate money invested into infrastructure. The losses of fuel and raw materials are essential.
The total loss estimated by the Institute of Economics of National Academy of Sciences makes 235
billion US dollars in terms of 30 years to overcome the consequences of the catastrophe that is 32
national budgets in 1985. This loss includes deteriorating health of the population; degrading in industry,
agriculture, construction, transport, infrastructure and social spheres, etc. Among it is the contamination
of mineral and raw material, water, soil, forest and other resources. Besides, it covers additional
expenditures on liquidation and minimization of the consequences of the accident and maintenance of
standards of living. Figure 5.1. and Table 5.1. show the loss for the economy of the Republic.
The greatest part of the loss (81,6%) makes large-scale expenditures and investments into industrial
production and protection measures equal 191,7 billion US dollars which is planned to be spend from
1986 to 2015. Direct and indirect losses constitute about 30 billion US dollars (12,6 %). Missed profit is
estimated at 13,7 billion US dollars (5,8%).
The direct losses includes the cost of withdrawn national resources, i.e. capital stock and circulating
money invested into industry, infrastructure, building construction and natural resources.
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1  Additional investments into industrial production and protection measures,
191,7 billion US dollars
2  Direct and indirect losses, 29.6 billion US dollars
3  Missed profit, 13.7 billion US dollars
Fig. 5.1. The loss for the economy of the Republic till 2015

Indirect losses includes problems caused by the intermixing of economic and social problems, i.e.
standards of living, state of health of the population as well as problems dealing with migration of people
from the contaminated areas. All theses factors affected negatively industry, labour productivity, state
and private businesses.
Missed profit includes the reduction in output, work and public services, the cost of product being
unfit for use because of radiation, extra expenses needed for filling deficiency and restoration of quality
of products; lost benefits in all spheres of business such as cancellation of contracts and projects,
postponement of credits, penalty payments, etc.
Extra expenses means the expenses on overcoming the consequences of the Accident and maintenance
the functioning of national economy in the contaminated areas as well as developing of environmentally
safe life conditions for people. Among them are the expenses on compensation of consequences of the
catastrophe, such as losses and missed profits, and cost of radioactive decontamination and control.
Table 5.1
The cost of damage in different branches of economy (USD billion)
Branch of National
Economy

Population health
Agribusiness
Forestry
Industry
Construction work
Raw mineral and water
recourses
Transport and
communications
Social sphere
Decontamination of polluted
territories
Environmental
monitoring
TOTAL

Years
19861990

19911995

19962000

20012015

19862015

4,05
18,3
0,58
0,06
0,15

16,77
20,0
0,68
0,13
1,25

18,13
15,6
0,70
0,11
0,32

54,32
18,1
2,15
0,33
0,96

93,27
72,0
4,11
0,63
2,68

2,00

0,12

0,15

0,40

2,67

0,93
2,84

1,20
5,45

0,36
2,96

0,90
6,45

3,39
17,70

0,04

4,19

22,48

10,12

36,83

0,05
29,00

0,21
50,00

0,19
61,00

1,27
95,00

1,72
235,00
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The loss esteem hasnt yet been completed. Various aspects of it have being appeared in different
spheres of economic and social life of the country. Scientists can not give the final conclusions about the
consequences of the catastrophe because the information about medical, biological, social and ecological
side-effects is being enlarged.

5.2. SOCIAL  PSYCHOLOGICAL
AND DEMOGRAPHIC CONSEQUENCES
Social and psychological consequences of the accident are shown in changing the emotional status of
a significant part of the suffered population, which results in decrease of protective neurological and
mental mechanisms, disorders of adaptation systems of organism.
Among the main reasons for the observed psychogenic disorders are: insufficient knowledge of the
radiation effects; constantly existing fear for the health and well-being of a person, his relatives,
especially of children; sharp change of a vital stereotype (forced resettlement, breaking of the developed
way of life, change in a residing place and in the mode of work); necessity to constantly maintain safety
measures and to make preventive physical examinations; decreasing of the opportunities of social and
professional self-determination, especially of the youth; contradictory information on a real radiation
situation and its consequences.
As a result, the affected population has a marked decrease of the mental adaptation level, diffidence,
unstable self-estimation and pessimistic evaluation of the future. Almost two thirds of the examined
population have a feeling of personal safety loss, which is in itself evident of the deepest social psychological trauma.
The above-said can be characterized as social - radioecological stress. Its action is cumulative in
character, and the range of its distribution is steadily extending. So, in 1987 48 % of the examined
population underwent the stress, in 1991  54%, in 1995  74 %. The mass social  radioecological
stress generates several kinds of adaptation syndromes:
• raised somatization of anxious antici pations («escape into illness»);
• depreciation of needs (social-psychological apathy);
• fixing on unpleasant feelings (its extreme case  hopelessness syndrome ).
As already marked, the Chernobyl accident and the action of its consequences coincided in time
with the crisis phenomena in the life of the society. A combination of all these factors became a reason for
a negative demographic situation in Belarus. A low birth rate and a growth of a death rate resulted in
decreasing the number of the inhabitants. Since 1994, the absolute number of the inhabitants had
progressively reduced, and by 2004 the population of Belarus had decreased by about 300 thousand
persons, or approximately by 3 %.
The situation is even more dramatic on the affected territories. The number of the died in the
contaminated areas exceeds by a factor of two and more that of the born and, unfortunately, the
situation has no tendency toward improvement. An especially significant decrease in the population is
seen in the most contaminated areas of the country. In the Gomel region the decrease in the absolute
population has been marked since 1987; for the time passed the population of this region has reduced by
9 % (150,6 thousand persons). In the Mogilev region since 1990 the absolute population has decreased
by 7 % (88,1 thousand persons).
The demographic structure of the «Chernobyl» regions of Belarus differs from that of other areas.
More than 137 thousand persons have been moved and no less than 200 thousand persons have become
forced migrants who left the contaminated areas in the unorganized way. Thus, the youth, intelligence
and the qualified specialists were leaving these area most intensely. Today, in the some most suffered
areas a share of persons of retirement age makes about 70 % of the entire population, that is almost three
times more than as a whole in the Republic.
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* * *
Thus, the Chernobyl accident has put the contaminated territories into especially difficult social and
economic conditions. These are characteristic for: falling-off of production, resettlement of the population,
undeveloped consumer sector, low level of satisfaction of the wants of the population in social and
health services.
In such conditions fast rehabilitation of the affected territories and the objects of the national
economy located on them is practically impossible. It is possible to speak only about a long process of
rehabilitation which means the stage-by-stage introduction of the lost potential into the economic
sphere as far as safe conditions for residing of people are created and those branches of industry are
developed, the activity of which is possible in the contamination conditions without damage to the
health of the population.
For a number of years the conclusions of the Belarusian scientists and experts about the scales of
the social and economic consequences of the Chernobyl accident for the Republic were being contended
both by the representatives of the world community and by the experts of Russia and the Ukraine. The
verdict on the given question was put at the International Conference «15 Years of the Chernobyl
Accident. Experience in Overcoming» which was most representative for the last years (Kiev, April,
1820, 2001) . The predictions of the Belarusian specialists were supported in the joint report of the
Ukraine, Belarus and Russia. A total economic loss of the Ukraine made 201 billion US dollars. The
representatives of the Russian Federation expressed their opinion that the loss of Russia was not so
significant because the population was not evacuated from the affected areas. It was emphasized that the
sizes of the social and economic loss for Belarus and the Ukraine were incommensurable with the real
economic capacities of these countries to overcome it in the nearest decades. Owing to this, it was
necessary to expand international help.
All this was expressed in the official conclusions of the Conference, at which it was stated that the
direct losses and the indirect detriment due to the accident at the Chernobyl nuclear power plant made
hundred billions US dollars for Belarus, Russia and the Ukraine for the last 15 years.
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6. STATE POLICY OF THE REPUBLIC OF BELARUS
ON OVERCOMING THE CONSEQUENCES OF
THE CHERNOBYL ACCIDENT
V.G. Tsalko, V.E. Shevchuk

In the first years after the accident at the Chernobyl nuclear power plant the general guidance of
liquidation of its consequences was carried out by the Government Commission of the USSR Council
of Ministers and the USSR Ministry of Health. In 1986 the decisions on evacuation of the population
from the contaminated areas were taken and realized, the works on overcoming the accident consequences
at the plant itself were organized with the partici pation of hundred thousand persons from the former
USSR, including those from Belarus. Iodine prevention for the migrants from the affected areas was for
the first time organized on May, 2 (for other categories of citizens it was not used). Engineer troops
and civil defense carried out mass decontamination of settlements. Only outside a 30-km zone about 500
settlements were decontaminated, 60 % of them  23 times. As a result, it became possible to ease the
radiation situation.
In 1986 the USSR National Commission on Radiation Protection (NCRP) introduced temporary
permission levels on the iodine-131 content in drinking water and other foodstuffs; limiting exposure
doses for the population; allowable levels of radioactive contamination of premises, vehicles, clothes,
skin integument which were repeatedly reconsidered; in 1987  the radiation safety standards RSS-76/87;
in 1988  temporary permission levels of cesium isotope contamination of foodstuffs and water (TPL-88).
From May, 5 till December 9, 1986 the BSSR Government worked out and approved 32 normative
documents to carry out the protective actions, including temporary permission levels on the allowable
content of radioactive substances in drinking water, foodstuffs, and forages. For the guidance of the whole
set of actions associated with protection of population the Government Commission was organized. A
number of the urgent decisions of the Government were directed to organize the rest and improvement of
children, teenagers and pregnant women, to arrange the residing of thousand people at a new place, as well
as compensatory payments to the suffered citizens and the improvement of their financial position.
During the first years after the accident several tens of decisions and orders on the questions
connected with the liquidation of the accident consequences at the Chernobyl nuclear power plant
were taken by the BSSR Council of Ministers. Nevertheless, it became more and more obvious that
without a precise state policy on the liquidation of the accident consequences  the special legislation 
it is impossible to solve the entire set of problems.

6.1. ACTIVITY OF THE GOVERNMENT
AT THE RECOVERY STAGE OF OVERCOMING THE CHERNOBYL
ACCIDENT CONSEQUENCES
The experience of works at the initial stage dictated the necessity of a comprehensive solution of the
problems on the Chernobyl accident consequences. On March 22, 1989 the Central Committee of the
Communist Party of Belarus and the BSSR Council of Ministers took a decision on the development of
the State program on overcoming the accident consequences at the Chernobyl nuclear power plant for
19901995 and till 2000 in Belarus. Such a program was created in July, 1989 and authorized by XI
session of the BSSR Supreme Soviet. At the same session the Republic was declared as a national
ecological disaster area. Finally, the Program was approved by XII session of the Supreme Soviet in
October, 1989. It was based on the following actions:
 realization of a set of measures on a maximal reduction of an irradiation dose;
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 maintenance of the health safety of people due to medical prevention, improvement, social
security, and resettling from the settlements, in which the criteria of safe residing are not provided;
 creation of the conditions of the vital activity safe for person in the areas underwent radioactive
nuclide contamination;
 improvement of the life quality of the population of these areas;
 research of the problems of the radiation influence on a person, ecological system, etc.
In April, 1990 the USSR Supreme Soviet approved the State Republican program of urgent measures
on the liquidation of the accident consequences at the Chernobyl nuclear power plant for 19901992.
In 1991 according to the decision of the Supreme Soviet the State Committee of the Republic of Belarus
on the problems of the accident consequences at the Chernobyl nuclear power station was organized,
now  the Committee on the problems of the accident consequences at the Chernobyl nuclear power
plant at the Council of Ministers of the Republic of Belarus (Committee on Chernobyl).
However, after the dissolution of the Soviet Union the Republic of Belarus was forced to solve all
set of the Chernobyl problems on its own. On July 28, 1992 the Presidium of the BSSR Council of
Ministers approved the State program on overcoming the accident consequences at the Chernobyl
nuclear power plant for 19931995 and for the period till 2000 in Belarus. Similar programs were
performed in 19962000 and 20012005. Now the State program on overcoming the accident
consequences at the Chernobyl nuclear power plant for 20062010 is being carried out. It is evident of
the fact that the importance of the Chernobyl problems for Belarus will remain at a state level still for
long time.
In 1991 the Supreme Soviet of the Republic of Belarus adopted the basic «Chernobyl» laws: «On the
social protection of the citizens suffered from the accident at the Chernobyl nuclear power plant» and
«On a legal regime of the territories underwent radioactive contamination due the accident at the
Chernobyl nuclear power plant». In 1998 the National Assembly adopted the law «On the radiation
safety of population».
The state policy in the field of overcoming the consequences of the Chernobyl accident has been
realized with the direct partici pation of the President of the Republic of Belarus. The Head of the state
and his administration have worked out a system for control of realization of the Chernobyl legislation
and the state programs on overcoming the consequences of the Chernobyl accident. This control system
includes periodic (not less than two times a year) working visits of the President in the contaminated
regions of the country and consideration of the problems on social protection of the affected population
at a place; development of particular actions on realization of the instructions of the President with
schedules of execution, officials responsible for execution, forms of control, etc. By the results of the
visits in the affected areas, a great significant number of legal instructions on correcting the actions of
the state bodies and executive committees on minimization of the accident consequences are given.
When realizing the Presidents instructions the work on overcoming the accident consequences
receives an additional impetus, becomes more dynamic and goal-directed in character.

6.2. STATE PROGRAM OF THE REPUBLIC OF BELARUS
ON OVERCOMING THE ACCIDENT CONSEQUENCES AT THE
CHERNOBYL NUCLEAR POWER PLANT FOR 20062010
The main objective of the current  the fourth State program in count  is the social- economic
and radioecological rehabilitation of the contaminated territories; the creation of conditions for managing
the economic activity without restrictions to the radiation factors and a further reduction in the risk for
the health of the population.
The state program fixes the mechanism for realization of the state policy in the field of protection of
the population and territories against the accident consequences at the Chernobyl nuclear power plant
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and represents a set of actions associated with decreasing the negative consequences of the accident,
which is coordinated by resources, main executors and completion dates.
The Program authorized by the decision of the Council of Ministers on January 11, 2006, No.29
includes solving the following primary goals:
 perfection of the specialized medical aid to the population suffered from the accident;
 creation of an effective system of social protection and social-psychological rehabilitation of the
population living on the contaminated territories and the liquidators, evacuees and resettled;
 concentration of capital investments for performing gasification, water supply and arrangement
of the contaminated territories, first, of the areas of subsequent resettling and with the right of resettling,
completion of programs on resettling of people from the areas of subsequent resettling;
 maintenance of radiation protection of the population;
 maintenance of functioning the system for radiation control of products of agriculture and
forestry, foodstuffs and drinking water;
 perfection of the normative legal acts regulating the questions of overcoming the accident
consequences in order to create preferential economic conditions both for the development of the
injured territories and for experts working in the field of public health services, education, agriculture
and forestry on these territories;
 creation of conditions for radiation-ecological and economic rehabilitation of the territories of the
Gomel, Mogilev and Brest regions subjected to the radioactive contamination;
 conduction of special measures in agriculture and forestry to make products corresponding to
permission levels;
 further development of applied researches and introduction of their results;
 expansion of international cooperation;
 stage-by-stage rehabilitation of the contaminated territories and affected population;
 optimization of medical care of the suffered citizens on the basis of scientific recommendations;
 performance of protective measures aimed at reducing exposure doses;
 manufacturing of profitable products corresponding in radiological quality to the Republican and
international requirements.
The actions of the State program have financial, material, scientific and personnel maintenance;
they determine the basic ways of solving the problems which had arisen as a result of the accident in
each of the mentioned directions.
Sources of financing the actions of the State program are the means of the Republican and local
budgets. To perform the tasks on overcoming the accident consequences, it is decided to spend 3277,5
billion roubles, 3116,7 billion roubles from the Republican budget and 160,8 billion roubles from the
local budgets in 20062010.
The volume of expenses is predicted in the prices of 2006 according to the basic directions of the
social and economic development of the Republic of Belarus for the period till 2010, authorized by the
decision of the Council of Ministers of Belarus dated of April 3, 2000 No. 445, and should be subjected
to the annual specification according to the yearly actions on overcoming the accident consequences,
proceeding from the economic capacities and forecasts of the social and economic development of the
Republic of Belarus.
The tasks of the State program are being formed by a state customer-coordinator  Committee on
the problems of the accident consequences at the Chernobyl nuclear power plant under the Council of
Ministers of the Republic of Belarus by the offers of the state customers.
The state customers of the Program have determined: Chernobyl Committee, Ministry of Munici pal
and Communal Services, Ministry of Health, Ministry of Education, Ministry of Labor and Social
Protection, Ministry of Natural Resources and Protection of the Environment, Ministry of Forestry,
Ministry of Agriculture and Food, Republican Center for Improvement and Sanatorium Treatment of
the Population, National Academy of Sciences of Belarus, Regional Executive Committees, Minsk City
Executive Committee.
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7. OUTCOMES OF THE COUNTERMEASURES TARGETED
AT MITIGATION OF THE CHERNOBYL CONSEQUENCES
AND UNSOLVED PROBLEMS
V.J. Ageyets, G.V. Ancypov, Z.P. Basalaeva, N.Y. Borisevich, M.G. Germenchuk, V.L. Gurachevsky,
L.N. Karbanovich, J.E. Kenigsberg, V.V. Kudin, S.P. Kundas, S.L. Korsik, A.I. Lesnikovich,
O.M. Lugovskaya, I.Y. Poplyko, V.V. Skurat, O.V. Sobolev, E.J. Sosnovskaya, A.I. Timoschenko,
A.P. Tsyganov, V.E. Shevchuk
Ñhernobyl related costs annually accounted a significant share of the countrys national budget:
Belarus invested from 17% to 5% of its budget in the official Chernobyl programme. This sum is
inadequate for solution of all problems in the nearest future. To mitigate the consequences of the
disaster estimated as 235 billions USD or 32 times the national budget of the pre-accidental 1985, for
20 years the country has managed to invest only about 17 billions USD. However a number of the most
urgent problems has been solved.
• Regulatory and legislative base covering practically all aspects of the accident mitigation has been
set up.
• A system of social protection of all groups of the affected population has been put in practice. In the
regions contaminated with radionuclides a complex countermeasures are undertaken to improve medical
care. Over a million individuals are subjected annually to profound medical examination.
• Resettlement of population (138000 individuals) from the most contaminated territories and their
employment at new places of residence has been practically completed.
• Protective countermeasures in agro-industrial complex allows to control agricultural produce.
• System of radiation control and monitoring has been set up and successfully operates.

7.1. PRINCIPAL REGULATORY DOCUMENTS AND STATISTIC DATA
The legislative grounds of the countermeasures aimed at mitigation of the Chernobyl consequences
are based on laws of the Republic of Belarus «On Social Protection of Citizens Who Suffered from the
Chernobyl Nuclear Power Plant Disaster», «On the Legal Status of the Territories Affected by Radioactive
Contamination as a Result of the Chernobyl Nuclear Power Plant Disaster» and «On Social Safety of
Citizens Affected by the Chernobyl Accident».
The law «On Social Protection of Citizens Who Suffered from the Chernobyl Nuclear Power Plant
Disaster» deals with protection of rights and interests of the following groups of citizens:
 took part in clean-up activities at the Chernobyl site;
 evacuated or resettled to new places of residence from the territories of radioactive contamination;
 continued to live in areas designated as contaminated;
 partici pated in clean-up activities or affected by accidents and their consequences occurred at
civil and military nuclear facilities;
 affected due to nuclear tests, trainings or other activities dealing with nuclear units including
nuclear weapons.
The law «On the Legal Status of the Territories Affected by Radioactive Contamination as a Result
of the Chernobyl Nuclear Power Plant Disaster» is designed for:
 lowering of radiation effect to population and environmental systems;
 conducting remediation and protective countermeasures;
 efficient use of natural, economic and scientific resources.
The laws determined such terms as national radiation and ecological distress, territory of radioactive
contamination, radiation-dangerous lands, exclusion areas, areas of limited economics etc.
In accordance with article 4 of the Law, considering radioactive contamination of soils and average
annual dose, the territory of the country is divided into the zones (Table 7.1.).
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Table 7.1
Zoning of Belarusian territory by level of radioactive
contamination and dose loads to population
Zone

Effective dose,
mSv/year

Density of contamination, kBq/m2
Cs-137

Sr-90

Pu-238,
-239, -240

<1

37185

5,5518,5

0,370,74

Zone with the right to resettlement

15

185555

18,574

0,741,85

Zone of subsequent resettlement

>5

5551480

74111

1,853,7

Zone of primary resettlement

>5

> 1480

> 111

> 3,7

Zone of regular radiation
control

Zone of evacuation (exclusion)

Territory around Chernobyl NPP, from which population
was evacuated in 1986

The decision concerning referring the territory to specific zone is accepted on the base of increase of
at least one value: average effective dose, density of contamination by cesium, strontium, or plutonium
isotopes of corresponding background level. The list of settlements located in the zones of radioactive
contamination is reconsidered by the Council of Ministers of the Republic of Belarus at least once every
five years based on the current Catalogue of the annual effective doses of radiation for population of
Belarusian settlements.
The Law «On Social Safety of Citizens Affected by the Chernobyl Accident» is purposed for
improvement of the system of radiation safety in the country, acceptance of the princi ples and norms of
radiation monitoring corresponding to international standards and recommendations. The limit of average
annual effective dose of population at the cost of ionizing radiation sources (not considering natural
background and medical radiation) is fixed on the level of 1 mSv.
Currently the main regulatory documents in the field of radiation safety and protection of the
population are:
• Radiation Safety Standards (RSS-2000).
• Basic Sanitary Regulations of Radiation Safety (BSR-2002).
• Catalogue of Average Annual Effective Exposure Doses of Population from the Settlements of the
Republic of Belarus, 2004 year.
• Republican permissible levels of cesium and strontium radionuclides concentration in foodstuff and
drinking water (RPL-99) (Table 7.2).
• Republican permissible levels of cesium and strontium radionuclides concentration in agricultural
raw materials.
• Republican permissible levels of cesium and strontium radionuclides concentration in basic types of
fodder.
• Republican permissible levels of cesium-137 concentration in wood, wood produce and other
nonfood raw material of forestry.
• Regulation forestry activity on contaminated territories.
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Table 7.2
Republican permissible levels of cesium and strontium radionuclides concentration
in foodstuff and drinking water (RPL-99)
¹

Foodstuff

Bq /kg, l

For cesium-137
1.
2.
3.
4.
5.
6.
7.
7.1.
7.2.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Drinking water
Milk and dairy produce
Milk condensed and concentrated
Soft cheese and soft cheese produce
Cheese renneting and melted cheese
Butter
Meat and meat produce including:
beef, mutton and their products
pork, poultry and their products
Potato
Bread and bakery
Flour, cereals, sugar
Vegetable fat
Adi pose and margarine
Vegetables and edible roots
Frouts
Cultivated berries
Tinned vegetables, fruits and cultivated berries
Wild berries and tinned produce
Mushrooms fresh
Mushrooms dry
Specialized products of ready baby food

21.
22.
23.
24.
25.

Drinking water
Milk and dairy produce
Bread and bakery
Potato
Specialized products of ready baby food

10
100
200
50
50
100
500
180
80
40
60
40
100
100
40
70
74
185
370
2500
37

For strontium-90

0,37
3,7
3,7
3,7
1,85

The table 7.3. presents areas of radioactive contamination with Cs-137 (according to the data of the
Ministry of Nature, Republic of Belarus by January 1, 2004).
Table 7.3
Areas of radioactive contamination with Cs-137
Contaminated totally

Republic
of Belarus
Regions:
Brest
Vitebsk
Gomel
Grodno
Minsk
Mogilev

Including the density of contamination, thousands km2

Thous.
km2

% to total
area of the
Republic and
(region)

37185
kBq/m2
(15
Ci/km2)

185555
kBq/m2
(515
Ci/km2)

5551480
kBq/m2
(1540
Ci/km2)

>1480
kBq/m2
(>40
Ci/km2)

41,11

19,75

29,18

7,58

2,50

1,85

3,55
0,02
25,91
1,35
1,44
8,84

10,82
0,04
64,13
5,4
3,53
30,48

3,38
0,02
17,13
1,35
1,44
5,86

0,17

5,61
<0,01
<0,01
1,80



1,69


0,81



1,48


0,37
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The Table 7.4 presents the data of the Ministry of Statistics and Analysis, Republic of Belarus, of
the number of settlements located in the areas of the radioactive contamination and the number of
inhabitants living there.
Table 7.4
Number of settlemets located in the areas of the radioactive contamination
and the number of inhabitants

Number of settlements  total
Including those located in
the areas of:
Regular radiation control
With the right to resettlement
Subsequent resettlement
Primary resettlement
Number of population  total,
thousands individuals
Including those living in the
areas of:
Regular radiation control
With the right to resettlement
Subsequent resettlement
Primary resettlement

1991

1995

2000

2003

2004

2005

3370

3221

2894

2746

2732

2631

2006
999
307
58

1933
1102
176
10

1732
1085
77


1646
1051
49


1637
1048
47


1755
843
33


1852,9

1841,0

1571,0

1470,5

1463,0

1333,0

1489,6
281,3
79,1
2,9

1485,2
314,2
41,3
0,3

1246,3
296,8
27,9


1207,1
247,4
16,0


1202,4
244,8
15,8


1136,8
192,2
4


7.2. SOCIAL PROTECTION
Based on the Law «On Social Protection of Citizens Who Suffered from the Chernobyl Nuclear
Power Plant Disaster» a system of social protection of all groups of affected population is set up in
Belarus. By January 1, 2005 the following categories of population were registered:
 fell ill with radiation sickness or become invalids due to the consequences of the Chernobyl
accident  10 848 individuals;
 took part in clean-up activities at the Chernobyl site and in the evacuation zones in 19861987 
68 676 individuals;
 partici pated in clean-up activities at the Chernobyl site and in the evacuation zones in 1988
1989 and in zones of primary and subsequent resettlement in 19861987  38 382 individuals;
 continued to live in areas designated as contaminatedabout 1 333 thousands individuals;
 were evacuated, or resettled, or left the affected areas at their own initiative  over 137
thousands individuals.
The most numerous group includes invalids due to the consequences of the Chernobyl accident.
This group also includes children with hematopoietic disorders (acute leukemia), thyroid abnormalities
(adenoma, cancer) and malignant tumors. At exemption children invalids are considered as invalids of
the first rate.
Envisaged preferences and benefits for this group of population are designated first of all to compensate
health damage due to partici pation in clean-up activities, living and working in radionuclide contaminated
areas. These people receive extraordinary grant for health damage and annual special allowances for
rehabilitation.
Chernobyl invalids have the right to free medicines, denture. Being retired or changing place of work
they could continue using medical facilities where they have been followed up during their previous
activity. If a single invalid needs nursing at home the costs are reimbursed. Annually invalids are provided

67

with free sanatorium treatment or equivalent to it sum of money. At that, for the whole period of
sanatorium treatment working invalids are given sick-list. Vacations to Chernobyl invalids are provided in
convenient time, moreover annual extra 14 days vacations are guaranteed.
A number of benefits is designated to economical support of invalids: privileged income tax, free
privatization of state housing, 50% payment for public utilities, water, gas, electric power, free travel to
the place of medical examination, free tri ps in public munici pal and local transport, as well as one free
annual tri p to any place of the country.
Benefits are envisaged for housing improvement of the invalids, including out of turn housing
extension, as well as some extra housing or separate room, immediate joining building societies, providing
with lots. Chernobyl invalids have a right to get a loan for construction or purchasing of a house, at that
50% of the sum is covered by the state budget. Chernobyl invalids have a right to out-of-competition
entering secondary, technical, and higher educational institutions with guaranteed place in dormitory
for the whole period of study, at that they receive 50% higher scholarshi p. Children of invalids are
provided out of turn with places in kindergartens, free summer camps and sanatoriums.
Privileges and benefits for Chernobyl liquidators include: immediate supplying with lot for house
construction, joining building societies, privileges at entering secondary, technical, and higher educational
institutions with guaranteed place in dormitory for the whole period of study, at that they receive 50%
higher scholarshi p, allowance for health rehabilitation etc.
The legislation provides with equal rights to population evacuated and resettled from zones of
evacuation (exclusion), immediate resettlement and subsequent resettlement as well as those who left
the affected areas at their own initiative. This group of population has a right to easily cancel a labor
contract when moving from one place and immediate job placement at arriving to another. Moreover,
unbroken record of service is preserved for 4 months.
Compensatory damage includes:
 severance pay in the amount of four time average wage at cancel of a labor contract;
 extraordinary grant in the amount of month official salary and  to each family member when
moving to another place;
 compensatory damage for lost due to resettlement property (or provision with equal property):
real estate, homestead, which cannot be taken to a new place of residence, insurant domestic animals
obliged to be killed, fruit-trees and plants, costs for land reclamation, shares in construction societies.
Expenses caused by resettlement and property relocation are paid in full amount. Population resettled
from the affecter areas is provided with houses (apartments) as a private property at new places instead
of abandoned. At that, compensatory damage is not paid. If the amount of compensatory damage for a
house exceeds the cost of providing in private property house or apartment cost difference is paid.
Another privileges and benefits for this group of population include: exemption from land tax for
three years since resettlement to rural area, immediate provision with sanatorium treatment, out of turn
provision with places in kindergartens, specialized children medical facilities, summer camps, vacations
at convenience, extra 14 days vacations.
The cleaner the territory  the lower amount of privileges and benefits.
Children and adolescents having lived previously in evacuation zone, immediate and subsequent
resettlement, zone with the right to resettlement, when moving to a new place of residence have a right
to free sanatorium treatment and rehabilitation, free medicines. In case a child referred to medical or
sanatorium treatment needs to be accompanied, this person is provided with covered travel expenses and
sick leaf for the whole period of staying with sick child during traveling and treatment.
By now resettlement of inhabitants from the zone of immediate relocation has been completed. The
question of mandatory resettlement from the zone of subsequent relocation is out of agenda now. As far
as settlement in this zone will exist the measures have been undertaken to minimization of unfavorable
Chernobyl consequences. These measures could be conventionally subdivided into two groups: medical
and economic. So, population living in the zone of subsequent resettlement is provided with free medicines,
sanatorium treatment and rehabilitation (at that term for children is up to 2 months).
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The system guarantees free places at kindergartens, summer camps, free meals in schools, technical
schools and colleges.
Mothers taking care of their children invalids and who are not working receive monthly allowance,
they have a right to free travel with sick child to the place of treatment and back. For the whole period of
nursing including sanatorium treatment to one of the parent a sick leaf is paid 100% of wage. Population
living and working in the contaminated zones has prolonged annual paid vacations (from 30 to 44 days,
not considering an extra vacation provided for hazard working conditions) with an additional welfare
for sanitation.
Individuals living in the areas contaminated over 1 Ci/km2 (37 kBq/m2) have privilege at entering
higher, secondary, and technical educational institutions with guaranteed place in dormitory for the
whole period of study, at that they receive 50 % higher scholarshi p.
Special benefits are provided to specialist working in the zone of evacuation: 35-hours working
week, prolonged paid vacations, increased per diem, free three times hot meal.
The legislation specifies regulations of military service on radioactive contaminated territories.
Disposition of military units is prohibited in zones of evacuation, immediate and subsequent resettlement.
Drafted individuals from the zones of subsequent resettlement and zone with a right to resettlement have
their military service for a fixed period at places where possibility of being exposed to radiation is
excluded. Those having military service for a fixed period in the zones of resettlement after 12 months
service receive 14 days vacation, the rest military men have a right to additional paid vacation.

7.3. MEDICAL PROVISION OF THE AFFECTED POPULATION
One of the critical issues in state policy is health problems of the affected population, liquidators
and children. Developed by scientists and funded by state budget system of medical follow up programmes,
specialized regular medical examinations, diagnostics and treatment of diseases, sanatorium treatment
allows to compensate to some extend health damage to the affected population due to the Chernobyl
accident.
A basic component of this system is specialized regular medical examinations which also serves as a
mean for early diagnostics of diseases and its in time treatment. 1,5 mlns. individuals including 260
thousands children are under specialized regular medical follow up.
Belarusian State Registry of individuals affected by the Chernobyl accident has been set up. By the
beginning of 2005 the Registry included information on 1,7 mlns. individuals including 360 thousands
children and adolescents.
One of the most important objectives in the aspect of health improvement of children continue
living in contaminated areas is rational and balanced free meals which they receive at places of study.
Significant role is played by sanatorium treatment and rehabilitation of population affected by the
Chernobyl accident.
In order to provide health care facilities located in contaminated territories with medical specialists
contractual job placement has been introduced.
New medical facilities, institutes, specialized clinics and centers operate in the country. In 2003
under the patronage of the President of the Republic of Belarus National Research and Practical
Center of Radiation Medicine and Human Ecology started operating in Gomel.

7.3.1. Special regular medical check-up
Medical examination of the affected population is a basis of treatment-and-preventive measures
designated to minimize Chernobyl health effects. Legally it is based on the Resolution #57 from 31.08.2001
and the Order of the Ministry of Health, Republic of Belarus #250 from 18.10.2001.
Objective of special regular medical examination is to improve health of population affected by the
Chernobyl accident. To achieve this objective the following tasks should be solved:
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 dynamic follow up over the health status of the affected population;
 diagnostics at early stages, verification of diagnoses, and treatment;
 identify individuals with risk factors, promoting the development of disease;
 conduct prophylactic and rehabilitation measures.
Registration of individuals need to be examined, scheduling, medical examinations, treatment-andrehabilitation measures are conducted in local medical facilities. The system of special regular medical
examination involves institutions of the Ministry of Health, Republic of Belarus, a number of international
Projects including Russia, USA, Japan, WHO under the leadershi p of the Ministry of Health,
Republic of Belarus.
The scale and frequency of medical examinations are mandatory for implementation on the whole
territory of the country. During regular medical examination an individual is subjected to prophylactic
examination for cancer and tuberculosis.
All population subjected to special regular medical examination is divided into 7 groups (1-7)
through 4 groups of risk (À, B, C, D). Individuals of these 7 groups are subjected to annual medical
examination.
Subjects of first group of primary registration: subgroup 1.1 - those who took part in clean-up
activities in the exclusion zone in 1986-1987; subgroup 1.2- those who partici pated in clean-up activities
in zones of primary and subsequent resettlement in 19861987 and in 1988- 1989 within exclusion
zone; and the second group of primary registration: those evacuated, or resettled, or left the affected
areas at their own initiative in 1986, are subjected to examination of therapeutist, endocrinologist,
ophthalmologist, otolaryngologist, neurologist, gynecologist, oncologist, as well as blood tests (with
thrombocytes estimation), ECG, thyroid ultrasound examination.
Subjects of third group of primary registration (living in the areas of immediate and subsequent
resettlement, relocated or left the affected areas at their own initiative after the accident including
children and adolescents are examined by pediatrician, therapeutist, endocrinologist, they are subjected
to blood examination (ESR, leucocytes, hemoglobin) and dosimetry control.
In subjects of the fourth group of primary registration born from individuals of the 1-3 groups and
their future generations) only general blood test is taken. Examination by the specialists depend on age
group: adults are examined by therapeutists, children and adolescents  by pediatrician and endocrinologist.
To children of the fourth and the fifth groups of primary registration mandatory medical examinations
are conducted in accordance with regulations of the Republic of Belarus.
Individuals of the fifth group of primary registration (living in the zones with a right to resettlement
and regular radiation control, as well as those who became invalids due to the consequences of the
Chernobyl accident, and those who was resettled), referred to risk group C are subjected to annual
dosimetry control, blood test (ESR, leucocytes, hemoglobin), therapeutic examination.
Individual included in the sixth group of primary registration (partici pated in clean up activities or
affected by the accidents occurred at another nuclear objects) and the seventh group of primary
registration (children and adolescents with acute leukemia, thyroid adenoma and thyroid cancer and
other malignant diseases; invalids due to the consequences of the Chernobyl accident, who has not
previously had status «affected by the Chernobyl accident») are subjected to general blood test and
annual examination by therapeutist (or pediatrician).
If required, individuals of all groups could be subjected to additional examinations conducted by
other specialists.
Individuals of risk group A (those who took part in clean-up activities at the Chernobyl site and in
the evacuation zones in 1986) are subjected to mandatory medical examination provided for the subjects
of first group of primary registration.
Individuals of risk group B (those who received for the first year after the accident dose exceeding
maximum permissible) are subjected to medical examination twice a year in the amount provided for
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the subjects of the first group of primary registration, and those continue living on contaminated
territories  annual dosimetry control.
Individuals of risk group C (having endocrine pathology) and aged 018 at the time of the accident,
in addition to mandatory medical examinations corresponding to appropriate group of primary registration,
are subjected to examination by endocrinologist and ultrasound examination of thyroid gland.
Individuals of risk group D, their levels of internal radiation according to WBC measurements
exceed permissible levels during a year and do not fall down, are subjected to medical examination twice
a year (once at local medical facility, and once at Research and Practical Center of Radiation Medicine
and Human Ecology). Their mandatory medical examination corresponds to that of the first group of
primary registration and supplemented with fibrogastroscopy.
The table 7.5 presents data of the groups of primary registration by 01.01.2005.
Table 7.5
Number of subjects in groups of primary registration
Subjects

Altogether
Children
Adolescents

Group
1

2

3

4

5

6

7

72 362
1.1  52 800
1.2  19 562

5 951

72 705

17 914

1 441121

772






8743
4 383

12844
5 070

245830
71 664







Totally, by 01.01.2005 in the Republic of Belarus medical follow up
covered:
1 610 478 individuals,
including children: 267 804
adolescents:
81 117
adults:
1 261 557.
Groups of primary registration 14 included totally:
168 970,
including children: 21 587,
adolescents:
9 453.
Annually 9899,5% of all affected population is subjected to medical examination.
An important role in medical follow-up of the affected population and in time detection of thyroid
pathologies is played by mobile medical examinations. Mobile teams conduct screening among affected
population identifying individuals for further examination.
In 2004 mobile teams worked in Brest, Mogilev, and Gomel regions. Their activity was conducted
within international projects and State Program for examination of the affected population. Mobile
teams working within international projects examined 56 564 individuals including 48 620 (85,9%) by
teams of International Federation of Red Cross and 7 944 (14,0%) within Belarus-US Thyroid Project.
Analysis of mobile team activity demonstrated high efficiency of such kind of work especially at diagnostics
of thyroid pathology.
In 2004 as a result of mobile teams activity there were diagnosed 5 765 cases of thyroid nodules
including 179 cases in children, 202 in adolescents, and 5384 in adults. After profound examination in
specialized medical institutions thyroid malignant tumors were diagnosed in 110 individuals, 89 of them
live in Brest region, 1  in Gomel region, and 20  in Mogilev region. Among all thyroid cancers 107
cases were diagnosed in adult population and 3  in adolescents (all of them from Brest region).
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7.3.2. Belarusian State Registry of Population Exposed to Radiation
as a Result of the Chernobyl Accident
Belarusian State Registry of Population Exposed to Radiation as a Result of the Chernobyl Accident
was initiated in order to accumulate reliable data of medical-biological consequences of the disaster,
provide informational support to mass specialized regular medical examinations, schedule and arrange
treatment-rehabilitation measures.
The State Registry in its activity is based on Resolution of the Council of Ministers, Republic of
Belarus #283 from 05.05.1993, and the Law «On Social Protection of Citizens Who Suffered from the
Chernobyl Nuclear Power Plant Disaster» as well as the Orders of the Ministry of Health, Republic of
Belarus # 10 from 25.01.93, # 106 from 09.06.1993 and # 128 from 06.06.1994.
The data for the State Registry are collected on three interacting levels: district (rayon), regional
(oblast) and republican through 4 above indicated groups of primary registration. Information of records
available in the State Registry by 01.01.2005 is presented in Table 7.6.
Table 7.6
Number of individuals being recorded in the State Registry by 01.01.2005.
Regions

Total

Group1
1.1

1.2

Group 2

Group 3

Group 4

Brest

9 355

3 482

2 023

98

2 653

1 093

Vitebsk

9 361

3 480

1 779

135

2 336

1 622

Gomel

85 570

27 438

3 742

4 661

42 261

7 454

Grodno

9 155

3 191

2 035

78

2 835

1 013

Minsk citi

19 335

7 742

1 649

77

8 054

1 813

Minsk

14 375

5 532

1 487

770

4 352

2 229

Mogilev

21 819

1 935

6 847

132

10 214

2 690

Total

168 970

52 800

19 562

5 951

72 705

17 914

The database of the State Registry allows to study the structure, nature, dynamics and trends of
incidence and invalidity, disease outcomes through followed up groups, as well as to work out
recommendations for prevention, diagnostics and treatment of the diseases, to improve of health care
for the affected population, to use effectively funds, and conduct researches.

7.3.3. Free meals for schoolchildren and students
Expenses for arrangement of free meals are covered by Republican financial authorities at the cost
of budget intended for mitigation of the Chernobyl accident consequences.
In April 2004 the Resolution of the Council of Ministers, Republic of Belarus was adopted «On
Arrangement of free meals for schoolchildren and students of educational institutions located on the
radioactive contaminated territory». The Resolution regulates the ways of implementation of the given
benefit. Number of meals is in direct dependence from the density of radioactive contamination. Ministry
of Education, Republic of Belarus, and Chernobyl Committee accepted food allowance (set of foodstuff)
for one, two, and three times meal a day considering the age of children.
In 2005/2006 academic year free meals were arranged for 203,3 thousands schoolchildren and
students of the technical schools and colleges (Table 7.7).
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Table 7.7
Provision of schoolchildren and student with free meals
Thousands individuals
Students

2000/01

2001/02

2002/03

2003/04

2004/05

2005/06

Totally

268,5

261,7

253,3

228,9

217,4

203,3

Including schoolchildren

246,9

240,1

232,9

208,6

200,4

175,9

7.3.4. Sanatorium treatment and rehabilitation
In accordance with the Law of the Republic of Belarus «On Social Protection of Citizens Who
Suffered from the Chernobyl Nuclear Power Plant Disaster» (hereinafter  the Law) over 311
thousands individuals of the country have the right to free sanatorium treatment and rehabilitation
including 258,5 thousands children (84%) including in its turn 1429 children invalids due to the
consequences of the Chernobyl accident, 903 children living in the settlements located in the zone of
subsequent resettlement, 42,2 thousands children  in zone with the right to resettlement, 224,9
thousands children  in zone with regular radiation control, and 5,7 thousands children resettled from
radionuclide contaminated regions.
Considering that children living on the territories with level of radioactive contamination of 5 Ci/km2
and over have the right to free 2 months sanatorium treatment, children of pre-school age and children
invalids are accompanied by one of the parents. Children of school age use to go to sanatorium in groups
accompanied by pedagogues. To implement the Law it is necessary to provide 482 thousand free sanatorium
places per year. The state budget could cover only 270 thousands places (Table 7.8) or 60% from
required.
Table 7.8
Requirements and actual provision with sanatorium places
2001 year

2002 year

2003 year

2004 year

2005 year

Requiered

Provided

Requiered

Provided

Requiered

Provided

Requiered

Provided

Requiered

Provided

482493

272998

474628

263288

423744

248724

397922

243580

329570

199000
(plan)

Because of limited funds Chernobyl Committee together with Republican Center for Sanatorium
Treatment and Rehabilitation of Population identified priorities  to provide free sanatorium treatment
and rehabilitation to children residing in zones of subsequent resettlement and with the right to resettlement
(5 Ci/km2 and over), and to invalids due to the consequences of the Chernobyl accident.
Children affected by the Chernobyl accident visit more that 90 facilities including 8 children
sanatoriums (9,8 thousands children), 9 children rehabilitation centers (35,2 thousands children), 3
children sanatorium-rehabilitation complexes (7,5 thousands children), 11 sanatoriums for adults (17,0
thousands children), 38 sanatorium-preventoriums (62 thousands children), 13 children summer camps
(32,9 thousands children), and 12 other facilities (20,2 thousands children). Children with parents are
hosted by 3 sanatoriums.
Children rehabilitation centers initiated by Chernobyl Committee could serve as an example of
specialized children facilities having all required conditions for arrangement of sanatorium treatment and
rehabilitation, teaching and educational process, social-psychological rehabilitation, leisure arrangement
(social and sport measures). Children rehabilitation centers are referred to sanatorium facilities of general
profile of whole year round activity and host parents with children of preschool age, as well as grouped
children of all ages accompanied by educational specialist.
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In 2005 nine children rehabilitation centers provided full sanatorium treatment to 35 thousands of
children (19% of total number of rehabilitated children). In 2006 the capacity of children rehabilitation
centers will be 3 240 places, and it is expected to provide sanatorium treatment to 42 thousands children
a year.
For a number of years the budget of Belarus-Russia Union has provided funds for sanatorium
treatment and rehabilitation of children from the regions of Belarus and Russia most affected by the
Chernobyl accident. These funds provide more wide involvement of the affected children into sanatorium
treatment and rehabilitation.
One can not but admit assistance in the field of health rehabilitation provided to Belarus by foreign
countries due to which over 50 thousands Belarusian children have a rest abroad.
Despite economical problems the President and the Government of the Republic of Belarus are
searching the ways of improvement of children protection including children affected by the Chernobyl
accident. So, in 20012005 within the President Programme «Children of Belarus» the sub-programme
«Children of Chernobyl» was implemented. Within this sub-programme a number of additional measures
for medical protection, social-psychological and health rehabilitation of children, construction and
reconstruction of treatment-prophylactic facilities for children affected by the Chernobyl accident, have
been undertaken.

7.4. SOCIAL-ECONOMIC DEVELOPMENT
OF THE SETTLEMENTS
The great efforts of the state are targeted to minimization of radiation risk to human health, improvement
of living conditions as for resettled population and for those who continue living under radioactive
contamination.
All in all 137,7 thousands individuals from 470 settlements (295 of Gomel regions, 174  Mogilev
regions, and 2 Brest regions) have been resettled. During 20 post-Chernobyl years for the resettled
population there have been constructed 66 thousands houses and flats, including 239 settlements with
infrastructure and services in clean area of the country. Settlements and places of compact residences of
resettled population have been subjected to modernization. There were constructed schools for 45699
places, kindergartens for 18505 places, outpatient health centers for 21 312 visits/day, hospitals for
4 590 beds.
In order to provide the population with access to gas supplies and clean water over 2000 km of gas
pi peline and 1900 km of water pi pe were laid down in the country. 22 000 km of roads were constructed,
settlement, live farming and other objects were modernized. In the contaminated area it is planned to
gasify over 80 thousand houses.

7.5. PROTECTIVE MEASURES
IN AGRICULTURE AND FORESTRY
In Belarus more than 1,8 million hectares of agricultural land (which is about 20% of its total area)
were contaminated by 137Cs more than 37 kBq/m2. Among them there are 265 thousand hectares
contaminated by cesium-137 of more than 1480 kBq/m2, strontium-90 of 111 kBq/m2, and radionuclides
of plutonium more than 3,7 kBq/m2 These lands were withdrawn from the agricultural usage.
The catastrophe scale required to take the number of extraordinary measures. As a result of the high
density of radionuclides contamination 265,4 thousand hectares of agricultural land was withdrawn from
the economy. 53 state and private agribusinesses were liquidated. The annual loss from the dropped out
agricultural lands estimated by the Institute of Economics of National Academy of Sciences makes 717,5
million US dollars for 1998.

74

The annual shortage of production is equal to 641,1 thousand tons of feed units; 256,4 thousand
tons of milk, 24 thousand tons of cattle meat and pork in the live weight, respectively.
Within the period after the accident 14,6 thousand hectares of dropped out lands have been turned
back into the agricultural activity.
As it has been mentioned about a quarter of forest resources of Belarus (20,1 thousand square
kilometres) of forest was contaminated. According to some estimations up to 70 % of radionuclides
deposited on the territory of the Republic is concentrated in the Belarusian forests. 53 of 95 branches of
forestry are contaminated to a variable extent. This demanded to take special measures.

7.5.1. Agricultural production on the contaminated lands
According to the data of the Ministry of Agriculture and Food nowadays the agribusiness is conducted
on 1,1 million hectares of land, contaminated with caesium-137 from 1 to 40 Ci/km2 (0,65 million
hectares  arable land, 0,45 million hectares  forage land). Such lands are available in 633 agricultural
enterprises on the territory of 61 district of the Republic. Furthermore, 276 of them in the area of 0,375
million hectares of soil are at the same time contaminated with strontium-90 with the density of more
than 0,15 Ci/km2.
The main areas of the contaminated agricultural land are concentrated in Gomel (617,4 thousand
hectares, or 56,0 %) and Mogilev (283,5 thousand hectares or 25,7%) regions. The contaminated area
of Brest, Minsk and Grodno regions constitutes 10,0 %; 5,3 % and 3,0 % of the total area of the
Republic.
The Institutes of the Academy of the Agrarian Sciences and National Academy of Sciences on the
basis of the scientific investigations and results of the work of farms in the conditions of radioactive
contamination developed the full-scale of protective measures, which are carried out by agricultural
enterprises on the contaminated lands additionally to the traditionally prevailing technologies for
guaranteeing the normatively net production output.
Due to the fact that nowadays soil is considered to be the main source of radionuclides, protective
measures first of all are directed on prevention radionuclides uptake by plants. These are the liming of the
contaminated acid soils, introduction of the basic and additional doses of phosphoric-potassium fertilizers,
construction of cultural hay mowing and pastures. Annually (depending on normative requirements)
2135 thousand hectares of contaminated acid soils are limed, 7880 thousand tones of the acting
substance of basic doses and 4249 thousand tones of the acting substance of the additional doses of
phosphoric-potassium fertilizers are brought; a meadow formation of 7,611,6 thousand hectares of the
forage land isolated for pasturing the cattle of private sector is carried out.
To support a complex of protective actions in agriculture financially, annually up to 20 % from total
amount of funds according to the state program of the Republic of Belarus is given for overcoming of
the consequences of catastrophe on Chernobyl NPP during 20012005 and for the period till 2010.
In spite of numerous toughening of the requirements of the radionuclides content in food products
and raw material, undertaken protective measures have allowed to reduce the volumes of production
with the above-norm content of radionuclides in comparison with the first years after the accident. The
geography of the places carrying out such production was reduced. The problem was for the agricultural
enterprises with predominate sandy, sandy loam and peat soils, which are characterized by the high
transfer factors for cesium-137 and strontium-90.
Thus, in 1987 the operating enterprises got about 8,3 % of milk with the cesium-137content higher
than the permission level from total amount of milk bought from the agricultural organizations, in 2004 
this number was only 0,008%. From the farms of private sector in 1987, 10,9 % of milk with exceeding
the permission level for cesium-137 were bought, and in 2004  only 0,002%. Meat with excess of an
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permissible level of cesium-137 in 2004 at operating enterprises did not enter. In 1987, 6,9 thousand tons
of this meat were produced.
The introduction of the system of the measures directed toward the guarantee of obtaining normatively
clean food grain with the content of strontium -90 in Mogilev region contributed to the practically
complete solution of this problem. The optimization of arrangement on fields and sections of cereal crops
to the food purposes in the group of so-called «critical» businesses made it possible to exclude the
production of grain with the increased content of strontium-90.
Since 2002 The State the Programs on Respecialization of Agricultural Enterprises signed by the
Government have been realized for the agricultural enterprises where taken protective measures do not
allow achieving the steady of ecologically clean production. The Programs are directed toward the guarantee
of normatively net production output via change in the specialization (meat cattle breeding, the seedgrowing of cereal crops, potatoes, perennial grasses, cultivation of cereal crops to the technical purposes)
and an increase in the economic efficiency.
For the years of the implementation of programs (from 2002 to 2005) into respecialization 30,6
billion roubles has been invested. The necessary material and technical basis are created; the modern
technologies of the agricultural production are mastered. They ensure the obtaining production with the
lower content of radionuclides and increasing economic efficiency. It should be noted that before the
respecialization 13 economies of Gomel region on the average were unprofitable ( minus 10,8 %), but in
2005 the profitability reached 4550% for organizations of Mogilev region i. e. it improved from minus
11,3% up to 2030%.
Agribusiness in the nearest and distant future will be an important factor of the guarantee of
employment of population in the contaminated regions. In this sphere the need for the concentration of
financial and material resources and the investments are obvious.

7.5.2. Protective measures in forestry
A special system of forestry management is organized on the contaminated territories. Forestry
activity is regulated depending on the level of radioactive contamination. Thus, on the territory with the
density more than 15 Ci/km2, which occupies the area of 186,3 thousand hectares, logging and forestry
activities are realised with the significant restrictions and performance of a number of obligatory
requirements.
The requirements of «Guidance for Management of Forestry in the Zones of Radioactive
Contamination» are the basis for protective measures. Carrying out protective measures in a forestry is
directed toward strengthening of the ecological role of forest as the biogeochemical barrier which
impedes the extension of radionuclides beyond the limits of the contaminated territory; preventing the
loss of forests because of fires, the pests and the infections; providing radiation safety for the workers in
the forest, the populations and the consumers.
With the realization of the full-scale protective measures it should be considered that the doses of
external exposure for forestry workers are 23 times higher in comparison with the remaining rural
population and the workers of other branches of national economy.
To prevent the radionuclides transmission to the bordering territories as a result of aqueous and wind
erosion due to the means of the State Programme for the forestation of the erosion-dangerous land at
the territories with the density of cesium-137 of 5 Ci/km2 and more is provided, and also the unpromising
for the agricultural production areas with the density of pollution it is more than 15 Ci/km2. For the
purpose of the mechanization of the indicated works and the decrease by this way the radiation doses of
workers, it is planned to delivery special technology for sowing of forest cultures and take care of them,
including of forest-planting automatic machines of the Belarusian production MLA-1A «ILANA».
The Program provides carrying out preventive and fire-prevention measures in the zones of radioactive
contamination For this purpose the installation and maintenance in the proper state of an additional
quantity of barriers are provided, creation and care of fire breaks and cuttings, saline stri ps, the
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purchase and installation of fire-observant towers and masts, delivery of the necessary technology and
equi pment to forestries with cesium-137 content more than 15 Ci/km2. For this purpose the frequency
rate of aerial patrolling by Gomel and Mogilev air groups in the periods of the raised fire danger is
increased.
For maintenance of radiation safety of the forestry workers, the delivery of the additional set of
special clothing and means of individual protection are provided (for the zone of more than 15 Ci/km2).
Performing the individual radiation monitoring of the workers in the zones of the radioactive
contamination, where the radiation dose can exceed 1 mSv/year, is the integral part of the system of
radiation protection.
The expenditures are provided for maintenance in the operational state of radiometric equi pment,
accreditation of the subdivisions of radiation monitoring, and also acquisition of the mobile laboratories
of radiation monitoring for the regional laboratories and 16 forest managements, where the area of
contaminated territories exceeds 40 thousand hectares. The need for them is caused by the growth of
contribution of «gifts of forests» into the dose load of population, including also those people who do not
live on the contaminated territories.
The availability of the information about the radiological situation in the forest, the levels of the
radionuclides content in the food production of forest and the rules of forest usage on the territory of the
contaminated forests are essential to provide the radiation safety of forestry workers and population as
well as to reduce the radiation doses due to the consumption of forest production. The financing of the
production and installation of warning signs, information stands and posters, publication of specialized
literature (reminders, booklets and leaflets) is planned. At the expense of the Ministry of Forestry
annually from May to November in the contaminated forestry additionally 32 points of radiometric
monitoring of «gifts of forest» are opened.

7.6. THE SYSTEM OF THE RADIATION
MONITORING AND CONTROL
In the republic of Belarus the system of radiation monitoring is created and functioning successfully.
It is a part of the national system of environmental monitoring of the Republic of Belarus. Its structure
covers a wide network of observation points and the accredited laboratories. The main objects of monitoring
are air, soil, surface and underground waters.
Radiation monitoring is provided by the Ministry of Natural Resources and Environment Protection,
by the Ministry of Forestry and by the Ministry of Agriculture and Food.
The network of constant environmental monitoring of the Ministry of Natural Resources and
Environment Protection (fig 7.1) includes 181 benchmark stations, 19 topographical-geochemical ranges.
The radiation monitoring of ground surface atmosphere is performed on the meteorological stations and
it includes measurement of the gamma-dose rate at 56 posts, the measurements of the radioactive
fallout from the atmosphere at 30 posts and the radioactive aerosols  at 6 posts. At the hydrological
stations of 5 large and average rivers of the republic, which take place on those contaminated with
radionuclides territories, the monitoring of surface waters is accomplished.
In the zones of the potential influence by NPP (nuclear power plant) of neighbouring countries,
4 automated systems of the monitoring of radiological situation are used. They provide radiation monitoring
in the 100-kilometer zones of Chernobyl, Smolensk and Rovensk NPP, and also in the 30-kilometer
zone of Ignalina NPP.
The radiation monitoring of forest is carried out at 92 constant observation points, which are the
fixed areas by the size of 50õ50 m. In 19931995 they were organized in different types of forest and
zones of radioactive contamination. The objects of monitoring are forest bedding, soil, wood and bushy
species, living ground cover, wild berries, mushrooms. Controlled parameters are the rate of the dose of
gamma-radiation, the radionuclides storage in the soil, the activity concentration of the monitoring
objects.

77

Fig. 7.1. System of the radiation-ecological monitoring of the objects of the environment

During the radiation monitoring of soils the contamination of agricultural land is defined more
exactly i.e. once per every four years.
In accordance with the requirements of the current legislation in the Republic of Belarus the
production and the realization of production with the content of radionuclides exceeding the permission
levels, are forbidden.
To guarantee the performance of this requirement in the Republic the system of the radiation
monitoring of foodstuffs, food and agricultural raw material, food and other forest production, produced
on the territory contaminated by the radionuclides is created and effectively acts. The departmental
systems of control compose its basis.
About 1000 subdivisions of the radiation monitoring of organizations and enterprises under the
Ministry of Agriculture and Food, Ministry of Forestry, Ministry of Health, the Belarusian Republican
Society of the Association of Consumers, and other ministries keep supervision of the radiation
control in the Republic.
To guarantee the monitoring of radionuclides content in food products, agricultural and other
production more than 2000 units of radiometric and spectrometric equi pment are used. Annually more
than 11 million samples are analysed for cesium-137 and about 18 thousand sample for strontium -90.
According to the requirements of normative documents, the entire production from in the radioactive
contaminated territories is a subject of a radiation monitoring. The document, which certifies the
correspondence of the radionuclides content to the determined levels, validated to each consignment of
production in the required order.
In Ministry of Agriculture and Food the network of 517 laboratories and posts of radiation monitoring
is created and successfully functions. The staff carries out annually more than 3 million investigations. In
the processing enterprises all the raw material and integrated products from the territories contaminated
with radionuclides, undergo tri ple radiation monitoring-input, processing of raw material, and integrated
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products control. Raw norm allows the processing enterprises to assume milk with the activity concentration
up to 370 Bq/l. The cases of the milk production with the higher activity of caesium-137 in the
Republic are extremely rare. This milk returns to a producer and is used to water the young animals.
At the meat-packing plant of the Republic, the entire cattle that comes from the contaminated
farms, undergoes lifetime radiation monitoring with the help of the special instruments. Cattle with the
content in the muscular tissue of radionuclides of higher than the determined norms is returned to the
farms for the additional decontamination with the help of specially calculated for the radionuclides
content rations of feeding.
The control of radioactive contamination is the licensing form of activity which emphasizes the
importance of problem and the level of state attitude towards it. The annual reduction of the carrying out
of the agricultural production with limited usage, is the result taken by state protective measure. It
should be noted that the acceptable levels of the cesium-137 content in the whole-milk production in
Belarus and Russia are identical (100 Bq/l), whereas the Belarusian permission level is 6,8 times stronger
for strontium-90. A question about the making stronger the norms of the radionuclides content in the
beef and their approximation to norms of the Russian Federation is under discussion (160 Bq/kg).
In the Ministry of Forestry 52 subdivisions of radiation monitoring are functioning. Annually they
inspect 140 departments of forestry enterprises, they measure about 65 thousand samples of wood and
production of secondary forest use.
For optimizing the system of radiation control and monitoring, the solution of the following basic
problems is planned:
 the improvement of dose monitoring by the optimization of the numbers of the instrument
determination of the radionuclides content in the environmental objects and the human organism,
isolation of critical territories and population groups;
 the improvement of the metrological guarantee of a system of radiation monitoring in accordance
with those accepted in the republic of Belarus by the international standards of system ISO, including
the programs of guarantee the quality of radiation measurements;
 the development of new normative and methodical documents.
The actual problem is system re-equi pment by the modern instrument base, which can provide the
high accuracy of measurements in accordance with the international system of the production certification.

7.7. RADIOACTIVE DECONTAMINATION
AND WASTE DISPOSAL
The mass decontamination of the settlements by the forces of sappers and civil defence were carried
out in the period from 1986 till 1989. Beyond the limits of 30-km zone about 500 settlements were
decontaminated. During decontamination cutting and the removal of the contaminated soil were carried
out, the contaminated sections were filled with the clean soil, the protection of the contaminated
surfaces by tape polymeric coverings, asphalting roads, streets, pavements, and the replacement of
roofing, fences, the removal of the contaminated buildings were applied.
As a result of decontamination it was possible to attain the certain improvement in the radiological
situation. During this work in Belarus 89 stations of decontamination waste disposal (DW) were created
(Fig. 7.2). Since the stations were created under the conditions of state of emergency, most of them were
placed on areas without taking into account geological-hydrological conditions.
Since 1991 according to the changed strategy of decontamination, cleaning works only of local parts
of the settlements with the increased radioactive contamination and at the most important objects for
the vital activity is carried out. The levels of the pollution of the territories, which should be decontaminated,
are characterized by the values of rate of gamma-radiation dose from 0,35 to 1,5 mSv/h. Surfaces of the
equi pment of industrial enterprises (ventilation systems and others) can be contaminated with up to
10 000 beta-particles /(cm2·min), with the rate of gamma-radiation dose of 0,515 mSv/h.
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Fig. 7.2. The arrangement of the points of the burial of the withdrawals
of decontamination in the territory of Belarus

There are two state specialized enterprises: «Polesye» in the Gomel region and «Radon» in Mogilev
of the Comchernobyl Structure. They perform the decontamination work using mainly the methods of
the removal of the contaminated soil. For cleaning the industrial enterprises equi pment mechanical and
liquid chemical methods are used. To make more compact the liquid and solid radioactive wastes of high
activity concentration with their subsequent immobilization into the cement matrix the special processing
complex is created.
The estimation of the decontamination measures efficiency indicates that the reduction in the dose
rate outdoors in 2 times is observed. The effect of decontamination remains in time. The dose reduction
factor from the external irradiation after performing decontamination work for different population
groups is 1,21,4. Within the next few years it is planned to complete the decontamination of the
socially important objects and industrial equi pment.
The level of radioactive contamination by cesium-137 of wastewater mud (WM), which is formed
at the cleaning construction of towns, located on the territories with the density contamination more
than 185 kBq/m2, reaches 2760 kBq/kg. In this case the total content of the mobile forms of cesium-137
in sewage is 2045 %, which is an order higher than in the soil. In the period of the operation of
cleaning construction their parts are the «accumulators» of activity. In the fields of filtration and in
bioponds contaminated with radionuclides biological solids are isolated from the external world by the
layer of water, which activity does not exceed background values. Therefore, as for external irradiation,
these sections in the period of operation are not dangerous. The sludge beds can be dangerous for the
service personnel and they must be under the constant control of radiation safety services. In the places
of the accumulation of radioactive wastewater mud there is a real threat of ground water contamination.
Disposal of solid DW is produced by the stations of the disposal of the decontamination waste
(SDDW) of different categories and in the places of the disposal of wastes of removal structures
(PDWS). On the engineering equi pping disposal stations are divided into three categories: SDDW-I,
SDDW-II and SDDW-III.
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SDDW-I is the special engineering structure for the DW disposal with the relatively high activity
(more than 100 kBq/kg), which provides their reliable isolation due to the use of special engineering
protective barriers.
SDDW-II is the engineering structure intended for the near-surface DW disposal with the activity
concentration from 1 to 100 kBq/kg, the temporary storage of the concrete blocks of the cemented
wastes, and also the elements of ventilation systems, production equi pment with the level of surface
contamination above 50 beta-particles/(cm2s). In them the simplest clay protective shields are used.
SDDW-III includes near-surface stations of DW disposal built in 19861989 and as a rule, without
the projects and without taking into account the hydrogeological situation.
PDWS are near-surface covers simplified type performed on project for the places of the wastes
disposal of removal structures in the places of their formation in the resettled territories. In contrast to
SDDW, for PDWS there is no constant control provided for the organization of their state and
environmental impact.
Nowadays in Belarus there is 1 SDDW of the first category, 9  of the second one and 79  of the
third type. The volumes of wastes, the value of average and maximum DW activity concentration of
137
Cs, 90Sr and 239,240Pu and the capacities of natural protective barriers are determined for each SDDW
. The necessary work on their equi pping is carried out.
The results of the calculations presented by the most conservative (pessimistic) assumptions of the
conditions for DW disposal with the complete absence (destruction) of engineering protective barriers,
show that even in this case the 137Cs concentrations in the water-bearing horizon will not exceed values
of RTL-99. 90Sr content in the ground water near SDDW-II can exceed the permissible level for the
drinking water (0,37 Bq/l), but with further scattering its concentration is reduced and beyond the
limits of sanitary-protection zone (500 m) decreases by an order. The presence of protective barrier
with other most pessimistic conditions leads to reduction in 90Sr concentration in the ground water to
the value of 0,37 Bq/l at a distance of 200 m.
On the system of bore holes a constant monitoring of the radionuclides content in the ground water
is achieved. The values of the ground water activity concentration of 137Cs and 90Sr are within the limits
of 10530 and 5150 Bq/m3, respectively, that it is considerably lower than the allowable levels of the
radionuclides content in the drinking water. The analysis of the results of the long-term forecast of the
radionuclides migration into the ground water showed that the time of the potential danger of depositories
covers the range of 240370 years. In connection with the larger mobility of 90Sr its concentration in
the ground water directly under the depository can reach (0,027,5) · 104 Bq/m3, and at a distance of
100 m from the depository  01 · 104 Bq/m3. The estimated sizes of zones of influence, where the
radionuclides content in the ground water can exceed the allowable levels, do not exceed 330 m.

7.8. THE MAINTENANCE OF THE ZONES
OF EVACUATION AND ALIENATION
Zones of evacuation and resettlement in the territory of Belarus have an area of 6,7 thousand km 2.
The Belarusian sector of the evacuation (abanded) zone of Chernobyl NPP is compact territory with
an area of 1,7 thousand square kilometres. The population lived there (24,7 thousand people) was
evacuated in 1986. At the same time the areas in this territory were brought out from the economic use.
In 1988 the Polessian State Radiation-Ecological Reserve (PSRER) of the Committee on the Problems
of Overcoming the Consequences of Catastrophe on Chernobyl NPP was created there. Initially its area
was 1,313 thousand square kilometres. In 1993 after connecting to it the part of the adjacent resettled
territory, the area of reserve became 2,154 thousand square kilometres.
In the territory of PSRER about 130 000 Ci of cesium-137 (30 % of that amount fallen on to the
territory of Belarus) are concentrated, 12 000 Ci of strontium-90 (73 percent), 400 Ci of the isotopes
of plutonium -238,239,240 (97 percent). The density of the soils contamination reaches 1350 Ci/km2 on
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cesium-137, 70 Ci/km2  strontium-90, 5 Ci/km2  isotopes of plutonium and americium-241. In
connection with the presence in ecosystems of significant quantities of long-living isotopes of plutonium
and americium the biggest part of territory of reserve even in the distant future cannot be turned back to
the economic usage.
Basic goals of PSRER are: the realization of measures for prevention of the radionuclides transfer
to the less contaminated territories; the protection of forests and former agricultural lands from the
fires; the protection of reserve territory; the guarantee of natural development of entire variety of living
nature; the study of the state of natural-plant complexes; the realization of environmental monitoring;
scientific investigations on the wide spectrum of the problems connected with the radioactive contamination
of ecosystems and the removal of anthropogenic load; the realization of works on the afforestation of the
areas, subjected to aqueous and wind erosion; the development of the technologies of rehabilitation and
use of the areas, contaminated by radionuclides.
Todays state of ecosystems and economic infrastructure of the evacuation zone and the PSRER is
characterized by the processes of the degradation of the former agricultural land, land-reclamation
systems, road net, repeated bogging up of the areas, including due to the need for maintenance in the
heated a little state of the substantial part of the peat bogs, overgrowing with shrubs meadow.
Owing to the removing of anthropogenic load and flora variety, the ideal conditions for restoring the
fauna were created here. More than 40 species of mammal, 70 species of birds, 25 species of fishes
inhabit the reserve. According to the preliminary data, more than 40 animal species are considered to be
rare or disappearing. An increase in their number is being observed.
At present in the Polessian State Radiation-Ecological Reserve is completing the realization of the
project of fire-prevention system which includes the system of fire breaks, the cuttings and reservoirs,
the roads of fire-prevention designation, observation towers. Experimental base has been created. In the
nearest to Chernobyl NPP settlement Masany of Khoiniki region the observant station of bioclimatic
studies and control the dynamics of radiological situation has been created. It functions in the constant
regime. In the reserve the introduction of the Belovezhsky Bison ( the herd of 26 animals) has been
realized.
Experimental work on the use of the contaminated wood, horse breeding on the highly contaminated
territory and crop cultivation is accomplished here. For this purpose 700 hectares of agricultural land
are turned back into the experimental usage. The work on the forest management is performed, and the
expansion of the limited usage of wood resources beyond the limits of the zone of evacuation alienation)
will be examined after completing the forest management project.
On the territories of the evacuation and resettlement zones there is special legislation to prevent the
unsanctioned penetration of citizens and means of transport, to control load removal, to suppress the
facts of poaching and collect so-called «forests gifts». The control system involving auto-patrolling ensures
guarding measures.

7.9. RADIOECOLOGICAL EDUCATION, SPECIALISTS TRAINING,
INFORMING AND ENLIGHTENING OF POPULATION
Training specialists in radioecology, radiation safety and radiation medicine, education, informing
and enlightening of population of suffered districts on these questions are utterly important for the
Republic of Belarus. Such work hadnt been done in the country before the catastrophe.
Systematic work on organizing radioecological education began in 1989, when in accordance with
the resolution of the Ministry of Education and Science particular courses on radiation safety for all
groups of learners of all levels (secondary school, specialized secondary educational establishments and
higher educational establishments) were introduced. In 1996 «The Conception of Radioecological Education
in the Republic of Belarus» was worked out and approved of by the National Commission on Radiation
Protection and by the Ministry of Education. At the present moment its further development is being
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carried out with the purpose of raising the effectiveness of the educational and enlightenment activity in
suffered districts.
Nowadays the specialists with university di plomas are of great demand and they are trained at the
International Sakharov Environmental University (ISEU). The prospective specialists for agribusiness
are trained at the Belarusian State Agricultural Academy. In some higher educational establishments
(Belarusian National Technical University, Belarusian State Agrarian Technical University, etc.) the
chairs of corresponding profiles have been organized.
Nowadays the advanced training of the staff of radiation control services is conducted by Gomel
State Skorina University, Belarusian State Agrarian Technical University and ISEU.
To improve the system of informing and enlightening of the population «The Conception of Informing
on the Problems of the Chernobyl Catastrophe» was worked out, agreed with the concerned state
governmental bodies and ratified in 2003. It is supplemented with «The Strategy of Informative Work
Based on Computer Technologies» adopted in 2005.

7.9.1. Radioecological education
The solution to the problems of safe living on the suffered territories, of raising the activity in
managing the radiological situation among people who live there presumes residents of these districts to
possess the appropriate knowledge and practical skills in the sphere of radiation safety and radioecology.
That is why the creation of the system of continuous radioecological education is considered to be one of
the conditions of restoration and sustainable development of suffered districts.
In 1991 according to the Resolution of the Ministry of Education and Science a special course on
radiation safety was introduced in all educational establishments of the Republic of Belarus. Subsequently
these questions were included into the syllabi of integrated courses.
In pre-school establishments studying the issues of safe living, hygiene and nutrition in conditions
of the influence of different factors including the radiation one, is carried out by means of forming
experience and skills to take care of ones health in terms of the realization of the basic program
«Praleska». In 2000 within the framework of the project «Continuous Radioecological Education in the
Republic of Belarus» the experimental syllabus on radiation safety, hygiene and ecology for training and
teaching in childrens pre-school establishments was worked out and tested in 25 pre-school establishments
situated on the territory of radioactive contamination.
In all secondary schools the issues questions of radiation safety are considered within the framework of
studying such subjects as «A Man And the Environment» (14 school years), «The Essential Princi pals
of Safe Living» (59 school years), «Youth Undergoing Pre-Conscri ption Military Training»,, «Medical
Training For Girls» (high school). In secondary educational establishments, which are situated on the
territory of radioactive contamination, classes on radiation safety are compulsory. Optional courses such as
«The Essential Princi pals of Radiation Hygiene» (14 school years), «Radiation safety» (59 school
years), «Radiobiology» (1011 high school) were introduced to gain profound knowledge in this field.
In professional and technical educational establishments radioecological knowledge is gained in the
course of studying such disci plines as «Environmental protection» (for technical and agricultural
specialties), «The Essential Princi pals of Social Ecology» (for of humanitarian and economic specialties.
In specialized secondary educational establishments the issues of radiation safety and radioecology
are studied in the framework of module Civil Defense and in the course of studying different disci plines
of ecological course («Environmental Protection and Energy Saving», «The Ecology of the Organization
of the Use of Land and Radiation Safety», «Agricultural Ecology», «The essential princi pals of Ecology
and the Economics of Natural Resources Management», etc.).
For raising the effectiveness of studying the work on improving the educational and methodic supply
of radioecological education for pupils and creating accessible and interesting textbooks for children and
parents is being done.
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Within the framework of research activity of the Ministry of Education and in the course of
realization of the sub-program «The children of Chernobyl» of the Presidents program «The Children
of Belarus» the syllabus of the disci pline «Radiation Safety», methodic materials «Classes on Radioecology»
for 14 grades, methodic textbooks on radioecological education and training of pupils at the classes on
biology, chemistry (711 grades) and on extra-curricular work have been worked out.
With the support of the UN Childrens fund (UNICEF) the educational and methodic complexes
«The Essential Princi pals of Healthy Lifestyle and Radiation Safety» have been worked out for 13
grades of secondary schools situated on the territory of radioactive contamination According to UNESCOs
project realized in terms of international program CORE ateachers guideline) «The Essential Princi pals
of Radioecology and Safe Living» has been prepared.

7.9.2. Training and advanced training
of specialists with higher education
ISEU conducts training of highly qualified specialists in radioecology, radiobiology, and radiation
safety. Initially this educational establishment was created on the 20th of January, 1992 as the higher
college of radioecology under Belarusian State University in accordance with the Council of Ministers
Resolution. In 1994 it was transformed into the Institute functioning on its own, and in 1999  into the
profile University. During the time of its existence ISEU has essentially broadened its sphere of specialists
training which now covers most specialties of ecological course. However, training specialists in radioecology
remains one of its priority goals.
Nowadays experts of radioecological and radiobiological profiles are trained for the specialty of
Radioecology (annual class is 30 students), and the specialization of Radiobiology included in the
specialty of Medical Ecology (annual class is 1015 students). The University provides Post-Graduate
Course and Master course. Today the University is proceeding to twolevel system of specialist training
for the specialty of Radiation Safety. The contents of training for this specialty cover all aspects of the
experts activity towards radiation defense and safe usage of the sources of radiation in all fields of
economics, prevention of the appearance of radiation incidents, disasters and catastrophes, actions to
overcome and weaken the consequences of them.
During the years of the Universitys existence about 700 specialists in Radioecology and Radiobiology
have graduated from it. The University has gathered highly qualified staff; more than 20 of them hold the
degree of Doctor of Sciences, and about 60  the Ph.D. degree. Students, who specialize in Radioecology,
have their field practice at the training-scientific station of the University in the town of Khoiniki which
is situated directly near the restricted zone.
Since 2001 IESU was charged to retrain specialists in terms of Regional Post-di ploma Advanced
Training Course on radioactive protection and safety of the sources of ionizing radiation held under
International Atomic Energy Agency (the course lasts for 23 weeks in 20052006). Young specialists
from the former Soviet Union countries, Baltic region and Eastern Europe, who use the Russian
language as their working instrument, are trained at these courses. By the year 2005 65 people have
completed their training there.
International cooperation in the sphere of radioecological education got its progress among the
former Soviet Union countries. The Permanent Commission on Ecological Education created under the
Council of Education of the former Soviet Union countries assigned ISEU to be the basic organization.
Training specialists in Radioecology for the needs of agriculture is conducted by Belarusian State
Agricultural Academy (the town of Gorky, Mogilev region). Since 1994 the Academy has opened the
specialty of Radioecology, since 2002  the specialty of Agricultural Ecology with the specialization in
Agricultural Radioecology.
Two special chairs head the professional training, they are the Chair of Agricultural Biotechnology
and Ecology and the Chair of Agricultural Radiology. The peculiarity of the training is in the fact that
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besides the radioecological disci plines students study basic technologies of the production of agricultural
output. After the third year students are trained at the permanently functioning courses on training
specialists for the network of radiation control, where in addition they are certified to work as dosimetrits.
For 11 years the Academy has trained more than 150 specialists in Radioecology who work in all
regions of the republic. The graduates work in research institutes (in Republican Research Unitary
Enterprise «The Institute of Radiology» in Gomel, and in Mogilev and Brest branches of the Institute,
in Republican Research Unitary Enterprise «The Institute of Soil Sciences and Agrochemistry» of the
National Academy of Sciences of Belarus), in the Ministry of Agriculture and Food, as the chief
radiologists of districts (such as Mogilev, Slavgorod, etc.), in the laboratories of the quality of production
at processing enterprises, as the ecologists at the industrial enterprises, and with the inspections of the
Ministry of Natural Resources and Environmental Protection.
In all higher educational establishments of the Ministry of Education the compulsory courses such
as «The Essential Princi pals of Ecology», «The Population Protection and the Guard of Economic
Objects in Emergency Situations», «Radiation Safety» have been introduced.
In Minsk State Medical University the Chair of Radiation Medicine was created and is successfully
functioning. In other higher medical establishments of education, advanced training and retraining of
the Ministry of Public Health the typical working syllabi and curricula provide training on the questions
of radiation medicine and human ecology, radiology and radiation safety.
During the academic year the corresponding training courses in medical state universities of the
republic (in Minsk, Grodno, Vitebsk and Gomel) cover more than 3,5 thousand students.
In Belarusian Medical Academy of Postdi ploma Education the advanced training and retraining of
specialists in the spheres of Radiology and Radiation Safety is conducted in terms of twoweeks course
by the Chair of Hygiene and Medical Ecology, the Chair of Ray Diagnostics, the Chair of Oncology,
the Chair of Ambulance and the Chair of Medicine of Catastrophes.
The systematic training of the specialists of higher scientific qualification to work on Chernobyl
main themes is conducted at the PhD courses of the Institute of Radiology of the Chernobyl Committee,
at the PhD courses of the Institute of Radiobiology of the National Academy of Sciences, and also by
means of applying for the scientific degree in all head organizations providing scientific supply for the
State Program of Overcoming the Consequences of Chernobyl Disaster for 20062010.

7.9.3. Raising the level of skill and retraining of the personnel
of the Republic radiation control network and specialists engaged in realization
of measures to overcome the consequences of Chernobyl tragedy
The system of radiation control is the most important part of providing population with radiation
safety measures. Training of specialists in the field of radiation control is being carried out on a high level
at the faculty of raising the level of skill and retraining of personnel of International Sakharov
Environmental University, aspecial faculty of Gomel state University with the partici pance of Radiology
Institute (Gomel).
Every year up to 400 specialists of Chernobyl Committee, the Ministry of Forestry, the Ministry
of Munici pal and Communal Services, The Ministry of Trade, Belarusian Railway, Belcoopsojuz and
other establishments attend courses on the following specializations: radiation control and safety,
radiometry, the consequences of Chernobyl disaster, social protection of the people who suffered as a
result of the disaster, decontamination of affected districts, the activity of representatives of Zone
Administration, training operators of whole body counters.
Nowadays on the basis of the scientific station ISEU in Khoiniki by means of mutual efforts of the
Ministry of Education, Chernobyl Committee and Gomel Administration, regional information Centre
on the problems of radiation safety has been created. The main task of the Centre is training the staff of
the Polessian Radioecological Reserve, radiation control service of the regions close to the places of
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their practical activities, the skill training of teachers of radiation safety, information and educatiion
work with pupils and population of Khoiniki and Gomel.
At the Belarusian State Agrarian-Technical University, at the Faculty «Safety of Life Activity», the
courses of retraining and improvement of professional skills of the specialists of a network of a radiation
control of the Ministry of Agriculture and Food have been opened since January, 1990, for dosimetry
posts and laboratories of milk and meat producing enterprises and food industry firms, fruit and vegetable
storages, veterinary and agrochemical laboratories and so on. According to the order of the Ministry of
Agriculture and Food special courses for training highly skilled radiologists were created in 1996. About
4000 specialists have been trained there by now.

7.9.4. Distribution of information and
the enlightenment of the population
Within the first years after Chernobyl disaster the lack of full and reliable facts about the radioactive
contamination and its consequences had negative effects on its adequate perception by the population.
Most of the people had only fragmental information about the influence of the A-bombing. As a result,
radiation was associated with the death danger. This fact caused panic and made the population anxiety,
especially about the children health.
The problem of adequate information of the population was solved within the state program on
overcoming the consequences of Chernobyl disaster. Nevertheless, this activities need to be improved.
Some years ago the results of the query of the population of the affected areas, demonstrated low
adaptive level: the people escaped the problem, they didnt expect changes for the best, they lost the
vital activity, neglected simple, but effective measures of the radiation safety. As a result, careless attitude
to present health risk took place, and that fact decreased the effect of the rehabilitation measures. This
situation can be considered as the result of the lack of the detailed information about the consequences of
the catastrophe, the efforts the state took to overcome them, the basis of the radiation protection.
«The Concept of Chernobyl problems inform» designed and introduced in 2003 by Chernobyl
Committee, was directed on the solution of the complete set of problems of radioecological inform.
The Concept approaches two problems. From one hand, it suggests regulating of the information
flows among the governmental authorities taking part in overcoming the Chernobyl disaster consequences,
which is supposed to raise the effectiveness of the measures the state undertakes.
From the other hand, the Concept suggests the ways of improving of inform and enlightenment of
the population in issues on radiation safety and radioecology, directed on the overcoming of the socialpsychological stress and radiophobia, raising the vital activity, forming safe style of life of the inhabitance
in the contaminated regions, and as a result, decreasing of the exposure and saving health.
The prior issues of the Concept are shown below.
 preparation, well-timed publication and spreading of the wide scope of information on the
problem of overcoming of the consequences of the Chernobyl disaster, also by means of internet;
 the necessary information provision on Chernobyl problematic to work with the population, the
mass media, public organizations (unions), deputies of the local councils so as to conduct the informing
and enlightenment of the population;
 designing of the new methods of inform and enlightenment of the population on safe living in the
affected areas.
The idea of the concept approaches is profound (brought to every family) explanatory work among
the population of the contaminated regions, aiming at changing the conduct of the people, including the
up-to-date practical scientific results and recommendations on radiation protection (supplying the population
with ecologically pure agricultural products, prophylactic work, medical treatment), adequate information
on measures spent for maintenance of normal conditions of living activity. Within the framework of this
activity the following measures are implemented:
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 spreading of information by means of republican, regional, and local newspapers, radio and TV;
 holding of conferences, seminars, meetings, exhibition, tri ps of the scientist and specialists in
affected regions;
 issuing of notes, bulletins, brochures, memorandums and of he materials on the safe living in the
contaminated regions;
 issuing of the maps of radiation situation in republic and regions;
 issuing of the regular information bulletins on the results of the fulfillment of the State program,
the «Law on social protection of the citizens suffered from the Chernobyl disaster», and the «Law on
Radiation safety of the population»;
 issuing of the scientific-methodical and science literature on radioecology and radiation protection
of different layers of population, including specialists in medicine, agriculture and teachers;
 treating of innovation methods for inform the population on safe living in the contaminated
areas;
 issuing of the popular scientific and informative-propaganda video films;
 holding of the exhibitions;
 training of the local specialists and managers on the issue of the living in the contaminated
regions.
9 ministers, carrying out the State program, ideological departments of the regional executive
committees as well as local and rural Counsels take part in the fulfillment of the concept.
The coordination of the activities is carried out by the Chernobyl Committee. The results of the
enlightenment are yearly discussed at the informative methodical seminars on the topic of «The measures
spent for extension of the informative propaganda activities of the governmental bodies of all the levels in
the contamination regions».
The concept of inform on the Chernobyl problematic suggests a wide range of modern information
technologies and is directed on the creation of the information system, based on the coordinated
cooperation of the governmental bodies, local executive committees, mass media, and is supposed to
involve the population of the contaminated regions into the discussion of post Chernobyl problems.
One of the most important terms of the effective information activities is social monitoring, directed
on recognizing of its problems and information inquiry. According to the sociological research from 60 to
75% of the population of the affected regions find it extremely important to get up-to-date, objective,
reliable information on the specific of live in contaminated areas. The people of the affected areas of
Gomel region consider newspapers and special TV programs to be more acceptable means of getting
information. Every third of these people find it very important to attend the lectures of the specialists
within the common days of the information. Less people prefer to get information in private meetings
with the specialists.
One of the elements of the inform system are expositions titled «Overcoming of the consequences of
Chernobyl catastrophe» holding in the most seriously suffering areas of Mogilev, Gomel and Brest
regions. Today such expositions are created in 21 districts.
In 2005 the coordinating council on the information and propaganda was established. The representatives
of the governmental bodies taking part in the fulfillment of the information concept were included into
the council.
For the development of that in 2005 «The Strategy of the information activities on the basis of the
modern computer technologies» was designed and established. Its basic goal is the creation of the
system, providing a wide access to the available information on Chernobyl catastrophe problems for
internet users.
Modern computer technologies and internet make the «alternative branch» for the mass media,
especially for the youth. The constantly improving information platform www.chernobyl.info is considered
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to be the source of the reflecting of the Chernobyl problems on the international level. It was created by
the Swiss department of cooperation and development with the help of public organizations of Russia,
Belarus and the Ukraine. The site is mainly attended by foreign partners, interested in overcoming of the
consequences of the Chernobyl catastrophe.
In the course of the joint activities Program on overcoming the consequences of the Chernobyl
disaster Russian-Belarusian Information Center was introduced on the base Institute of Safety
Development of Nuclear Energy of Russian Academy of Sciences in 2002. The aim of the Centre is to
maintain the informative and analytical realization of the Program measures; to create and introduce the
common information policy on Chernobyl problems within the Union State; to minimize social and
psychological consequences of the Chernobyl disaster; to overcome the post Chernobyl stress.
The common Russian-Belarusian information bank on the basic aspects of the Chernobyl disaster
was created (radiation-hygienic, medical-demographic and social-economic situation of the territories
contaminated by radionuclides). The internet-site Centre was also introduced (rbic.ibrae.ru\RBIC).
In the Republic of Belarus the Chernobyl problem is widely presented on the Komchernobyl
internet page www.chernobyl.by. Here all the aspects of the state activities towards overcoming the
Chernobyl disaster consequences are updated systematically.
Internet site of Mogilev, Gomel, Brest region executive committees and of Vetka region executive
committee were created. Also, there are internet-sites of the Universities and public organizations which
are closely connected to the Chernobyl problematic.
The strategy of the information work on the basis of the modern computer technologies consider
the creation of the system providing wide and simple access to the available information on Chernobyl
disaster. Thus, the structure of the common information space was appointed as well as its members and
their functions.
Within the framework of the strategy a computer class was established in the regional traininginformation centre on radiation safety in Khoiniki on the base of ISEU scientific station. Due to the
class, the population is taught how to use internet and get full and reliable information on Chernobyl
problems.
During the fulfillment of the international programs and projects («ETOS», etc.) rich experience in
enlightenment and social-psychological rehabilitation of the population was obtained. The international
program CORE as well as state programs take this valuable experience into consideration. TASIS program
projects correlate to the CORE program, aiming at providing the population of the damaged regions
with information, and cooperating with the social-physiological rehabilitation centers of UNESCO.

7.10. SCIENTIFIC SUPPORT IN SOLVING
THE CHERNOBYL PROBLEMS
It will not be exaggeration to tell that all work on overcoming the consequences of the accident is
based on the recommendations of scientists. In this respect the Republic of Belarus has gained unique
favorable experience in concentrating the efforts of governmental structures, economic and scientific
and technical potential.
It should be noted that at the moment of the accident practically there were no research institutions
that were specialized in radiation safety, radioecology, and radiation medicine in the Republic. Scientists
of the Academy of Sciences, Ministry of Education, Ministry of Health, State Agricultural Committee,
and other departments of Belarus began research literally from a «clean» sheet. At the same time the
Government had to create urgently specialized scientific and educational establishments.
During 19871992 the Institute of Radiobiology and the Institute of Radioecological Problems of
the Academy of Sciences, the Research Institute of Radiation Medicine, the Belarusian Research
Institute of Agricultural Radiology (in Gomel), the International Sakharov College on Radioecology
were founded.
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In the course of the first systematic works a comprehensive estimation of the radioecological situation
in the Republic and the initial forecast of its dynamics were made; the first results on the radiation
influence upon the functional systems of organism and diseases of the population were obtained, a
complex of medical and preventive actions was performed; a number of recommendations for agriculture
management on the contaminated territories and on a rational use of the natural world were prepared,
the ways of decontamination were offered.
The obtained results of the performed research became a basis for taking governmental decisions,
including those on resettling the inhabitants of the regions suffered from the accident, on building new
dwelling, on radiation safety standards, etc. and were used for working out of «Chernobyl» laws and for
developing state programs of overcoming the consequences of the Chernobyl accident.
During the next years the work of scientists formed the basis of all actions connected with overcoming
the consequences of the accident. Only for the period 19962000, when the section of scientific
support of the State program was fulfilled, 24 proposals were prepared for the Government, 10 concepts,
60 technologies, 63 methods, 152 methodical recommendations, 43 medicines, and 66 regulation and
technical documents (rules, technical specifications, state standards) were developed, passports for 92
places of waste storage for products of decontamination were made, 48 author certificates and invention
patents were received, 11 scientific conferences were held, 741 articles were published.
During the current period the studies of the Chernobyl problems are comprehensive and systematic
in character. Within the framework of the State Programs on fundamental research of radiation effects
on the organism and ecological systems are under investigation. A small amount of research is being
carried out by the Ministry of Education.
The State Committee on Science and Technology finances scientific and technical programs and
projects, including those on designing devices for measurement and control of ionizing radiation.
The basic part of research mainly directed to the decision of practical tasks is being conducted in the
framework of the section of scientific support of the State program on overcoming the consequences of
the accident at the Chernobyl nuclear power plant. This section occupies the key position in the State
Program. It serves as a tool of planning and realizing the undertaken actions and reflects its block
structure. The logic of its construction is dictated by the basic objective of the State Program: social and
economic and radioecological rehabilitation of the contaminated territories; a further reduction in the
risk for health of the population. The important directions of scientific support are the analysis of the
condition of ecological systems, irradiation doses, health of the suffered from the accident population.
They provide the presence of a feedback that is necessary for realization of efficient control directed to
achieving the stated objective.
On behalf of the President of the Republic of Belarus in 20022003 the reorganization of scientific
support of the State program was carried out by removing head research institutes to Gomel. A new
mechanism for organization of scientific support was approved; the examination of plans and obtained
results was authorized. Requirements for the practical value and the efficiency of research studies were
considerably raised. Directions of works were integrated, 3 blocks of research were initiated. Now
investigations are being carried out in the following research lines:
 scientific support of rehabilitation of the contaminated territories and protective actions in
manufacturing agricultural products (head organization  Institute of Radiology under Chernobyl
Committee, Gomel); the same problems are being considered at two branches of the Institute in
Mogilev and Brest areas in view of their specific features;
 scientific support in solving medical problems on the consequences of the Chernobyl accident
(head organization  Republican Scientific-Practical Center for Radiation Medicine and Human Ecology
under Ministry of Health, Gomel);
 solving of long-term problems on the radiobiological and radioecological consequences of the
Chernobyl accident (head organization  Institute of Radiobiology of the National Academy of Sciences,
Gomel).
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7.10.1. Scientific support of rehabilitation of the radioactive nuclide-contaminated
territories and protective actions in the agricultural production
The objective of research in the field of rehabilitation is the elaboration and development of methods,
means, and recommendations on social and economic revival of the suffered from the accident areas,
and also on address social-psychological support of the population living on the contaminated territories.
By the research results the scientific basis for rehabilitation of the contaminated territories and for
their return to normality was created and found its reflection in «Concept of rehabilitation of the
population and the territories suffered from the accident at the Chernobyl nuclear power plant», a new
State Program for 20062010. Experience in the effective solving of rehabilitation tasks on the contaminated
territories by means of respecialization of farms and industrial complexes locating there is the basis of the
corresponding section of the State Program for 20062010.
The purpose of research in the field of protective actions is the development of effective means of
reducing caesium-137 and strontium-90 contents in a commodity part of agricultural products and as a
consequence  the decrease of exposure of the population with a simultaneous reduction in the price of
a product.
For these problems to be solved, «Recommendations on managing agricultural and industrial
productions in the conditions of radioactive contamination of the soils of the Republic of Belarus»,
being the basic document for agriculture managers and organizers of high-commodity agricultural
production on contaminated territories, have been developed and issued. «Recommendations on the
manufacturing of food stuffs in individual farms located on the contaminated soils» for the population of
the suffered territories have been prepared and issued.
The agricultural practice is supplemented with: the ways of managing meadow-pasture husbandry
and cultivating agricultural crops on the contaminated territories; the recommendations on the normalization
of a content of radionuclides in diets of agricultural animals; and the technologies of final fattening of
cattle in order to have products according to the established permissible levels of the content of
radioanuclides and many others.

7.10.2. Scientific support in solving the medical problems
on the consequences of the Chernobyl accident
Within the framework of this set of tasks the problems of better specialized and preventive medical
aids to the suffered population, improvement, protection of motherhood and childhood, dose assessment,
carrying out clinical and epidemiological studies of the health state of various categories, risk assessment
have been solved.
The concept of organization of medical care of the population has been elaborated. It is based on
restricting the observable cohorts on the dose princi ple with allocation of groups of an increased radiation
risk in order to optimize the performed prophylactic medical examination, the growth of its efficiency,
the cost cutting.
The unified protocols on rendering the medical aid to liquidators, adult population and children
suffered from the accident at the Chernobyl nuclear power plant and also to the persons exposed by
radioiodine in utero have been prepared.
The developed methods of treatment of patients with thyroid cancer have allowed decreasing a
frequency of recurrence up to 3.2 %. Application of radioiodine therapy for patients with distant
metastases of the thyroid cancer yields the remission in 55.5 % of cases and decreases the lethality up to
0.9 % as compared to 10% in the developed countries.
Thyroid and cumulative doses after the accident have been calculated for all the suffered regions of
the Republic. The Catalogue-2004 of annual effective radiation doses for the inhabitants of the settlements
of the Republic of Belarus has been prepared and approved.
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7.10.3. Solution of long-term problems on the radiobiological
and radioecological consequences of the Chernobyl accident
Within the framework of these studies the problems of radioecological monitoring, forecasting the
radioecological and radiobiological consequences of the accident at the Chernobyl nuclear power plant,
and optimizing the management of the nature on the contaminated areas are being solved.
The radioecological state of soils, water systems, air, plants and animals that allow the forecast of
radioactive contamination and its consequences is being studied on the designed reference point network.
Order of distribution, accumulation, and migration of càesium-137, strontium-90, transuranium elements
in landscape complexes are determined.
The effect of a combined (mutually improving) action of small radiation doses and factors of nonradiation nature, for example, chemical contamination has been revealed. The research in this direction
can clear up the biological aspects of the influence of the consequences of the Chernobyl accident,
which are less investigated by the scientific community, first, on the health of the population.
A number of medicines that strengthen the health of the population living on the contaminated
territories, such as «Glycirrisgel», vitamin-mineral supplement «Dopinat» with the vitamin D,
enterosorbent «Kalfosorb» are prepared, etc.
Forestry system for the radioactive contaminated areas are being developed and introduced into
experimental farms.

7.10.4. Efficiency of scientific development
For the last five years (20012005) 63 new technologies, 6 medicines and fodder supplements, 34
methods are made and introduced within the framework of the research section of the State program. 4
concepts, 56 programs of different purpose, including the programs of respecialization of farming, 169
information materials  methodical instructions, regulations, recommendations, bulletins, 18 databases
are worked out. 132 social  radiation districts passports are prepared or updated. 4 monographs, 1512
articles and abstracts of papers are published. 61 documents on patent, invention or trade mark are
prepared.
Works of scientists have been introduced into practice, many of them have brought a significant
economic benefit.
The economic benefit of the programs on respecialization and programs on development the agricultural
production introduced by the Institute of Radiology and of the programs of profitable and clean products
for the Bragin, Khoiniki, and Narovlya areas was 4,233 billion roubles in 2004.
As a result of introducing the developments of the Mogilev Branch of the Institute, for the last
three years the problem on cultivating the grain that meets the requirements RPL-99 for strontium-90
content without increasing the means for countermeasures has practically been solved in 21 farms. In
2004 the economic benefit of introduction of the developments made 110 million roubles.
The optimization of the processes of manufacturing forages and regulating the of water supply on
the reclaimed grounds on the basis of the developments of the Brest Branch of Institute of Radiology
allows the 25-fold reduction of contamination of forage crops, as compared with the used practice,
and the economic profit-making of about 700 million roubles per year.
Within the framework of the State scientific and technical programs (1802r, «Radioecology»,
«Radiation Safety») the Republic has received practically all necessary spectrum of qualitative and
inexpensive devices of native production for control of radioactive contamination and irradiation doses
caused by the Chernobyl accident.
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All manufactured devices are being exported to: Russia and other countries of the CIS, Austria,
UK, France, Italy, Germany, Spain, the USA, Taiwan, China; are being used in Belarus as importsubstituting products. The share of export deliveries makes 7580 % in total amount.
Only for 20032004 the devices were manufactured in a total sum above 4 million dollars. As a result
the expenses for the corresponding scientific developments were repeatedly exceeded.

7.10.5. Unsolved problems
A number of scientific problems demand a further decision. The scientifically proved strategy of the
maintenance and possible economic use of the contaminated territories is necessary. The development of
new organizational, agrichemical, agritechnical actions, and technologies directed to the manufacturing
of clean agricultural products in private farms and in the public sector is still actual.
For the role of the radiation factor in a possible increase of the number of cases of cancer to be
specified, thoroughly planned long-term radiation-epidemiological studies must be carried out. There are
great difficulties in reconstruction of individual doses for liquidators. The problem on a growth of nononcological diseases (cataract, cardiovascular system, etc.) among the liquidators and the suffered
population should be studied.
Till now the biological effects of small irradiation doses, the combined action of the radiation and
other factors, the effects of environmental conditions on non-human biota are not investigated in full
amount.
It is required to specify the features of distribution and behavior of plutonium and americium
radionuclides in ecological systems, which is necessary for estimation of the condition of the natural
environment, to forecast the radiation situation.
The territory of the Polessian radiation-ecological reserve should be an object of elevated attention. It
is a unique area for research of the radiation influence on natural biogeocenoses, the processes of selfremediation of natural ecosystems. The obtained data should be used for forecast of the consequences of
a long-term action of radionuclides on the nature, for developing the rational ways of protection of the
environment, and for planning the economic activity on the territories to be rehabilitated.
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8. INTERNATIONAL COOPERATION IN SOLVING
THE CHERNOBYL PROBLEMS
V.L. Gurachevsky, E.N. Kupchina, S.V. Moshchinskaya,
A.E. Raiman, A.A. Smirnov

Since 1989 our country has made significant efforts to involve the international organizations,
foreign governments, firms, companies, non-governmental structures, and also politicians, persons of
science and culture, simple citizens into national actions on overcoming the consequences of the Chernobyl
accident.

8.1. RESOLUTIONS OF THE GENERAL ASSEMBLY
OF THE UNITED NATIONS ORGANIZATION
The most reasonable and significant international documents on the international Chernobyl
cooperation are the resolutions of the General Assembly of the United Nations Organization (UN GA).
For the first time the Chernobyl question was put in September, 1989 when the head of the
delegation of the BSSR informed the 44th session of the General Assembly on the consequences of the
Chernobyl accident and officially addressed to the world community for assistance and help. The resolution
of the following session 45/190 was the first document that laid the foundation of the international
cooperation on the Chernobyl problems. Subsequently the «Chernobyl» resolutions were adopted at the
plenary sessions 46, 47, 48, 50, 52, 54, 56 and the 58th session of the General Assembly of the United
Nations Organization.
If the resolutions of 45, 47 and 48 of the sessions of the United Nations General Assembly were of
declaratory nature in substance, then the subsequent ones evolved to a program approach to the solution
of the Chernobyl problems (50, 52 and 54 sessions), to actions directed to achieve visible results (56 and
58 sessions), for example, measures on the support of the International Chernobyl Center in the
Ukraine and the Belarusian program «Cooperation for rehabilitation».
In the context of the national interests of the Republic of Belarus a significant step forward was
resolution 58/119 «Strengthening of the international cooperation and coordination of efforts in studying
mitigation and minimization of the consequences of the Chernobyl accident» which was adopted on
December 17, 2003.
In the resolution the UN General Assembly welcomed the decision of the Council of the Heads of
States of the CIS to proclaim April 26 the International Day Commemorating Victims of Radiation
Accidents and Catastrophes in the States members of the Commonwealth and also suggested the UN
Member States to celebrate this International Day, performing appropriate measures in memory of
victims of radiation catastrophes and accidents and informing actively the population about their
consequences for the human health and environment.
A new element in the operative part of the resolution is the endorsement of the efforts of Belarus on
the implementation of the international program «Cooperation for rehabilitation» (CORE).
In comparison with the previous resolution on Chernobyl the number of co-sponsors of the
resolution of the 60th session of the UN General Assembly was increased by 21 states. A recognition of
the relevance of the raised problems manifested itself in the co-sponsorshi p of 69 states on a draft
resolution. This is the greatest number of the co-sponsors of the resolutions of the General Assembly on
Chernobyl for the last thirteen years.
This resolution assures support of the General Assembly to the initiatives of three most affected
countries to organize in 2006 the international measures devoted to the 20th anniversary of the Chernobyl
accident.
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8.2. COORDINATION OF THE INTERNATIONAL
ACTIVITIES ON CHERNOBYL PROBLEMS
With the purpose to implement the resolutions of the UN General Assembly, Belarus initiated in
1990 the establishment of coordination mechanisms: the Inter-Agency Task Force on Chernobyl and
the Chernobyl Quadri partite Coordinating Committee.
The Inter-Agency Task Force on Chernobyl headed by the UN Coordinator on the International
Chernobyl Cooperation should be responsible for definition of the basic directions of the international
activities on assisting the victims and both technical and political support on all to its aspects. It included
15 organizations and establishments of the UN system: UNDP, UNICEF, IAEA, UNFPA, UN
HABITAT, UN EEC, UNSCEAR, IOM, UNIDO, UNESCO, WHO, WMO, and the World
Bank.
In order to coordinate the positions of three most affected states and the United Nations on the
Chernobyl problems, the Chernobyl Quadri partite Coordinating Committee was established on May
26, 1993 in Minsk. The Committee consisted of the representatives of Belarus, Russia, the Ukraine,
and the UN Coordinator on the International Chernobyl Cooperation as the UN Deputy SecretaryGeneral (now  the UN Deputy Coordinator on the International Chernobyl Cooperation as the
Regional Director of UNDP in the countries of Europe and the CIS).
On the eve of the 20th anniversary of the accident at the Chernobyl nuclear plant the meeting of the
Chernobyl Quadri partite Coordinating Committee is to be held. It is expected that besides the UNDP
Administrator and the heads of the relevant ministries from Belarus, Russia and the Ukraine, the
representatives of all state-donors and international organizations and agencies of the UN system will
partici pate in it.

8.3. INTERNATIONAL PROGRAMS AND PROJECTS IN 19902000
The first result of the activity of the Chernobyl Quadri partite Coordinating Committee was
development of a Master plan for international cooperation on mitigating the consequences of the
accident at the nuclear power plant. However, the conference on contribution pledges, which was held
on September 20, 1991 in New York, desperately failed. Only up to 1,2 million dollars was collected
for the Master plan of the United Nations totaled to 650 million US dollars.
On the basis of conclusions made by the UN expert mission, which visited Belarus in 1997, «InterAgency program for international assistance to the territories affected by Chernobyl accident» was
developed. This program document shared the fate of the UN Master plan: in 19982001 only three
initiatives were financed in Belarus, Russia, and the Ukraine.
The Belarusian di plomats succeeded in including the Chernobyl issue into the IAEA Technical
Cooperation Program and the UNDP country program for Belarus. Other international organizations
are involved in these activities on irregular basis. In this regard, can be mentioned the CHARP program
of the International Federation of the Societies of the Red Cross and the Red Crescent, the IPHECA
program of the World Health Organization, ÒÀCIS-93, the projects of separate projects of UNIDO,
UNICEF and the Office for the Coordination of Humanitarian Affairs.
Among other international Chernobyl programs it is necessary to mention also the European
Union program TACIS-93, the projects within its framework were implemented in 19932003; the
program of scientific cooperation in accordance with the agreement of CEC/CIS, that was completed in
1996; the program «UNESCO-Chernobyl» for 19901997; numerous projects and humanitarian
programs of non-governmental organizations.
Under the UN estimations, the assistance to our country in 19902001 totaled about 45 million
US dollars from the organizations of the UN system, over 2 million US dollars through the cannels of
the EU program ÒÀCIS, 6.5 million US dollars from the EU Humanitarian Office.
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8.4. BILATERAL COOPERATION
In 19902001 Belarus cooperated with Russia and the Ukraine on the basis of bilateral treaties (9
treaties), and also with Germany, Japan, and the Commission of the European Communities. Relations
were developed steadily only in case with the Russian Federation (Program of joint activity in overcoming
the consequences of the Chernobyl accident within the framework of the Union State, see Section 8.7),
while the complex agreements with the Ukraine and the framework ones with Germany and Japan were
exclusively declaratory in nature. Partly this can be attributed to lowing donors attention to the problems
of liquidation of the Chernobyl accident consequences at the background of the implementation in the
Ukraine of the international project «Shelter» and the preparations for decommissioning of the Chernobyl
nuclear power plant.
At the same time the cooperation with non-governmental organizations of foreign countries was
developing actively. In doing this, the governments of states concerned with the exception of the USA
did not seek to undertake legally-binding obligations under the international agreements.
The Republic of Belarus received and still receive foreign gratis aid in the form of goods and money
resources from the private initiatives basically from Germany, Canada, Italy, the Chinese Peoples
Republic, Japan, and some other countries (Fig. 8.1).

Fig. 8.1. The humanitarian assisstance in the form
of goods and money resources for 20002005

The international Chernobyl cooperation, nevertheless, till 2001 was not systematic and, in fact,
remained within the framework of classical humanitarian operations in case of emergency.

8.5. NEW INITIATIVES
In November 1999 the UN Coordinator on the international Chernobyl cooperation convened a
meeting of the Chernobyl Quadri partite Coordinating Committee, whose partici pants were offered to
launch practical shaping of the long-term strategy to solve the Chernobyl problems.
To realize the abovementioned recommendations, in 2001 «the multidisci plinary inter-agency mission
for study humanitarian consequences of the Chernobyl accident at international level» was conducted.
The UN mission prepared a new analysis of the situation in the affected areas of Belarus, the Russian
Federation, and the Ukraine. In February 2002 the UN mission submitted the report «Humanitarian
Consequences of the Accident at the Chernobyl Nuclear Power Plant. Strategy for Recovery», one of
its key components was the recommendation to change priorities of the international Chernobyl
cooperation.
The strategy will last ten years and sti pulates transition from emergency humanitarian assistance to
a sustainable development of the affected territories in the following directions:
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 social and economic development of the affected areas (account of the population needs, address
assistance, reasonable means management, creation of open and competitive market economy, and the
business environment that promotes inflow of investments;
 overcoming of the medical consequences of the accident (reorganization of the health system,
efficiency analysis of the public health services system at initial level, provision of the efficient management);
 expansion of information work with the population;
 researches;
 establishment of the international Chernobyl foundation to fund such measures.
The conclusions of the report were agreed and approved by the Government of the Republic of
Belarus at the meetings during the visit of UN Under-Secretary- General K.Oshima in 2002. At present
the strategic proposals of the UN mission are finding practical realization in the initiatives of WHO,
UNDP, IAEA, and other UN establishments, the EU program TACIS.
Responding to the UN appeals, the experts of the World Bank started analyzing elements of the new
document which could lay foundation for allocation of credit resources to fund the Chernobyl actions
in Belarus.
As a result of research carried out from October 2001 till April 2002, the document «Belarus:
Review of the consequences of the accident at the Chernobyl nuclear power plant and of the programs
on their overcoming» was prepared. In the prepared review the experts offered a set of the recommendations
to the Government of Belarus:
 to concentrate attention on the areas with a high level of radioactive contamination;
 to develop new ways of informing the population with emphasis on the propagation of a healthy
way of life;
 to search for new approaches to the economic development of the affected areas in view of the
UN mission recommendations;
 to optimize and reorient the state programs to provide address assistance to the most unprotected
categories of the population in the most affected areas.
Realization of the specified actions is to be funded by the World Bank. Now the 1st stage of the joint
credit project of the Republic of Belarus and the World Bank on social and economic rehabilitation of
the areas affected by the accident at the Chernobyl nuclear power plant relating to the energy efficiency
increase, energy saving, and gasification has ended. Performance of the 1 st stage cost 50million US
dollars. During the 2nd stage water supplies will be optimized in the affected areas.
In addition to the UN strategy, given document offers the following important ideas:
 a new approach should be directed to normalizing the position of the affected population in
medium-term and long-term prospects;
 international community should take a share of the responsibility for the future of the citizens of
Belarus affected by the Chernobyl accident;
 collective responsibility must be reflected in a new series of post-Chernobyl programs on resolving
the present and future tasks of the affected people with emphasis on their initiative and active partici pation.
In 2003 new Chernobyl initiatives (International Chernobyl Research and Information Network
under the UN aegis and the Chernobyl Forum established by IAEA) were launched.
The objective of the International Chernobyl Research and Information Network is to establish a
coordination mechanism for researches of the whole set of consequences of the accident at the Chernobyl
nuclear power plant that are conducted by the UN organizations together with the affected states.
The medical and ecological consequences of the Chernobyl accident were analyzed within the
framework of the Chernobyl Forum (hereinafter  Forum). The primary goal of the Forum is the
generalization of the existing scientific estimations of the long-term medical and ecological consequences
of the accident; the specification of blanks in the available data for subsequent scientific studies; the
development of agreed recommendations on rehabilitation of the affected territories, including the
preparation and realization of joint projects.

96

In 20012004 on the invitation of the Prime Minister of the Republic of Belarus our country was
visited by UN Under-Secretary-Generals K.Oshima (April, 2002) and J.Igeland (January, 2004). Both
visits were aimed at both developing the international Chernobyl cooperation and optimizing appropriate
activities of the United Nations in Belarus.
Summing up the results of his visit at the press conference, J.Igeland stated: «It seems to me that
the whole world should learn a Belarusian procedure of overcoming complex post-catastrophe situations.
Local authorities managed to strike hope into the people for future, and the UN will do the utmost that
this belief would remain». Concerning the questions of practical realization of the UN strategy on
Chernobyl, Prime Minister of the Republic of Belarus S.Sidorsky and J.Igeland noted that at this stage
«the strategic task is restoration of life of the population in the affected areas». They are convinced that
«the objective of the international cooperation in this sphere should be connected with the decision of
particular problems of the affected people».

8.6. CURRENT INTERNATIONAL PROGRAMS AND PROJECTS
At present the cooperation of Belarus with the international organizations continues to be carried
out within the framework of both programs and separate projects.
The basic priority of the IAEA technical cooperation program is rehabilitation of territories affected
as a result of the accident. In recent years a number of qualitatively new projects have been performed
within the framework of this program. Among them it is worthy to note model project «Production of
food oil from the rape seeds grown on the contaminated territories» with a total budget of about 1 million
US dollars.
Since 2001 the national project on technical cooperation «Rehabilitation of contaminated in the
result of the Chernobyl accident» with financing of about 400500 thousand US dollars per year has
been fulfilled in Belarus.
Since 2003 Belarus has been partici pating in the IAEA regional (Belarus, Russia, the Ukraine)
project of technical cooperation «Long-Term Countermeasure Strategies and Monitoring of Human
Exposure in Rural Areas Affected by the Chernobyl Accident», whose budget makes 3 million US
dollars.
The cooperation with the World Health Organization (WHO) is based on the Memorandum on
mutual understanding between the WHO and the Ministry of Health of the Republic of Belarus that
was signed on May 18, 2000. Action plan for realization of the project «Medical aid to the children
affected by the Chernobyl accident» was accepted in accordance with the Memorandum.
By 2003 the WHO had finished the drawing up of the catalogue of scientific researches of the
medical consequences of the Chernobyl accident for the use within the framework of the Forum. In
20022003 the work was continued within the framework of two large projects: in the field of TV
medicine (it is financed mainly by private donations from the Sasakava Fund of Health Protection,
Japan), and in the field of creating the tissue bank (it is financed by the Sasakava Fund together with the
European Community and the National Cancer Institute of the United States of America).
The early diagnosis of the thyroid cancer is the main objective of the international project «Treatment
of thyroid diseases» of the World Health Organization and the Sasakava Fund (Japan) that has been
carrying out since 1991.
The International Federation of the Societies of the Red Cross and the Red Crescent launched in 1990
the Chernobyl program of the humanitarian assistance and rehabilitation. In the course of its performance,
with the purpose of early diagnostics of thyroid pathologies more than 500 thousand persons were
subjected to radio diagnosis and got first medical aid. In 2002 more than 91 thousand persons were
examined.
In 2004 the cooperation with the Organization for Security and Cooperation in Europe began developing.
Under the program «Cooperation for rehabilitation» 5 projects are carried out and 3 projects at the
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Fig. 8.2. Signing of the Declaration of principles of the program CORE

registration stage. On December 6, 2005 at the annual session the Council of Ministers of Foreign
Affairs of Member States of OSCE (CMAF, OSCE) adopted the Declaration on the occasion of the
20th anniversary at the Chernobyl nuclear power plan, that was put forward by the delegations of
Belarus, the Ukraine and Russia.
Since 2001 till 2004 the United Nations Office in Belarus was carrying out the project on co-financing
«Strengthening of partnershi p mechanisms and resource mobilization to reduce negative consequences
of the Chernobyl accident».
In 2003 the Project of support for the Program «Cooperation for rehabilitation in the regions
affected by the accident at the Chernobyl nuclear power plant» was started.
The basic objective of the project is the assistance to the Republic of Belarus in carrying out the
international program CORE, which is directed to a sustainable improvement of the living standards and
to the creation of conditions for safe life in four areas (Slavgorod, Chechersk, Bragin, and Stolin)
affected by the accident at the Chernobyl NPP. Implementation of the program CORE is based on the
princi ples of international cooperation, inter-branch integration, improvement of the social and economic
activity of the population.
Since the beginning of the Program CORE 105 projects have been approved. The contribution of
national and international partners has made more than 3,5 million euros. Currently, 23 thematic and
small projects are implemented under the Program, and 48 projects are at a different stages of registration
or are searching for partners. Presentations of the first results of the projects on November 23, 2005
showed that a successful realization of the initiatives of the Program inspire optimism and confidence for
future in local residents.
In 20002005 di plomats of the foreign states accredited to Belarus visited affected areas of our
country several times. On May 2123, 2003 the visit of the heads of the di plomatic missions of the EU
countries in Belarus (Germany, the UK, France, the representatives of the European Commission)
was held. As in the previous years, based on the results of this visit, its partici pants had prepared the
internal report which was sent to the European Commission and to the European capitals in order to
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draw attention to the Chernobyl problems in Belarus and to facilitate the understanding of the situation
in the provinces.
Untill 2005 the UNICEF country programs have been developed and realized in three countries 
Belarus, Russia, the Ukraine. Arrangement for Belarus of a separate country program for 20062010,
in which the Chernobyl problems and the necessity of their solution will be outlined, sounds encouraging.
In 2004 a number of the deputies of the European Parliament initiated a written declaration on the
necessity for the European Community to take measures to assist the regions affected by the Chernobyl
accident. The declaration contains an appeal to the European Commission to develop a program of
medical aid to the population of the Chernobyl areas, a program of treatment of children from the
affected areas in the EU medical institutions, to procure necessary medical equi pment to the hospitals
of the affected regions.
The European Commission initiated the preparation of a technical specification for the project
«Estimation of needs for the public health services system on the territories affected by the accident at
the Chernobyl NPP» supposed to be funded under the TACIS program. The Chernobyl direction of
cooperation became one of the priorities in the activities of the European Commission. This was properly
reflected by inclusion of this topic into the National program of actions for Belarus for 2003 (with the
budget of about 2 million euros) and into the project on the Strategy of partnershi p with Belarus
within the framework of the TACIS program for 20052006 (with the budget from 2,8 up to 4,8
million euros). The key elements of cooperation are the partici pation in the program «Cooperation for
rehabilitation» and also the study of medical consequences of the accident in order to determine real
situation and needs for assistance.

8.7. PROGRAM OF JOINT ACTIVITY ON OVERCOMING
THE CONSEQUENCES OF THE CHERNOBYL ACCIDENT WITHIN
THE FRAMEWORK OF THE UNION STATE OF BELARUS AND RUSSIA
This Program is directed to shaping and implementing a unified policy of both states to solve the
Chernobyl problems. Presently the program for 20022005 has been completed (first such program was
performed in 19982001). The Program achieved the tasks which supplemented national programs and
demanded joint efforts of the two states. Among them are:
• development, perfection, and provision of functioning of a unified system for specialized medical
aid;
• elaboration and application of the unified approaches to the rehabilitation of population and
territories, development and introduction of the unified standards, most effective technologies and
realization of economically feasible measures.
The Program was financed from the budget of the Union State with total amount of 980 million
Russian roubles.
Belarus attaches great importance to the following results achieved within the framework of the
Program.
The factory for medicines has been constructed and equi pped in the city of Skidel.The manufacturing
of ready medicinal forms with a capacity of 200 million tablets and 50 million capsules per year is based
on the substances of highly purified amino acids.
A significant contribution has been made to the construction of and purchase of the advanced
equi pment for the Specialized Radiological Dispensary in the city of Gomel to provide medical aid to
the citizens of Belarus and Russia affected by the Chernobyl accident.
To prevent iodine deficiency diseases of the citizens living on the contaminated territories, «knowhow» technologies for production of iodine-enriched foods (milk and dairy products, bakery products,
etc.) have been developed and introduced.
The scientists of two countries have developed jointly a lot of technologies, standard documents,
computer databases aimed at the overcoming of the accident consequences. The Russian and Belarusian
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Information Center started to function. A unified Russian and Belarusian databank on the basic aspects
of the Chernobyl accident (radiation-hygienic, medical and demographic, as well as social and economic
situation on the radioactive contaminated territories) has been created.

8.8. INFORMATION ACTIVITY
To attract attention to «the forgotten crisis» in 20012005, the Chernobyl Committee of Belarus
together with the Ministry of Foreign Affairs of Belarus organized a number of art exhibitions dedicated
to anniversaries of the Chernobyl accident. In particular, the leading-motive of the exhibition «April 26,
1986» was the tragic aspects of the consequences of the Chernobyl accident and in opposition to it
beauty of the Belarusian nature, the cheerfulness of the Belarusian people. This exhibition was held in
Germany, Belgium, Austria, Switzerland. Paintings of the Belarusian artists, the exhibition of children
paintings, and documentary photos emphasized visitors attention not only on the history of the accident,
but also on the realities of day-to-day life of people, who continued to live on the affected territories.
In 2002 the information site of Chernobyl began to work. it was opened by the joint efforts of three
affected countries, Switzerland and the UN. In many respects this international resource filled the
information blanks and allowed to involve broad public strata and non-governmental organizations into
open discussion of the sharpest Chernobyl problems.

Fig. 8.3. The exhibition «April 26, 1986» devoted to the 17th anniversary of the Chernobyl accident

The important event for Belarus is the international conference timed to the 20th anniversary of the
accident at the Chernobyl NPP. Its purpose is to discuss and generalize the results of efforts on overcoming
the consequences of the accident for the past 20 years and, on this basis, to make practical
recommendations for the strategy for the next decade providing the increase of the efficiency of performed
actions, better coordination of joint actions of Belarus, Russia, the Ukraine and the international
community in the field of rehabilitation of the affected areas.
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CONCLUSIONS

1. In Belarus the Chernobyl accident has generated a set of serious long-term problems that had
touched vital interests of millions of people in a state of health, lifestyle, well-being, labor conditions.
2. Alongside with the heavy ecological damage the Chernobyl accident has resulted in unprecedented
irradiation of the population of Belarus and has required that a complex of protective actions for limiting
the external and internal irradiation doses be developed and performed. Till now the radiation situation in
a number of the affected regions remains difficult. The problem of manufacturing agricultural products
meeting the acting standards of radiation safety is still pending. There are areas, in which the average
annual effective doses of additional irradiation of the population due to the Chernobyl fall-outs exceed 1
mSv. According to the national legislation it means that further protective actions must be undertaken.
3. For the years past after the accident the bulk of population has already received about 80 per cent
of the dose expected for the whole life. However, irradiation doses of those born after 1990 will be
formed during their forthcoming life due to external and internal irradiation and to the consumption of
contaminated food foodstuffs.
4. The doses, that were received by population during the early period of the accident due to iodine131, predetermined the growth of the number of cases of radiation-induced thyroid cancer of those
irradiated at the age of child and teenager. The increase of disease-rate of this disease is registered among
the liquidators and the adult population. By the forecasts of scientists, about 15 thousand cases of thyroid
cancer are expected among the inhabitants of Belarus over 50 years after the accident.
5. Other stochastic effects of irradiation have not yet manifested themselves in full owing to a longer
latent period and a chronic character of low-dose irradiation. Some of the most irradiated categories of
affected people have a tendency for increasing frequency of other cancer diseases. The forecasts point to
the opportunity of increasing disease-rate by several percents during the life. To evaluate the role of the
radiation factor in a possible increase of cancer disease-rate, it is necessary to carry out thoroughly
planned long-term radiation-epidemiological studies.
6. Medical consequences of the Chernobyl accident are not limited by radiological ones only. The
accident has promoted an inadequate perception of the radiation risk by the significant part of the
population, this resulted in steady psychological discomfort. A combined influence of radiation and nonradiation factors of the Chernobyl accident facilitates the health aggravation of all categories of population,
this is expressed in the increase of benign disease-rates (endocrine system, cardiovascular diseases,
mental and neurological disorders, etc.).
7. The negative demographic tendencies undergo in the areas of radioactive contamination. A decrease
of birth rate, an increase of death rate, and a reduction of the number of the population capable of
working is observed.
8. Deep concern in the society is caused by the health state of children that is characterized by
growth of disease-rate, a decrease in the number of practically healthy children, and by a increase of the
immune system disorders.
9. The Chernobyl accident caused serious problems in the agricultural-industrial and wood complex
of the country where a significant part of the population of the affected regions is working. Introduction
of the scientifically sound systems of managing the farming and forestry has allowed to reduce the
manufacturing of contaminated products, however, not all problems were solved. The safe use of the
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contaminated territories demands constant investment for maintaining the fertility of soils and for
implementing protective actions.
10. The major problem of overcoming the consequences of the Chernobyl accident is combined
radiation, and social an economic rehabilitation of the contaminated territories. Achieving the main
objective of rehabilitation, in particular, the real economic revival and sustainable development, demands
the perfection of the approaches to restoration of the social infrastructure in the affected regions and the
places of compact residence of the evacuated population. The most pending problem is provision of
favorable conditions for attraction of native and foreign investments. National and international approaches
to the solution of the rehabilitation problems require the harmonization and the careful coordination of
the relevant works.
11. Rehabilitation problems decision is impeded by a psychological condition and a low level of
information among the affected population. It is necessary to improve the system for informing and
educating the population on the issues of radiation situation, efficiency of counter-measures, and other
aspects that can help the inhabitants from the contaminated territories to follow the recommendations
of science and medicine relating to the life safety. It is important to overcome the syndrome «Chernobyl
victim» that hinders the active involvement of the population into the social-economic activity.
12. A complexity and a variety of the problems caused by the Chernobyl accident are dictating the
necessity of keeping a high level of relevant scientific researches. For Belarus the following basic research
directions are of interest:
 radiation epidemiology,
 radiological effects of small doses in biological objects and ecological systems,
 development of optimal systematic counter-measures in the farming and forestry,
 development of a set of rehabilitation problems of the injured regions
 territory of the Polesie State Radiation-Ecological Reserve should become an object of increased
attention.
13. The efforts of the Belarusian scientists should be directed to obtaining the reliable data recognized
by the international community and capable to be a basis for consequent and effective actions at both
national and international levels.
14. In the field of the international cooperation on solution of the Chernobyl problems there is a
transition from the actions under traditional humanitarian assistance to the rendering of systematic
assistance in solving the problems of rehabilitation of the affected territories and their sustainable
development.

102

National Report is published under the financial
support of the United Nations Population Fund.
It does not reflect official position of the
United Nations Population Fund.

Scientific Publication
20 YEARS AFTER
THE CHERNOBYL CATASTROPHE
The Consequences
in the Republic of Belarus and their Overcoming
National Report
Editor A.V. Kuvshinnikov
Artistic editor V.G. Zagorodny
Make-up editors G.M. Golicova, S.L. Pecheneva
Ïîäïèñàíî â ïå÷àòü 10.04.2006. Ôîðìàò 60×90 1/8. Áóìàãà ìåëîâàííàÿ. Ãàðíèòóðà
«Òàéìñ». Îôñåòíàÿ ïå÷àòü. Óñë.ïå÷.ë. 13,0. Ó÷.-èçä.ë. 10,6. Òèðàæ 1000 ýêç. Çàê. 336.
Ðåñïóáëèêàíñêîå óíèòàðíîå ïðåäïðèÿòèå «Èçäàòåëüñòâî «Áåëàðóñü» Ìèíèñòåðñòâà èíôîðìàöèè Ðåñïóáëèêè Áåëàðóñü. ËÈ ¹ 02330/0056828 îò 02.03.2004. 220004,
Ìèíñê, ïð-ò Ïîáåäèòåëåé, 11.
Îòêðûòîå àêöèîíåðíîå îáùåñòâî «Êðàñíàÿ çâåçäà». Ëèöåíçèÿ ¹ 02330/0056698
îò 30.04.2004. 220073, Ìèíñê, 1-é Çàãîðîäíûé ïåð., 3.

103

