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I  General Background on the Expedition 

by Dr. Igor Prokofiev, the NGO Viola, Bryansk, Russia

April 26th, 2006, will mark 20 years since the explosion at the Chernobyl atomic power station. Over this period, compulsory and voluntary migrations of people have taken place. One hundred thousand residents have left the contaminated areas, while at the same time, inhabitants of regions with local military conflicts in the countries of the former USSR have moved in to these same contaminated areas. Only from 1986 to 1994 did houses and apartments stand empty there. Members of Viola often asked new arrivals: “Aren’t you afraid to live with radiation?” The answer was always the same: “Back there they will kill us today, but in radiation, we shall probably live another 10-15 years.” The situation is terrible; these are desperate people. Furthermore, in the radiation-contaminated areas the population has increased, especially with children, because instead of just one or two, as is accepted in central Russia, families arriving from the southern regions (Uzbekistan, Kazakhstan, the Chechen Republic, Dagestan, etc.) have seven to twelve children.

Throughout its 20 years of existence, our NGO VIOLA has conducted educational activities among the population of contaminated territories, so that every individual can have the opportunity to learn about easily understood ways to decrease the effects of radiation on the human body and to understand the need for utilizing them in their daily lives. We ourselves have constantly tried to gain new knowledge from doctors, psychologists, and scientists.

VIOLA, working with Biointensive for Russia and Ecology Action, has studied the GROW BIOINTENSIVE (GB) method of mini-farming since 1995. Mini-farming is the most pressing topic for every Russian and Ukrainian family living in modern economic conditions. In the last 15 to 20 years, the vegetables, fruit, and medicinal herbs that are grown by every family on their own private land (600-2000 square meters) have constituted 40-90 percent of the food in their family’s diet. 

VIOLA also conducted research experiments, using the GB method when possible, or certain of its components, from 2002-2005 in the radiation zone. We obtained impressive results and consequently decided, during this year of the anniversary of the tragic accident, to carry out a major research expedition in the western part of Bryansk oblast’ of Russia and the northeast part of the Chernigov oblast’ of Ukraine. We were supported by the American organization Biointensive for Russia (headed by Carol Vesecky), and its group of ecotourists who visited the Bryansk area in summer 2005. We wish to express to them our great gratitude. 

The purpose of the expedition was to analyze the level of pollution in vegetables, grain and medicinal herbs, grown using the traditional methods of cultivation, as well as by the GB method, in the radiation-contaminated areas.
The expedition followed the following route: Bryansk-Vygonichi-Mglin-Lyalichi-Surazh-Unecha-Starodub-Klintsy-Krasnaya Gora-Mirny-Zaborye-Novozybkov-Zlinka-Klimovo-Churovichi (Bryansk oblast’ in Russia), then Gorodnya-Shchors-Kryukovka-Xolmy-Semenovka (Ukraine). In these areas we met with local officials and residents, took samples of vegetables, seeds, soil, and ashes, and carried out all the other work planned for the expedition. Our route passed through all 24 areas of the Bryansk oblast’, where we took samples of the vegetables most grown and used as food by local residents, as well as soil from fields and private vegetable gardens, for analysis of their radionuclide content. In all, about 600 samples of vegetables and soil were brought to Bryansk for processing in laboratories. Most of the analyses were done by members of the scientific research group in laboratories of the Bryansk State University, while about 60 analyses of the radionuclide content levels in the vegetables and soils were done in Laboratories of Independent Experts. 

In addition, the expedition members met with individuals, families, and school cooks in each of the 20 regions where they traveled, and themselves tested the vegetables stored for the winter, and also made soil tests. In sum, we performed about 1500 tests using dosimeter monitors. This data was also used to compile a map and recommendations. 

The members of the expedition’s research group were Dr. Igor Prokofev, Dr. Ludmila Zhirina, Oleg Zavarzin, and Natalia Karyagina (Oleg and Natalia are school principals in Bryansk and Domashovo.) Other participants included VIOLA student volunteers and driver Dima Nikitsov, a teacher. 

To compile the report on our expedition, we used additional materials received by VIOLA from 2002 to 2005 based on scientific research on GB performed in the radiation zone, materials of VIOLA scientists and members (Nikita Zakharov and Galina Zolotnikovaya), and materials from the scientific laboratories that analyzed plants brought in by members of the expedition. 

During the expedition, we: 

1.
held meetings and dialogues with representatives of local administrations, doctors, and teachers in seven areas, 

2. 
worked in local libraries and with regional newspapers to form a current analysis of the radiation conditions in the region,
3.
carried out research on soil from fields and kitchen gardens in places where the traditional method of tilling soil is used and in sites where the GB method was used; collected soil samples, studied them in laboratories, and mapped areas contaminated by radionuclides 20 years later after the accident,

4.
carried out radiation dosimeter monitoring of vegetables, grains, and medicinal herbs collected from private kitchen gardens by local people who use traditional methods of farming, 

5.
carried out dosimeter monitoring of vegetables, grains, and medicinal herbs grown in the radiation-contaminated territory using the GB method,

6.
conducted many educational activities with the population on the use and application of the GB method and other methods of organic farming in private kitchen gardens (at seminars, lectures, and conversations),

7.
carried out a large program to gather data on the diseases of children and youth in the radiation territory, and analyzed the increase in the chief diseases of childhood and youth in the radiation zone, utilizing the extensive scientific investigations of VIOLA member Nikita Zakharov,

8.
led two demonstrations against radiation and six round tables and mini-seminars in which local residents became acquainted with the GB method and described the usefulness and advantages of using this method in the radiation zone, 

9.
gave lectures and distributed leaflets and brochures with the recommendations of doctors, scientists, and Viola members on accessible methods to decrease the effects of radiation on the body, and 

10.
brought samples of vegetables, mushrooms, soil, seeds, ashes, compost, wood, and potable water to Bryansk for more exact determination of the contents of radionuclides and heavy metals in each zone. 

The materials gathered and the experience received in recent years have enabled us to create an objective model for carrying out scientific and educational work using VIOLA’s resources that should affect the level of environmental culture and the health of the population in zones of the environmental catastrophe. 

Doing this work has enabled us to understand local problems more deeply, to attract participation from interested parties, to acquaint the population with the problem and current prospects for resolving it, and to influence the local authorities. 

SEMINARS and ROUND TABLES: 

For carrying out seminars and round tables in the radiation zone, we used materials from own research on GB, the analysis and conclusions of scientists N. Zaharov and G. Zolotnikovaya on the psychological health of children and teenagers, and games with vegetables and herbs developed by VIOLA members. 

As a feature of these seminars, that we considered the relationship between the ecology of the human being and the ecology of the environment. No seminar participant was permitted to remain indifferent to the issues being discussed, and had to get to know him or herself as being part of nature. For this purpose we tried to involve all the feelings of the participants. We considered the psychological attributes of the people who had already lived in the environmental disaster zone for 20 years: 

· Increased psychological pressure and stress; 

· Increased fatigue, constant feelings of weariness, feelings of doom, apathy towards life; 

· Irritability, aggression, feelings of animosity; 

· Indifference toward the environment, toward life and even toward themselves. 

After analyses of vegetables and soil were obtained and systematized, a map of contamination of vegetables by radionuclides was created. 

VIOLA’s scientific research group analyzed our research materials for 2002-2005 and developed recommendations for people living in areas with various levels of radiation contamination. We dispatched 10 recommendations to each area where the expedition had carried out the project. We shall distribute the others at seminars devoted to the 20th  anniversary of the Chernobyl accident. Prof. Galina Zolotnikova and the young scientist and VIOLA member Nikita Zakharov, both scientists and physicians, participated in developing these recommendations.
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II. Scientific Results of the Research Expedition

by the NGO VIOLA to the radioactively contaminated zone 

of the Bryansk region

by Dr. Igor Prokofyev and Dr. Ludmila Zhirina

Description of the Problem

Radioactive contamination of Russian territories occurred as a result of dry and wet radioactive fallout  in the period from April 28 to mid-May, 1986 after the Chernobyl nuclear accident. Due to the complex weather conditions, there was very little uniformity in the contamination levels of the local areas, both in their areas and their radionuclide structure. Thus, within a distance of ten kilometers, the  cesium-137 (Cs-137) contamination density frequently differed by factors of ten and one hundred. The maximum density values of Cs-137 contamination of the soil reached 200 Ci/km2 and greater (Table 1). 

Map showing Cs-137 contamination of the western part of the Russian Federation [5]
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Table 1. Contamination by Cs-137 of Russian Federation Territories [5]

	Oblast’
	Contaminated zones, thousand km2 (Ci/km2)

	
	1-5
	5-15
	15-40
	> 40
	In total

	Bryansk
	6.8
	2.6
	2.1
	0.3
	11.8

	Kaluga
	3.5
	1.4
	
	
	4.9

	Tula
	10.3
	1.3
	
	
	11.6

	Oryol
	8.8
	0.1
	
	
	8.9

	Other oblasts
	20.4
	
	
	
	20.4

	TOTAL
	49.8
	5.4
	2.1
	0.3
	57.6


Thus, the  problem of radionuclide contamination of the soil caused by the Chernobyl accident concerns not only the  Bryansk area, but also 13 other oblasts of Russia and substantial portions of Ukraine and Belarus. The health of people living on these contaminated lands is threatened as a result of contamination of the body via radionuclides in food. A number of studies by domestic and foreign researchers have proven that even small doses of internal radiation cause certain chronic diseases and pathologies.

In Russia today there are various units for the measurement of radioactive contamination. In order to make sense of this confused system, a survey of various methods of measuring radioactivity and contamination is presented below [7]. 

The stand-alone unit of activity Curie (Ci) equals 37 billion decays of an isotope per second. It    is used now only in Russia and in some CIS countries. The unit Ci/km2 is applied in the case of ground surface contamination. In the SI system used everywhere abroad and often in Russia, another unit of activity is accepted, the Becquerel (Bq). 1 Bq is equal to 1 decay per second. Accordingly, 1 Ci/km2         is equal to  37,000 Bq/m2 or 37 kBq/m2. Background (pre-Chernobyl) values of the contamination of      the European part of Russia by Cs-137 caused by nuclear weapons tests were within the limits of            5-7 kBq/m2. 

The radiation conditions during the first month of contamination were defined by radionuclides with short half-lives, one of which, iodine-131 (I-131), whose half-life is 8.04 days, had a particular impact on  humans. The intensity of an exposure dose, defined as a dose of external irradiation of a human, quickly fell (Table 2), having decreased approximately by a factor of ten over the first 50 days, while in less contaminated locations the decay rate of the exposure dose intensity was even faster. 
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Fig. 1. Potency of an exposure dose in a local area [5]

The unit of measure of an exposure dose is 1 roentgen per second (R/s). In practice, in the contaminated areas the units milliroentgen/hour (mR/hour) were used at first, and in later years, microroentgen/hour (microR/hour) [the units on the ordinate -cbv]. They correlate as follows:    1,000,000 microR/hour = 1000 mR/hour = 1 R/hour.   [abscissa:  time in days -cbv]

Exposure to radiation by a human is defined either as a dose to separate organs and tissues —an equivalent dose, or a dose to the entire body — an effective dose (ED). The unit of measure in both cases is the Sievert (Sv). The stand-alone unit ber (biologically equivalent roentgen) is sometimes used. One mSv is equal to 0.1 ber.  In the early years, protective measures were carried out based on the annual limits of an allowable dose of radiation for the entire body [5]. 

From autumn 1986, radiation in the contaminated areas began to consist mainly of isotopes of cesium, including Cs-137, whose half-life is 30 years. Its variation over time is defined by several processes [7]: 

• decay of Cs-134, whose half-life is two years,

• migration of isotopes deeper in the soil, and 

• the chemical fixation of cesium isotopes by clay minerals in the soil. 

The first two processes caused an initial fall-off in the dose intensity, decreasing approximately by half over two to three years. The third process affects the uptake of nuclides from the soil into agricultural produce. In the first five years, the uptake speed decreased over approximately two years (taking the radioactive decay Cs-134 into consideration), then over the subsequent five to eight years, and then over 10 to 15 years (as in the case of global fallout) by a factor of three or four.

Since the contamination of the territory of Bryansk and other oblasts was not uniform in Russia, the Government established a system of classification of zones with radioactive contamination. The following zones were created by law [6]:
• the zone of dispossession, 

• the zone of resettlement, 

• the zone of continued residence but with the right of resettlement, and

• the zone of continued residence with preferential social and economic status. 

There are settlements in which people continue to live (Table 2) in practically all of these zones. 

In the lands assigned to the zone of dispossession, in 1986 and in subsequent years the population was evacuated or relocated. 

In the lands assigned to the zone of resettlement, the density of ground Cs-137 contamination exceeds 15 Ci/km2. In  this zone, where the Cs-137 contamination density exceeds 40 Ci/km2, and also where the average annual exposure dose can exceed 5 mSv, the population is subject to mandatory resettlement (the mandatory resettlement zone). 

In territories assigned to the zone of continued residence but with the right of resettlement, the density of ground Cs-137 contamination is from 5 to 15 Ci/km2, or the average annual irradiation ED is more than 1 mSv. 

Territories assigned to the zone of continued residence with preferential social and economic status include lands where the density of ground Cs-137 contamination is from 1 to 5 Ci/km2, and the average annual ED does not exceed 1 mSv. 

Radioecological conditions in the affected regions of Russia, Ukraine, and Belarus are defined by the follow radionuclides with long half-lives: cesium-137, strontium-90, and the trans-uranium elements plutonium-238, 239, 240, and 241 and americium-241. Due to the natural decay of plutonium-241, there is marked growth of the specific activity of americium-241 which is more dangerous from the radiological point of view. The forecast of soil contamination by Cs-137 shows that due to its natural decay, levels of contamination will decrease up to values less than 37 kBq per square meter approximately over the 300 years after the accident, except for the 30-kilometer zone of the Chernobyl atomic power station and several local places where the contamination level is significant. 

At present, the radiation conditions in the areas contaminated by radionuclides have generally been stabilized. However, it will be a long time before the affected areas are fully restored; therefore residents must adapt to life with radioactive contamination and should try to make their living conditions as safe and healthy as possible.
Table 2.  Quantity of settlements and number of inhabitants residing in territories   subjected to radioactive contamination from the Chernobyl accident [5, 7]

	Oblast’
	L
	PO
	O
	TOTAL

	
	1
	2
	1
	2
	1
	2
	1
	2

	Bryansk
	768
	236
	284
	147
	279
	90
	1331
	474

	Kaluga
	313
	79
	135
	15
	
	
	448
	95

	Oryol
	2100
	392
	57
	17
	
	
	2157
	409

	Tula
	1741
	769
	312
	166
	
	
	2053
	936

	All others
	1672
	772
	
	
	
	
	1672
	772

	Total
	6594
	2249
	788
	347
	279
	90
	7661
	2687


L – the zone of continued residence with preferential social and economic status 

PO - the zone of continued residence with the right to resettlement 

O - the resettlement zone 

Total - Totals for territory of radioactive contamination 

1 – number of settlements         2 – number of inhabitants in thousands. 

Influence of Radioactive Contamination on Human Health

The distribution of populated settlements and the corresponding number of inhabitants in the various zones contaminated by radiation according to federal law shows that for a certain portion of the population, the average annual effective dose of radiation exceeds one millisievert. Here it should be taken into account that even in relatively safe settlements where the average dose is less than 1 millisievert, certain (critical) population groups exist for which a radiation dose can greatly exceed 1 millisievert. As a rule, these are families with many children and needy families and pensioners for whom a substantial part of their diets is made up of food grown on their own plots, and also of “gifts from the forest." 

Radionuclides entering the body are retained there from several days to ten years [1]. 

Nuclear particles entering the body operate there, affecting cells like a mini-reactor, and should be removed by any means possible. Experts believe that due to their prolonged effects, even the smallest doses are capable of causing in the body’s cells changes leading to genetic disruptions and to malignant new growths, and various disturbances of the body’s metabolic processes, its functions of digestion, blood production, etc. There can be other unpleasant consequences: reduced sex drive, disruption of reproductive function, early aging, and reduction of life expectancy. 

Early symptoms of radiation sickness, according to the literature, include a feeling of weakness and indisposition, headaches, and dizziness; heightened excitability of the central nervous system; and insomnia [1, 2, 3]. Digestive disruptions can occur in the form of loss of appetite, nausea, and vomiting, especially among the elderly. Reductions in body weight are often observed. Functional disturbances of circulatory function, lowering of blood pressure, disruptions of kidney and liver function, rise in temperature, and bleeding can occur [1].

It should be noted that ionizing radiation cannot be perceived by the senses: we do not see it, we do not hear it, and we do not feel its effects on our bodies. Radionuclides enter the body continuously, gradually destroying it, rendering us semi-invalid, semi-healthy.

The radioactive substances concentrating in our soft tissue and internal organs are quickly eliminated from the body (cesium, molybdenum, ruthenium, iodine, and tellurium). Those strongly fixed in our bones (strontium, plutonium, barium, ittrium, and zirconium) are eliminated slowly. Among the many radionuclides, the most important as sources of irradiation are strontium-90 and cesium-137.

Strontium-90: The half-life of this radioactive element is 29 years. When strontium enters the body, its concentration in the blood reaches a significant level in just 15 minutes, but the total process is completed in 5 hours [7].

Strontium collects selectively, principally in bones, in bone tissue and in bone marrow, where blood is formed. For this reason, anemia develops, “low blood” as it is popularly known. A number of studies have shown that radioactive strontium can be found in the bones of newborn infants. It is passed via the placenta throughout the pregnancy, and it collects in the skeleton during the last month prior to birth as much as during the previous eight months. The biological period of half-elimination of strontium from the skeleton is 30 years. It is difficult to accelerate the removal of strontium from the body. To date, no highly effective method for the rapid removal from the body of this radioactive element has been found [7].

Cesium-137. After strontium-90, cesium-137 is the most dangerous radionuclide for humans. It accumulates quickly in plants, so it is contained in food and is quickly absorbed in the gastrointestinal tract. Cesium-137 is a long-lived radionuclide; its half-life is 30 years. Up to 80 percent of the cesium accumulates in the muscle tissue. Biological processes have a fundamental effect on cesium; therefore, unlike strontium, the biological period of half-elimination of cesium from adults is from 50 to 200 days, while in children of 6 - 16 years of age it is from 46 to 57 days and in newborns, it is 10 days [5, 7].

Here about 10 percent of the radionuclides are quickly eliminated from the body, while the rest take much longer. But in any cases its year-to-year content in the body is effectively defined by the amount of nuclides in the diet in that year [1, 3].

The basic source of radionuclides in the contaminated regions is the soil. The usual means of penetration of radionuclides into the body are [2, 3]:

Soil ( plant products (bread, vegetables, fruit) ( humans.

Soil ( plants ( dairy cattle ( milk(humans.

Soil ( plants ( animals(meat products ( humans.

Body of water (  fish (and other inhabitants of the body of water) (humans.

Baked goods are the main supplier of radionuclides to the body (from one-third to one-half of the total amount). In second place in importance is milk; in third – potatoes, vegetables, and fruit; then, meat and fish.

As an example, the accumulation of radionuclides in fish of various species even in the same body of water can vary by factors of 2 to 3. For predatory fishes (pike, perch, etc.) the minimum parameters and accumulation of strontium-90 and maximum of cesium-137 are typical. Herbivorous fish (carp, crucian, etc.) on the other hand, accumulate strontium more and cesium several times less than in predators [2, 3, 4].

Facts confirming the effects of radioactive contamination on the health of the people in the Bryansk area are given below:

-  The Chernobyl accident led to a sharp increase, by a factor of 30 [4] in the number of cases of thyroid cancer, especially among children living in the contaminated areas;

-  The number of blood diseases related to radioactive pollution has not effectively changed;

-  Among some of the children (irradiated prenatally), the intellectual development and disruption of behavioral and emotional reactions is delayed by 3-4 years [3, 4];

-  Analysis of data collected in three countries (Russia, Ukraine, and Belarus) testifies to negative trends in the dynamics of diseases among the population of the contaminated areas. 

Thus, our research into the use of the Biointensive method (GROW BIOINTENSIVER or GB) for the cultivation of uncontaminated vegetables in the radiation zones and for a reduction in the radioactive contamination of the soil takes on even greater significance.
OUR RESEARCH

The materials obtained as a result of three work stages by the NGO VIOLA research group have been collected, generalized, and analysed in this report: 

- An analysis of the literature on the research topic, 

- Testing of the GB method on permanent plots in the Bryansk oblast' (experimental beds), and 

- An expedition to rayons of the Bryansk oblast' and border oblasts of Ukraine and Belarus. 

The expedition and follow-up research were conducted during October and November with the support of the US-Russian program Biointensive for Russia (Carol Vesecky, Director). During the second and third stages, soil samples (from varying depths from 0 to 100 cm) and vegetables (some taken from growing beds, some stored for the winter, and some preserved in jars) which were later tested by members of the NGO VIOLA independently at a laboratory at Bryansk State University, and also independently by employees of a laboratory of the Independent Group of Experts. The results were analyzed and processed using mathematical and statistical methods involving a package of mathematical computer programs. A map was made using the ArcGIS 8.2 computer program, based on the results of testing the total contamination by radionuclides of the vegetables. 

RESEARCH RESULTS

  1) 
The soil is the chief source of radionuclides in the food chain. Currently, 70 to 90 percent of the cesium-137, 40-60 percent of the strontium-90, and up to 95 percent of the trans-uranium elements continue to remain in the top root-zone layer of the soil. 

  2) 
The portion of mobile forms of cesium in the soil which is accessible to plants comprises 10-15 percent, strontium – 50-70 percent, and plutonium and americium – 10-13 percent. This witnesses to the continuing danger of radioactive contamination, above all strontium-90, in cultivated plants, and also in food, fodder, and medicinal plants growing in the wild. 

  3) The downward migration in soil of cesium-137 and strontium-90 occurs only slowly. In untilled soil, practically the entire radionuclide content is concentrated in the top humus-containing horizons. 

  4) The depth of migration of radionuclides depends to a large extent on the structure of both the organic and mineral soil components and on the moisture conditions. In peat soils, radionuclides migrate 5-10 cm deeper than in mineral soils. 

  5) Radionuclides are distributed in agricultural soils rather evenly throughout the depth of  the cultivated layer. In the near future, self-purification of the soil’s root zone due to downward migration of radionuclides will be insignificant. 

  6) The rate of radionuclide uptake into agricultural produce essentially depends on the soil types, moisture, and crop varieties. Thus, the uptake of isotopes of cesium by agricultural plants on chernozems can be a factor of 10 less than in sandy loam soils. Better prospects for a decrease in the intake of radionuclides in produce are offered by applying compost using GROW BIOINTENSIVE techniques.

 7)  Combining utilization of the GROW BIOINTENSIVE method on radioactively contaminated soils and of our recommendations for diet has resulted in greatly reduced annual radiation doses in some inhabitants of the contaminated regions.

  8) Double-digging reduces intake of radionuclides into plants by 5-10 percent. However, in sandy and sandy loam soils it has no significant effect. 

  9) Application of compost reduces uptake of radionuclides to plants from soil by up to 20 percent. 

10) An important role is played by the feeding of nitrogen to plants. When insufficient available nitrogen decreases the harvest, its radionuclide concentration increases slightly. On the other hand, high doses of nitrogen fertilizers intensify the buildup of radionuclides in plants. Soil and plant diagnostics must be conducted to optimize the application of nitrogen fertilizers.

11)  Soil fertility parameters substantially affect the accumulation of radionuclides in all agricultural crops.  When the humus content of the soil is increased from 1 to 3.5 percent, the uptake of radionuclides into plants decreases by factors of 1.5-2.  With variation of the soil from acid (рH 4.5-5.0) to neutral (рH 6.5-7,0) , the radionuclide uptake decreases by factors of three to four.
12)  The uptake of radionuclides into crops essentially depends on the granulometric structure of the soil. In sandy soils, the uptake is approximately twice that in loams, especially when the soils are not well supplied with exchangeable potassium. 

13)  Measures taken to protect plants against pests, diseases, and weeds such as application of compost teas and intensive growing of vegetables using GB methods lead to a decrease in the amount of radionuclides in vegetables. Combining these methods enables a decrease of the radionuclides in plants of up to 40 percent due to the increased harvest. 

14)  The uptake of radionuclides from soil into plant crops also strongly depends on the biological features of the agricultural crops being cultivated. With the same density of contamination, the accumulation of cesium-137 in a grain of a winter rye is a factor of ten less than in spring rape seeds and a factor of 24 less relative to lupine seed. Multiple differences between grain cereals and leguminous cultures are observed in the accumulation of strontium-90. Distinctions between varieties in the accumulation of radionuclides are also significant, albeit somewhat less so. For example, spring rape varieties differ by factors of two to three in their cesium-137 content, and up to a factor of four in strontium-90 content. 

15)  Draining boggy land is an important method for decreasing the radionuclide content in the harvest of agricultural crops. For most peaty and mineral boggy soils, the minimum absorption by plants of radionuclides is reached where subsoil waters are 90-120 cm from the ground surface. A rise in the groundwater level up to 35-50 cm from the surface, for example, as a result of a failure in the drainage system, will lead to an increase in the accumulation of radionuclides by factors of 5-20. In this regard, using GB watering techniques will allow a significant reduction of the vegetables by radionuclides. 

16) The content of radionuclides in agricultural produce depends not only on the intensity of contamination, but also on the types of soils, their moisture content, granulometric structure and agrochemical properties, and on the biological features of the crops under cultivation. This all renders rather complex the task of forecasting the radionuclide content in vegetable produce and will require further research. 
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III. Recommendations for Residents of the Radiation Affected Zone

Developed by members of the scientific research group 

of the Bryansk Social Organization “VIOLA”

Unfortunately, radioactivity cannot be detected by the senses — it has no color, taste, nor odor. It appears as if all around is safe and that one can live as one did previously, without taking any measures or changing one’s habits. Only accurate knowledge can help evaluate the safety of working and living conditions in any particular town and determine what changes are necessary in daily life and what protective measures must be taken to escape the dangerous effects of radiation on human health.

1. External Irradiation — Just after the nuclear accident, external irradiation posed the greatest danger to health. But at the present time, the chances of being affected by a large exposure dose have declined significantly. Nevertheless, as previously, measures must be carried out to avert the dangerous effects of external irradiation on the human body.

2. Internal Irradiation — Some 15 years after the accident, the main danger lies in the intake of radionuclides into the body through food, which causes internal exposure to radiation.  Therefore the principal measures to increase the safety of living in the contaminated areas should be directed to decreasing the internal doses of radiation.

3. Removal of accumulated radionuclides from the body. Since, from the moment of the accident, there may be radionuclides accumulated in the tissues and organs of the body, it is not only necessary to limit the entry of radionuclides into the body via food, but also to take accompanying measures, directed at the removal of radionuclides from the body.

4. Full Value and Variety of Foods. Living in a contaminated area, it is important not only to ensure that the radioactive levels in foods not exceed the established norm, but also that the food eaten be able to maintain and support health, provide full value and variety, and be ecologically safe. In order to grow uncontaminated vegetables in your plot, use the GROW BIOINTENSIVE  (GB) method of organic farming and the recommendations of the NGO VIOLA.

The products of the forest are valuable foods. However, mushrooms and berries collected from radioactive forest areas may be sources of radionuclide intake into the human body. To keep these useful foods in the daily diet, mushrooms and berries grown at home may be used.

WORK IN THE GARDEN AND ORCHARD

In fertile soils, which have the optimum values of agrochemical properties (acidity, humus content, macro- and microelements), the entry of radionuclides into agricultural products is sharply decreased. An effective way, therefore, of reducing the entry of radionuclides into produce is the use of compost. The use of ashes obtained from local types of fuel as a fertilizer in areas which are totally contaminated by radioactive cesium contamination of density higher than ___ Ci/sq. km and radioactive strontium higher than 0.15 Ci/sq. km is forbidden.  This is because it causes additional contamination of the soil. In these areas, ashes are to be collected and buried at a depth of no less than half a meter in designated areas. 

Sorrel should not be grown when the soil is contaminated by radioactive cesium at higher than 5 Ci/sq. m. In plots where the radioactive cesium contamination is greater than 20 Ci/sq.m., leguminous crops (peas and beans), table beets, onions, tomatoes, carrots, garlic, and greens should not be grown. Here, “rejuvenation” of the plantings of berry bushes should be conducted.

The mechanical structure of the soil influences the transfer of radioactive substances into plants. The transfer of radionuclei into produce via the soil increases in the following order: loam, sandy loam, sand, peat.

The accumulation of radionuclides in vegetable produce is largely determined by varietal differences in agricultural crops. The following list has been established in decreasing order for the accumulation of Cs-137 per unit weight of dry biomass:  various hays from natural meadows and pastures, lupines, perennial grains, clovers, green rape biomass, peas, oat straw, raw corn biomass, fodder beets, green biomass of leguminous/grain hay mixes, winter rye straw, oat grains, potatoes, barley straw, winter wheat grain, and barley grain.

As regards Sr-90 content in dry biomass, the order is as follows:  clover, green pea biomass, rape, lupine, annual leguminous-cereal grain hay, barley straw, green winter rye biomass, fodder beets, green corn biomass, oat straw and winter rye, barley grain, oats, winter rye, and potatoes.  In level of accumulation of radionuclides, the garden crops can be sorted in the following (decreasing) order:  sorrel, string bean, dry bean, peas, radish, carrot, table beet, potato, garlic, sweet pepper, onion, tomato, squash, cucumber, and cabbage.

Varieties of the same plant vary in the level of absorption of radioactive matter from the soil by factors of two to three. Vegetable crop varieties may be classified in the following way according to the level of accumulation of radioactive cesium (in decreasing order):  Cucumbers – Elegant, Rodnichok, Libella, Hybrid-25, Helios, Far-Eastern, Dekan; Tomatoes – Peramoga, Profitable, Early, White Ripening, Gratifying; Kohl crops:  Kohlrabi, Cauliflower: Early, Red.  For potatoes, the least amount of contamination of tubers is observed in the following varieties: Aksamit, Altair, Sante and Synthes. Crop selection for the minimum radionuclide accumulation is the easiest way of reducing the absorption of radionuclides from the soil into the harvest.

Among fruit and berry cultures, as a result of their biological features, radionuclides are most concentrated in redcurrants, blackcurrants, and gooseberries and less in garden varieties of wild strawberries, golden (white) currants, strawberries, raspberries, apples, pears, cherries, plums, and sweet cherries. More detailed recommendations for agricultural work in the radioactively contaminated zones can be found in the brochures published by the NGO VIOLA.

Potatoes, beets, and carrots are meduyn-accumulating vegetables. It is useful to know that the accumulation of radionuclides occurs more actively in the leaves and stems; far less in the fruit and seeds. In severely contaminated territories the leaves and stems of certain vegetable crops should not be used for compost; instead they should be buried far from areas used for family gardens.

PRODUCE ENABLING THE REMOVAL OF  RADIONUCLIDES FROM THE BODY

First and foremost, use foods containing calcium. Calcium facilitates the removal of strontium from the body. Eggshells from chicken eggs should be used. The Hungarian physician Crompher, along with a team of medical doctors and biologists after ten years of research, concluded that eggshells are an excellent means of removing radionuclides, in that they interfere with the accumulation of Sr-90 in the bone marrow. 

Medicinal preparations of substances such as calcium chloride, gypsum, and chalk are poorly absorbed by the body, while eggshells are an ideal source of calcium, being easily absorbed.  They can be taken in amounts from 2-6 grams per day.  The eggshells are prepared by washing in warm water with soap and thorough rinsing. Usually it is not necessary to sterilize the egg. For small children, they should be boiled in water for 5 minutes. Shells from eggs which have been hard boiled are a little less effective, but are ready for use, having been sterilized by the boiling process.

It is best to grind the eggs to a powder in a mortar, as it has been observed that when a coffee grinder is used, the preparation is less effective. Take with the morning meal, e.g. with cottage cheese or porridge. Eggshells contains 27 microelements and can help to prevent the development of illnesses such as curvature of the spine, brittle bones, and the tendency to catch colds. The introduction of ground chicken eggshells into the diet has been shown to have great therapeutic effects and no side effects whatsoever. The same cannot be said of the shells from duck eggs; they are not suitable for such use.

At the same time, in the zones highly contaminated by radioactive substances, strontium may accumulate in the eggshells. With boiling, it may even pass into the albumin.

Quail eggs:  Russian and Belarusian experts have discovered that quail eggs are an effective way of treating small doses of radiation. In the children from the Chernobyl accident zone who received this “quail” treatment (in the Vitebsk sanatorium “Luka”), no further dizziness or heart pains were noted, appetite improved, general ill health and fatigue disappeared, and the hemoglobin levels in the blood increased. Moreover, their recovery was more rapid than in those treated with tablets and injections.

Researchers believe that the healing properties of quail eggs are explained by the fact that they contain many vitamins, amino acids and other substances with prophylactic effects which are protective against radiation.

Bread:  Among the factors which help to reduce strontium is the consumption of bread from the darker flour types that contain phytin, which is capable of binding this radioactive element and preventing its absorption by the intestine.

It should be noted that phytin simultaneously binds calcium and lowers its content in the body.

SUBSTANCES AND MECHANISMS OFFERING PROTECTON AGAINST RADIATION 

Certain edible substances have prophylactic effects against radiation, or the ability to bind radionuclides or remove them from the body.  These include polysaccharides (pectin, dextrin), phenyl and phytin compounds, gallates, seratonin, ethyl alcohol, certain fatty acids, microelements, vitamins, enzymes, and hormones.  The body’s resistance to radiation is increased by certain antibiotics (biomycin and streptocin) and narcotics (nembutal and barbamyl).

Pectin substances (prpectin, pectin, and pectin acid):  Pectin is a gelatinous substance which is abundant in jams and jellies made from fruit. In the process of  digestion of food, pectin becomes polygalacuronic acid which binds to radionuclides and toxic heavy metals. Insoluble salts are formed, which cannot be absorbed through the mucous gastrointentestinal tract and which can be passed from the body via the feces. Also, the low-molecular fractions of pectin pass into the bloodstream and form complexes with radionuclides which are passed out in the urine.

Substances containing pectin have a strong capacity, in the course of 1-3 hours, to combine with strontium, cesium, zirconium, ruthenium, lead ions, and latania niobium, and to reduce the amount of these elements in the body by up to one half.

Along with pectin, other types of polysaccharides such as dextrin and even lipopolysaccharides, found in grape and tea leaves, also exert a radioprotective effect. 

Vitamins: The so-called “counteractive vitamins” should be included among the very important radioprotective compounds, especially those in the B and C vitamin groups. Although experts do not believe that ascorbic acid exerts a protective effect by itself, it does strengthen the action of vitamins B and P.

While radioactive elements lead to the destruction of blood vessel walls, the combined action of vitamins Р and C restores their normal elasticity and permeability. Radionuclides break down the blood, reduce the quantity of red blood corpuscles and the activity of leukocytes, and vitamins В1, В3, В6, В12 enhance the  regeneration of blood formation and accelerate the restoration of red blood corpuscles and leukocytes. Where radiation reduces coagulability of the blood, vitamins Р and К1 normalize the prothrombin index. 


Para-aminobenzoic acid (PABA) increases the body’s resistance to development of radiation sickness, improves the blood parameters, and promotes the restoration of biotin weight (vitamin H). 

Phenol plant compounds are described by scientists as the most promising sources of potentially active antiradiation agents. Phenol compounds are biologically active substances with  healing and prophylactic functions, necessary for the maintenance and preservation of health. They strengthen the blood vessels and regulate the work of the internal secretion glands. For example, bee propolis (bee glue), effectively treats localized radiation damage to the skin; this is chiefly related to its phenol components. Among the numerous phenolic substances, the greatest interest is attracted by the flavonoids, which promote the removal of radioactive elements from the body. 

Sources of flavonoids are tangerines, black mountain ash berries, sea buckthorn berries, hawthorn, water fennel or mother wort, immortele (Helichysum), and Glycyrrhiza. 

Ethyl alcohol possesses expressed prophylactic radioprotective function on various organisms: humans, animals, bacteria. When a nutritious mix of ethyl alcohol is introduced, the survival rate of bacteria is increased by 11 – 18 percent.  Alcohol protects from death almost all mice irradiated by X-rays at a dose of 600 roentgens. 

Radioactive elements entering the body will give rise to free radicals – particles that can do real damage to a living cell. High doses cause the greatest damage to tissue, but small doses can cause cancer and induce genetic defects which, possibly, will emerge in the children and grandchildren of the person subject to irradiation, or even in his or her more remote descendants. 

RECOMMENDATIONS FOR CLEANSING RADIOACTIVE CONTAMINATION FROM THE HOME AREA

If you live in an agricultural district in an area contaminated with radioactive substances, it is necessary to follow the recommendations below.  

As a rule, the lower parts of the yard where pools collect are more contaminated. As regards the house and other buildings, the “dirtiest” places are roofs, drains, and the places underneath them. Elevated levels of radiation are not observed indoors.

Cleansing of a rural courtyard should be conducted as follows. First, the roofs of the house and other buildings should be cleaned. The moss, leaves, and droppings of many should be removed using brushes. Old insulation material between logs should be removed while cleaning walls. The top layer of wood can be removed by means of an electric plane, after which the processed surface can be coated with paint. This will enable the intensity of the dose of irradiation from the walls to be decreased by a factor   of 2-5. 

Typically, the walls and floors inside the house will have practically no contamination; however such simple recommendations as replacement of wallpaper and sanding of floors can help eliminate it completely. The turf near drains should be removed to a depth of 20-30 cm and then the lower-lying parts of the yard should be cleared. Here, 5-10 cm of soil should be removed to an area outside the village. After the contaminated layer is removed, uncontaminated soil or sand should be brought in to cover the yard. This will decrease the radiaoactive contamination by a factor of 2-3. 

Application of the above methods for de-activation of a rural courtyard will provide for decreased levels of radionuclide contamination, and consequently, doses of external irradiation will be lowered by factors of 2-3. The courtyard will also become clean and orderly, and its inhabitants such as cats and dogs will not be subjected to the danger of irradiation. 

INFLUENCE OF CULINARY PROCESSES  ON RADIONUCLIDE CONTENT IN COOKED DISHES 

It is possible with mechanical processing of fresh produce (by washing and peeling) to eliminate a significant amount of the cesium and strontium contained in them. Experience has shown that it is possible thus to remove the following percentages of the radionuclides from carrots, tomatoes, and spinach:  20-22 percent; potatoes and beets: 30 – 40 percent; and beans: 62 percent. With carrots, beets, turnips, and other root crops, it is recommended to cut off 1-1.5 cm from the top parts. Up to 80 percent of all radioactive and other toxic substances (lead, cadmium, mercury) are contained in this part of the vegetable. With cabbage it is wise to remove at least the outer layer of leaves and not to use the core for food. Any boiled food will lose up to half of its radionuclides during cooking (in fresh water up to 30 percent; in salty up to 50 percent). Suspect meat and fish should not be fried. The crust will not “release” harmful substances from it.

Meat, fish, and other food products, if possible, should be soaked in water with a large quantity of vinegar. It is best to pour out the broth after cooking meat. But if it is necessary to use the broth, cover the meat with cold water, boil for 10 minutes, and pour off the water. Add fresh water and cook until the broth is done. This process will decrease the radioactive substances by half. 

To reduce the amount of radioactive elements, it is recommended to chop meat and hold it in water for several hours. If there is no great necessity for it, this advice should not be followed, since with soaking, the meat can lost up to 30 percent of its nutrients. 

When mushrooms are soaked,  their cesium decreases by 30%, and when they are boiled, by 90 percent. But strontium remains at essentially the same level. 

When milk is made into butter, only 1percent of the Sr-90 is transmitted. Milk contaminated by Cs-137 and other nuclides with short half-lives is easy to decontaminate by transforming it into nonperishable products (such as condensed and powdered milk, cheese, and butter) and if they have been subjected to their corresponding delay times. Radioactive elements are practically nonexistent in starch, sugar, and refined vegetable oils. 

When planning a diet it is necessary to be aware that there exist plants and fruits that do not accumulate radioactive elements. These include Jerusalem artichokes. N.Boltasov, Director  of the Scientific Research Institute for Field and Orchard Farming of the Russian Academy of Sciences, grows Jerusalem artichokes on land contaminated by nuclear waste. And neither in the tubers, nor in the biomass were any radionuclides detected. Jerusalem artichokes are used in raw, fried, stewed, baked, salted, and dried forms. 
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