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INTRODUCTION
April 26, 1986 - a tragic day that brought the most severe ordeals to the long-suffering
Belarussian land. For ten years already the Republic of Belarus has lived under the conditions
of environmental radioactive contamination caused by the accident at the Chernobyl NPP nuclear reactor.
The Chernobyl tragedy is the largest radiational catastrophe that has ever occurred on this
planet. The radioactive blow-outs after the Chernobyl NPP catastrophe reached many states.
The largest amount of them (according to experts' estimations - 70 %) fell out on the Belarus
territory.
It is not for the first time that great ordeals have fallen to the lot of the Belarussian people.
During the Great Patriotic War every fourth citizen of Belarus perished, but not everybody
knows that the Chernobyl tragedy affected all citizens as well. First of all, it relates to the initial period of the accident when the radionuclides, including short-lived, spread on all the territory. 1840951 people including 483869 children and adolescents under 17 years old, inhabit
3221 villages and towns on the radioactively contaminated territories. The radiation dose on
some of them reaches 5 mSv per year and higher. There has been a steady increase of the morbidity rate and socio-psychological tension. Particular concern has arisen over the increase of
thyroid gland pathologies, including thyroid gland cancer among children.
The damage caused to the republic by the Chernobyl catastrophe, the catastrophe scales
demanded the adoption of emergency measures by the Government of Belarus. Being aware of
the global character of the catastrophe and of threatening consequences for public health, the
Supreme Soviet announced the whole territory of the republic to be a zone of ecological calamity. At the initial stage, of the post-accident period 24,7 thousand people were evacuated.
Up to now 131,2 thousand people from the contaminated areas have been resettled. For the
resettlement of such a number of people and for the organization of life-support systems in the
radioactively contaminated regions new settlements and working places, enterprises and organizations re-specialization, a network of schools, children's pre-school institutions, health
care establishments, gas pipelines, new electric lines, etc. are needed. This work is still far from
completion and requires large investments.
10 years have passed since the Chernobyl NPP accident but some of the problems born by
the catastrophe have not been solved, in spite of alj the measures undertaken, but in some
realms they have become even worse. This is bound up, first of all, with a high collective dosage absorbed by the population, with difficulties in forecasting and prophylactics of remote radiational effects, with ecological and economic crisis. The consequences of the disaster greatly
affect all the aspects of vital activities of the affected regions and the state as a whole. That is
why the planning and realization of measures to overcome the catastrophe consequences
should not be reduced to only radiation protection measures.
This is the position we adhere to and will continue to do so, while elaborating measures of
intervention and protection.
The State Programme for overcoming the catastrophe consequences has been elaborated
and is being implemented in the Republic of Belarus. The Supreme Soviet has adopted the laws
"On Social Protection of Citizens Affected by the Chernobyl Nuclear Power Plant Catastrophe" and "On legal treatment of Territories Affected by Radioactive Contamination As a Result of the Chernobyl Nuclear Power Plant Catastrophe". These laws and other legislative acts
determine the State policy that aims to protect the victims health, to provide the population in

contaminated territories with safe living conditions, to overcome and diminish the negative sociu-psychoiogical, economic and ecological catastrophe consequences.
'ignificanl and in many respect? unique material has been accumulated over the years
since the Chernobyl NPP catastrophe. This includes the results of radiation effect on people,
flora and fauna, abiotic components of the natural environment. The experience of organizing
and implementing measures to reduce its negative effects has also been gained.
Time obliterates the most acute moments in memory. To some of those who did not personally face rhe disaster it may seem that the Chernobyl problem has lost its topicality. The
biggest catastrophe of the century is increasingly forgotten and some people consider it as
something belonging to the past. But it is not so for the Belarussian people.
Scientists, state leaders, international organizations concerned understand clearly that the
•.mique situation as a result of the Chernobyl NPP accident must be used completely for improving the knowledge about the possible consequences of the simiiar catastrophes, for investigation and accumulation of experience of practical realization of protection measures compiex under the conditions of large-scale radioactive contamination of the territory. It creates
good prerequisites for effective and mutually beneficial international co-operation on overcoming of the catastrophe consequences.
We hope that this report which sums up the results of 10-years research and overcoming
•he accident's consequences in Belarus, will contribute to a better understanding of the situation in our Republic, will be helpful for further works on overcoming the Chernobyl catastrophe consequences and for determining priorities for rendering international aid, so necessary,
to the Belarussian people.

I.A.Kenik

L.M.Sushchenya

Minister for Emergencies
and Population Protection from
the Chernobyl NPP catastrophe
consequences

President
of the Academy of
Sciences of Belarus

CHAPTER 1
RADIOECOLOGICAL CONSEQUENCES OF THE CHERNOBYL NPP CATASTROPHE
1.1. Formation of radioactive contamination
At 01.24 a.m., Moscow time, on April 26, 1986 at the Unit 4 of the Chernobyl NPP there
were two explosions ,subsequently, that destroyed and broke off the roof of the reactor's
building, opened its active zone and released a large amount of uranium fuel, transuranium
elements, concrete, graphite. The fire originated. The radioactive substances reached the height
of 1,8 km and began moving with air streams to the north-west and north direction through the
west and central regions of Belarus.
Radioactive substances of the total activity of about 10 EBq (1 E = 10ls ) including
6,3 EBq of radioactive noble gasses were released into the environment. 50-60 % of Iodine
and 30-35 % of Caesium contained in the reactor was released. According to some estimations
the amount of the blow-out is considered to be much higher.
The formation of radioactive contamination of Belarus began immediately after the reactor's explosion. On April 27-28, 1986 the territory of Belarus was under the influence of the
reduced atmospheric pressure. On April 28, 1986 in all the regions of the republic there were
rains of torrential character. Since April 29 the air masses with radioactive blow-outs that had
moved to the north direction, began to move from the Baltic to Belarus due to the change of
directions of air streams. Such air stream transfer was observed up to May 6. Since May 8
there happened the secondary change in the direction of air masses movement and their trajectory passed from Chernobyl to the north direction again.
Meteorological conditions of the radioactively contaminated air masses movement from
April 26 to May 10, 1986 together with rains, especially at the end of April and beginning of
May, determined the scale of the radioactive contamination of the territory of Belarus. About
2/3 of the radioactive substances in the result of dry and wet sedimentation fell out on its territory.
Radioactive blow-outs led to considerable contamination of the area, settlements, water
basins. The Caesium-137 contamination of the territory of Belarus over 37kBq/m2 made up
23 % of the total territory of the republic. For comparison, for Ukraine it makes up 5 %, Russia - 0,6 % (Fig. 1.1.). This testifies to more complicated and heavier consequences of the
Chernobyl catastrophe for Belarus in comparison with Russia and Ukraine.
The increase of radioactivity in the result of the Chernobyl NPP catastrophe has been registered at the distance of thousands of kilometers. At the initial stage the main contribution to
the environment contamination and formation of exposure doses of population made caesium137 ( half-life period - 30 years), strontium-90 (29 years), plutonium-238 (88 years), plutonium-239 (2,4xlO4 years), plutonium-240 (6537 years), plutonium-241 (14,4 years), caesium134 (2 years), cerium-144 (284 days), ruthenium-106 (368 days), iodine-131,-132,-133,-135
(up to 8 days), lanthanum-140 (40hours), neptunium-239 (2 days), barium-140 (13 days), molybdenum -99 (66 hours), strontium-89 (50 days) and about 20 radionuclides more with short
half-life periods.
Taking into account the scale and severity of the Chernobyl NPP catastrophe consequences in July 1990 the Supreme Soviet of Belarus announced the territory of the republic a
zone of ecological calamity. The State programme on the overcoming of the Chernobyl NPP

catastrophe consequences for 1990-1995 was adopted, aimed at providing safe living conditions for the population in the regions affected by radioactive contamination.
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Fig.1.1. Contamination of the territories of Belarus , Ukraine and Russia
with Cs-137 density over 37 kBq/m2 (in % of the total area)

The important task in the post-accident period has been the estimation of the radioactive
contamination of the territory of Belarus and creation of specially oriented monitoring. In
1986 there was carried out the radiation examination of the territory of the republic, in the first
place, of settlements, agricultural lands and forests. The first cartograms of the radiation situation were prepared already in June 1986.
In the subsequent period the cartograms of Cs-137, Sr-90 and isotopes of plutonium
content in soil were published every three years. Taking into account the nonunifonnity of the
radioactive contamination and the necessity of realization of protective measures for the reduction of exposure doses and providing the safety of population's living conditions on the
contaminated areas, the investigation of individual farms was done. Every owner was given a
radiation certificate.
In accordance with the article 40 of the Law of the Republic of Belarus "On legal treatment of territories affected by radioactive contamination as a result of the Chernobyl NPP catastrophe" the total estimation of the radiation situation on the territory of the republic
(radiation monitoring) and methodical management is carried out by the Committee on Hydrometeorology of the Ministry for Emergencies and Population Protection from the Chernobyl NPP catastrophe consequences. (Fig. ] .2.)
Taking into account the radioactive contamination of soil, air , water systems, flora, fauna
and other ecosystems by different radionuclides and the necessity of the complex approach to
the estimation of the radiation situation , the efforts of the Committee on Hydrometeorology of
the Ministry for Emergencies, the Academy of Sciences, the Ministries of Health, Agriculture
and Foodstuff, Forestry and Housing and other institutions have been consolidated. For the
study of the radionuclides behaviour in different ecosystems and elaboration of forecasting,
fundamental scientific researches have been organized.
With regard to the specific of radioactive contamination of some regions, their landscapegeochemical peculiarities and other factors there has been organized the network of the constant environment monitoring on 181 reference sites (Fig. 1.3.). There are 3l constant points of

air monitoring, 24 sections of the estimation of the river surface waters and 85 wells for underground waters investigation.
Committee on Hydrometeorology of the Ministry for Emergencies
and Population Protection from the Chernobyl NPP Catastrophe Consequences.
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Fig.1.2. The system of monitoring of the radioactive contamination
of the environment of the Republic of Belarus

On 54 hydrometeorological stations the measurements of the exposional dose power of
gamma-radiation are measured daily.

1.2. Radioactive iodine contamination of the territory of the Republic of Belarus

In the initial post-accident period the considerable increase of the exposional dose power
of gamma-radiation was registered practically on the whole territory of the Republic of Belarus. The levels of radioactive contamination by short-lived iodine radionuclides in many regions of the republic were so high that the irradiation of millions of people caused by them has
been qualified by experts as the period of "iodine blow".
Since the direct measurements of iodine were not carried out in the first days after the catastrophe, the scientists and experts of the republic have made a reconstruction of iodine-131
distribution on-the territory of Belarus on May 10, 1986 (Fig. 1.4.).
In April-May 1986 the highest levels of iodine-131 contamination were registered in the
neighbouring (10-30km) zone in Bragin, Khojniki, Narovlya districts of Gomel region where
its content in soils made up 37000 kBq/m2 and more. In Chechersk, Korma, Buda-Koshelevo,
Dobrush districts levels of contamination reached 18500 kBq/m2.
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The following south-west districts were also subjected to considerable contamination:
Elsk, Lelchitsy, Zhitkovichi, Petrikov districts of Gomel region and Pinsk, Luninets, Stolin
districts of Brest region.
High levels of contamination were also registered in the north of Gomel and Mogilev regions. In Vetka district of Gomel region the iodine-131 content in soil reached 20000 kBq/m2.
In Mogilev region the largest contamination was observed in Cherikov and Krasnopolski districts (5550-11100 kBq/m2).
Iodine -131 contamination of the territory stipulated large thyroid gland exposure doses of
the population that led to the subsequent considerable growth of its pathology. While estimating the dose absorbed by the population inhabiting the contaminated areas, by persons evacuated from the settling out zone, and by the liquidators, it is necessary to take into account the
contribution of such short-lived radionuclides as molybdenum, technetium, lanthanum, barium,
noble gases (xenon, krypton).
1.3. Radioactive contamination of soil
In Belarus the territory of 46,45 thousand square kilometers has been subjected to Cs-137
radioactive contamination with its content in soil over 37 kBq/m2. More than 3600 settlements
including 27 towns are situated on the territory, 2,2 million people lived there ,e.i., more than
1/5 of the whole population of Belarus (Fig. 1.5.).
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Fig. 1.5. The area (a) and the number of settlements (b°) subjected to Cs-137 radioactive contamination over 37 kBq/m2 in the regions of Belarus
(1-Gomel, 2-Mogilev, 3-Brest, 4-Minsk, 5-Grodno, 6-Vitebsk)

In the result of the Chernobyl NPP catastrophe the most contaminated are Gomel,
Mogilev and Brest regions.

Radioactive contamination is of nonuniform, "spotty" character even within the limits of
one settlement. So, in Kolyban of Bragin district, Gomel region, the level of Cs-137
contamination varies from 170 to 2400 kBq/m2. The maximum local level of the Cs-137 content
in soil in the neighbouring Chernobyl NPP zone has been registered in the village of Kruki of
Bragin district, Gomel region - 59200 kBq/m2, and in the distant zone at the distance of 250 km in Chudyany of Cherikov district Mogilev region - 51000 kBq/m2 (Fig. 1.6.).
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Fig.1.6. Cs-137 radioactive contamination of the territory of the Republic of Belarus

In Brest region the radioactive contamination affected the south-east part, where in 6
2
districts Cs-137 content in soil, mainly, is within the limits of 37 to 185 kBq/m , and maximum
2
levels reach 400 kBq/m . In Minsk, Grodno regions and in 4 settlements of Vitebsk region Cs-137
content exceeds 37 kBq/m2.
On the rest of the territory of Belarus the Cs-137 levels of contamination of soil are also
higher than the pre-accident indices and only in north-west districts of Vitebsk region are
comparable with global fall-outs.
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The contamination of the territory of the republic by Sr-90 (Fig. 1.7.) is of more local
character. The levels of its content in soil over 5,5 kEWn2 br/e been discovered on the area of
21,1 thousand square km that makes up 10 % of the * • •. .югу of the republic.
The maximum levels of Sr-90 have been registered \vthin the limits of 30km from Chernobyl NPP and reach the level of 1800 kBq/m2 in Khojniki district of Gomel region. The highest content of it in soils of the distant zone have been discovered at the distance of 250 km-- in
Cherikov district of Mogilev region and makes up 29 kBq/m2 and also in the nonh part of
Gomel region in Vetka district - 137 kBq/m2.
The contamination of soils by isotopes of plutonium-238,-239,-240 over 0,37 kBq/m2
(Fig. 1.8.) covers about 4,0 thousand km2 or about 2 % of the territory of the republic. These
territories are mainly situated in Gomel region (Bragin, Narovlya, Rechitsa, Dobrush and Loev
districts) and Cherikov district of Mogilev region. So, the contamination of soil by isotopes of
plutonium from 0,37 to 3,7 kBq/m2 has been registered in Gomel region. The content of plutonium in soil reaching 3,7 kBq/m2 is characteristic of the 30-km zone of the Chernobyl NPP.
The highest levels are observed in Khojniki district - more than 111 kBq/m2.
According to article 4 of the Law "On legal treatment of the territories affected by radioactive contamination as a result of the Chernobyl NPP catastrophe" the territory of the republic
is divided into zones depending on the radionuclides radioactive contamination of soils and the
average effective dose (Table 1.1.).
Table 1.1. Zoning of the territory of the Republic of Belarus according to the level
of radioactive contamination and the degree of dose load on the population

Name of the zone

Zone of residing with periodical radiation control
Zone with the right for settling out
Zone of the subsequent settling out
Zone of primary settling out
Zone of evacuation(alienation)

Equivalent
dose,
mSv per
year
<1

Contamination density, kBq/m2
Cs-137

Sr-90

Pu-238,-240

5,55-18,5
37-185
0,37 -0,74
d-5)*
0,74-1,85
<5> 1
185-555
18,5-74
(15-40)*
>5
555-1840
74-111
1,85-3,7
(>40)*
>1840
>3,7
> 111
the territory around the Chernobyl NPP from which the
population was evacuated in 1986

- in brackets there is given the value in Ci/km2

From soil the radionuclides penetrate into water, air and engage into biological cycles of
migration creating, thereby, multitude of ways of external and internal irradiation of the population.
The scale of these processes is influenced by a number of factors, first of all, by the speed
of vertical migration. Among them we should point out - the type of soil and its mineral and
organic composition, landscape-geochemical peculiarities of the region, physico-chemical state
of the radionuclides and others.
In Fig. 1.9. there is shown the typical character of Cs-137 , Sr-90, Pu-239,-240 and americium-241 distribution on vertical profile of the soddy-podzolic soil at various distances from
the Chernobyl NPP.
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Fig. 1.7. Sr-90 content in soil on the territory of Gomel and Mogilev regions on 01.01.1995
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Fig. 1.8. Plutonium-238,-239,-240 content in soil on the territory of
Gomel and Mogilev regions on 01.01.1995
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Fig.1.9. Vertical distribution of radionuclides in soddy-podzolic sandy soil at
different distances from Chernobyl NPP

Three principal moments attract our attention. First, the conservation of Cs-137 for a long
period of time in the upper soil layer of 0-5 cm and penetration of Sr-90 into deeper layers.
Second, with the increase of distance from the station .the vertical migration of practically all
radionuclides increases. Third, the migration capability of americium-241 which originates
from Pu-241 is higher than that of plutonium.
The mentioned regularities of the radionuclides migration are of practical importance.
First of all, it has to do with the preservation of tbe possibility of radio.>;iclides introduction
into the food chair, as the radionuclides remain in the root layer.
The period of half-cleaning in the neighbouring and distant zones for Cs-137 makes up
24-27 and 10-17 years correspondingly. For Sr-90 the half-cleaning period of the soil layer of
0-5 cm for the neighbouring and distant zones is less and makes up 7-12 years. To 2006 the
content of Sr-90, Cs-137 and Pu-239,-240 in the soil layer of 0-5 cm for spddy-podzolic sandy
soils of the neighbouring zone will make up 30-40 %, 60-70 % and 90-95 % of their reserve
correspondingly. These values for the distant zone will be for Sr-90 in the limits of 15-25 %,
Cs-137 - 35-45 % and for Pu-239,-240 - 10-20 %.
Such a considerable deepening of plutonium is explained by the fact that this element releasing out of "hot" particles increases considerably the migration capability.
These processes are largely influenced by such factors as soil type, the degree of moistening, etc.

1.4. The state of air ground layers

In the result of the Chernobyl NPP accident the radioactivity of the air ground layers in
April-May 1986 on the whole territory of Belarus increased hundreds of thousand times. The
maximum radionuclides concentration in the air was observed on April 27-28. The air activity
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began to reduce noticeably beginning from the second part of May 1986. The quick reduction
continued up to the end of 1986 and then its rates fell down sharply. (Fig. 1.10).
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Fig.1.10. Average annual concentration of Cs-137 (a) and isotopes of plutonium (b) in the air
ground layer of Minsk and Khojniki

In the Berezinskij Reservation (400 km north from Chernobyl) on April 27-28, 1986 the
concentration of iodine-131 made up 150-200 Bq/m3, of Cs-137 - 9,9 Bq/m3. The concentration of plutonium-239,-240 those days was equal to 0,6-0,8 mBq/m3, in March - first half of
April 1986 - (3-5)* 10-9Bq/m3.
Further there was the reducing of average annual radionuclides concentrations in the air of
the towns of Belarus. For 1990-1994 the period of half-cleaning of the atmosphere from plutonium-239,-240 was practically equal for all regional centres of Belarus and made up on average 14,2 months that coincides with the period of the half-cleaning of atmosphere from plutonium during nuclear weapons tests. The period of half-cleaning of the atmosphere from Cs-137
is higher and makes up nearly 25 months for Gomel and Mogilev.
The formation of the radioactive contamination of the air is determined by the content of
dust in the surface boundary layers of the atmosphere and by its specific activity. Dust content
in the zone of settling out due to the removing of technogenous load and formation of the plant
cover is the lowest and in the spring period makes up about 25 mcg/m3. In the inhabited re-
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gions, especially in the course of agricultural and other works, dust formation increases considerably. In this period in spite of the lower radionuclides contamination degree on the territories neighbouring the settling out zone specific radioactivity of the air ground layer increases
considerably . So, in 1991-1994 Cs-137 concentration in the air of Pogonnoe, located within
the 30-km zone made up (1,5-4,0)* 10'4 Bq/m'1 and in the town of Khojniki located outside the
zone of alienation - (4,0-7,7)* lO'4 Bq/m:\
Elemental phenomena in the first place forest and peatbog fires also influence the radioactive contamination of the air ground layers. In 1992 on the contaminated territory there happened numerous forest fires. Monitoring investigations registered marked increase of the air
radioactivity at the distances of 40 km and more. For example, in Khojniki Pu-239,-240 content in the air in 1991 made up 7,4*10'7 Bq/nv\ and in 1992 - 2,3* 10"6 Bq/m3.
Thus, the Chernobyl NPP catastrophe in 1986 led to the increase hundreds of thousands
times of the radionuclides content in the atmospheric air of Belarus. In the post-accident years
there occurred its gradual reduction. Period of self-cleaning (reduction 2 times) for
Pu-239,-240 makes up 14,2 months and for Cs-137 - 25-40 months. These processes are considerably influenced by the radioactive contamination density of soil, anthropogenic activity on
the contaminated areas, fires and other factors.
1.5. Water systems

1.5.1. Open water basins
The basins of the Dnieper, Sozh, Pripyat rivers were exposed to the highest degree of radiation contamination, the Neman and the Zapadnaya Dvina - to a lesser extent.
In the pre-accident period, the activity of Sr-90 and Cs-137 in the Pripyat river were respectively 0,0033 - 0,0185 and 0,0066 Bq/1. In the first days after the accident (the period of
initial aerosol contamination) total beta.-activity of water in the Pripyat river in the Chernobyl
NPP area exceeded 3000 Bq/1 and only at the end of May 1986 decreased up to 150-200 Bq/1.
Maximum concentration of Pu-239 in the Pripyat water made 0,37 Bq/1.
The highest activity of Sr-90 (1,59 up to 2,70 Bq/1) is now registered in the water of the
rivers Braginka, Zhelon, Rotovka and Nesvich, in the drainage territories with a high density of
radioactive contamination and the Pripyat former river-beds on the resettlement zone territory.
For the period 1987-1994 average annual concentrations of Cs-137 decreased as well
(Fig. 1.11). Similar maximum activities are characteristic to Cs-137 (0,6-2,45 Bq/1).
In the migration of Cs-137 into the river flow , its drift on solid suspensions (from 10 to
35-40% of the general isotope activity) is of major importance. During floods the general activity increases. For example, in the Braginka river, near the settlement of Bragin, it increased
in 1993 from 0,26 Bq/1 to 0,33 Bq/1 on Cs-137 and from 0,09 Bq/1 to 0,17 Bq/1 on Sr-90. The
share of activity connected with solid suspensions increases synchronically as well.
Unlike Cs-137, the greater part of Sr-90 (50-99%) migrates in a dissolved state. The
ability of river waters to self-cleaning is explained by constant change of water masses, falling
out of radionuclides in river bed sediments to beds, and partly by sorption processes of radionuclides in a dissolved state with river bed sediments and minerals and organic substances.
During the flood seasons the conversion of highly active river-bed sediments into a suspended
state is observed that leads to multiple increase of river waters radioactivity. According to ra-
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dioactive contamination the components of the water ecosystems are placed in the following
order: river-bed sediments> hydrobionts> water. If water and, in a smaller degree, sediments
are characterized by decrease of Cs-137 and Sr-90 content, their concentration in the river-bed
sediments and water plants is increasing.

2500
2000

198? 1988

1989

1993

1994

Fig. 1.11. Average annual concentrations of Cs-137 in the rivers of Belarus , (Bq/m3)

The estimation of the drift of radionuclides with river waters is represented in the Fig.
1.12. In particular, the main drift of Cs-137 to the Dnieper comes from the BelarussianBryansk caesium spot with the Sozh river flow, moreover, for the period 1987-1994 the drift
decreased 20 times. The similar changes are noticed in respect of other rivers as well, that indicates the insignificant contribution of this process to the drift of radionuclides.
The process of radionuclides contamination of land-locked basins took place, as well as
for rivers, at the expense of aerosol fall out to the water surface and washing off from the water-collecting areas. Because of the limited water exchange the lake-type systems came up
practically to the balanced state with marked seasonal fluctuations of radionuclides concentrations in water and biota.
In lakes radionuclides are mainly concentrated in river-bed sediments and biota. Accumulation of radionuclides in hydrobionts with its annual atrophy and flow absence leads to increasing of their accumulation in river-bed sediments. This causes the preservation of sufficiently high level of radionuclides content in the land-locked water systems components. For
example, the concentration of Cs-137 in the water of the lake Svyatskoye (Vetka district,
Gomel region) makes up 8,7 Bq/1 and 3,7 kBq/kg in biota, and in one of the final sections of
the lake trophic chains - fish - depending on the type 18,0-39,0 kBq/kg ( of dry mass) that can
increase considerably the dose when it is used as food.
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Fig. 1.12. Annual distribution of Cs-137 by rivers of Belarus (1987-1994), 10

Bq

For lake water systems situated in the contaminated zone and removed out of the-anthropogenic process the tendency to their growth over at the expense of uncontrolled growth ot
biota of various ecological groups has been revealed. That contributes, to a certain extent, to
the process of water purification from Cs-137 and Sr-90 with simultaneous increase of radioactivity of river-bed sediments.
1.5.2. Underground waters
Regarding the contamination by radionuclides (of Chernobyl origin) of underground water, it is necessary to point out that the "background" ("pre-Chernobyl") indices of specific
water activity on Cs-137 and Sr-90 were as small as the thousands share of Bq/I. But already in
1987 its sharp increase was registered.
In the territories o\" the Nizhne-Pripyatskaya zone with the density of contamination exceeding 1480 kBq/m" the specific activity of the ground waters reached 3,0 Bq/I on Cs-137
and 0,7 Bq/I on Sr-90. In the alienation zone the radionuclides concentrations reached 3,0-5,0
Bq/1 on caesium and 1,0-2,0 Bq/I on strontium. In the Sozh zone the maximum indices also
reached this level, but on average these concentrations were lower.
There is a direct correlation observed between the density of contamination and content of
radionuclides in the waters of the first horizon from the surface. On territories contaminated up
to a density of 555 to 1480 kBq/m2 on Cs-137 the radionuclides concentration in ground waters makes up 0,2-2,0 Bq/I on Cs-137 and 0,03-0,1 on Sr-90 both in the Nizhne-Pripyatskaya
and Sozh zones. For ground waters the feed area of which is contaminated by Cs-137 to the
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level of 185-555 kBq/m2, concentration was 0,01-1,0 Bq/1 on Cs-137 and 0,01-0,07 Bq/1 on
Sr-90.
The analysis of ground waters contamination by Cs-137 and Sr-90 shows that concentration of radionuclides in them has the tendency for increase with growth of contamination density of soils and depends on rate and composition of the aeration zone and other factors. In the
Nizhne-Pripyatskaya zone the content of Cs-137 and Sr-90 in the underground waters before
the catastrophe made up 3,7*10"4 - 3,7*10"3 Bq/1 and 3,7*10-4 - 1,85*10" Bq/1, and in 19901994-0,1 - 0,7 Bq/1 and 0,01 - 0,07 Bq/1 correspondingly.
The main factors determining the contamination of surface waters in the future are : the
drift of radionuclides from the water-collecting areas and processes of biological circulation in
water systems and further river bed transfer. Owing to these reasons and radionuclides decay
the density of radioactive contamination of water flows and water collectors as well, will be
decreasing gradually. In the process of the drift of Cs-137 and Sr-90 out of riverside landscapes the tendency to increase the difference in their flow to open water basins at the expense
of the larger mobility of strontium will be marked. Less contaminated riverside areas situated
down-stream can be further contaminated by radionuclides due to the secondary transfer at its
most active during rainy seasons, floods and high waters. Land-locked ponds and lakes will be
influenced by a drift of radionuclides from the surrounding areas. The specific activity of surface waters may significantly vary being connected with the extreme situations (droughts, high
water, rains).
1.6. Radioactive contamination of forest and other plant communities
In the result of the Chernobyl NPP accident 1,73 mln. ha of woods (Table 1.2.) or 25 %
of forests of the republic appeared in the radioactive contamination zone.
Table 1.2. Radioactive contamination of forests of Belarus
Radioactive contamination zones
on Cs-137,
kBq/m2
37-185
185-555
555-1480
> 1480
Total

Coniferous
Harddeciduous,
Softdeciduous, thous .ha
species
thous.ha
thous. ha
I
Total Includ.
Incl. alTotal
Incl. oak
Total
Incl.
Incl.
pine
aspen
der
birch
91,5
762,8
691,8
67,0
280,7
18,4
73,2
170,1
22,3
188,8
17,6
71,7
170,2
19,1
43,7
5,4
90,1
80,6
8,3
34,0
20,8
10,2
9,0
2,8
24,5
9,2
2,5
5,7
0,8
2,1
21.1 I 2,1
126,5
95,0
395,6
27,4
| 1066,2 963,7 | 103,4
240,3

In the first days after the Chernobyl NPP accident about 80 % of all radioactive fall-outs
on forest areas was checked by the above ground parts of woods and about 20 % settled
down on the ground mantle.
At the end of summer 1986 in the above ground phytomass there were left 13-15 % of
the total amount of radionuclides. Beginning from 1988 on the background of the continuing
self-cleaning of tops there is noted the increase of"root inflow of Cs-137 and Sr-90 radionuclides to the above ground phytomass.
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At present, in the above ground part there are 5-7 % of radionuclides depending on the
age and thickness of woods, trees species and conditions of growth. The research testifies to
the continuing radionuclides accumulation process in the wood of the main wood-forming species.
The forecasting results show that forests contamination will increase and the main mechanism of radionuclides transfer to the wood layer will be root penetration. In the nearest 10-15
years the above ground phytomass, 30-years pine forest in particular, will accumulate up to 1015 % of the total amount of Cs-137 in large forests.
Depending on soil and landscape conditions and the level of moisturizing herbaceous accumulate radionuclides in a different manner, however, on meadows and marshes sedges, sorrels, beans, Gramineae have the greatest ability to accumulate them.
In the food products of the forests such as mushrooms and berries ( whortleberries, cranberries, wild strawberries) Cs-137 content exceeds the permissible norms ( dried mushrooms 3700 Bq/kg, berries - 185 Bq/kg) even on the territories with slight density of soil contamination - 37-100 kBq/m2. The radioactive contamination of forest food that limits its usage should
be expected in the next 30-40 years on the territories with contamination density of 150
kBq/m2 and higher.
The testing of the seeds quality and genetic changes in the wood species progeny has
shown that in considerably severe conditions of radioactive contamination survival rate of pine
seedlings from radioactively contaminated territories is decreasing, their immunity to fungal
diseases is falling. Atypical effects take place: atypical branching of polen tubules and formation of swells.
The genetic analysis of the wood species seeds has shown that even on the territories with
relatively low Cs-137 contamination density (about 1000-1500 kBq/m2) there is observed the 2
times increase of mutation rate.
On the soils with Cs-137 contamination density over 3700 kBq/m2 anomalies in growth
and development of herbaceous and bush plants - the so called radiomorphoses are registered.
Morphological anomalies of plants are the consequence of violation of organoformation processes connected with the arising anomalies of cells division. The following anomalies are observed: twisting and tumour swelling of stems, leaves asymmetry and curl, growth of side
shoots, dwarf state, bushiness, gigantism.
Deviations on the cellular level are also observed. In dividing cells of the plants there happen chromosome breaks. The most radiosensible species are plantain, yarrow and others.
The monitoring of plants natural populations testifies that plant complexes as a whole are
relatively resistant to radiational exposure.
The majority of plants species on the alienation territories have not undergone material
changes. In spite of the absence of visible violations on population and ecosystematic levels in
plants communities it is impossible to rule out the possibility of changes in phytocenosis with
predominance of the most radioresistant species.

1.7. Fauna state
The radionuclides accumulation by animals is equal to the radioactive contamination of
the territory.
The highest levels of radionuclides content in various fauna representatives were observed
in the first year after the accident (Fig. 1.13.).

20

wild boar
reptiles (lizards)
(KhojniVi region)
amphibians (frogs)
(Khojniki region)
mouselike rodents
birds
0,1
1986

seston
1987
1988
1989

fish (perch - the Smerzhov lake,
Narovlyany district, Gomel region)
1990
fish (perch -the Pripyat river, near
1991
1992
the villages of Orevichi, Krasnosel'e,
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Fig. 1.13. Dynamics of radionuclides content (kBq/kg of body raw mass)
in different systematic and ecological groups

In 1987 their noticeable decrease happened (5-10 times). In the following period (19881990) the above mentioned process slowed down considerably and in some cases the radionuclides content in some groups of animals (fish, amphibians, small mammals) inhabiting the most
contaminated territories reached the level of 1986.
At present the tendency to radionuclides content stabilization in the animals organisms is
observed. The inhabiting of animals in the radionuclides contaminated biogeocoenoses have
not led to visible radiational effects on the population level yet. At the same time a number of
changes have been revealed in some groups of animals. Hematological research showed that
ground invertebrates have changes in their blood formula that manifest themselves in increase
of the dead cells, cytological and morphological violations. Morphometric analysis showed
1,5-2 times decrease in body size in the representatives of mesofauna from alienant territory.
Absolute and relative fertility of fish decreased. Violations in the processes of growth and development of reproductive cells and their structures are registered. The genetic changes in
some species of amphibia and reptiles that manifest themselves in increase of aberrational cells
rate, are revealed. European red field mouse had the slowing down of young stock maturing
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and reduction of multiplication (fission ) rate. The analysis of other animals demographic indices also shows the violation in sex correlation, decrease in reproduction and other changes.
Termination of the economic activity on the contaminated territories affected species
structure and the amount of birds and game. Within the 30-km zone there occurred the considerable growth of the number of game populations that has stabilized for the last years.
Due to the abundant food and the absence of the hunt press the wolf population increased
4-5 times. Re-distribution in communities and small mammals population structure is registered. For the last two years on the territory of the settled out settlements one can meet forest
species and open area species. The number and species variety of insects increased 3-3,5 times
in comparison with those that are registered on the individual farms of working villages. On
the territories of the locked meliorative systems the species variety and the number of amphibia
and reptiles, birds of marsh and wood-bush complex have increased. As a whole, the number
of rare animals has increased in faunal complexes.
The tension of parasitic situation in the radionuclides contaminated zone is higher than in
the control biocoenoses. Fauna and the population of parasites of wild birds, small mammals,
inhabitants of their nests and blood-sucking insects in the radionuclides contaminated areas is
richer than on the contiguous territories. In due course in the contaminated areas it should expect the further increase of number of species that have epidemic and epizootic significance.
The cases of radiational effects on molecular, cellular and organism levels do not exclude,
in due course, the possibility of further growth of these processes, accumulation of negative
genetic burden in animals populations and communities that may, in the end, be reflected in the
change of indices characterizing the phyto- and zoocoenosis state. Maximum changes should
be expected on the territories that were actively used by the man before the accident: in the
settlements, agricultural lands and meliorative systems.

The radiological situation in Belarus is characterized by complexity and heterogeneity of
contamination of the territory by alpha-, beta- and gamma-radioactive substances with various
periods of half-life, presence of radioactive isotopes practically in all components of ecosystems and their involvement in the geochemical and trophic cycles of migration. All this calls
forth plurality of ways of the external and internal irradiation of the population and jeopardizes
its health. The dynamics of radiation situation in the nearest future and for the perspective will
be determined by nuclear decay, radionuclides migration, the transformation of forms of their
existence.
There is registered the number of radiation-induced changes of flora and fauna, especially
on molecular - cellular and organism levels and less marked - on the population and ecosystematic levels. The series of consequences for natural complexes and animals is connected with
changes in economic activity and nature use. The accumulation of genetic burden and other
changes in the systems of organism and metabolic processes may result in the change of plants
and animals communities. This demands further study of radiation situation dynamics, the radionuclides behaviour in soil, water, air, inclusion of the radionuclides into the food chains, accumulation in plants and organisms of animals and estimation of biological effects.
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CHAPTER 2
ECONOMIC DAMAGE AND STATE POLICY ON THE OVERCOMING
OF THE CHERNOBYL NPP CATASTROPHE CONSEQUENCES
2.1. Economic consequences of the Chernobyl NPP catastrophe
The Chernobyl catastrophe has affected all spheres of the man's vital activity - production,
culture, science, economy and etc. 2,64 thousand km2 of agricultural lands have been excluded
from the agricultural turnover. 54 collective farms and sovkhozes have been liquidated, 9 processing industrial plants of the agroindustrial complex have been closed down. Arable lands and
gross agricultural crop yield has reduced sharply, the cattle stock has decreased considerably.
The use of forest, raw, mineral and other resources has been considerably reduced. 132
layers of different kinds of raw and mineral resources including 47 % of industrial reserves of
foundry sand, 19% of building and silicate, 91 % of glass sands of the republic, 20% of industrial reserves of chalk, 13 % of clay reserves for brick manufacture, 40 % of heat-proof
clays, 65 % of building stone reserves and 16 % of cement source appeared in the contaminated zone.
22 layers of mineral and raw resources with balance reserves of 5 mln.nr of building sand,
sandy-gravel materials and clays, 7,7 mln. tons of chalk and 13,5 mln. tons of peat were
brought out of use. The territory of Pripyat oil and gas bearing field whose rt sources were
evaluated in 52,2 mln. tons of oil has been excluded from the geological exploration plans.
Great damage has been incurred by the Chernobyl catastrophe on the forestry. More than
a quarter of the forest resources of Belarus - 17,3 thousand km2 of forests were subjected to
the radioactive contamination. At present the annual losses of wood resources exceed
2 mln.nv\ and up to 2010 they will reach 3,5 mln.m'\ In Gomel and Mogilev regions where
correspondingly 51,6 and 36,4% of the total forest area are contaminated by radionuclides,
wood felling is completely terminated on the territories with Cs-137 contamination density of
555 kBq/m2 and higher.
340 industrial enterprises are situated in the contamination zone and the conditions of
their functioning have considerably changed. The population resettlement from the most affected areas has resulted in closing down a number of industrial enterprises and establishments
of the social sphere. Others incur heavy losses and continue to do so owing to the decline in
production volumes, partial recoupment of means invested in buildings, structures, equipment,
land - reclamation systems. Losses of fuel, raw materials and materials are considerable.
The damage incurred in the republic by the Chernobyl catastrophe, taking into account the
30-years period needed for its overcoming, is estimated to be 235 billion US$ that is equal to
32 annual budgets of the republic of 1985. Here belong the losses connected with the deterioration of population health, damage incurred in industry and social sphere, agriculture, building
complex, transport and communication, housing, with contamination of raw, mineral, land,
water, forest and other resources, and also additional cost connected with the realization of
measures on liquidation and minimization of the catastrophe consequences and providing safe
living conditions for the population. The structure of the economic damage of the Republic of
Belarus from the Chernobyl NPP catasivophe on the national economy installations and types
of losses are represented in Fig. 2.1.
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Additional cost connected with the support of production functioning and
realization of protection measures , US$ 191 700 000 000
Direct and indirect losses, US$ 29 600 000 000
Lost profit, US$ 13 700 000 000
Fig. 2.1. Structure of the damage caused to the Republic of Belarus by the
Chernobyl NPP catastrophe in the period up till 2015

In the structure of the total damage for the years 1986-2015 the largest share (81,6 %)
occupy expenditures connected with the support of production functioning and realization of
protection measures that make up US$ 191 700 000 000. Direct and indirect losses make up
about US$ 30 000 000 000 (12,6 %). Lost profit is estimated to be US$ 13 700 000 000
(5,8 %). Direct losses include the cost of the national wealth excluded from use: basic industrial fund and circulating capital, social infrastructure installations, housing facilities and natural
resources. Indirect ones include losses caused by the influence of economic and social factors
(living conditions, population health state) upon violation or ceasing of production, labour
productivity, increase oT cost and complexity of supplying other installations of state, cooperative and individual forms of property, and also losses from population migration from the
affected areas.
The components of the evaluated lost profit are: reduction of output volumes of products, works and services on the contaminated territories, the cost of products inadequate due
to the radioactive contamination, additional expenditures on making up for the unreceived
products, expenditures on reconstruction of the lost product quality, losses from cancellation
of contracts and projects, credits freezing, payment of fines, penalties, forfeits, etc.
Additional costs - these are expenditures on overcoming the accident consequences and
providing normal functioning of different national economy spheres in the radioactive contamination zones, including providing safe living conditions for the population. Here are included
expenditures on compensation of the negative factors consequences, costs of additional resources drawn for the compensation of losses and lost profit, expenditures on decontamination
works and organization of control of the radiation situation.
The estimation of the damage is not final because connection between cause and effect reflecting the effect of the radioactive contamination of the territory on various parts of the vital
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activity are complicated enough. The science does not have yet the full and final data about
medico-biological, social and ecological consequences of the Chernobyl catastrophe.
Besides, the economic crisis in the republic has put the radioactively contaminated areas
into especially complicated socio-economic conditions. The common features of the crisis are
especially acute there: drop of production, population outflow from these regions, the undeveloped state of the consumer's sector, the low level of social and medical services of the
population.
Natural resources and production potential of the most affected territories appeared to be
withdrawn from the economic activity sphere due to the restrictions on the population living
conditions and realization of economic activity. Obviously, neither quick self-reconstruction of
these regions , nor direct restoration of the national economy installations are possible under
the conditions of the present economy reformation. In this case, we can only talk about the
long-term process of rehabilitation that implies stage-by-stage introduction of the lost potential
into the national economy sphere in proportion to providing safe living conditions for people
and development of those branches whose activity is possible under the conditions of radioactive contamination without the damage to the public health.
In spite of the state budget deficiency tl'at has been caused by the extremely heavy economic crisis, the government is forced to allocate about 10% of the budget funds for overcoming of the catastrophe consequences: 1991 - 16,8 %, 1992 - 12,6 %, 1993 - 9,6 %, 1994 6,9 %, 1995 - 7,3 %. The republic has large expenditures on providing safe living conditions
for the population including different kinds of payment of allowances and compensations that
make up 30-40 % of the total sum of costs on the programme of overcoming of the catastrophe consequences. In 1992 they made up 24% of funds allocated for the fulfillment of the
programme, in 1993 - 26 %, in 1994 - 38 %, 1995 - 44 %, 1996 - 46 %. The increase in specific expenditures for the fulfillment of the Law " On social protection of the citizens affected
by the Chernobyl NPP catastrophe" is connected with the reduction of capital investments.
The source of financing the realization of the tasks of the State programme on overcoming the catastrophe consequences is an extraordinary tax imposed since 1992. Before 1994 it
was equal to 18 % of salary funds of all enterprises situated on the territory of Belarus (except
collective farms, sovkhozes, individual farms). However, this tax covered only 65-70 % of
budget expenditures on the liquidation the catastrophe consequences. The rest 30-35 % of
needs were financed from the republican budget.
In spite of the measures undertaken by the state, the financing allocated from the budget
for overcoming the Chernobyl catastrophe consequences is insufficient. The attempt to draw
the funds of enterprises, of local budgets, and foreign investors as well appeared to be ineffective. Together with the national economy crisis growth and slowing down the rates of its reformation, these potential sources become more and more unreal. Since 1994 the government
has been forced to reduce the extraordinary tax rate up to 12 % and in 1996 - up to 10 %. Simultaneously many kinds of expenditures for the liquidation of the Chernobyl NPP catastrophe
consequences have been reduced.
The character and the amount of damage caused by the Chernobyl NPP catastrophe have
become powerful destabilizing factors of the socio-economic development of the republic. As a
result, all the main national economy branches in the radioactive contamination zones appeared
in the extremely heavy economic situation.
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2.2. The main directions of the state and legislative bodies activity on
overcoming of the Chernobyl NPP catastrophe consequences
From the first days after the accident the Government of Belarus has organized and realized measures aimed at the estimation of the radiation situation , population examination and
protection.
In April-May 1986 the management of realization of protection measures and liquidation
of the Chernobyl NPP catastrophe consequences was carried out by the Government commission of the USSR Council of Ministers and the USSR Ministry of Health. The decision on the
population evacuation from the zone with the exposure level exceeding 25 mR/h (the level observed on the territory approximately in the 10 km radius from the Chernobyl NPP) was made.
In fact the evacuation in the Belarussian part of the zone began en May 1 (at the beginning
only children and pregnant women). Then the decision was made to reduce dose limit to
5 mR/h that approximately corresponded to the 30 km radius zone. In all, at the first stage on
May 1-4 50 villages (11035 people) were evacuated from Bragin, Khojniki and Narovlya districts. On June 2-9 28 villages more (6017 people) were evacuated and at the end of August 29 (7327 people). Thus, within the year 24700 people from 107 most affected settlements
were evacuated from the Belarussian accident zone.
Among other decisions adopted on the USSR ministries levels and also by the Government commission that determined the realization of measures in Belarus it is necessary to
note: on May 3, 1986 the USSR National Committee on radiation protection established temporary permissible levels of iodine content in drinking water and other food products which
were reviewed on May 6 and May 30 1986 by the USSR Ministry of Health : it introduced the
maximum permissible exposure dose for population - 500 mSv per year and for children under
14 years old, pregnant women and nursing mothers - 100 mSv per year, and in 10 days (May
22, 1986) 100 mSv per year was established for the whole population; on May 7, 1986 the
USSR Ministry of Health confirmed temporary permissible levels of radioactive contamination
of premises, transport means, clothes, skin, etc. that were decreased on October 26. 1986, etc.
Iodine preventive measure for resettles from the affected regions was first organized on
May 2 (it was not organized for the rest categories of citizens). On May 12, 1986 the Ministry
of Health and the BSSR State Agricultural Committee determined "Temporary levels of the
permissible radioactive substances content in drinking water, food products and fodder." In
July 1986 the National Committee on Radiation Protection worked out "Methodical principles
of the account of levels of the internal and external exposure of the population inhabiting the
territories contaminated by radioactive products of the Chernobyl NPP accident fall-outs".
Even these facts show the indefiniteness and the complexity of making decisions in the radioactive contamination zones and the existent sluggishness and insufficient elaboration of normative acts by the former Soviet Uni.on bodies.
At the same time, from May 5 to December 9, 1986 the Government of Belarus adopted
32 normative acts directed to the realization of protection measures in the Republic. In 1987
the NCRP adopted NRB -76/87, that gave the Ministry of Health the right to determine dose
limits for population exposed to high doses in the result of the radiation accident. For 1987 it
was 30 mSv, for 1988 and 1989 - 25 mSv. Thus, the maximum total dose for the period of 4
years (44 months) for the population inhabiting the contaminated territories was equal to 175
mSv. Thereby, the task was not to permit determinating effects. It was admitted reasonable to
single out 3 radioactive contamination zones:
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1. Constant resettlement zone where the minimum exposure indices on the 15-th day after
May 6,1986 exceeded 20 mR/h (0,2 mGy/h). In addition, the annual dose exceeded
0,1 Gy, and the population was resettled from this territory';
2. Temporary resettlement zone where the return of the population after the evacuation
was not excluded. On this territory the exposure dose was in the limits 5-20 mR/h;
3. Control zone with the exposure dose from 2 to 5 mR/h (0,02-0,05 mGy/h). Children
and pregnant women were temporarily for 2-3 months resettled. Besides, this is the
zone of the systematic dosimetric control, food products control, water, fodder control.
For the limitation of the internal exposure dose there introduced temporary permissible
contamination levels for food products and water by caesium isotopes TPL - 88.
The following 3-years experience for overcoming of the Chernobyl catastrophe consequences dictated the necessity of creation of the complex programme and corresponding legislation on the republican as well as on the Union levels.
Taking into account the damage caused to Belarus by the Chernobyl NPP accident , the
scale of tasks that were to be solved on overcoming of its consequences in Belarus, for the
management of the works the Government commission with V. G. Evtukh at the head and
A. T. Kichkajlo as his deputy was formed. The commission was charged with realization of all
the complex of protection measures for the population inhabiting the radionuclides contamination territory. The decision of the commission became the basis for the beginning of the formation of the normative - legislative basis for measures on liquidation of the accident consequences because there was neither legislative base nor practice on realization of such measures.
On March 22, 1989 the Central Committee of the СРВ and the BSSR Council of Ministers adopted resolution on elaboration of the State programme of overcoming the Chernobyl
NPP accident consequences for the years 1990-1995 and up to 2000. Such programme was
created and in July 1989 was approved, in principle, by the XI session of the BSSR Supreme
Soviet but was returned for completing. At the session the republic was announced the zone of
national ecological calamity. At the XII session of the Supreme Soviet in October 1989 the
mentioned programme was adopted finally.
It includes:
• realization of complex of measures on maximum decreasing the radiation exposure dose;
• providing safety of people's health at the expense of medical preventive measures, improvement of their health, social insurance and resettlement from the zones where the
safe living criteria are not observed;
• providing safe living conditions in regions subjected to radioactive contamination;
• rise of population life quality in these regions;
• scientific research of the problems connected with radiation influence on ecosystems, etc.
In April 1990 the USSR Supreme Soviet adopted the State union-republican programme
of emergency measures for 1990-1992 on liquidation of the Chernobyl NPP accident consequences.
On July 1992 Presidium of the Council of Ministers adopted the State programme for
overcoming the Chernobyl NPP catastrophe consequences in Belarus for 1993-1995 and the
period till 2000. At present the new State programme for 1996-2000 has been presented to the
Cabinet of Ministers. In 1991 the Supreme Soviet of the Republic of Belarus adopted Laws
"On social protection of the citizens affected by the Chernobyl NPP catastrophe" and "On legal
treatment of the territories subjected to radioactive contamination in the result of the Chernobyl NPP catastrophe". The law "On social Protection of Citizens Affected by the Chernobyl
Nuclear Plant Catastrophe" determined the protection of rights and interests of the citizens
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who took part in the liquidation of the catastrophe consequences, resettled and left for the new
place of residence from the radioactive contamination territories, inhabiting the mentioned territories at present and also the citizens who took part in the liquidation or affected by the accidents and their consequences on the other nuclear installations of civil and military purpose,
affected from tests, military training or other works.
The law of the Republic of Belarus "On legal Treatment of the Territories Affected by Radioactive Contamination as a Result of the Chernobyl Nuclear Plant Catastrophe" establishes a
legal regime of the territories of the Republic of Belarus affected by radioactive contamination
as a result of the Chernobyl catastrophe and is directed to the reduction of radiational effect on
population and ecological systems, realization of nature restoration and protection measures,
rational use of the natural, economic and scientific potential of these territories.
Legislation determines the following concepts: national radiational ecological catastrophe,
radioactively contaminated territory, radioactively dangerous lands, alienation lands, lands of
limited economic use, etc. The State Committee on the Problems of the Chernobyl NPP Catastrophe Consequences was established in the republic in 1991 according to the decree of the
Supreme Soviet of the Republic of Belarus that in 1994 was transformed into the Ministry for
Emergencies and Population Protection from the Chernobyl NPP Catastrophe Consequences.
The basic tasks of the Ministry for Emergencies in the field of overcoming the consequences of
the Chernobyl NPP catastrophe are: implementation of state policy in the field of population
protection from the Chernobyl NPP catastrophe consequences, coordination and control of the
activities of the ministries and other central organs in solving these tasks.
For the period passed after the accident 58 100 of residential houses and apartments have
been built for resettled families in Belarus. Measures have been taken on improvement of socio-economic conditions in settlements accepting these people, as weli as in those territories,
where people have remained.
From 1990 onward secondary schools with 28 800 places, pre-school establishments with
2 900 places, hospitals for 1 900 places, clinics and medical establishments for 10 700 visits per
shift have been constructed and commissioned. In accordance with the adopted laws and the
State programme on overcoming of the Chernobyl catastrophe consequences with the intention of providing conditions for the population residing in the contaminated territories 4621 km
of highways with the firm cover, 1099 km of the water-pipe networks, 310 km of the water
drain, 1072 km of gas networks, improvement of farms and a number of other objects of economic activity have been constructed and commissioned.
The measures used to resettle the population away from the zones of prime and subsequent settling out is basically completed. The specified territories are represented today by an
extensive region defined as a "zone of settling out". 131 200 people from 415 settlements
(273 in Gomel, 140 in Mogilev, and 2 in Brest area) have been settled out.
The zone of alienation is a compact region with an area of about 1 700 km2, located
within the boundaries of the Pripyat radioactive contamination trace. Its borders are determined by the territory, from which in 1986 the population was evacuated. Since May 1986 the
land in the alienation zone has been removed from economic turnover.
According to the decree of the Council of Ministers of the BSSR in 1988 a Polessye State
Radiational-Ecological Reservation was established on 1320 km2 area of alienation zone. After a transfer of additional 840 km2 lands adjoining the reservation in March 1993, the area of
the Polessye Reservation covers 2 160 km2.
The implementation of the necessary complex of works demanded corresponding information and personnel providing. For this purpose were formed and kept data bases about the
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radioactive contamination state in organizations implementing radiation control of food products and raw food, territories of the settlements, agricultural and forest lands, underground
and surface waters and other objects.
In the republic there is created a system of radiological education including training specialists-radioecologists with higher education as well as dosimetrists and radiometrists for laboratories and radiation control posts. The corresponding training in the sphere of radiation
medicine and agroradiology is carried out in medical and agricultural higher educational establishments.
Legislative acts and the experience for implementation of the State programme on overcoming of the Chernobyl catastrophe consequences adopted in Belarus put forward also the
necessity of legal regulation and further improvement and development of international and
national legislation of states.
At the special session of the IAEA General conference held on September 20-26, 1986
two conventions were adopted: on prompt notification about nuclear accident and aid in case
of nuclear accident or radiation emergency situation. The first came into force on October 27,
1986, the second - on February 26, 1987.
On December 21, 1990 the 45 UN General Assembly adopted the resolution A (.45) 190
"International Co-operation to address and mitigate the consequences of the accident at the
Chernobyl Nuclear Power Plant". This resolution gave hope for International community active participation in solving large problems connected with the minimization of long-term consequences of the Chernobyl catastrophe and created legal prerequisites for working out and
adoption of necessary international acts for interaction.
The UN General Assembly recommended also all the organs, specialized establishments
and UN system programmes to take into consideration in their activity the unprecedented
character of radiological calamity and the extraordinary situation occurred in the result of longterm effect of anthropogenic radiation on today's and following generations.
On June 17, 1994 the Convention raising requirements for placing, projecting, construction and building of nuclear installations.
However, the elaborated international Chernobyl programmes are partially implemented
and measures undertaken on formation of the international nuclear law do not allow to provide
interests of people and states that may suffer from nuclear accidents that happened outside
their boundaries.
2.3. Medical care and social protection systems of the affected population
Since the very first days of the Chernobyl NPP catastrophe a vast system of activities
aimed at health protection for children and adults have been undertaken in Belarus. This includes the realization of medical and rehabilitation measures, the creation of a State register of
accident victims, methods of diagnostics and correction of disorders resulting from action of
the radiation factor, studying ways of radionuclides penetration into organism, estimation of
the population radiation doses and elaboration of measures to reduce them.
In public health institutions 102 Man Radiation Counters, and more than 2 thousand units
of radiometric and spectrometric equipment are operated, by which about 200000 samples of
food products are annually analysed. Constant control of raw materials and food production is
carried out under the auspices of the Ministry of Agricultural Production. Here more than 11
mln. samples as to caesium-137 content and about 18 thousand samples as to strontium-90 are
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analysed per year. The Ministry of Health performed the labour consuming work, for the Catalogue edition on radiation doses for inhabitants of Belarus settlements. The catalogue is used
for decisions on the implementation of protective measures.
For the purpose of ensuring constant control of the health of more than 2 million people
(liquidators, citizens inhabiting the contaminated areas and being resettled), a special system of
medical care for the population, affected by the accident has been drawn up and put into practice in the republic. This task is completed by territorial medical and prophylactic establishments, special medical visiting teams and medical staff working on the contaminated territories
taking turns, by specialized establishments, as well as by regional, republican services and scientific research institutes.
For this purpose re-specialization of a number of structural divisions of medical and prophylactic establishments has been undertaken, and new specialized branches have been created.
In the contaminated regions rooms for ultrasonic diagnostics and endoscreening have been
opened. For these regions 266 ultrasonic apparatuses, 140 endoscreening devices for children
and adults, 30 clinical and biochemical laboratories, 66 X-ray apparatuses with image amplifiers, computerized tomographs have been bought for the post-accident years. In regional centers immunological laboratories function.
For victims of Chernobyl the Republican specialized health center in Minsk, the specialized clinic in Aksakovshchina have been inaugurated, regional endocrinological services have
been strengthened.
For offering specialized medical care and advice, and scientific and methodical back-up
the Scientific Research Institute on Radiation Medicine under the auspices of the Ministry of
Health and its branches in Gomel, Mogilev, Vitebsk have been created. On the basis of the
Minsk Medical Institute and the Minsk oncological center the Republican specialized center on
thyroid gland oncopathology has been set up, in the 9-th clinical Minsk hospital the department
of marrow transplant operations has been organized.
For 1986-1994 in accordance with the programs on liquidation of the Chernobyl accident
consequences 295 installations of public health of 4858 beds and 22587 visits per shift have
been constructed.
For the purpose of resolving a personnel problem in public health establishments of the
affected regions the Ministry of Health has introduced a contract form of medical workers employment, the Gomel Medical Institute has been inaugurated, target intake of students in medical institutes has been widely used. Consolidation of the material base of public health services,
use of up-to-date medical and diagnostic technologies, organizational measures enabled the
Ministry of Health to examine almost all children and adults.
Measures for social protection of the affected population are mainly determined by a level
of radioactive contamination in its residing and working places. Citizens moving from the
compulsory resettlement zones are guaranteed provision of indemnification of charges related
to the resettlement and completion of a new residence. For them special settlements have been
erected in clean regions of the republic and apartments are under construction.
The volume and direction of the measures for social protection of participants in the liquidation of the Chernobyl NPP (Fig. 2.2.) accident consequences are stipulated by their special
role and the degree of risk, which they took in the very first days of the accident working on
the most dangerous and crucial sites. Thus, the prime role is allocated to measures on reduction of negative effect of radiation which they were exposed to.
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Chernobyl NPP catastrophe in 1986-1987 in the zone of evacuation
П Number of citizens who participated in the liquidation of the consequences of the
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Ш Number of the participants of the liquidation of the Chernobyl NPP catastrophe
consequences in 1986-1987 in the zones of initial and subsequent resettlement
• Number of participants of the liquidation of the Chernobyl NPP catastrophe
consequences - invalids
Fig. 2.2. Number of participants of the liquidation of the Chernobyl NPP
catastrophe consequences

Most benefits have been granted to people including children who have become invalids
owing to the accident. They include free medical provision and vouchers to sanatorium treatment and rehabilitation, an additional paid leave, financial indemnification for health damage,
annual payments on rehabilitation, reduction of the established pension age and an additional
pension. A number of measures are aimed at the improvement of economic conditions for this
category of citizens: privileges for taxation and obtaining credits, provision of a dwelling
space, public transport and payment for municipal services, extra sums to scholarships, etc.
The most significant of the foregoing benefits are also applied to the families of late Chernobyl
invalids, who had participated in the liquidation of the Chernobyl NPP accident consequences.
Amidst measures for social protection of those affected by the Chernobyl NPP accident
rehabilitation is of top priority. In accordance with the Law "On social protection of citizens
affected by the Chernobyl NPP accident", 600 thousand people, including 512 thousand children and adolescents exercise their right to annual free-of-charge rehabilitation. (Fig. 2.3.)
Rehabilitation of persons affected by the accident is organized all year round. Vouchers
for rehabilitation of mothers with children are primarily allocated in the spring-summer period.
For children of school age conditions for continuation of study are created in rehabilitation establishments.
For the treatment and rest of the affected people 48 sanatoriums and rest establishments,
128 sanatoriums and preventive clinics, about 300 children's rehabilitation camps of the republic are used.
However, available facilities for rehabilitation are not able to provide absolute treatment
and rehabilitation of Chernobyl victims using our own base. Measures on its expansion have
been taken: 10 health resorts of 2123 places have been put in operation, in 1995-2000 at the
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expense of the financial resources allotted to the liquidation of the Chernobyl NPP catastrophe
consequences 7029 places more are planned for rehabilitation establishments.
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• inhabiting the contaminated territories
• participants of the liquidation of the Chernobyl NPP catastrophe consequences in the zone
of evacuation in 1986-1987
Ш children and adolescents who left the radioactively contaminated territories
• invalids as a result of Chernobyl NPP catastrophe
Fig. 2.3. Categories and number of citizens having the right to free-ofcharge rehabilitation and sanatorium treatment

Unfortunately, in spite of the fact that specific weight of expenditures on rehabilitation annually makes up 40 % in the cost of the financing the implementation of the Law "On social
protection of citizens affected by the Chernobyl NPP accident" the republic has no opportunity
to rehabilitate 100 % of the affected population.
It is impossible to overestimate the importance of aid in the realm of children's rehabilitation which has been rendered to Belarus by countries of Western Europe as well as by faraway ones. For the last 5 years about 150 thousand children have been rehabilitated in 19
countries outside the republic (Germany, Italy, France, Belgium, Spain , the Netherlands, Poland, Czech Republic, Austria, Sweden, Switzerland, Ireland, Slovak Republic, Bulgaria,
Yugoslavia, Romania, United Kingdom, Luxembourg, Japan). Large volume of work in this
sphere is carried out by more than 140 overseas public organizations and 80 in Belarus.
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CHAPTER 3
MEDICAL AND SOCIO-PSYCHOLOGICAL CONSEQUENCES OF THE CHERNOBYL CATASTROPHE
Medical consequences of the Chernobyl NPP catastrophe are the subject of close attention
of the medical world.
It is explained by the fact that the radiational effect connected with the Chernobyl catastrophe upon republic is unique in its character and scale. First, this is the multicomponent and
prolonged effect of ionizing radiation, intensification of radiation effects by social and psychological factors, and also by various factors of anthropogenic origin.
And though immediately after the catastrophe the determinated effects were vague, the
analysis of distant consequences is of special interest.
3.1. Dose commitments on the population
The most important in the formation of the external exposure dose for the first year were
isotopes of caesium -137,-134; ruthenium-103,-106, tellurium - 132; zirconium - 95; niobium 95, barium - 140; lanthanum - 140. During the first months after the Chernobyl catastrophe the
radiation burden on the thyroid gland was formed by radionuclides of iodine-131,-132,-133,135, and by other short-living radionuclides.
For the estimation of exposure doses in the early period on the territory of the republic
300 thousand measurements were made and it made it possible to estimate the radiation burdens on the thyroid gland of almost 125 thousand affected people (Fig. З.1.). The average thyroid exposure dose for the adult population of the republic made up 1,6 Gy, for children 3,2 Gy. At the same time very high exposure levels were registered as well, .especially of children inhabiting the south districts of Gomel region (5-10 Gy and higher).
The formation of large thyroid exposure burdens was aggravated by the goiter endemia of
the Belaais territory, late iodine prophylactics, late introduction of veto on the sale of milk,
the presence of other anthropogenic polluters in the environment, etc. Nevertheless, more than
half of the children and adolescents with the confirmed diagnosis of thyroid gland tumour received relatively small exposure doses not exceeding 0,6 Gy (Fig.3.2.) There arises the necessity to reexamine the reasons of this heavy oncological disease not only of children but adults
as well and more thorough study of its etiopathogenesis.
The collective exposure thyroid gland dose of the inhabitants of Belarus made up 500-700
thousand people-Gy. For comparison - the similar dose in Ukraine reaches 400-600 thousand
people-Gy, in Russia - 200-300 thousand people-Gy.
The collective summary dose received by the population in 1986 on the territories with
Cs-137 contamination over 185 kBq/m2 made up 4330 people-Sv, individual doses from 6,5 to
32,4 mSv, though in some cases they exceeded 50 mSv. The largest contribution to the collective internal exposure dose was made by zones with small contamination density that can be
considered the zones of raised disease risk. It is true, first of all, for the zone with Cs-137
contamination level equal to 37-185 kBq/m2.
The highest exposure doses of the whole body were registered within the participants of
the liquidation of the accident consequences (LAC). Incidentally, doses equal to 50-100 mSv
were absorbed by 30 % of the liquidators, 100-250 mSv - 47 %, 250-500 mSv - 7,3 %.
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Fig. 3.2. Individual exposure dose distribution of children and adolescents with
the tumour thyroid gland diagnosis
Comparable doses were absorbed by the population evacuated from the 30-km zone in
1986. Significant doses were absorbed by the inhabitants of the'Khojniki district, a bit smaller
ones - by the inhabitants of Bragin and Narovlya districts (Fig. 3.3.). At the same time children
absorbed doses equal to those of adults.
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3.2. Medico-demographic consequences
Before 1993 the demographic situation in the republic was characterized by the growth of
the total number of population. In 1994 the population of the republic decreased and at the beginning of 1995 made up 10 300 000 people.
On 1.01.95 on the Cs-137 radionuclides contaminated territories over 37 kBq/m2 there
lived 1840852 people including: 75,5 % in Gomel region, 9,9 % in Mogilev, 9,6 % - Brest and
5 % in the rest of the regions of the republic.
In Gomel region 87 % of the whole population live on the radionuclides contaminated territories, among them - 68,1 % of agrarian and 95,5 % of town. In Mogilev region 14,6 %,
28,2 % and 4,0 % correspondingly.
As a whole, in the republic 2,3 % live on the territories of compulsory and subsequent resettlement, 17,2 % - with the right for settling out and 80,5 % of the affected population with periodic radiation control.
2
On the territory with Cs-137 contamination of 1480 kBq/m there live 14 children and 4
2
adolescents; on the territory with contamination density of 555-1480 kBq/m - 2346 children
and 1577 adolescents.
The decrease of the rural population share is a characteristic feature. In comparison with
1985 the population of Gomel region reduced by 4,2 % while the town population grew by
10,1 % and the reduction of rural population made up 24,8 %. In Mogilev region the total
number of population being unchanged, the town population grew by 9,9 %, and the rural reduced by 16,6 %.
As a whole, the structure of the town population of the republic and also of Gomel and
Mogilev regions can be characterized as progressive, and the rural population - as regressive as
the number of elderly people exceeds that of children. In the agrarian districts of Gomel region
most affected by the Chernobyl catastrophe the population aged above 60 makes up 35-68 %
of the total number, whereas children - 10-15 %. In Mogilev region the natural growth of
population reduced from +4,9 to -3,0 for 1000 people, in Gomel region - from +7,0 to -1,8.
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Infantile mortality in the republic has the tendency to reduction, however, since 1992 it
began to grow in the republic as a whole and in the contaminated regions as well (Fig.3.4.).
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Fig. 3.4. Dynamics of infantile mortality on the contaminated territories
and in the republic as a whole (per 1000 born)

The growth of sterile marriages and incomplete pregnancies is registered. From 1986 to
1994 in the republic the birth rate reduced (by 37,4 %) and the population mortality increased
(by'29,9 %). This tendency is especially sharp on the contaminated territories of Gomel and
Mogilev regions (Fig. 3.5., 3.6.).
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3.3. The health state of the participants of the liquidation of the Chernobyl NPP
catastrophe consequences and of people evacuated from 30-km zone
Morbidity of the participants of the accident consequences liquidation as a whole and by
the main classes of diseases is higher than on average in the republic and has the tendency to
increase. (Fig.3.7.). The tendencies revealed for the last years within liquidators 1986-1987
allow to consider them to be a group of high risk for many diseases.
The increase of morbidity of oncological diseases, the endocrine system, the blood circulation system diseases, and the organs of digestion have become characteristic. The liquidators'
mortality in 1994 was higher than in 1993. Incidentally, the mortality risk of liquidators of
1986-1987 is 1,4-1,6 times higher than of liquidators of 1988-1989 and 1,3 times higher than
of the able-bodied population of the republic as a whole.
The analysis of somatic morbidity confirms to a certain extent the correlation of this index
with the Chernobyl NPP accident consequences.
The doses comparable with total body exposure doses of liquidators were absorbed by the
population evacuated from the Chernobyl NPP 30-km zone. They also have the tendency to
the morbidity increase among adults as well as among children. (Fig. 3.8.)
The initial morbidity of evacuated adults and adolescents in 1994 increased by 3,5 times
in comparison with 1993. Mainly men and women at the age from 40 to 60 and older were
subjected to the blood circulation system diseases, organs of respiration, digestion and nervous
system diseases, from 40 to 49 - tumours, from 20 to 49 - psychic diseases. In 1994 in comparison with 1993 the morbidity of the evacuated population increased on the majority of
classes of diseases, including endocrine system - by 5,7 times, blood circulation - by 5,3, nervous system - 4,6, and also organs of respiration, digestion, psychic disturbances, etc. Cataracts,
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chronical bronchitis are more often registered (7,2 times), hypertension disease , heart disease,
cerebro vascular disease, infectious kidney pathology.
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The mortality of the evacuated population for the period 1990-1994 has got the tendency
to increase. Fatal outcomes of diseases in 82,6 % of cases were registered within the group of
60 years and older. The most frequent death reasons were the diseases of the blood circulation
system and neoplasms.
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3,4. The health state of children subjected to radiation exposure due to the Chernobyl NPP catastrophe
Along with the increase of the pregnancy pathology and confinement there increases the
new born children mortality. So, from 1981 to 1986 in Minsk and Gomel regions the noticeable reduction of the growth rates of new-born children morbidity was registered and after
1986 on the whole territory of Belarus there was registered the growth of the average annual
rates of this index increase. For the period 1987-1994 the increase of the primary and total
morbidity of children on the majority of classes of diseases and constant increase of the number
of children with chronic pathologies was registered.
The further increase of neoplasms morbidity and malignant, in the first place, worries, in
these groups of the primary account the high rate of morbidity of thyroid gland tumour has
been registered. The second place in the morbidity structure of these children belongs to the
diseases of the organs of digestion, the morbidity risk of which exceeds the republican level by
2,15 and 3,74 correspondingly. For the classes of otolaringological diseases and endocrine
system diseases as well the morbidity level in 1994 was 1,97-6,25 times higher as compared to
the republican one.
The diseases of blood and hemopoietic organs also exceed the average indices of all the
children under survey in the republic. The highest level is registered among those born from
people subjected to radioactive exposure. These children have also increased 1,8 times the
primary morbidity of congenital defects.
The comparison of morbidity indices of evacuated children with analogous data of the
children's population of Minsk region has shown that the latter have much less morbidity of
blood and hemopoietic organs, of endocrine system and organs of digestion than the children
evacuated from the alienation zone. (Fig.3.9.).
1

37,4
67,66
и
a.
CO

!/)

11,74

~>

CD

48,52

w

CO
CD

5,96

-t

36,5
i

i

i

10

20

30

40

50

60

70

morbidity rate
D control group

• evacuated

Fig. 3.9. Morbidity of evacuated children and children inhabiting Minsk region in 1994
(for 1000 children): 1 - diseases of blood and hemopoietic organs;
2 - diseases of endocrine system; 3 - diseases of organs of digestion

39

3.5. Morbidity of the population - inhabit and former inhabitants of the Cs-137
radionuclides contaminated territories over 555 kBq/m .
The group of population inhabiting and resettled from the territories with Cs-137 radioactive contamination level over 555 kBq/m2 has the increase of indices of sickness and morbidity
on the main classes of diseases.
The most frequent are the diseases of bronchi and lungs system, blood circulation system ,
digestion, nervous and endocrine systems, organs of perception. Their morbidity index exceeds
in 2,1-9,8 times the average in the republic (Fig. 3.10.).
In the post - accidental period the tumour morbidity and other thyroid gland diseases have
increased. The same frequency of pathology is observed of the population inhabiting the territories with Cs-137 contamination level of 37-555 kBq/m2.

Fig. 3.10. The structure of morbidity of the population inhabiting the Cs-137 contaminated territories over 555 kBq/m2:
1 - Organs of respiration;
7 - Infectious and parasitic diseases;
2 - Blood circulation system;
8 - Urogenital system;
3 - Nervous system and sense organs
9 - Skin and subcutaneous cellular tissue;
4 - Organs of digestion;
10 -Psychic ;
5 - Bone and muscles system;
11 - Malignant neoplasms
6 - Endocrine system;

3.6. Oncological morbidity
There are certain changes in the structure of oncological morbidity: the specific number of
belly tumours has reduced, thyroid gland, respiration organs tumours (mainly at the expense of
lungs neoplasms) morbidity has noticeably increased, tumours of urogenital organs, etc. The
accumulated data allow to presuppose that it is connected with radiation factor effect.
It is indisputable that the Chernobyl catastrophe influences the increase of thyroid gland
tumour morbidity.
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For the 10-year period the indices of morbidity of malignant tumours of men increased by
24,1 %(Fig.3.11.)andofwomen-22,6%(Fig. 3.12).
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Fig. 3.11. Dynamics of morbidity of men by malignant tumours of various localization
(standardized indices per 10000 people)

The dynamics of oncological diseases morbidity has changed in different regions as well.
For many years in the pre-accidental period in Belarus there were high morbidity indices in the
north-east and the east of the republic (Vitebsk and Mogilev regions) and low - in the west and
south-east (Gomel and Grodno regions) and for the last years this regularity has changed. So,
in 1988-1989 the morbidity in Grodno region and in 1992 in Gomel region.have already
reached the level of Vitebsk region.
In the post-accidental period the oncomorbidity of the inhabitants of the compulsory resettlement zones made up 304,1 (indices increment is equal to 56,3 %), in the districts with the
right for resettlement this index has increased up to 248,4 (increment - 40,4 %). The index increased in comparatively clean zones up to 238,0 (increment - 31,5 %). The fast increase of
morbidity in the districts of strict control has resulted in the increase of the morbidity level in
comparison with the rest part of Gomel region (Fig. 3.13., 3.14).

41

1977

79

81
•Thyroid
•Urinary bladder

83

87

85
years

89

91

93

•Lung
•Pancreas

-m- Colon
—Ж— Kidney

Fig. 3.12. Dynamics of morbidity of women by malignant tumours of various localization
(standardized indices per 100000 people)

о
E

x
<u

>555
1986-1994
years

-555
1977-1985 ~

< 185

P o

l l u t i o n °f territory by
cesium-137, kBq/m 2

Fig. 3.13. Average intensive indices of malignant neoplasms morbidity of the population of
Gomel region depending on the radionuclides contamination degree (per 100000 people)

42

о
E
"о
X
<D
"О
С

<185
Pollution of territory by
cesium-137, kBq/m 2

185-555

>555

Fig. 3.14. Average intensive indices of malignant neoplasms morbidity of the population of
Mogilev region depending on the radionuclides territory contamination degree
(per 100000 people)

3.6.1. Malignant thyroid tumours
It is established that the growth of malignant thyroid tumours is connected with the Chernobyl catastrophe consequences. Before the accident thyroid cancer was a rare case (1 case per
100000 people) and was characteristic mainly for the elderly people. For the 15-years period
(1971-1985) prior to the catastrophe this tumour was revealed only in 14 children, that is to
say, annually 1 child per 1 million children got ill.
The growth of thyroid cancer morbidity began after 4 years after the catastrophe first in
Gomel, and then in Brest and other regions and is continuing up to now. (Fig.3.15). For 9,5
years 390 children and 73 adolescents (463 patients total) were operated. Among them the
children of Gomel and Brest regions made up 74,5 %. In 1994 the morbidity index per 100000
children's population in Gomel region made up 11,7, in Brest - 5,9. In Belarus this index appeared to be the highest among the European states where thyroid cancer is a rare disease (0,1
case per 100000 children). The average annual thyroid cancer morbidity of children increased
approximately 50-times.
The morbidity growth rate of men's population of the republic for the post-accident period has increased 1,5, times, of women's - 18 times as compared with the pre-accidental period. In Gomel region the malignant tumour morbidity growth rate of men increased 6 times, of
women - 73 times. In Mogilev region these indices are lower: of men - 5,3 times, of women11,3 times.
The prevailing cancer forms are papillary (98,3 %). Less frequent are follicular (1,3 %)
and medullary (0,3 %) thyroid cancer forms.
The risk of thyroid cancer has sharply increased within children subjected to irradiation at
the age under 3 years old for the moment of the accident.
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Fig. 3.15. Dynamics of the number of thyroid cancer cases within children
for the period 1986-1995

A characteristic feature is a high aggressiveness of thyroid cancer of children. In 48 % of
cases the tumour went outside of the thyroid gland and grew into surrounding organs and tissue. 78 % of patients had lymphgland metastasis and thyroid cancer relapses were registered in
2,7 % of the sick.
3.6.2. Lungs tumour
In Belarus lungs malignant tumour morbidity growth is observed in the majority of the
contaminated regions. Incidentally, in Gomel region the authentic growth of this pathology is
registered among men, as well of women, and in Mogilev region - only of men. The specified
changes have happened in these regions for last two years. At the same time it is established
that the morbidity growth rate of men in Gomel region is higher.
Lungs tumour incidence in the regions with radioactive contamination > 555 kBq/m2 has
increased faster than in the zones with the Cs-137 contamination < 185 kBq/m2.
3.6.3. Mammary gland tumours
For many years there have been registered the mammary gland cancer incidence, moreover, in Gomel region its growth is registered within women over 40 years old. In other regions

44

of the republic the similar changes.have been observed in older age groups. The average morbidity level in the pre-accidental period (1977-1985) made up 20,5, in the post-accident period
(1986-1994) - 28,7. In Mogilev region there is registered statistically significant growth of
mammary gland malignant tumours , however, there are no growth rate changes.
3.6.4. Bone tissue tumours
Among radionuclides fallen out of the damaged Chernobyl NPP reactor there was strontium-90 that has the capacity to accumulate in the bone tissue. There are no yet direct proofs
of the radioactive strontium or other radionuclides influence on the bone tissue tumours
growth rate , however, the fact of such growth within children's population residing Gomel region testifies to its possible interrelation with the radiation factor (in 1981-1985 - 0,3; in 19861990-0,5; and 1991-1994-0,8).
3.6.5. Urinary bladder tumour
In Gomel and Mogilev regions of Belarus already 8 years later after the Chernobyl catastrophe there is registered the growth of bladder tumours incidence. The distinguished
growth of this cancer morbidity is registered among the population of Gomel region. In the
post-accident period the level of urinary bladder tumour morbidity of men as well as of women
increased 2 times and made up : for men - 10,7 (in the pre-accident period - 5,5) and for
women - 1,1 (0,6 correspondingly). For men of Mogilev region the morbidity index increased
from 7,2 to 12,1, that is to say, 1,7 times . The more intensive increase of the bladder morbidity took place in rural areas. Taking into account that the exposure dose including at the expense of radionuclides incorporation, is higher among rural residents, it can be supposed, to a
certain extent, that this increase is stipulated by the radiation component. The considerable increase of the urinary bladder morbidity is registered in Gomel region among people over 35
years old whereas before the Chernobyl NPP accident the sick with this tumour at the age under 50 were a rare case. In Mogilev region the increase of tumours of the given localization
took place among residents over 55 years old. The comparable analysis on districts of Gomel
and Mogilev regions has shown marked tendency to the bladder tumour morbidity growth in
the areas with Cs-137 contamination level over 555 kBq/m2. Especially marked is this tendency
in Gomel region where in 5 out of 11 such districts there happened the growth rate of this disease.
3.6.6. Kidney tumours
A characteristic feature is the increase of the kidney cancer morbidity level of men in
Gomel and Mogilev regions - 2 times, in comparison with the pre-accident period. The growth
of this pathology is also registered among women. There is observed the increase of growth
rate of kidney tumour morbidity.
The most frequent kidney cancer is registered within adults over 45 years old and children
from 1 to 4 years old (Willms' tumour). In particular, the Willms' tumour morbidity of children
has increased 2,5 times.
The risk of kidney malignant tumours has considerably increased within the population of
the republic aged over 35 years old.
3.6.7. Leukemias and other hemopoietic tissue diseases
For the period of 1979-1985 in Belarus 677 children under 14 years old got ill with acute
and chronical leukosis that made up 4,34 cases per 100000 children's population. This level of
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leukemia morbidity of the children of Belarus before the Chernobyl accident corresponds to the
children morbidity level in other countries. On average in the republic it has made up 4,45 per
100000 children, e.i. has not changed.
The significant difference in the leukemia morbidity of children on the Cs-137 contaminated territories over 555 kBq/m2 has been registered as well.
In Fig.3.16. there is represented the dynamics of the hemopoietic system morbidity of the
whole population. It is obvious that after the Chernobyl catastrophe in Belarus the considerable
growth of leukemias and lymphomas has been registered. The total leukemia morbidity with
account of undefined forms for 7 years after the accident made up 11,62 per 100000 people
(for the same period before the accident it made up 9,34).
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Fig. 3.16. Dynamics of hemopoietic system morbidity in adults
(per 100 000 people)
Among the men's population of Belarus there is registered the growth of number of tumours of immunocompetent system: lymphomas, chronical lympholeukosis and myelomic disease. The women have had the acute leukosis morbidity growth. In the age group Of 15-40 the
lymphogranulomatosis and lymphomas morbidity has grown and at the age of 40-60 leukemias
have become more frequent. The age of 60 is the risk factor for hemopathy morbidity.
The analysis of the data of the Belarussian State Register of the Irradiated Individuals and
Belarussian cancer-register for 1993-1994 has shown that the liquidators who worked in the
30-km zone for more than 30 days have got the exceeding of leukosis morbidity in comparison
with the population of the republic of the similar age groups. Standardized index of the leu-
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koses morbidity in the republic among residents at the age of 20-69 made up 10,7 and among
liquidators who worked in the 30-km zone, -25,8 cases (per 100000 people).
3.7. Genetic disorders
The most important index of genetic disorders is the birth rate if children with congenital
defects. So, the congenital defect frequency index for 1986-1994 made up 4,62 (on the contaminated territory) and 2,55 (in the control zone) per 1000 analyses. The frequency of birth of
children with congenital defects of strict account (subjected to compulsory registration) has increased in all the republic. However, the index of such increase on the "clean" territories makes
up 39 %, now on the Cs-137 contaminated territories from 37 to 555 kBq/m2 - 44 %, and on
the Cs-137 contaminated territories over 555 kBq/m2 - 79 % (Table З.1.).
Table 3.1. Dependence of the congenital defects of strict account frequency
on the Cs-137 contamination density in Belarus
Density of
Cs-137
and the number of
districts observed
37-555 kBq/m' (54)
>555 kBq/m' (17)
Control zone (30)

Years of observation
1982-1985
1987-1993
Absolute figAbsolute figPer 1000
Per 1000
ure
ure
births
births
899
4,56 ±0,15
1882
6,56 ±0,15
151
3,87 ±0,31
338
6,94 ±0,38
565
5,43 ± 0,23
255
3,90 ± 0,24

Ratio
of increase
0,44
0,79
0,39

The increase in birth of children with congenital defects in Belarus after the Chernobyl
catastrophe is explained to some extent by the growth of mutations induced by radiation.
This is confirmed by the cytogenetic investigation. The evacuated pregnant women, born
children, and also population inhabiting the contaminated territories during the long period of
time absorbed biologically significant exposure doses that manifests itself in the considerable
dicentric and circular chromosomes number increase. As an example, Fig. 3.17. represents the
data on the frequency of chromosome aberration of the participants of the Chernobyl NPP accident consequences liquidation and the children with thyroid cancer. The represented data
show the intensified frequency of cellular aberrations , the appearance of the single DNA fragments that testifies to undoubted radiation effect on the genetic apparatus and heavy consequences connected with them.
3.8. Somatic morbidity
For the years passed after the accident the structure of morbidity of the population inhabiting the contaminated territories has changed. In particular, the significant growth has been
registered in the organs of digestion, blood circulation system, nervous system, organs of respiration and endocrine system morbidity.
3.8.1. Digestive system diseases
The analysis of the dynamics of digestive organs diseases of children and adolescents has
shown the frequency increase of this pathology amongst adults as well as children and adolescents residing on the radioactively contaminated territories (Fig.3.18). Among them the leading
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role play diseases of stomach , duodenum and biliary ducts. The combined forms of digestive
system pathology (chronic gastroduodenites) prevail. Within children evacuated from 30-km
zone the digestive organs diseases take second place.
a)
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Fig. 3.18. Tendencies for primary morbidity of the adult population of Gomel and Mogilev regions (columns - Gomel region, lines - Mogilev region):
.,5 - chronic gastritis;
3,7 - kidneys diseases;
2.6 - ulcerative disease of the stomach;
4,8 - cholelithiasis
The data available on dynamics of population morbidity inhabiting the contaminated territories of Gomel and Mogilev regions allow to forecast the further growth of a number of diseases: of children - stomach, liver and biliary ducts diseases, of adults - chronic gastritis, ulcerative disease of the stomach, etc.

3.8.2. Cardiovascular system diseases
A characteristic feature is a comparatively higher specific weight of the wide distribution
of cardiovascular diseases among population affected by radiation. (Fig.3.19.).
This tendency is especially marked among the evacuated adult population. Blood circulation system morbidity has increased 1,5 times for the past five years and exceeded the average
morbidity index on these classes of diseases 3,7 times.

3.8.3. State of psycho-emotional sphere
Changes of neurological, psycho-emotional status and immune system disorders within the
affected population testify to tension and dysfunction of the adaptation systems of organism to
exhaustion of protective neuro-psychic mechanisms.
Persons affected by radiation are characterized by the lowering of the psychic adaptation
level, caused by lack of self-confidence, unstable self-estimation and pessimistic estimation of
their future. There is also a tendency for raised exhaustion of nervous system, decreasing of
capacity for work, weakening of concentration and stability of attention.
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Fig. 3.19. Specific weight of cardiovascular system diseases in all the diseases
of different groups of population

The specific peculiarities of psychogenic disorders caused by the catastrophe are determined by the following reasons:
• complex character of the effect of different factors;
• insufficient knowledge of radiation effects;
» constant apprehension for the health and well-being of themselves and their families,
especially children;
• unexpected change of the life stereotype (forced resettlement, the break of the former
life, changing the place and the character of work, etc.);
• the necessity of constant keeping precaution measures and prophylactic medical examinations;
• restricting possibilities of social and professional self-determining, especially for young
people;
• acknowledgment dissonance connected with information about the radiation situation
and the possible negative consequences as well.
This action has accumulative character and the range of this syndrome distribution increases constantly. So, in 1987 4 8 % of the examined were subjected to it, in 1991 - 54, in
1995 . 74 %.
The mass socio-radioecological stress engenders some types of adaptation syndromes:
• Increased somatization of alarming expectations ("escape into illness");
• The depreciation of needs (socio-psychological apathy);
• The fixation on unpleasant traumatizing feelings (the case - hopeless syndrome).
Increased somatization of alarming expectations that is characteristic for 74 % of the affected population.
Widely spread is also such kind of post-traumatic stress syndrome as fixation of sociopsychological states if individuals on unpleasant, traumatizing feelings. 62,6 % of the examined
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in these districts have the feeling of lost private safety and unbeleive in future that by itself testifies to the deepest socio-psychological trauma. Such situation creates pessimistic perception
of reality within the third part of the residing population.
The above mentioned testifies to the fact that 10 years later after the accident the
deadaptation forms of behaviour are still wide- spread.
The examination of children with supposed foetus cerebral damage shows that this category is often characterized by psychic development delay, asthenic states and vegetovascular
pathology. This testifies to the fact that nuclear catastrophe consequences may influence negatively on a mam before his birth.
3.8.4. Respiration organs diseases
The highest specific weight in the structure of the children's population morbidity inhabiting the contaminated territories belongs to respiration organs diseases. Incidentally, the average annual growth rate exceeds the one for other classes of diseases. For the post-accident period the frequency of these diseases increased more than 2 times.
There is a direct correlation between the degree of Cs-137 contamination and respiration
organs morbidity indices (Fig. 3.20).
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Fig. 3.20. Dynamics of the respiration organs morbidity of the children's population of
Luninets district, Brest region

3.8.5. Thyroid gland diseases
In the structure of the primary endocrine system morbidity thyroid gland pathology prevails, incidentally, the annual morbidity of thyroid gland diseases is higher within liquidators
and also population evacuated from 30-km zone and residing on the territories with high contamination density (Fig.3.21.).
The children inhabiting in radionuclides contaminated areas have higher frequency of thyroid gland knot pathology and autoimmune thyroiditis than those evacuated from 30-km zone
(Fig.3.22.).
The analysis of the thyroid gland functional state has shown that the pathological states of
the children and adolescents who have their thyroid gland exposed (I-2 Gy), are more frequent.
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Fig. 3.22. Morbidity of the thyroid gland diseases of children affected by the Chernobyl catastrophe consequences (per 1000 children):
1 - data for the republic as a whole;
2 - morbidity of children evacuated from the 30-km zone;
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territories (over 555 kBq/m2);
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* *

Thus, in the post-accident period the affected population has more significant ,in comparison with the republican indices, morbidity growth practically on all classes of diseases and in
the first place, digestive, cardiovascular, nervous, endocrine, urinogenital, otolaringological,
among adult as well as children's population. There continues worsening of the health state of
children and adolescents permanently residing radioactively contaminated territories especially
accompanied by long-lasting and considerable accumulation of long-living radionuclides by the
organism - Cs-137 and Sr-90. The health state of the participants of the liquidation of the
Chernobyl NPP catastrophe consequences and evacuated from alienation zone, absorbed considerable radiation doses for the whole organism (the growth of endocrine, cardiovascular,
nervous systems diseases, etc.).
In the republic a considerable increase of thyroid cancer morbidity of children and adolescents especially in Gomel and Brest regions has been registered. This is stipulated by dose burdens on thyroid gland at the expense of iodine-radionuclides in the first period after the accident, goiter endemia, incorrect iodine prophylactics, etc.
Alongside with it in Gomel region mainly there is observed the marked increase of oncological diseases morbidity, especially in areas with high radionuclides contamination level
and subsequently with larger radiation doses. This in the first place concerns the increase of
morbidity of lungs, mammary gland, urine bladder, kidney cancer, etc.
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CHAPTER 4
AGRO-INDUSTRIAL PRODUCTION UNDER THE CONDITIONS OF RADIOACTIVE CONTAMINATION
4.1. Radiation situation on the agricultural lands
More than 1,8 million hectares of agricultural fields that makes up 20,8 % of the available
area was exposed to radioactive contamination with Cs-137 contamination density over 37
kBq/m2, including 2,65 thousand km2 with Cs-137 contamination density over 1480 kBq/m\
by Sr-90 - more than 111 kBq/m2, Pu - over 3,7 kBq/m2 excluded from economic turn-over.
The annual incomplete harvest of plant products only from alienated territories is estimated in
US$ 69,000,000 and the cost of the left production fund is many times higher.
The agricultural production is conducted on the territory of 13,6 thousand km2 with
Cs-137 contamination density of 37-1480 kBq/m2 , 4,78 thousand km2 are simultaneously
contaminated by Strontium-90 as well (11-111 kBq/m2). The most complicated is the organizing of agricultural production on the areas with Cs-137 content - 185-1480 kBq/m2 (4,20
thousand km2), 1,13 thousand km2 are contaminated with Sr-90 with density 37-111 kBq/km".
The main areas of contaminated arable and meadow lands are concentrated in Gomel
(66 %) and Mogilev (24 %) regions. In Brest, Grodno and Minsk regions their share in the total contaminated area in the republic makes up 4,5, 3,0, and 2,5 % correspondingly.
The system of soil radiation monitoring has been formed and the situation on agricultural
lands contamination is verified periodically.

4.2. The radionuclides behavior in soil and their transfer to the
plant - growing products
In order to study the radionuclides transfer to plants and work out measures aimed at its
reduction the scientific research programme "Agroradiology" has been worked out.
It is established that Cs-137 and Sr-90 vertical migration in soil is very slow. On the uncultivated lands practically all radionuclides are situated in the upper part of the root-inhabited
layer of humus horizons (Fig.4.1.). On the arable soils radionuclides are distributed comparatively equal in all the depth of the cultivated layer. In the nearest perspective the self-cleaning
of the root-inhabited soil layer at the expense of radionuclides vertical migration will not take
place.
At the same time, there are observed processes of local secondary contamination at the
expense of radionuclides horizontal migration due to wind and water soil erosion. The radionuclides content in the arable horizon on different relief elements in the result of water erosion on the annual culture sowings have changed 1,5-3 times for 9 years. On permanent sowings of perennial herbs, with absence of hard drainage this effect is not observed (Fig. 4.2.).
In this connection the system of soil-protecting crop rotation and special soil cultivating
with periodical deep (up to 40cm) plow footing cultivation is proposed as protective measure.
This allows to reduce humus waste and the scales of the secondary contamination of lands.
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Fig. 4.1. Dynamics of Cs-137 migration by the profile of non-cultivated soddy-podzolic loam
soils (% from total content)
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Fig. 4.2. The influence of water erosion on Cs-137 contamination of different relief elements of
arable soils (Vetka district), kBq/m2

The radionuclides availability to plants and the products contamination level depends on
Cs-137 and Sr-90 stabilization strength in soil. The radionuclides accessibility degree is estimated by various extracts (Fig.4.3.). Radionuclides forms easily accessible for plants are extracted by water (water-soluble form) and ammonium acetate monomolar solution (exchange
form). Migratory radionuclides extracted by lM HCI, can be partially absorbed by plants but
represent their potential accessible reserve. Radionuclides fixed forms are inaccessible to plants
and are released only within the 6M processing by HCI solution.
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Cs-137 accessibility for plants is reducing considerably in the course of time along with
the process of its fixation by soil. For the period 1987-1994 Cs-137 fixed fraction share increased on average more than 2 times and makes up 70-84 % of the total content. For Sr-90,
vice versa, a characteristic feature is the prevailing forms easily accessible for plants that make
up 53-87 % of the total content and have the tendency to increase on time.
Caesium-137

16%

82%
Strontium-90

53%

43%

• Fixed

• Migratory

Ш Easily accessible

Fig. 4.3. Radionuclides forms of occurrence in soddy-podzolic sandy loamy soil
(Narovlya district, 1994)

The radionuclides transfer coefficients from soil into plants are changing on time correspondingly. On average, for the period 1992 - 1994 , in comparison with the years 1986-1988
Cs-137 transfer to cereals and perennial grass hay has reduced 2-4 times and of Sr-90 - vice
versa, increased by 7-11 %. To provide agricultural products contamination forecasting it is
necessary to check data on the coefficients of radionuclides transfer from soil into the harvest.
Radionuclides content in the agricultural products depends not only on the contamination
density but on the soiltypes as well, their granulometric composition, biological peculiarities of
the cultivated crops. Soil fertility indices produce considerable effect on radionuclides accumulation by all agricultural crops and especially by perennials. With humus content increase in
soil from 1 to 3,5 % radionuclides transfer to the plants is reduced 1,5-2 times and in proportion to the potassium exchange forms content in soil from low (less than 100 mg K2O per kg of
soil) to optimal (200-300 mg/kg) the change in the soil reaction from acid interval (pH 4,5-5,0)
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to neutral (pH 6,5-7,0) - 2-3 times (Fig. 4.4., 4.5.).The minimal Cs-137 and Sr-90 transfer into
plants is observed upon reaching optimal parameters of agrochemical features of soils.
Bq/kg
600
500
400
300
200
100
1,0

2,0

3,5

3,0

Humus content in soil, %
Bq/kg
600
500

~^~~——к

400
300
200
100
0
300

200

140

80

350

Potassium content in soil mg/kg
• Strontium-90

SCaesium-137

Fig. 4.4. Dependence of radionuclides accumulation in perennial Gramineae hay on the humus
and potassium content in soddy-podzolic sandy-loamy soils, kBq/kg
( with Cs-137 contamination density of 37 kBq/m2)
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Fig. 4.5. The effect of soddy-podzolic sandy loamy soil acidity on the radionuclides inflow into
perennial Gramineae, Bq/kg ( with Cs-137 contamination density of 37 kBq/m2)
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The soil humidification regime has a great effect upon radionuclides accumulation in the
agricultural products. Radiocaesium transfer to perennial Gramineae is 10-27 times higher on
soddy-gley and soddy-podzolic-gley soils in comparison with temporarily excessively moistened (Fig.4.6.).
Bq/kg
350

Temporarily excessively
moistened

Semi-gley

В Cesium

Gley

D Strontium

Fig.4.6. The effect of sandy soils humidification regime on the radionuclides transfer to orchard grass hay, Bq/kg ( with Cs-137 contamination density of 37 kBq/m2)

On the water-logged soddy and peaty soils, e.g. in Narovlya and Lelchitsy districts of
Gomel region, the high degree of grass fodder contamination is observed even with relatively
low radionuclides soil contamination density. At the same time, on the cultivated plots of
soddy-podzolic soils (loeslike and fumed loams of Mogilev region) it is possible to receive
products with Cs-137 permissible content and with contamination density up to 7401110 kBq/m2.
Radionuclides transfer depends significantly on interspecific peculiarities of agricultural
crops. Cs-137 accumulation by different plants (taking into consideration dry substance) may
vary up to 180 times, and Sr-90 accumulation - up to 30 times with identical soil contamination density. Variety distinctions in the radionuclides accumulation are considerable, though
noticeably less (1,5-3 times) that must also be taken into account in the agricultural production
on the contaminated lands.
4.3. Methods restricting radionuclides inflow into plants
After the short-lived radionuclides decay the internal component of the dose load on
population is mainly determined by Cs-137 and Sr-90 content in food products. In this connection, the main task of the agricultural production on the contaminated territory is the output
of products with the given radionuclides content within the permissible levels limits. For this
purpose, the complex of special protection measures allowing to reduce the radionuclides concentration in the agricultural products has been worked out. The main of them are:
Selection of cultures. According to 'hcaesium accumulation per dry substance unit the
following diminishing order has been c< с •
•
:• ied: mixed grass of natural hayfields and pastures,
lupus, perennial Gramineae, clover, green mass of rape, pea, oats straw, corn green mass, beet,
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green mass of annual bean and grassy mixed grass, winter rye straw, oats grain, potatoes, barley straw, winter rye grain, barley grain (Fig.4.7.).
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Fig. 4.7. Radionuclides inflow into various crops on soddy-podzolic loamy soils, 1987-1994,
Bq/kg (with Cs-137 contamination density of 37 kBq/m2)

According to Sr-90 content in plants dry substance correspondingly: clover, green mass
of peas, rape, lupus, annual bean and grass mixed grass, mixed grass of dry valley hayfields and
pastures, perennial grass, barley straw, winter rye green mass, beet, corn green mass, straw of
oats and winter rye, grain of barley, oats, winter rye, potatoes.
The established regularities of radionuclides inflow into the products of different cultures
are the theoretical basis for re-specialization of plant growing. They have been the base for
measures in the first years after the accident (Removal of cultures with high coefficients of radionuclides transfer from crop rotation, the sowing areas structure changes, etc.).
In the republic there are 192 thousand hectares of arable soils with Sr-90 contamination
density of 11-37 kBq/m2, where there are cases of the plant growing products output with radionuclides content over permissible levels. On 113 thousand hectares of soil with contamination density over 37 kBq/m2 there is observed the increased content of Sr-90 in all kinds of raw
forage that are inadequate for skimmed milk production and can be fed to cattle only for meatproduction and partially for milk-raw material. It is impossible to receive food grain and potatoes on these lands everywhere.
In this connection, typical crop rotation schemes are worked out depending on the radionuclides soil contamination level and character. The selection of cultures and species with
minimal radionuclides accumulation is the most available way of reducing radionuclides penetration from soil into the harvest. At present this method is used in many farms of the contami-
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nated zone and especially effective in vegetable-growing and on food potatoes growing at the
individual farms contaminated with Sr-90. It is observed that tubers are less contaminated of
the following varieties of potatoes: Aksamit, Altair, Sante and Sintez.
Soil cultivation. The soil cultivating system in the radioactive contamination zone is directed to the reduction of erosion processes, reduction of the time of radiation effect on those
working in the fields. Meliorative deep plowing that largely reduces the radionuclides penetration into soil (up to 5-10 times) has had limited application under the conditions of Belarus.
After the deep plowing the following plowings are done so that their depth is higher than the
fixed contaminated layer.
On eroded and erosion-dangerous , compact and temporarily water-logged soils it is necessary to apply deep loosening and slotting. Presowing cultivation must be done by highproductive combined aggregates that provide several operations at a time that allows to reduce
external dose loads on machine operators by 30-40 %.
On hayfields and pastures where the contaminated turf was plowed in after the radionuclides fall out the plowing is inadmissible on the repeated sowing to grass. It is necessary to do
top milling and rolling with grass or renew herbage by undersowing of herbs to sod. Root and
ground improvement of meadow lands is the efficient measure that allows to reduce half as
much the radionuclides penetration from soil to perennial herbs
Liming of acid soils. Placement of lime is the effective way of the reduction of Sr-90
and Cs-137 radionuclides penetration from soil into plants. The given way provides the reduction of radionuclides penetration into the harvest within the limits of 1,5-3 times depending on
the soil type and acidity degree (Fig.4.8).

Without
fertilizers

Dolomite +
N70P50K180

Dolomite +
N70P50K90*
• Strontium-90

• Caesium-137

Fig. 4.8. The effect of liming and mineral fertilizers on the radionuclides transition into the hay
of perennial Gramineae on peaty-boggy soils (1994)
* Note - doses kg/ha: N - of nitrogen, P - of phosphorus, К - of potassium.

The minimal radionuclides accumulation in the plant-growing products is observed with
optimal indices of the soil acidity (pH KC1) that for soddy-podzolic soils make up: argillaceous
and loamy - 6,0 - 6,7; sandy-loamy - 5,8 - 6,2; sandy - 5,6 - 5,8; on peaty-boggy and mineral
soils of hayfields and pastures the optimal pH indices make up 5,0 - 5,3 and 5,8 - 6,2 correspondingly.
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The lime doses are differentiated according to the soil types, granulometric composition,
acidity degree and Cs-137 and Sr-90 contamination density.
Fertilizers. Organic fertilizers application reduces radionuclides transition from soil to
plants. The study of the action of large pack of meliorants (zeolites, bentonites, clay marl, tripolite, ligno-sulphonate, humin preparations, sapropels, etc.) has shown that Cs-137 and Sr-90
accumulation reduction in the products with their application made up 15-30 %. With small radius of transportation it is possible to apply siliceous and carbonate sapropels in doses of 60-80
t/ha for tilled cultures. With placement of the full dose of the carbonate sapropel the necessity
of acid soils liming is excluded. However, liming is economically more effective.
The application of increased doses of potassium fertilizers reduces considerably radiocaesium penetration from soil to plants especially on low in potassium soils (Fig. 4.8.). The recommended doses of potassium fertilizers provide the harvest increase without products quality
reduction. Placement of potassium fertilizers is differentiated in relation to the soil type, the
metabolic potassium content and radionuclides contamination density.
Phosphorus fertilizers effect the radionuclides penetration reduction from soil to plant
products especially on soils with the low content of mobile phosphates. Taking into account
the phosphorus fertilizers deficiency and their high cost it is recommended for agriculture on
the contaminated territory to provide minimum of phosphorus fertilizers necessary for balanced
nourishment of agricultural crops with account of mobile phosphates content in soil.
The important role belongs to the regulation of the nitrogen feeding of plants. With the
deficiency of the available nitrogen in soil the harvest reduces and radionuclides concentration
in the products slightly increases. On the other part, the increased doses of nitrogen fertilizers
reinforce radionuclides accumulation in plants.
For optimization of nitrogen fertilizers doses in the radioactive contamination zone it is
necessary to do soil and plant diagnostics. The most effective in the sphere of harvest radionuclides and nitrates contamination reduction are new forms of slow-acting fertilizers - carbamide
and ammonium sulphate with humate additives and other biologically active components produced by Grodno PA "Azot". On the Gramineae sowings the application of preparations on
the basis of associative strains of nitrogen-fixing bacteria that allows to save 20-40 kg of mineral fertilizers for a hectare of sowing and reduce harvest contamination by 25-50 %.
Microfertilizers also contribute to the radionuclides penetration reduction to the agricultural crops though the mechanism of their action has been studied insufficiently. Minimal doses
of microfertilizers in the form of leaf-feeding sprays depending on microelements content in
soil and biological features of cultures are recommended. Into soil microfertilizers are placed
only with very low content of corresponding microelements.
Protection of plants. Measures on chemical protection of plants from pests, diseases and
weeds also lead to radionuclides accumulation reduction in products. The integrated plants
protection system allows to reduce by 10-40% the radionuclides transition to the plantgrowing products at the expense of the harvest increase (Fig. 4.9.). This method is especially
effective on cultivating potatoes on soils with Sr-90 contamination density over 18,5 kBq/m2.
Water regime regulation. Reclamation of water-logged lands is an important method of
radionuclides content reduction in the agricultural crops harvest. For the majority of peaty and
mineral bogged soils minimal absorption of radionuclides by plants is achieved with the level of
subsoil waters of 90-120 cm from the soil surface. The subsoil waters ascent, e.g., in the result
of the damage of the drainage network up to 35-50 cm from the soil surface leads to the radionuclides accumulation increase up to 5-20 times.
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Fig. 4.9. The effect of integrated plants protection system on radionuclides accumulation by
the harvest of the main agricultural crops ( percent to control,
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4.4. Animal production management. Rations and technologies of forage use
The scale and radioactive contamination degree of the territory by radionuclides determine
the difficulties of animal production management. To prevent the production of meat and milk
with Cs-137 and Sr-90 content level exceeding the permissible levels it is necessary to take into
account the regularities of these radionuclides transition from forage to milk and meat of the
cattle, sheep, pigs and poultry.
Cs-137 transition coefficient from daily rations into milk makes up on average 0,01 and
Sr-90 - 0,0014 Bq/1/Bq/rat. Radionuclides transition to cattle meat is characterized by coefficients 0,04 and 0,0008 Bq/1/Bq/rat. correspondingly. Radiocaesium transition coefficients from
daily rations to meat of pigs and sheep make up 0,25 and 0,15 Bq/kg/Bq/rat. correspondingly.
The total radiocaesium content in the ration on receiving unskimmed milk must not exceed
11 kBq per day. Sr-90 - 2,6 kBq and on production of milk-raw material for processing into
butter - 37 and 13 kBq correspondingly. On production of beef the total radiocaesium contamination of the daily ration must not exceed 15 kBq.
The technological separation of forage has been recommended depending on their radionuclides contamination degree and the possibility of different products output - unskimmed
milk, milk-raw material, meat. For alleviation of the practical use of recommendations there
have been calculated the norms of radionuclides permissible content in concrete forage for cattle on the basis of typical rations (Table 4.1.).
For the purpose of meat output corresponding to the food products radionuclides contamination permissible levels the certain scheme of young stock breeding and cattle fattening
has been used. So, on the first stage of fattening it is possible to breed young stock on grassy
and raw forage with increased radionuclides content. And further, the final fattening must be
done that includes cattle keeping for the period of 2-3 months before slaughtering on clean
forage or with low radiocaesium content (corn silo or corn green mass and concentrates).
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Table 4.1. Permissible radionuclides content in cattle feeds depending
on final products, (Bq/kg)

Products
Hay
Straw
Hay forage
Silo
Vegetable root crop
Grain
Green mass

Caesium-137
Unskimmed
Milk raw
milk
1480
1850
370
925
740
888
296
851
370
888
370
888
185
703

Meat
1850
1110
1110
555
370
592
296

Strontium-90
Unskimmed Milk raw
milk
259
1295
185
925
111
555
56
278
37
185
111
555
37
185

Separate pasturing of milk cows, fattening young stock and forage store must be carried
out on the basis of the forecasting of fodder crops contamination depending on soil contamination density.
4.5. Forecasting of agricultural products contamination
The forecasting of agricultural products contamination allows to plan the placement of
cultures on crop rotation fields with account of received products use ( food purposes, forage,
industrial processing, etc.).The forecasting is based on the radionuclides transition coefficients
into harvest of different crops, results of radiological and agrochemical investigation of soils in
the form of cartograms and agrochemical passports of fields. The forecasting is especially important in the use of pastures for milk herd on Sr-90 contaminated soils (Fig.4.10).
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Fig.4.10. The forecasting of the possibility of the animal products output with Sr-90 permissible content depending on soil contamination density
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So, with pasturing cows on natural fields unskimmed milk for immediate use can be received with soil contamination density: on loams - not less than 16 kBq/m2, sandy-loams - 12,
sands - 8 and peaty soils - less that 4 kBq/m2. Milk-raw for further processing can be received
with Sr-9O soil contamination density, up to 70, 60, 40 and 20 kBq/m2 correspondingly. With
higher density the cattle can be pastured only for fattening for meat. On the cultivated pastures
the permissible Sr-90 soil contamination density for milk herd pasturing increases considerably.
The forecasting of radionuclides content in agricultural crops with account of the peculiarities of each field and cattle farm has been made for farms of 11 most contaminated districts.
On this basis projects of protection measures forseeing the 1,8 - 2,0 times reduction of radionuclides penetration into food products have been prepared. The analysis of the projects has
shown that forage production in the contaminated zone for milk herd and receiving of unskimmed milk with permissible radionuclides content is possible on 86,6 % of arable lands,
75,4 % of improved hayfields and pastures and 36,3 % of natural meadow lands. On the rest of
the agricultural lands at present it is possible to produce forage only for meat production and
milk-raw. This underlines once more the leading role of soil cultivation in the reduction of radionuciides accumulation in the products.
In case when cattle is pastured on natural fields when it is impossible to receive milk and
meat with Cs-137 permissible content because of the high content in the forage, the introduction of caesium-binding preparations on the basis of Prussian blue into the cattle ration. The
application of ferrocyanides together with mixed feed for 40 days in doses from 1,0 to 6,0 per
head with radiocaesium content in the daily ration 37 kBq will allow to reduce 4,5 - 6,8 times
the radionuclides concentration in the muscle tissue of the cattle on its fattening for meat. The
results of the experiment showed also the high effectiveness of ferrocyn in salt lick for reduction of radiocaesium penetration from feed to milk (Fig. 4.11.).
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Fig. 4.11. Cs-137 content in milk in the result of use of salt lick pellets with ferrocyanide, Bq/I

In the republic there is organized the output of ferrocyanide preparations intended mainly
for cattle in the private sector where natural feed fields are used more often for pasturing. This
method allows to reduce radiocaesium content in milk 2-5 times.
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4.6. The efficiency of protective measures
In the application of protective measures on the radioactively contaminated areas two
stages can be singled out: the first one - 1986-1991 and the second - since 1992 up to present.
In the first stage highly contaminated lands where it was impossible to obtain agricultural
products with the permissible radionuclides content were excluded from use. Cultures accumulating a lot of radionuclides have been excluded from sowing cycle, liming of acidic soils has
been conducted, increased doses of phosphorus and potassium fertilizers have been applied. On
swamp sites the drainage and deep turf plowing, sowing to grass and re-sowing of hayfields
and pastures has been carried out.
The conducted protective measures allowed to reduce the radiocaesium penetration into
agricultural production on average 4 times. As a result production of milk with excess of permissible radiocaesium content in the public sector decreased from 524,6 thousand tons
(13,8 %) in 1986 to 22,1 thousand tons (0,7 %) in 1991 and has been practically at this level
(0,3 - 0,6%) in subsequent years (Fig. 4.12.).The quantity of contaminated meat decreased
from 22,1 thousand tons (4,3 %) to several tons in 1993-1994. Practically all grain and meat
meet the requirements of the republican specifications, however, radionuclides content there
exceeds many times the pre-accident level.
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Fig. 4.12. Dynamics of milk and meat production in the social sector of Belarus with radiocaesium content over permissible levels, thousand tons

The radiostrontium penetration into food products has fallen twice for the post-accident
period. Although the availability of Strontium-90 for plants still remains high, with a tendency
to increase.
Thus, relatively high efficiency of the large-scale protective agricultural measures implemented primarily in the public sector of the republic is obvious. However, a problem of safe
residence for population and obtaining food products of high quality is still from being solved.

65

The major reason is that agriculture has not been allocated sufficient resources for overcoming
the catastrophe consequences. Despite a significant volume of already executed work, it is
needed to neutralize increased acidity and to improve potassium conditions on the half of
meadows and 20 % of arable land. It is necessary to regulate water conditions and improve
surface of swamped and underproductive pastures and hayfields where primarily privately
owned cattle graze.
Since 1992 the second stage of detailed oriented countermeasures in agriculture with account of the peculiarities of every field and cattle farm has been carried out. Methods of reduction of plants growing products contamination at the expense of mineral feed regulation,
bacterial preparations application and new forms of fertilizers are used
In cattle breeding there is envisaged the technological separation of feed depending on
their radionuclides contamination degree, rations rating with the use of additives reducing radionuclides content in milk.
There have been worked out the programmes of agricultural production for the farms of
11 the most contaminated districts foreseeing 1,8-2,0 times reduction of radionuclides penetration into the food chain. The Ministry for Emergencies and population protection from the
Chernobyl NPP catastrophe consequences for the last years has begun to realize priority financing of agriculture protection measures. However, in connection with the economic crisis
the total volume of financing in 1993-1995 has been provided for only 30 % of needs.
For the last three years the volume of works on acid soils liming have been reduced. Practically within 1994 less than a half of the required territory has been limed, this work has
slightly improved in 1995 as well. As a result, in every fourth farm of Gomel region there is
acidification of soils, and in this connection the increase of radionuclides penetration from soil
into forage grass , especially Sr-90 into perennial herbs is possible.
Due to the economic conditions the application of mineral fertilizers has reduced 4 times,
organic - by 40 %. This has led to incomplete agricultural crops harvest for one-third, to the
loss of soil fertility and the growth of a very dangerous tendency of the increased radionuclides
transition to the plant-growing and animal products.
In the radioactive contamination zone there are large massifs of bogged and temporarily
water-logged soils that make up 37 percent of all the agricultural lands. About two thirds of
the bogged lands have been reclamated for the last thirty years, however, the considerable part
of the drainage network needs reconstruction and repair. New meliorative construction has
been reduced. In 1994 selective reclamation was planned on the territory of 30,7 thousand
hectares but due to the lack of financing meliorative works have been done on the territory of
only 6,5 thousand ha. More and more acute is the problem of the secondary swamping of the
reclamated lands. With the lack of investments for reconstruction of drainage system in the
nearest ten years considerable areas of reclamated lands can be swamped, and the radionuclides
transition to grassy feed, milk and meat will many times increase. The maintenance of the
drainage system in the working state on the contaminated areas is of great priority and must be
under the control of the State.
Particular concern cause the food products quality produced in the private sector. For the
last two years in more than 500 settlements there have been periodically registered the cases of
milk production with radionuclides content over permissible levels. The specific weight of
tests of milk and meat made in individual farms in 1993-1995 not corresponding to the permissible levels made up 10 %. As a whole, in 1991-1995 up to 10-25 % of food tests of local
production brought by local residents for control for Cs-137 content exceed permissible level.
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In the most affected Khojniki, Bragin, Narovlya and Chechersk districts and in the public
sector the considerable part of feed is produced with Cs-137 content exceeding permissible
levels. Mainly, (up to 80 %) feed grass contamination is observed on soils with Cs-137 contamination density over 555 kBq/m2. The share of the produced milk with Cs-137 content over
permissible index in 1993-1994 on average in 4 districts made up 11 % (Table 4.2.).
Table 4.2. Production of milk with Cs-137 content over permissible level in
the public sector of some districts of Belarus
Districts
Bragin
Narovlya
Khojniki
Chechersk
Total

||

% from the total quantity of milk
Tons produced/population
1993
1994
1994
1993
2167/18799
1491/17828
8,8
9,7
915/11921
730/11465
19,3
20,8
104/24908
416/24523
0,7
2,8
511/18455
815/18050
5,8
8,6
3697
11,0
3452
||
10,7

Table 4.3. Plant-growing production in the public sector
Districts

1990 in % to 1985

1985

1994 in % to 1985

Grain, thousand tons
Belarus
Gomel region
Bragin
Narovlya
Khojniki
Chechersk

5719
987
57
21
41
41

122
107
85
91
99
84

100
89
52
48
78
72

104
36
24
42
63

114
14
12
21
21

Potatoes, thousand tons
Gomel region
Bragin
Narovlya
Khojniki
Chechersk

1170
78
28
50
46

Harvesting from plowed field, c/ha per unit
Belarus
Gomel region
Bragin
Narovlya
Khojniki
Chechersk

37,4
40,0
41,4
36,4
42,6
41,1

122
110
116
122
115
103

85
77
72
58
86
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Harvesting from meadows, c/ha per unit
Belarus
Gomel region
Bragin
Narovlya
Khojniki
Chechersk

108
109
97
120
111
110

18,7
19,5
23,4
14,5
21,6
20,6

67

88
80
68
59
75
59

The economic crisis has aggravated the Chernobyl catastrophe consequences in Belarus.
Even with the permissible radionuclides comment the agricultural products for the last years
often become non-competitive. The crisis phenomena to greater extent have been revealed on
the contaminated areas. Before 1990 the agricultural production did not decrease in comparison with the pre-accident 1985. The reduction of grain and potatoes production in the most
affected regions is connected only with the alienation -of lands, the productivity of plowed
fields and meadows even grew higher. (Table 4.3.). But for the period 1991-1994 there occurred the sharp decrease of all agricultural crops productivity, especially the production of
grain, potatoes and green feed on meadows. To a greater degree in the affected districts there
reduced meat and milk production. For example, in Narovlya district this decrease was as
twice greater than in Belarus (Table 4.4.).
Table 4.4. Milk and meat (in living weight) in the public sector production
Milk
District
Belarus
Gomel region
Bragin
Narovlya
Khojniki
Chechersk

1990
(thous.t)
7457
4213
38,4
16,2
33,9
28,7

1994 in % to
1990
74
64
52
30
52
43

1990
(thous.t)
1758
282
8,2
5,0
8,1
5,3

Meat
1994 in % to
1990
64
57
48
38
40
43
L

The main reason - is the outflow of young specialists and also the reduction of the state
aid to the farms of the contaminated zone. Heavy financial state of the farms and disproportion
of prices that caused unprofitableness of the animal production forced the early cattle slaughtering and to reduce livestock of cows and pigs even in the private sector of Narovlya, Khojniki and Chechersk districts whereas in the republic the number of cows in individual farms
has increased (Table 4.5.).
Table 4.5. The change of livestock
District

Belarus
Gomel region
Bragin
Narovlya
Khojniki
Chechersk
Belarus
Gomel region
Bragin
Narovlya
Khojniki
Chechersk

Public sector
1990
1994
thous. heads
in % to 1990
Cows
1749
84
312
76
70
12,1
5,0
46
10,3
57
10,8
54
Pigs
3569
72
498
92
15,2
34
12,5
74
7,0
44
30
14,8
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Private sector
1990
1994
thous. heads . in % to 1990
681
99
2,4
1,1
1,2
2,7

106
97
96
64
67
74

1521
243
8,2
4,2
13,1
7,0

100
98
100
93
66
86

At present there increases the importance of economic basis of the protective measures
priority, in the first turn directed to the decrease of radionuclides penetration into the food
products, reduction of the net cost and improvement of the produced agricultural products
quality. This is possible on the basis of the State programme of protection support and increase
of soil fertility.
For the purpose of reduction of exposure doses of population and production of competitive products there is conducted the study of economic and technological aspects of cultivation
of technical crops on the contaminated areas - rape, sugar beet, sunflower, modernization and
expansion of the available industrial plants for processing of oil-yielding crops for technical
purposes, potatoes and grain for starch and alcohol. The solution of these problems requires
development of international co-operation and drawing investments.
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CHAPTER 5
DECONTAMINATION
THE MAINTENANCE OF ALIENATION AND SETTLING OUT ZONES
5.1. Decontamination
In the period 1986 - 1989 after the catastrophe the mass decontamination of the settlements on the contaminated Belarussian territories was carried out by special divisions of engineering troops and civil defense. Outside the 30 km zone about 500 settlements were decontaminated, moreover, 60 % of them - 2-3 times. That work included removal of contaminated
ground and re-filling by clean ground, dismantling of contaminated installations not being subjected to clean up, asphalting of streets, ways, sidewalks, replacement of roofing. 7,3 *106 m3 of
soil was removed and buried, l,57*106 mJ of clean ground was re-filled.
As a result, it became possible to achieve some improvement of radiation situation. However, the full decontamination of the settlements, agricultural and industrial objects to create
normal life conditions appeared to be unreal because of the fact that necessary scales of work
exceeded the possibility of their realization. Since 1989 the scales of decontamination were reduced and the main protection measure was resettlement.
At present, the limited decontamination work on the most important installations of life
sustenance and their territories is being implemented.
In first place such socially important installations as children's pre-school institutions,
schools, medical and rehabilitation establishments, rest zones and places of people's mass stay,
enterprises belonging to the food-processing industry and other industrial installations, local
spots of abnormally high contamination in people's residing places are to be decontaminated.
The criteria for intervention are "Temporary control levels of radioactive contamination
for adopting decisions on decontamination works", coordinated by the National commission on
radiation protection and confirmed by the Chief state sanitary doctor of the Republic of Belarus.
In 1991-1995 the clean up of territories of more than 150 installations (the clean up area
amounts to 450 thousand m 2 ) was carried out and 480 more installations (including industrial
enterprise territories) were shown to be subject to decontamination (not taking into account
individual farms). The clean up of 390 ventilation systems at 21 enterprises was conducted.
Not less than 1300 units of the industrial equipment were discovered to be subject to decontamination. It is planned up to 2000 to complete mainly decontamination of socially important
installations, industrial equipment and to begin decontaminating individual farms.
The important directions of work are: prevention of unsanctioned exportation of contaminated materials from the alienated territories, reduction of fire hazard, and radionuclides transition connected to fires, demolition, concealment of buildings in the zones with Cs-137 contamination density over 555 kBq/m2. For the years 1991-1995 68 settlements have been demolished and about 11 thousand individual farms are subjected to concealment. At the same
time the processing and the subsequent use of materials and building constructions with strict
radiation control is foreseen.
The normative documents worked out earlier in the USSR for regulation of works with
radioactively contaminated waste could not cover all the specificity of problems connected to
usage of the decontamination waste of Chernobyl origin. For the purpose of formation of the
state normative-legislative base for enterprises dealing with decontamination works and han-
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dling the decontamination waste in 1992-1995 on the basis of the national and international
experience the complex of normative and organizational-methodical documents (sanitary rules,
regulations, methods, instructions) was developed.
In Belarus before the accident there was no industrial base for handling the decontamination waste. There was only one place for radioactively contaminated waste concealment that
due to its small volume and placement could not be used for the placement of waste of Chernobyl origin. At present in Belarus on the contaminated areas there is a network of points of
decontamination waste concealment. The exploratory works have been carried out, recommendations for the placement of fields for radioactively contaminated waste concealment have
been worked out.
With decontamination of installations and demolition of buildings about 26 thousand tons
of hard waste is formed per year that require concealment in special storage pits. Besides, with
decontamination of industrial equipment up to 20 tons of liquid radioactive waste is formed
annually that require processing and subsequent immobilization of the hard residue. To that it
is necessary to add the considerable amount of decontamination waste and life activity waste
with lower contamination level that was established for hard radioactive waste because they
may be dangerous for people and environment due to the large volumes of their accumulation.
Annually on the territory with Cs-137 contamination level over 37 kBq/m2 in the result of
the use of local types of fuel 18 thousand tons of ashes are formed, 12 % of which have
Cs-137 contamination level from 970 to 9700 Bq/kg, and 75 % - over 9700 Bq/kg reaching in
some cases 500 kBq/kg.
On the sewage installations of the settlements situated on the territories with contamination density over 185 kBq/m2 more than 30 thousand cubic meters of sewage sediments are
formed annually, the level of Cs-137 contamination of which reaches 27-60 kBq/kg. Incidentally, the summarized content of radiocaesium mobile forms in sewage waters makes up 2045 % that approximately is much higher than in soil.
The high mobility of Cs-137 in sewage waters sediments formed on the contaminated territory may lead to the secondary contamination of environment. The estimation of migration
processes in the places of accumulation of radioactive sewage sediments (silt sites, filtration
fields, bioponds) shows that radiocaesium can reach subsoil water in concentrations exceeding
permissible level for drinking water. According to forecasting estimations this can happen on
the filtration fields with sandy beds - in 14 years, in bioponds with the soil protection layer
depth up to the level of subsoil waters of 6m - in 30 years, and on the silt sites with natural
bottom - in 8 years. Thus, in the places of radioactive sediments of sewage waters accumulation there exists a real danger of subsoil waters contamination in the nearest future.
Due to the absence of the acceptable technological solutions and lack of financing the
problems cf insulation of the mentioned wastes have not been solved till the present time.
The final stage of the radionuclides contaminated waste handling is their reliable insulation. It is accepted that depending on the activity the concealment must be carried out : in the
points of concealment, points of concealment of decontamination waste and materials radioactively contaminated in the result of the Chernobyl NPP catastrophe and places of concealment
of the demolition buildings and installations waste on the settled out territories.
At present on the territory of the resettlement zone there are 7 (in Gomel and Mogilev regions) acting points of concealment of decontamination waste done according to the typical
projects the volume of each makes up 30-50 thousand m3. In Brest region due to the absence
of the points of concealment 10,4 thousand m3 decontamination waste are kept on the temporary sites and must be removed to the points of concealment of decontamination waste. Their
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construction is conducted in Stolin district and is planned in Luninets district. The unfilled volumes of the points of concealment of decontamination waste make up about 120 thousand m"'
that can provide decontamination works within 1,5-2 years. For decontamination waste concealment for the following period it will be necessary to commission some more points of decontamination waste concealment with the volume up to 120 thousand m3 that will require additional considerable expenditures.
The serious problem is providing safety of the points of concealment formed in 19861989. Their creation was carried out in extreme conditions of the Chernobyl catastrophe consequences without the detailed account of the hydrogeological consequences. The majority of
points of concealment do not have engineering protection barriers, some part of them is in the
swamps water area, the Pripyat, Sozh and their tributaries bottom lands in places with the high
level of subsoil waters standing. Many of them are thawed out periodically that represents potential ecological danger. On the territory of the republic there have been revealed 69 points of
decontamination waste concealment, works have been done for their examination and certification. The top priority measures for safety of waste concealment in these points-their covering with a ground layer, fencing on a perimeter, placement of signs of radiation danger have
been realized.
The analysis of forms of radionuclides state in the decontamination waste (Fig. 5.1.) has
shown the considerable differences of correlation of water-soluble and exchange forms of Sr90 for different zones of radionuclides fall-out. The tendency was revealed for increase of Sr90 mobile forms s shares that can lead to the further growth of its migration to the subsoil waters. In this connection on the 11 concealment points that embrace practically all the spectrum
of characteristic natural and construction-technological conditions of contamination waste
keeping, in 1993-1994 there have been created the system of observation for the processes of
radionuclides migration.
Incidentally, there has been registered the increased (10-15 times) Cs-137 and Sr-90 content in the subsoil waters and the protection ground layer under the bottom of concealment
points in comparison with control measurements that testifies to the processes of radionuclides
migration to the side of water-bearing horizon.
5.2. The maintenance of alienation and settling out zones
The formation of principles and strategy of the maintaining territories contaminated with
radionuclides due to the Chernobyl NPP catastrophe, was carried out differentially for the two
main regions - zone of alienation and zone of settling out.
The alienation zone is a compact region with an area of about 170 thousand ha. The residing population was evacuated during May, 1986. Since May 1986 the land of the alienation
zone has been removed from economic turn-over. The Polessye State Radiational-Ecological
Reservation has been established there. The main'tasks of the Reservation are: realization of
measures on prevention of radionuclides transition to the less contaminated areas, protection of
forests from fire, the study the natural-plant complexes state and radiational-ecological monitoring.
The results of the observation allow to conclude that the radioecological situation in the
given region is determined not only by the high Cs-137 and Sr-90 contamination density but by
the presence of long-lived transuranium isotopes in the ecosystems. That is why the main ter-
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ritory of the alienation zone can not be returned to the economic turn-over even in the remote
perspective.
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Fig. 5.1. The correlation of forms of radionuclides state in the decontamination waste

The modern state of ecosystems and economic infrastructure of the alienation zone as well
as the zone of settling out, is characterized by the degradation processes of the former agricultural lands, meliorative systems, roads, recurring swamping of the territories, bushing of
meadows and also by unsanctioned dismantling of buildings and installations. There are cases
of unauthorized re-evacuation of the inhabitants and self-inhabiting of the left residential
buildings by people, who did not live there earlier. In the forests and on water basins the cases
of offendering have been cut short.
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For the alienation territory "The concept of the maintaining of alienation and settling out
zones" envisages the following activities: creation of scientific fields; control of water regime
of the territories under the conditions of terminated use of meliorative systems; approbation of
organizational and technical solutions on the economic activity restoration with the use as
separate high fertility fields; organization and improvement of the system of counteraction activities as well as establishment of an effective fire service for forest and peatbogs fires; fulfillment of the work deforesting of lands subjected to water and wind erosion.
As opposed to the zone of alienation strictly limited economic activity is conducted on the
territory' of the zone of settling out connected to the maintaining in the working condition of
roads, electric lines, and other objects that are of economic significance.
The agricultural lands of the settling out zone are characterized by heterogeneous soil
cover and the fertility level from 16-30 to 55-60 points. The radionuclides soil contamination
makes up from 37 to 1480-5400 kBq/m2 on Cs-137 and from 11 to 222 kBq/m2 on Sr-90. The
plutonium isotopes content is relatively low and is concentrated in the part of the zone adhering to the Chernobyl NPP.
According to the radionuclides contamination density of agricultural lands there have been
allocated three groups of lands. The first group is represented by 67 thousand ha of agricultural
lands with Cs-137 contamination density less than 555 kBq/m2 and Sr-90 - less than
74 kBq/m2. The part of such lands with the prevalence of loamy and sandy loam soils may be
included into the agricultural use on the first stage of rehabilitation.
The second group of about 50 thousand ha with Cs-137 contamination density of 5551480 kBq/m2 and Sr-90 of 74-111 kBq/m2 also can be used in the agricultural production but
will require large expenditures on reclamation and realization of other agrochemical measures.
The lands of this group can be partially developed on the fist stage of rehabilitation for sowings
of grain, rapes and feed crops for milk and meat production. The inclusion of the lands into the
agricultural turn-over is possible only on the second stage of rehabilitation. Practically in the
perspective it is possible to develop only that small part of the territory of settling out where it
is necessary to maintain the housing facilities and production infrastructure. The rehabilitation
of settled out territories requires state financing as in the first years the net cost of the agricultural production on the recultivated lands will considerably exceed the realization costs even on
the soils with high fertility level.
Sandy and loose-sandy loamy soils with the quality index less than 30, lands requiring
wood meliorative protection from water and wind erosion and also the lands of the third group
with Cs-137 contamination density over 1480 kBq/m2 and 111 kBq/m2 on Sr-90 should not be
planned for agricultural usage.
Low fertility lands of the settling out zone inadequate for agricultural production are given
over to forestry enterprises and are subjected to afforestation.
One of the main problems of maintaining the zones of alienation and settling out is the
struggle against forest fires. For this purpose the following measures have been realized: establishment of mineralized borders on quarter rides; plowing around the settled out villages on
the perimeter; construction of fire prevention water basins; maintaining roads leading to the
most fire dangerous sites of the zone in the working condition; flood of the part of peatmassifs;
aviation and ground patrol; creation of fire-chemical stations.
The guarding -regime measures are carried out in the zones of alienation and primary and
subsequent settling out (over 555 kBq/m2) for the purpose of prevention of the unauthorized
penetration of citizens, uncontrolled exportation of freights and also to provide the necessary
sanitary and fire service state. Providing of these measures is realized by systematic patrol,
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control-points functioning on the main cross-roads within the perimeter of the zone boundaries, application of guarding-regime installations and signs.
***
Thus, in Belaais there have been realized a large volume of works on decontamination,
radioactive waste concealment and settlements accomplishment that made up the considerable
part of expenditures on the overcoming of the catastrophe consequences. The crisis state of the
economy at present does not allow to realize the protective measures at a full scale. However,
decontamination of the settlements will be continued.
The main direction of work is the rehabilitation of the contaminated territories aimed at
the gradual return of the population to the former way of life and economic activity. This concerns first of all, the territories where people live now. The process of rehabilitation will require not only new conceptual approaches and concrete solutions but the use of the positive
from the accumulated experience as well. The increase of efficiency of decontamination measures requires the creation of improved technologies complex with regard to the whole cycle of
handling the decontamination waste.
In the future special attention should be paid to the measures on providing safety for the
points of decontamination waste keeping and continue the investigation of radionuclides migration to the subsoil waters for opportune undertaking of corresponding countermeasures up
to repeated concealment.
At present the maintaining of the alienation zone territory is possible in the regime of reservation with realization of the necessary sanitary, fire-protection and other measures.
The restoration of the economic activity on the territory of the zones of primary and subsequent settling out requires profound scientific and methodical elaboration determining the
priority directions of works in the concrete regions with regard to the whole complex of social
and economic factors and optimization of actions according to the "profit - harm" principle.
For the improvement of the maintaining regime of the alienation and settling out the following main problems are being solved in the republic:
• Perfection of the protective-regime measures;
• Development of long-term strategy of rehabilitation of the contaminated territories;
• Perfection of legal base of the economic activity on the territory of the radioactively
contaminated zones;
• Providing safety of the historic-architectural monuments, etc.
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CHAPTER 6
SCIENTIFIC PROVISION OF THE PROBLEMS OF OVERCOMING THE CHERNOBYL CATASTROPHE CONSEQUENCES
The Chernobyl NPP catastrophe has put a number of the most complicated ecological,
medical, agricultural, economic, social, legal, demographic and other problems before the state.
All the available scientists and experts of the corresponding specialty have been attracted to
participation. For coordination of the scientific research the scientific and technical Council
and by the Presidium of the Academy of Sciences - operative group have been formed.
The main task at the first stage after the accident was the estimation of the radiation situation and working out emergency measures for reduction of the negative effect of the radiation
on the man's organism. The scientists of the Academy of Sciences, the Ministry of Health, the
State Committee on Agricultural production, the Ministry of higher education and other departments of Belarus took part in the solution of these problems.
The results of the investigation have allowed to draw the cartogrammes of the radioactive
contamination of the Belarussian territory that became the basis for the solutions adopted by
the Government including settling out of the inhabitants of the affected territories, building of
new housing facilities, radiation safety norms, etc.
However, it was obvious that for elimination of the accident consequences it is necessary
to realize not only emergency primary measures but adoption of long-term scientifically substantiated measures as well. The available international experience of the liquidation of the nuclear incidents consequences did not allow to work out clear recommendations for the solution
of the problem of such a scale. The Programme of complex investigations on the problems of
liquidation of the Chernobyl catastrophe consequences has been worked out and approved. It
has envisaged the carrying out of scientific - research and experimental designing in four main
directions:
• The research of the radioactive contamination of the ecological systems, genetic and
physiological and biochemical estimation of its possible consequences;
• The elaboration of the technology and ways of agricultural economy under the conditions of the radionuclides contamination of the environment;
• Investigation of the radiation influence on the functional systems of the organism, beginning and the course of man's disease, working out of diagnostics and treatment
methods;
• elaboration of technologies of reduction of the radioactive contamination of the environment and separate installations, methods and means of radiometric and dosimetric
control.
It is necessary to note that prior to the accident Belarus had practically no scientific teams
specializing in these fields. Research was primarily concentrated in Russia.
The Government had to create specialized scientific establishments, to organize personnel
training. In the republic there were established the Institute of Radiobiology of the Academy of
Sciences of Belarus (Minsk), the Research Institute of Radiation Medicine (Minsk) with its
three branches in Vitebsk, Gomel and Mogilev, the Belarussian Institute of Agricultural Radiology (Gomel). In the solution of the problems arisen practically all scientific and higher educational establishments that had required specialists and material base took part. In particular,
the Institute of Nuclear Energetics of the Academy of Sciences, Belarussian State University,
the Belarussian Research Institute of Soil Science and Agrochemistry, Belarussian Research
Institute of Hematology and Blood Transfusion, the Institute of Oncology and Medical Radi-
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ology and many others. The majority of the scientific teams solved the problems on the voluntary base.
The coordination of the efforts of the scientific institutions within the framework of the
programme has allowed to transfer from the fulfillment of the operative tasks to systematic
planned research of the accident consequences for the purpose of the working out of measures
for their minimization. The Programme has been implemented by 18 institutes of the Academy
of Sciences and more than 20 scientific and higher educational establishments of the Ministry
of Health, the State Committee on the Agricultural Production, the Ministry of Education and
other institutions of the republic. On the basis of this interrepublican programme there has been
worked out the Complex Programme of scientific research on the overcoming of the accident
consequences in Belarus.
For the fulfillment of its tasks the annual plans of research work have been made up and
approved by the Academy of Sciences and the Council of Ministers Commission on the problems of the Chernobyl catastrophe consequences. The course and results of these works have
been regularly discussed at the special republican and international seminars, sessions and
conferences and the conclusions and suggestions have been presented to the Government.
At the same time there have been created and approved the programme of monitoring and
forecasting of the radiational situation in the republic.
To sum up, the complex estimation of the radiation-ecological situation in the republic has
been made, the radionuclides forms in different ecosystems have been defined, the main ways
of their migration, there have been received the first results on the effect of the situation on the
functional systems of the organism, morbidity of the population, the complex of medical and
prophylactic measures have been realized, there have been prepared a number of recommendations on the agricultural works on the contaminated territories, rational nature use, the ways of
decontamination and cleaning from radionuclides of the environmental objects, the primary
forecasting of the radioactive contamination dynamics for the nearest future has been done.
The gained results have become the basis for realization of protective measures, elaboration of the concept of the population residing in the radioactively contaminated territories, the
confirmation of more strict norms of radionuclides content in food products and drinking water, prohibition and restriction of a number of economic activities on the affected territories
and others. They became the basis for the working out of the State Programme of its consequences liquidation for 1990-1995 that was approved at the XII session of the Supreme Soviet
of Belarus on October 26,1989.
There is a special chapter that foresees the scientific provision of the works. For coordination of scientific research there was created the Co-ordinate Council established on
13.12.89 by the Commission of the Presidium Of the Council of Ministers of Belarus on the
problems of scientific and technical progress.
At present in the republic there are personnel of its own and scientific schools on all the
main fields connected to the problems of radiation effect on the man and environment.
The research works are carried out in the following directions:
• radiation protection of the population;
• health of the population affected by the Chernobyl NPP catastrophe;
• complex radiation-ecological estimation of the environment, conditions of the life activity of the population;
• rehabilitation of the contaminated territories;
• instrumental and methodical provision of the radiation control.
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The researches in the field "Radiation protection of the population" are oriented for the
elaboration of methods and means of reduction of the radiation risk, stipulated by the radioactive fall-outs, h) means of reduction of the individual and collective exposure doses on the basis of the special protective measures. Within the framework of this field the dose monitoring
of the population is carried out, the complex of measures on effective land use , reduction of
radionuclides contamination of the agricultural products is being improved and optimized,
complex technologies, ways and means of processing and concealment of radioactive waste are
being improved, recommendations on the reduction of radiation effect on the population and
normative acts on radiation protection are being worked out.
The study of the health state of the population affected by the Chernobyl NPP catastrophe
is directed to the verification of data on morbidity dynamics including hematological and oncological morbidity, the state of immune, endocrine and other systems of different categories
of the affected population, working out the new methods and means of diagnostics, treatment
and prophylactics of the disease. On the problems of mothers and children protection under
the conditions of the effect of the Chernobyl catastrophe consequences there have been
worked out and introduced new methods of treatment and prophylactics of diseases of pregnant women and children affected by the Chernobyl NPP catastrophe. The study of genetic
consequences of the accident for the purpose of prevention of the birth of children with congenital defects, reduction of mortality and hereditary diseases is carried out and will be continued.
The complex radiation-ecological estimation of the environment, living conditions is directed to the investigation of dynamics and forecasting of radiation situation in the settlements
and environmental objects, the study of processes of interaction and development of natural
complexes and ecosystems in the radiation-ecological situation. There have been studied the
mechanisms and consequences of the chronic effect of small radiation doses on flora and fauna,
combined effect of ionizing radiation and other injuring factors on the organism, the ways of
correction of the revealed disorders are work. 1 out. There are estimations of the contamination of environment and separate ecosystems by radionuclides from the Chernobyl catastrophe
and nuclear plants, situated on the borders of the republic, fall-outs. Monitoring works allow to
verify short-term and especially, long-term forecasting of redistribution of radionuclides in the
ecosystems, build forecasting cartogrammes of different themes and scale, to work out recommendations for different branches and institutions on rational and safe nature use on the
contaminated territories.
The aim of investigations conducted within the framework of "Rehabilitation of contaminated territories" is the elaboration of scientifically substantiated projects of rehabilitation of
the concrete administrative districts and settlements on the contaminated territories of Gomel
and Mogilev regions. This task has a complex character and requires the generalization of the
investigation results in all other fields, their profound, systematic analysis aimed at the provision of complex, optimized solution of medical, radiation-hygienic, social-economic and sociopsychological problems caused by radiation catastrophe. The investigation results in this field
are the basis for planning and realization of practical measures on providing normal life activity
in the affected regions.
For the purpose of creation of radiometric and dosimetric base in the republic on December 21,1990 the Republican scientific and technical programme on design and output of apparatuses and equipment for providing radiometric and dosimetric control has been approved. In
the result of the realization of the programme there has been worked out and organized the industrial output of modern gamma-radiometers "Adani", "Vityaz", RKG-01A and -02A,
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gamma-spectrometers "Prypiat", MKG -01A and others, beta-radiometers RUS-91, RUB-91,
R1S-01 A, etc. Mobile spectrometers for determining radiocaesium content in the man's organism have been manufactured.
There has been accumulated considerable and unique factual material about the results of
radiation effect on man, flora and fauna, components of the environment. There have been determined the radiation doses and the combined effect of radiation and chemical factors are being investigated, clinico-epidemiological and medico-genetic estimation of the population's
health state has been done. Technologies for agriculture under the conditions of the radioactive
contamination have been worked out and introduced. The normative base for decontamination
works and radioactive waste concealment has been created.
The acquired experience on organization and realization of measures in case of nuclear incident on reduction of its negative effects is of great importance.
The scientific research conducted within the framework of the State programme have allowed to estimate objectively ecological, medical, economic and social catastrophe consequences, to propose the number of measures aimed at their minimization.
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CHAPTER 7
INTERNATIONAL CO-OPERATION
The problems born by the Chernobyl catastrophe have a global character not only because
of their negative consequences but also from the point of view of the large scale of measures
that are necessary for their mitigation.
Effective overcoming of the catastrophe consequences can be contributed by constructive
international co-operation, attraction of intellectual and material resources of international organizations, separate countries, scientific-research centers to the solution of the most complex
problems that have arisen. Such collaboration is mutually beneficial. It gives an opportunity to
increase significantly the scope of knowledge on ecological, economic, medico-biological, social, demographical catastrophe consequences and helps in accumulating of the scientific data
and international experience on practical realization of countermeasures in conditions of wide
scale radioactive contamination.
During organization of international co-operation on Chernobyl problems the Republic of
Belarus adheres to the following principles:
• Scientific pluralism, due regard for alternative valuations, conclusions and recommendations of the experts;
• Diversity of directions and means of interaction;
• Mutually agreed participation of the three most affective states - Belarus, Ukraine,
Russia in realization of international projects and programs.
In the resolution 45/190 "International Co-operation to address and mitigate the consequences of the accident at the Chernobyl Nuclear Power Plant " adopted at the 45th UN
General Assembly session (1990) organizational basis of international co-operation on Chernobyl problematic were fixed. These questions still are in the agenda of the UN major agencies.
Basing on the list of assistance requirements prepared by the governments of the affected republics in March 1991 " A UN Joint Plan on International Co-operation to address and mitigate the consequences of the accident at the Chernobyl Nuclear Power Plant" has been created. 131 project proposals demanding 646,5 mln. US dollars have been included into it. With
the purpose of concentration of international efforts on the important directions of the catastrophe consequences overcoming there were the priority spheres of co-operation determined:
• Public health service: establishment of medical centres for examination and treatment
of children and adults, complex equipment of medical establishments in the zone of
contamination;
• Economic rehabilitation: development of the documents, determining special economic
conditions and stimulus for foreign investors;
• Socio-psychological rehabilitation of children and teenagers;
agriculture and foodstuff: manufacture of clean food products, baby food and those containing
special additives.
Regretfully the plan has not been realized and only testifies to the scale of those problems
that must be solved.
According to the Communique on the quadripartite negotiations of the delegations of the
Republic of Belarus, Russian Federation, Ukraine and the UN Deputy Secretary General, the
UN Co-ordinator on Chernobyl (1993), additional efforts on realization of the intermediate and
long-term projects within the framework of the earlier agreed priority directions have been un-
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dertaken. The Quadripartite Committee with the participation of the ministers of the
"Chernobyl" establishments of Belarus, Russian Federation, Ukraine and the UN Special Coordinator has been established for more effective co-ordination of the wide-scale efforts of the
UN programmes. Inventory of the UN Joint Plan projects has been conducted. The Republic of
Belarus submitted 41 projects on the following fields: "Health", "Economic rehabilitation",
"Socio-psychological rehabilitation", "Food and agriculture", "Environmental monitoring and
clean-up", "Lessons from the Chernobyl experience". By today the following projects have
been developed:

Thyroid gland

World Health Organization (WHO)
Hematology
Epidemiology
register

Cerebral affection
in the womb

International Atomic Energy Agency (IAEA)
Food and Agriculture Organization (FAQ)
Technical report:
Evaluation of radiological effects and protective measures

Prussian blue
(Boluses use)

Radiation
monitoring
stations

Technical report:
Countermeasures
in Agriculture

United Nations Industrial Development Organization (UNIDO)
The industry condition reviev/ in the affected regions of the Republic of Belarus

United Nations Education, Science and Culture Organization (UNESCO)
United Nations Children's Fund (UNISEF)
Centers for sociopsychological rehabilitation

School equipment and materials

Ultra-sound equipment and iodine
capsules

Foreign languages
training for the Chernobyl
specialists

In May 1991 the World assembly of public health approved establishment of a voluntary
financed International program on reduction of the effect on the population health in the result
of the Chernobyl NPP catastrophe consequences (IPHECA) under the World Health Organization (WHO) auspices and has given to this activity an official status.
The World Health Organization provided the necessary equipment, significantly assisted in
organization of informational provision and personnel training.
The result of the UN Industry Development Organization (UNIDO) mission was the
base project of the 'Review of the conditions of the industry in regions of the Republic of Belarus affected as a result of the Chernobyl accident" (November 1993 - February 1994). In the
course of the project realization a detailed and objective analysis of the economic situation in
regions affected by the Chernobyl accident consequences has been conducted. There were
made 19 draft proposals, relating and perspective branches of the industry and enterprises of
the affected regions.
Within the framework of the UNESCO-Chernobyl Programme in Belarus there have
been established 3 centers of socio-psychological rehabilitation of the affected population ( Aksakovshchina, Pershaj, Streshin. The Institute of Radiation Medicine was supported with medical equipment, school and sports equipment was delivered to schools of Gomel region. Assistance has been organized in foreign languages training.
The technical co-operation program with the International Atomic Energy Agency
(IAEA) includes projects dealing with the radiation monitoring problems, technologies of agri-
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culture production on soils contaminated by radionuclides, strengthening of nuclear and radiational safety infrastructure etc. IAEA assists in training of personnel and organization of information exchange (there has been established a national INIS center, up to 20 scientists annually
participate in international seminars, training courses, etc.). Besides, taking into account the
specificity of this authoritative organization we would like to expect the increase of its interest
to the problems of the consequences of the largest radiational catastrophe.
The assistance to the Institute of Construction had been rendered by the United Nations
Centre for Human Settlements (HABITAT) in application of new technologies and methods
for planning and use of territories in connection with the resettlement of the population from
the areas contaminated with radionuclides.
The United Nations Children's Fund (UNISEF) granted the ultrasound equipment for
medical establishments of the affected regions of the republic.
Pursuant to the Agreement on international co-operation on problems of overcoming
of the Chernobyl catastrophe consequences, signed in 1992 by the Commission of European Communities and the affected CIS countries, there are 16 actual research and experimental projects carried out jointly in the area of radioecology, radiation medicine, oncoepidemiological monitoring of the catastrophe consequences, biological dosimetry, and also on
grounding of the counter-measures, to be accepted in case of nuclear accidents, development
of computer systems for forecasting of radiological consequences of accidents, development of
the decontamination strategy.
In the framework of the TACIS-1993 Regional Programme for Support to Chernobyl
Affected Regions there are 4 projects realized in the republic now:
Commission of European Communities, TACIS-1993
Training ProDefining and Implementing Defining and ImpleDefining and Inimenting
Measures
to
gramme of Medical Measures to Improve the
tiating a Business
Improve the Use of
Staff Dealing with Production and Packaging,
Development
Thyroid Cancer Storage and Distribution of Contaminated ForAgency in Gomel
estry Waste
Treatment
Iodized Table Salt
region
In accordance with the Agreement on joint activities on minimization and overcoming
the Chernobyl accident consequences, signed by the Governments of the Republic of Belarus,
Russia and Ukraine, it is planned to continue the work on maintenance of the information exchange between the three affected states, including creation of joint data bank on radiational
conditions, population migration from these regions; introduction of the system of the population life activity support.
The Memorandum of mutual understanding with Germany (1994) has created a political platform for maintenance of the numerous private German initiatives, already rendering the
significant help in the solution of the Chernobyl problems.
Germany is one of countries, that were the first to offer help to the affected by the Chernobyl NPP accident population of Belarus. German humanitarian help makes about 40 % from
amounts, received by Belarus from abroad during the post-accident years, that includes: treatment of seriously ill children, shipment of humanitarian goods to Belarus (medicines, medical
equipment, food products, etc., organization of rest for children, financing of construction of
rehabilitation facilities in Belarus and help in equipping and maintenance of such institutions,
training of the doctors from the contaminated regions in German clinics.
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According to the agreement on co-operation in thyroid cancer treatment people ill with
thyroid cancer are treated in Essen. Collaboration with the children hematological center of the
University clinic in Frankfurt-am-Mein develops effectively and dynamically.
In 1994-1995 21,600 Belarussian children improved their health in Germany. Main part of
the children improve their health in German families on the invitation of public organizations,
established with the purpose of rendering assistance to people affected by the Chernobyl NPP
catastrophe.
Children rehabilitation center "Hope" ("Nadezhda", Minsk region) has been established
with the assistance of the Committee "Leben nach Chernobyl" and organization
"Mennerarbeit" of Kassel (Germany) Evangelic Church.
According to The Memorandum of co-operation with Japan on the Chernobyl NP accident consequences minimization for the population health, signed in Tokyo on April 18,
1991, there are scientific researches carried out, as well as exchange by the experts dealing
with evaluation and reconstruction of exposure doses of thyroid gland and the whole body,
epidemiological researches, preventive measures, diagnostic and treatment of thyroid gland
diseases, pre-leukemia condition and leukemia itself.
The project Chernobyl-Sasakawa is carried out within the framework of the long-term
programs on examination and study of the state of health of children living on the contaminated territories. The Japanese party delivered medical equipment, supply materials, vehicles to
the Gomel and Mogilev regions.
Contacts with Holland in realization of the so-called "Gomel project" can serve as an example of fruitful international co-operation. Under this project a joint Belarussian-Dutch consultive-diagnostic polyclinic and health informational centre has been created in Gomel in 1991.
American charitable organization "City Hope International" together with its partner in
Belarus - International Fund "Nadezhda-Ekspress" carry out large work on delivery into the
republic of medicaments, medical products and foodstuffs, rendering assistance to the Chernobyl invalids and other requiring help. The significant assistance to this activity is rendered by
the US State Department and the US Ministry of Agriculture.
In 1993 the joint Belarussian-American project was launched on cultivation and processing of rapeseed on the contaminated areas. For its realization the American party delivered
necessary devices and equipment.
There was signed an agreement on co-operation between the Research Institute of Radiation Medicine of the Republic of Belarus and National Health Institute (Betesda,
USA) in studying cancer and other thyroid gland diseases of the population affected by radiation as a result of the Chernobyl NPP accident.
In 1993-1994 the Ministry of Agricultural production together with the British firm
"Moushel" realized the project on optimization of the radiation control system of the agricultural production on the example of Kalinkovichi meat factory. The Government of Great
Britain acted as a donor for this project. A radiological laboratory was delivered to the factory, the training of specialists was carried out in Great Britain.
Realization of the pilot project on construction of a mini-milk factory with a line for milk
cleaning from radionuclides began in 1994. In 1995 the Government of Great Britain through
the "know-how" fund allocated resources to the Ministry of Agricultural production for the
development of the project feasibility report.

83

Within the frames of this report it is impossible to enumerate all the countries, organizations, all the people of good will who looked with attention, understanding and compassion at
the problems born by the Chernobyl tragedy.
The people and the Government of the Republic of Belarus are very much grateful to
those who rendered a helping hand during difficult years of the overcoming the Chernobyl catastrophe consequences. Within the framework of the assistance in overcoming of the consequences of the accident in republic in 1993-1994 various goods and medical preparations were
delivered from Australia, Austria, Belgium, Canada, Croatia, Czech Republic, Denmark,
Finland, France, Germany, Israel, India, Ireland, Great Britain, Latvia, Luxembourg,
Malta, Netherlands, Norway, Poland, Russia, Slovenia, Spain, Switzerland, Sweden,
Turkey, Ukraine, USA, Japan and otb^r countries.
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CONCLUSION
The estimation of radioecological, medico-biological, economic and social consequences
of the Chernobyl catastrophe has shown that unimaginable damage was incurred on Belarus
and its territory became the zone of ecological calamity. Summarizing the data represented in
the National report, it should be concluded that:
• The Chernobyl NPP catastrophe has led to the radioactive contamination of almost the fourth part of
the territory of Belarus where there lived 2,2 million people. For the past period 131,2 thousand of
people have been resettled. 68 thousand of flats and individual houses, schools - for 29,5 thousand of
places, pre-school children's establishments - for 12,2 thousand of places, hospitals - for 1,8 thousand of patients etc. .have been built. The damage caused to the republic by the Chernobyl catastrophe makes up 32 annual budgets of the republic of the prc-accidcnt period in account for the 30-years
period for its overcoming.
• Radioecological situation in Belarus is characterized by complexity and heterogeneous contamination
of the territory by different radionuclidcs and their presence on all the components of the environment. It stipulates the plurality of ways of external and internal irradiation of the population and
jeopardizes its health.
• There is registered the worsening of the population's state of health, of evacuated and inhabiting the
contaminated areas as well, with 2-10 and more times increase of a number of somatic diseases, including oncological diseases, there are disorders in the metabolic processes and functions of the main
systems of the organism (immune, endocrine, cardiovascular and others). The demographic indices (
the birth rate is decreasing and mortality is increasing) are decreasing. Particular concern causes the
children's morbidity growth and genetic consequences of the accident (increase of congenital defects).
• The contamination of agricultural lands has stipulated in the neighboring the Chernobyl NPP zone the
impossibility of their use for food production. On the other lands it has been required to re-profile the
farms and create new technologies of the agricultural production that leads to additional expenditures.
• There have been revealed the destructive tendencies in all spheres of the life activity of people who
experienced radiation effects. The processes of social adaptation and socio-psychological support of
the population inhabiting the radionuclides contaminated territory and resettled as well, require considerable optimization .

In spite of that for ten years passed after the Chernobyl catastrophe the discrepancy of its
estimations has not been overcome completely. Moreover, there is a tendency for understatement of the catastrophe consequences, bringing it down to the ordinary NPP incident. At the
same time, the radioecological, medico-biological, socio-psychological, economic and other
Chernobyl consequences considered in this report show that the problems born by the Chernobyl catastrophe on April 26, 1986 will remain actual for long.
The minimization and overcoming of the consequences of radiation catastrophes of such a
scale is the most complicated task requiring huge material and financial resources.
Taking into account the radioactive post-accident contamination of many countries of
Europe, Asia and America it should be admitted that the consequences of the nuclear catastrophe may have global character. While there exist atomic stations, nuclear weapons and radioactive materials (theii production, use and processing), there remains the danger of nuclear incidents. The experience of the liquidation of the Chernobyl catastrophe consequences has
shown that the achievements of world science and practice are insufficient and recommended
measures are often of small effectiveness. This requires the consolidation of efforts of all mankind for the elaboration of effective measures of protection from nuclear accidents and the
overcoming of the Chernobyl catastrophe consequences.
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