ПОСТЕР 2

Thirty years later after the Bulgarian “Second Chernobyl disaster – 1987”
N. Izmirova,
Institute of Hygiene and Occupational Health to the Ministry of Health, Sofia; izmirovan@yahoo.com
Introduction
In the multitude of bioactive minerals used by humans for various purposes, the natural zeolite (with > 85% of clinoptilolite) has a leading role, due to its combination of useful properties - adsorption, ion exchange, molecular sieve and catalytic ones.

The radioactive contamination as a result of the Chernobyl accident has prompted the necessity for natural sorbents in a combination with “a cocktail” of technogenic radionuclides (V. Marinov [1]). The clinoptilolite was tested on pigs, which were fed with 137Cs contaminated feed and 10% of clinoptilolite added to their daily ration. A reduction of 54% of 137Cs and 37% of 90Sr was simultaneously achieved in the pigs’ muscles and bone tissue. In an experiment with 300 broiler chickens, 6% of clinoptilolite was added to the daily ration. The results indicated that the ratio of 137Cs accumulation in the thigh musculature was 43.2% lower for male poultry and 57.1% for female ones. Summarizing the numerous experiments with birds, sheep and pigs have shown a statistically reliable effect [1]. The addition of clinoptilolite to the daily ration of cows resulted in a decrease in milk by an average of 60% of both 137Cs and 90Sr as well, along with the extraction of a large set of technogenic radionuclides (Stanchev, quotation in [1]).
After the Chernobyl radioactive contamination, all research works and recommendations in Bulgaria were classified as secret ones and hence remained unpublished, while the Bulgarian population was kept uninformed about the radioactive background in this country.

In 1986 a dissertation was introduced, which concluded that the powder of the Bulgarian clinoptilolite and mordenite had a blastomogenic and potentially carcinogenic effect [3]. In 1987, two more publications [4, 4.1] were also published, which also claimed that clinoptilolite powder had a blastomogenic effect.
RADIOACTIVE CONTAMINATION
After the accident of the Chernobyl nuclear reactor in 1986, the radiation background in Bulgaria has dramatically increased. It was found that the Chernobyl contaminants contain the so-called "hot particles", that penetrate into the lungs when inhaled, and may be retained in the upper or lower respiratory tract, which is a prerequisite for an increased carcinogenic risk [6].

As early as the beginning of May 1986 (i. е. 4-5 days after the accident), the team of The Dosimetry and Radiation Protection Laboratory to the Faculty of Physics of St. Kliment Ohridski University of Sofia started research works, aimed at identifying the extent of the radioactive contamination. In the end of May 1986 a rough estimation of the carcinogenic effects of hot particles was made. In turned out that for some groups of Bulgarian population it could reach 0,1 to 1%. Measures were proposed to protect the Bulgarians from the penetration and the deposition of the hot particles. The program and its recommendations were classified as confidential ones, and were published as late as in 1989 I. Uzunov† [5, 6].

All research works, concerning the radioactive contamination, were also classified as confidential. The results were published just in 1990. It was only the rulers, who consumed safe food. They knew the seriousness of the radioactive contamination, but no precautionary measures were undertaken to protect ordinary people [7].

In early June 1986 a monitoring was held on farm workers, who had been in contact with plant material treated with organophosphorus pesticides. A pesticidal exposure was not detected, but toxic effects of the radiation were found. The radioactive contamination on urine samples (expressed in Bq/l) varied from 300 000 Bq/l to 1 million Bq/l, while in the blood samples it was from 200 to 300 Bq/l. During the period May-June in the area under surveillance there was no rain. The radioactive contamination was caused due to the consumption of vegetables, fruits and dairy products. The contamination was found in the blood and urine samples of persons, working in enclosed spaces (scientists and laboratory technicians, who have not consumed any fruit, vegetables and dairy products). The contamination of the urine samples was within the range of 10 000 Bq/l -17 000 Bq/l, for smokers it varied from 60 000 Bq/l to 120 000 Bq/l. The values in blood samples did not exceed 300 Bq/l; (N. Izmirova, Radioactive contamination after the Chernobyl fallout, 1-5 June 1986, the article was not published).

The pollution in this country varied depending on the radioactive rainfall.

In the autumn of 1986 the wheat crop products were included in the nutrition of the Bulgarians. In northern regions the pollution was 96,4 ± 44,0 Bq/kg, while for the South it was 330,0 ± 101,0 Bq/kg. The dairy pollution was from 290 to 799 Bq/kg, of sugar products it was up to 112 Bq/kg, for children's food it was 112 Bq/kg. In 1987 the radioactive contamination of humans was greater than the one immediately after the Chernobyl disaster in 1986. This was our "second Chernobyl" [7].
In an article "The use of Zeolites to Counteract Chernobyl Fallout" -1993, L. Fillizova claims that the Bulgarian children were given chocolates and biscuits containing 2-30 wt. % Clinoptilolite powder [9]. This regretfully was not true. Special orders contained instructions about the food of the military animals, hygienic measures and the feeding of the Bulgarian Army personnel in the conditions of high radioactive atmospheric contamination. These precautions were taken to meet the needs of the military personnel, the persons of the highest government levels, but they were not applied either for children and young people, who did not belong to the military personnel at that time, not for the Bulgarian population [7].

The cancer rate within the period 1992-1999 saw an increase of 0,28 % and the lung illnesses have increased with 0,12 % [8]. These results refer within the limits of the theoretically estimated rates by I. Uzunov† [5, 6].
The problem with Chernobyl radioactive contamination could be resolved to a large extent, if the natural zeolite (NZ) was used to decontaminate the technogenic radionuclides. The Bulgarian zeolite is of high mineral content of clinoptilolite. In some localities, its content reaches 92% [2]. In 1984 it was implemented and NZ was used in Bulgaria, also as a feed additive [2.1].

It is confusing, that during the Chernobyl radioactive contamination in 1986 a protected thesis was published, titled "Hygienic assessment of dust from the Bulgarian zeolite rocks" [3], concluding that the dust from the Bulgarian zeolites (clinoptilolite and mordenite) is of blastomogenic and potentially carcinogenic effect. This was claimed by other authors [4, 4.1] as well. What was the aim of those publications and whose interests did they protect? These are questions that have not yet been answered!
Verification of the credibility of the blastomogenic and potentially cancerogenic effect of the Bulgarian clinoptilolite
Under the scientific guidance of Prof. P. Blagoeva (Head of the Mutagenesis and Carcinogenesis Laboratory, Center of Oncology), a team of physicians, chemists, physicists and geologists, the credibility of the blastomogenic and potentially carcinogenic effects of Bulgarian clinoptilolite was checked. The theme was "Clinical Carcinogenicity Study of Clinoptilolite for Oral and Dermal Application" (under contract 103 / 1998-2001, funded by the Ministry of Education and Science) [10].

The theme included:
1. Clinical carcinogenicity study of the clinoptilolite in oral and dermal application of laboratory rodents (mice and rats)
 
Methods and materials
A total of 600 laboratory mice and rats were examined, any 300 of them for each laboratory species. 

In the case of oral treatment of rodents, Clinoptilolite powder (Cpt) from Beli Plast locality was used with the same granulometric characteristics of the powder (the size of each particle <0.1 mm), which was used by the authors of publications [3, 4 and 4.1].
Three hundred laboratory mice, line BDF 1, all at the age of 3 months, were basically divided into three groups, each consisiting of 50 male and 50 female animals. All rodents were fed with a balanced, tableted standard feed for laboratory animals. The first group was a control one, which was not treated with Cpt. The second group was dermally treated with Cpt, which was implanted mechanically in the left flank of each animal. The size of the surgical field was 2 per 1 cm and its depth was till bleeding occurred; 500 mg of Cpt were sprinkled in the slit and on both sides of the skin, then the slit was sutured with one stitch. The wounds healed quickly and subsequently were not infected. There was no malignancy at the site of implantation. The third group was orally treated with Cpt. The daily ration of the animals contained a feed of 5% of Cpt for 5 days every week. The observation period made on a daily basis lasted for 24 months. Experimental animals as well as survivors by the end of the period were necropsied. All animals, both treated ones and those under control, were subjected to pathomorphologic examinations, covering all tissues.

Results and discussion
As indicated in Table 1 below, all 16 diseased animals had five types of tumors registered in 2 males and in 14 females. Eleven of them belonged to the control samples (not treated with Cpt), while 2 of the animals were treated dermally and 3 of them orally. There was a tendency the spontaneously formed malignancies to be reduced with animals treated with Cpt. That trend was more pronounced with the orally treated animals in terms of lymphoma cancers (lymphosarcoma and neoplasm type B of the reticular cells). These cancers with mice can find their analogue in human lymphoma cancers, such as Hodgkin's and Non-Hodgkin's lymphoma, to a certain degree - breast cancer, etc.

Table 1
Number of tumors by groups
	Group Tumor formations
	Group 1
	Group 2
	Group 3

	
	Control
	Dermal
	Oral

	
	M
	F
	M
	F
	M
	F

	Lymphosarcoma
	2
	3
	-
	2
	-
	1

	Type B neoplasm Reticular cells
	-
	3
	-
	-
	-
	-

	Liver hemangioma
	-
	1
	-
	-
	-
	1

	Endometrial haemangioma
	-
	1
	-
	-
	-
	1

	Endometrial adenoma
	-
	1
	-
	-
	-
	-

	Total M- male F-female
	2
	9
	-
	2
	-
	3


70 days oral treatment

Cpt (10% of it in the standard fodder for laboratory rodents) has no mutagenic effects on bone marrow and peripheral blood in acute and sub-chronic (70 days) oral treatment of mice and rats, suggesting the absence of gene toxicity in blood-forming tissues. The Cpt has no common toxicity to liver, kidney, lungs, spleen and heart, and it does not irritate the mucous membranes of the gastrointestinal tract. 
It was found that clinoptilolite had no blastomogenic and carcinogenic effect. The authors of publications [3, 4, 4.1] did not comply with WHO-IARC requirements for long and short-term screening for carcinogenesis [13], and their findings on blastomogenic impact and potentially carcinogenic effect of the clinoptilolite powder were wrong.
With rodents (mice and rats), it was categorically proved that clinoptilolite has no blastomogenic and carcinogenic effect [11, 12]. 
2. Investigation of the natural radioactivity of clinoptilolite mineral raw material

Zeolites, to which the clinoptilolite (Cpt) belongs, are of volcanic origin and their natural radioactivity exceeds 4 or 5 times the background natural levels. 
Methods and materials
The samples of the clinoptilolithic raw material were extracted from 9 deposits in the North Eastern Rhodopes (Beli Plast, Bashtino, Most, Nevestino, Lyaskovets, Kostino, Zhelezni Vrati, Karamfil and Gabite). A 50 g of rock sample was ground to particles, whose size was less than 0.1 mm. 

Results and discussion
Belonging to the group of natural zeolites (which are of volcanic origin), the Cpt has a natural radioactivity. The natural radioactivity of the zeolite rocks in the area of the deposits (in Bq/kg) is as follows: 238U: from 50 to 185; 226Ra: from 60 to 200; 232Th: from 120 to 170, and 40K: from 750 to 1300. The measured power of exposure varies between 35 and 40 μR/h [8].
With the exception of 40K, the Cpt does not release radioactive elements in the environment.
However, the results of the study of water from 15 roadside fountains, in regions rich in clinoptilolite rocks, indicate that the specific radioactivity of 226Ra is below the MDA (minimum demonstrable activity) that is 0.07 Bq / L (0.15 Bq / L for drinking water standard). 
It was proven that after Cpt was treated with 0.1 N hydrochloric acid (HCL), imitating the acidity of HCL in the stomach, and 0.3 N HCL (for 2 hours, with continuous stirring and at temperature T-45°C), in the hydrochloric acid extracts, no natural radioactive elements were proved (the specific radioactivity in Bq / L determined with regard to 238U, 226Ra and 232Th does not exceed MDA. Under these conditions, natural radionuclides remain tightly bound to the aluminosilicate skeleton.
During the radioactive decay of 226Ra a radioactive gas, radon (222Rn), is produced. The measured concentration of 222Rn in both samples (samples No. 1 and 2) of water, mixed with 200 g Cpt, was within the range of 2 to 4 Bq / L, instead of 34 to 40 Bq / L, corresponding to the proven 226Ra in samples of Cpt: (sample No 1: 226Ra-170 Bq / kg and sample No 2: 226Ra - 200 Bq / kg). The released radioactive gas 222Rn is practically adsorbed by Cpt.
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Autoradiography of a clinoptilolite rock specimen
[image: image2.png]


A polished plate of a clinoptilolite rock specimen (layer thickness of 0.5 cm) was placed between two X-ray tiles. The packed rock pattern thus remained in dark for 2 months. The result after the X-ray plates development is shown in Fig. 1 and Fig. 2.
The clinoptilolite plate did not cause the tiles’ blackening at the site of exposure. Punctual transitions were observed only along the contour (the border of the Cpt plate - air) [8, 8.1].

70 days oral treatment with 10% clinoptilolite in the feed of laboratory rodents (mice and rats)

When feed, containing 10% Cpt, is orally introduced, the natural radioactive elements (238U, 226Ra and 232Th) were not retained or exchanged in the organism of the laboratory rodent (Table 2).
Table 2
Specific radioactivity in Bq / kg
	Nuclid
	238U
	226Ra
	232Th
	40K

	1st control group of animals -10pcs., fed 70 days with pure food

	Food (pure)
	<10
	<3
	<7
	290±10%

	Faeces 30 ± 15%
	30 ±15%
	<10
	<4.5
	± 170 ± 8%

	2nd group of animals, 9 pcs., fed 70 days with food + 10% Cpt

	Food + 10% Kpt
	40 ± 30%
	40 ± 30
	25 ± 30
	430 ± 8%

	Faeces
	50 ± 30%
	25 ± 30
	18 ± 30
	260 ± 8%


Referring to Table 2, the amount of radionuclides introduced with food, containing 10% of Cpt, was practically excreted in the faeces of the test animals. Regarding 40K, certain amount was retained, but that was negligible as compared to the total 40K in the body. Compliance of 40K retention ratio of pure feed and food with 10% Cpt is observed, which is about 60%.
A medical-geographic study was carried out on the population, living in areas with widespread zeolite rocks. Fifteen villages were covered, where the houses were built of clinoptilolite stones, the waters ran through zeolite rocks, and vegetables were grown in soils rich in this same mineral. The data indicated lower oncological incidences of the population as compared to other regions of this country. The results of drinking water studies (from 15 sources) passing through clinoptilolite rocks show 226Ra values, lower than the sensitivity of the method (0.07 Bq / L). The concentration of 222Rn did not exceed the background levels in houses built of clinoptilolite stones. [14].
As a mineral of volcanic origin, the natural clinoptilolite has natural radioactivity. As a mineral belonging to the group of zeolites, the natural clinoptilolite has unique properties typical of this mineral group only. Zeolites are molecular sieves, with pronounced adsorption properties, which are probably manifested in terms of the natural radioactivity they possess.

Cpt adsorbs natural and technogenic radioactive elements and it is suitable for oral introduction as a food supplement.
Taking into account the established values of the naturally occurring radioactive elements in the natural clitioptilolite, the preliminary assessment of the maximum amount of clinoptilolite, that can be absorbed through the nutrition authorities without exceeding the limits of the annual intake of radioactivity, is 200 g per year.

Conclusion
After completing the two-year experiment on laboratory Rodents (mice and rats), it was established in an explicit way that the clinoptilolite had no blastomogenic and potentially carcinogenic effect [11, 12] and that the conclusions made in the dissertation [3] on the blastomogenic and the carcinogenic action of Cpt powder are wrong.
Probably this is one of the reasons, due to which the Bulgarian natural zeolite (with > 85% of clinoptilolite) should not be used to decontaminate the radioactive contamination, which resulted into the Bulgarian Second Chernobyl in 1987.
The use of natural zeolites would have contributed to overcome the consequences on the health of the nation, something that could have been done, but was not during the radiation period from May 1986 until December 1987 (V. Marinov† [1] a member of the Standing Committee for Protection of the Population in Emergencies to the Council of Ministers of the Republic of Bulgaria).
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� The research was carried out by the Center for Oncology, Sofia - Laboratory of Carcinogenesis and Mutagenesis, under the scientific guidance of Prof. P. Blagoeva.





� The natural radioactivity was measured in the Laboratory of Dosimetry and Radiation Protection to the Faculty of Physics at "St. Kliment Ohridski" Sofia University.
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