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Yury Izrael, academician of Russian Academy of Sciences, Director of the Institute of Global Climate and Ecology. One of the main task of his scientific work was to study radioactive atmospheric and surface contamination after nuclear weapon tests. He was a Minister of the USSR Hydrometeorological Service in 1974-1991. He served as Second and then First WMO Vice-President over a period of some 12 years. He contributes to the development of many WMO Programmes. From 1989 he participates actively in the work of Intergovernmental Panel on Climate Change (IPCC). He was awarded the State Prize for his work in environmental protection in 1981 and the Sukachev Gold medal of the Academy of Sciences of the USSR in 1983. He was awarded the Gold Medal of the Ettore Majorana International Scientific Center in Italy in 1990 for his outstanding contribution and courageous action in facing the emergency in Chernobyl. In 1992 he was awarded the UN-UNEP Sasakawa Prize for his contribution to environmental protection.
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Introduction

Radioactive contamination became a global ecological problem at XX century. An experience of mapping of this phenomenon was stored up with the study of consequences of the biggest industrial accident – Chernobyl.
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Fig.1. Two Atlas edited after Chernobyl accident in Russia and Europe.
	Under the scientifical guidance of prof.Yu.Izrael two important cartographic books has been edited at 1998:

- Atlas of radioactive contamination of the European part of Russia, Belarus and Ukraine (Ed.by Russian Cartography Service and Russian Hydrometeorological Service) [2];

- Atlas of Caesium deposition on Europe after the Chernobyl accident (ed.by European Comission) [1].


New ecological term “Anthropogenic radioactivity”

Antropogenic radioactivity represents a field formed by artificial man-made elements not characteristic for a nature, these elements were distributed around Earth surface due to our vitalactivity. A new term shows the unity of manufacture of artificial radionuclides and their spreading in the environment. This is a philosophic sense of a term.

A collection of maps and geo-pictures of radioactive contamination field resulting from different causes and different sources is compiled in our Institute during 50-years of radioactive contamination monitoring.

Experimental study of a nature and causes of radioactive contamination fields is a topic of nuclear geo-physics, aerosol science and nuclear meteorology. Devices used to measure radionuclide content were worked up in nuclear engineering and in radio-chemistry. Cartographic methods are used with listed approaches in radiation monitoring and in a study of radionuclide migration.

Cartographic methods in the study of anthropogenic radioactivity become an integral part of diagnostics of radiation situation, of predicting and retrospective analysis of radioactive contamination of populated areas.
Anthropogenic radionuclides in the landscape sphere of the Earth 

Artificial radionuclides are generated mainly due to the decay of heavy nucleus in reactors and nuclear explosions based on the decay; they form also in result of nucleus activation from nuclear explosions based on nuclear fusion [6].

A problem of radioactive contamination arised recently: in the end of 40th of XX century, i.e. just after the beginning of Plutonium weapons production. 
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Fig.2. Global contamination by 137Cs of territory of Russia on 1974 (year of survey) and on 1986 (just before Chernobyl accident)
	A global spreading of radionuclides is connected with penetration of products from thermonuclear high-powered explosions into the stratosphere, after the mixing here, radioactive products felt over the Earth surface. Most of radioactivity have been released into the stratosphere in 1957-1958 and 1961-62 [9,12].

A global radioactive contamination field from the atmospheric tests have been formed mainly from the end of 50th to the middle 60th. Moscow test ban treaty has been signed by the USA and USSR in 1963, but France and China continued explosions in the atmosphere till 1974 and 1980. Ages of mass nuclear testing rest in the past, but radiation legacy give us consequences showing on fig.2. Main radionuclides in global fallout are 137Cs and 90Sr [3].
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Fig.3. Dose-rate of gamma-irradiation (µR/hour) at the local pattern (Израэль и др.,1970).
	Nuclear explosions and accidents happened out under ground, on the soil surface and in the low atmosphere pattern a local trace of radioactive contamination. Examples are shown on fig.3-5.

Local radioactive patterns was formed due to the excavation explosion “1003” explosion carried out 14 October, 1965 at the Semipalatinst Test in one day after (fig.3). Radionuclide composition of contamination at the patterns differs from the global by a presence of long-lived radionuclides of induced activity as 60Co, 152Eu [6].


In the USSR surface explosions have been carried out mainly at the territories of test sites. Local patterns from a number of underground and surface explosions at the Novaya Zemlya test site are shown on fig4.
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	Fig.4. Local radioactive contamination by 137Cs at the Southern part of archipelago Novaya Zemlya (on the beginning of 90th of XX century) [2]. 


Changes of the radioactive field structure of the all Nothern Hemisphere have been occur in 1986 due to the Chernobyl accident [7]. In Europe radioactive Chernobyl deposition are detected at an area of 9,7 x 109 m2 [1]. Besides 137Cs (30 y.), 134Cs (2,06 y.), 136Cs (13 d.) 131I (8,04 d.), 132Te (3,26 d.) with 132I etc. were volatile in the Chernobyl air venting. 
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Fig.5. Local 137Cs patterns (137Cs, Ci/km2) around the Chernobyl NPP. Mapping scale 1:200.000, on summer of 1986 [2].
Most of long-lived radionuclides: 90Sr, 144Ce, 238Pu, 239+240Pu, 241Pu 241Am, 244Cm - were concentrated within 30-km zone around Chernobyl NPP [11,10]. 137Cs/90Sr relation differs in n x 100 in the Chernobyl and global deposition due to the difference in 90Sr generation.
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Fig.6. 137Cs Contamination of Europe after the Chernobyl accident (Atlas EU, 1998) [1]
	After the Chernobyl accident 137Cs – became a most widespread, long-lived, dose-forming radionuclide in the environment. Total 137Cs at Europe is 77 PBq (2,1 MCi) [1]; at the European part of the Former USSR – 47 PBq (1,3 MCi). Calculation has been possible due to carrying up of a big State Program of radiation monitoring and of the mapping Program of EU.


Summary data on the radionuclide composition of different kind of radioactive contamination is given in the table 1.

Table 1. Anthropogenic radionuclides in different kind of contamination field

	Global contamination due to the nuclear explosions in the atmosphere [11,6,10,13]

	Main: 137Cs (30,1 y.), 90Sr (28,6 y.), 239Pu (24110 y.), 240Pu (6553 y.), 241Pu (14,4 y.) and 241Am (433 y.). 
Secondary: 238Pu (86,4 года) and some others as 154Eu (8,5 y.). 
90Sr/137Cs = 0,63(on 1974 and now the same)
239+240 Pu/137Cs = 0,021(on 1974)

90Sr/239+240Pu = 0,037(on 1974) 

	Local patterns from the surface and excavation nuclear explosions
	Radionuclide content differs from global by the presence of long-lived radionuclides of induced activity as 60Co, 152Eu.


	Heavy accidents of nuclear reactors [11,7]

	In 2-3 years rest 137Cs (30,1 y.), 134Cs (2,06 y.), 90Sr (28,5 y.), 238Pu (86,4 y.), 240Pu (6553 y.), 239Pu (24110 y.), 241Pu (14,4 y.), 241Am (433 y.), only isotopes of Cs due to the volatility have a most spatial distribution, others rest in the 40-60 km radius zone around the accident. 

In Chernobyl deposition for distance more than 300-500 km from the Chernobyl NPP: 90Sr/137Cs = 0,01-0,02 (in 1986 and now)


Periods of semi-decay are given in parenthesis.
Features of the Structure of radioactive contamination field 

The forming of radioactive contamination field after the atmospheric fallout is a multiple-factor process. Character of fallout, properties of falling particles - on the one hand; character of underlying surface – on the other hand. The changeable vertical structure of wind-rate influences on the falling particles having different sizes. A considerable influence of precipitation on the washing out of particles. These are main factors influencing on the field structure. So, the structure of contamination field can be infinitely variable.

Classification of contamination fields [6]: 
1) local trace (<tens kms from source, particle size>50 μm) (Fig.3,4,5), and remote trace (first hundreds kms from source, particle size 10-50 μm), 
2) semi-global fallout zone (after release of radioactive products in the troposphere, fallout can be prolonged to 1-10 weeks, pattern can be fixed in 103 kms from source; particle size 1-10 μm (Fig.6); 

3) global fallout (Stratospheric, can be prolongated to some years, widespreading over all Earth surface, size can be estimate <1 μm (Fig.2).

Overwiew of collection of radioactive geo-pictures shows different configurations and scales of radioactive contamination field (from local patterns to the global fallout). Comparison of these pictures with the geo-analysis of a landscape structure (relief, vegetation cover, settlements) give possibility to receive conclusions for modeling.

Geostatistic analysis give a possibility to describe parameters of typical contamination spots. Calculation of autocorrelation of 137Сs to distance from a source, spatial changes of this index and estimation of angular anisotropy was carried out using a grid with a step 12,5 kms of 137Сs on the territory of Eastern Europe, Ural region and Western Siberia [8].

Q(r) = 29 * exp(-r/60) + 1 * exp(-r/450)

This dependence of 137Сs from r can be writing as an amount of two exponential curves.

Calculations for areas with a different configuration and orientation shows that there are two typical spot size: 50-80 km and 300-400 km in diameter. The number of spots of 50-80 km falls down at a big distances from the source (> 700 km). The first size of spots can be connected with a diameter of a contaminated air-blast formed by a whirl on the trace from a source till the site of fallout. The second size is probably connected with areas of precipitation. It is agree with extension of typical meso-relief forms.

The two exponents may be explained by a difference of fallout rates of particles with different sizes. Near Chernobyl NPP the exponent index is 60 km (combustible component of Chernobyl products, biggest particles and their fallout during calm weather). In the remote zone the exponent index is 450 km (finest particles and long-range transport).
It is remarkable: the exponent index for the remote zone of Chernobyl fallout (450 km) is similar to the chemical pollutants fallout at the big distances around industrial plants. 
Map of 137Cs contamination of Russia included in the National Atlas of Russia

Main branches of the theory of radioactive contamination mapping were described at 18 and 20 International Cartographic conferences in Stockgolm and Beifing [4,5].
Mapping of radioactive contamination field for atlas is working up at the 4 spatial-geographical levels:

· global level – to show the problem on the background of the other global problems4

· semi-global level (Eastern-European Plain, Europe, Nothern Euro-Asia);

· regional level (districts of countries);

· local level (small territories with the more contamination).

A new National Atlas of Russia include the volume “Nature. Ecology”, where there is a chapter “State of the environment”. Materials on radioactive contamination were published in it for the first in the practice of National atlas compilation.

This chapter includes the following maps and materials:

History of formation of the radioactive contamination field by different artificial radionuclides; overview of information on the Chernobyl accident; 137Cs contamination of territory of Russia due to the atmospheric nuclear explosions of the end of 1950th - beginning of 1960th; accidents and events on the Industrial Plant “Mayak” at the Southern Ural, and Krasnoyarsk Mining-Chemical Plant on Enisey-river; prediction of contamination field without the probable accidents of the future; table showing the dynamics of contamination field in time.

This chapter has an important social and educational significance. It is very important to give the information on the artificial radioactivity widely and evenly.
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	Fig.7. 137Cs contamination of Russia (on 1986), Ci/km2 (1 Ci/km2 = 37 kBq/m2) in the National Atlas of Russia.


Chernobyl 137Cs is visible at the European part of Russia; consequences of accidents and events on the “Mayak” plant are shown at the Southern Ural; contamination of Enisey-river valley by the activity of Krasnoyarsk Mining-Chemical Plant has a longitudinal spreading in the Central Siberia; remanent field of global fallout rests in mountain region of Southern Siberia and Caucasus. Islands at the Arctic region cannot be covered by map due to lack of measured data.
Development of mapping of radioactive contamination in atlas cartography
A new atlas of radioactive contamination is put-up at 2006 to create under the Program of Union State Russia-Belarus. This idea was initiated by the Emergency Ministry of Russia.

The retrospective, modern and predicting situation of the radioactive contamination field will be given in this atlas including the radiation monitoring data carrying out at the beginning of XXI century. Mapping will be based on the renovated and additional data.
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