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TRISOMY 21 AND CONGENITAL MALFORMATIONS AFTER CHERNOBYL: 
CONFIRMATION OF MICROCEPHALY IN BIRDS BY HUMAN MICROCEPHALY. NON 

DISJUNCTION OF CHROMOSOMES DURING MEIOSIS, INDUCED BY IRRADIATION, IS 
RESPONSIBLE OF TRISOMIES (21, 13, 18) NINE MONTHS AFTER CHERNOBYL. 

Guy Mong Ky Tran 

Public Health Department, Hospital Hôtel-Dieu, Clermont-Ferrand, France 

Abstract. 

Nine months after Chernobyl (April 26, 1986), there were 4 peaks of mongolism, in Belarus 
(Lazjuk G, 2008), in Berlin (Germany) ( Sperling K, 1994), in Scotland (Ramsay CN, 1991) and in 
Sweden (Ericson A, 1994) in January 1987. Irradiation from monazite soil containing Thorium at 
the time of conception can be followed by Mongolism, in Kerala (India) (Kochupillaia N, 1976) 
and Yangjiang (China) (Science, 1980: 877). In Belarus, a multitude of congenital malformations 
were found in a survey of 70 000 births (polydactyly, spina bifida, labial clefts, intestinal and 
esophageal stenosis, limbs, digestive, anal, cerebral and uretral malformations, mongolism, 
etc…), with a striking peak 9 months after Chernobyl ( curve: In red). Malformations can be 
classified in trisomy 21 (intestinal and esophageal stenosis), trisomy 13 (Patau syndrome) 
(polydactyly, cleft lip/palate, microcephaly, microphtalmy) and trisomy 18 (spina bifida). In 
Ukraine (Polissia), 96 000 births were analysed:  The incidence of spina bifida was 22/10,000 
(18-27/10,000) versus 9/10,000 in Europe (Wertelecki W, 2010); interestingly, there were 
microcephaly and microphtalmy, and teratomas. This is coherent with microcephaly, deformed 
eyes and becks detected in a study of 500 birds by Moller AP (2011), in the Chernobyl area. 
Cataracts in birds (Mousseau TA, 2013) were also found in humans (Bandajevsky YI, 1997): The 
culprit is Cesium 137, a photosensitizer used in solar industry. Curiously there is also a case of 
human hepatic Wilson's disease described after irradiation (Uranium can be extracted from 
copper mines). Concerning the mechanism of Trisomy (13, 18 and 21), there are experimental 
proofs that irradiation induces a non disjunction of chromosomes during meiosis in drosophila, 
mouse and hamster (Nicolaidis P, 1998; Grell RF, 1999; Salvontaus M-L, 1975; Hansmann I, 
1990). Mongolism has 2 other irradiation markers: Translocations (of oncogene ets) and 
leukemia. Thus malformations/trisomies are direct consequences of irradiation from Nuclear 
accidents and/or Atomic Bomb explosions. Birds are excellent predictive models for human 
abnomalies (cutaneous tumor, microcephaly, cleft lip/palate and cataract). In conclusion, Nuclear 
energy is too dangerous for newborns and must be abandoned and replaced by safe alternatives 
(solar and wind energies) as did Germany after Fukushima. Mongolism is not caused only by age 
in itself (because age cannot induce translocations and leukemia), but also by accumulation of 
irradiation effects with ageing. 

 

 

 



 

 371

 

IONISING RADIATION INDUCES PERSISTENT CHANGE 
IN CARDIAC MITOCHONDRIAL FUNCTION OF C57BL/6 AND APOE-/- MICE 

Žarko Barjaktarović 

Helmholtz Centre Munich, Munich, Germany 

Abstract. 

Excess risk of heart disease occurs a long time after exposure to lower doses of radiation. The 
aim of the study was to elucidate pathological changes occurring in heart mitochondria in a long 
term after the exposure. Atherosclerosis-prone ApoE-/- and C57BL/6 mice were exposed to local 
cardiac irradiation using two doses (X-ray; 2 and 0.2 Gy). Using quantitative proteomic approach 
we found alterations in the levels of proteins of mitochondria-associated cytoskeleton, respiratory 
chain, ion transport and lipid metabolism. The respiratory capacity of irradiated C57BL/6 cardiac 
mitochondria was significantly reduced at 4 and 40 weeks. In parallel, protein oxidation was 
increased, suggesting enhanced oxidative stress. Radiation had no effect on respiration or 
oxidative stress in the ApoE-/- mitochondria but alterations were observed in the lipid 
metabolism. In conclusion, our data show that irradiation causes persistent proteomic and 
functional alterations in heart mitochondria which may lead to malfunctioning of the heart 
muscle. 
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PRECLINICAL DEVELOPMENT OF A BRIDGING THERAPY 
FOR RADIATION CASUALTIES 

Vijay Singh 

Armed Forces Radiobiology Research Institute, Department of Radiation Biology, F. Edward Hébert 
School of Medicine, USUHS, Bethesda, USA 

Abstract. 

Victims of a terrorist attack presenting with the hematopoietic or gastrointestinal syndromes 
resulting from exposure to excessive levels of ionizing radiation will succumb to sepsis if not 
adequately treated. The probability of survival is increased substantially if the victim’s immune 
system is allowed to recover before sepsis sets in. We report here preclinical development of a 
new bridging therapy which will allow the victim’s immune system to recover from damage 
caused by ionizing radiation. 

CD2F1 mice were irradiated with lethal, whole-body doses of cobalt-60 gamma-radiation and 
then transfused intravenously (retro-orbital sinus) with whole blood, peripheral blood 
mononuclear cells (PBMC) or plasma from tocopherol succinate (TS)- and AMD3100-injected 
mice after irradiation. Survival was monitored for 30 days after transfusion of whole blood, 
PBMC or plasma. Intestinal and splenic tissues were harvested after irradiation and cells of those 
tissues were analyzed for markers of apoptosis and mitosis. Bacterial translocation from gut to 
heart, spleen, and liver in TS-mobilized PBMC-treated and irradiated mice was evaluated by 
bacterial culture. Efficacy of such cells was also tested against combined injury (radiation plus 
wound). 

The infusion of PBMC from TS- and AMD3100-injected mice significantly enhanced survival 
after high radiation doses causing hematopoietic and gastrointestinal syndromes, inhibited 
apoptosis, increased cell proliferation in tissues, and inhibited bacterial translocation to various 
organs compared to mice receiving vehicle-mobilized cells. TS-mobilized progenitors also 
mitigated radiation combined injury in mice. TS and AMD3100 mobilized progenitors into 
peripheral circulation and the infusion of mobilized progenitor-containing blood or PBMC acted 
as a bridging therapy for immune-system recovery in mice exposed to high, potentially fatal doses 
of ionizing radiation. We suggest this novel bridging therapeutic approach that involves the 
infusion of TS-mobilized hematopoietic progenitors following acute radiation injury might be 
applicable to humans as well. 
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DEVELOPMENT OF STATE REGISTER OF PERSONS EXPOSED TO RADIATION 
AS A RESULT OF THE CHERNOBYL ACCIDENT IN BELARUS 

Aksana Kotava 

The Yanka Кupala State University of Grodno, Grodno, Belarus 

Abstract. 

Background: Creation and development of the state information resource in health care, 
monitor health status affected by the Chernobyl catastrophe population of Belarus is an 
important and actual problem, which allows an objective evaluation of health status. 

Purpose: The article presents data on the creation, stages of development, goals, objectives 
and problems of functioning of the State Register of persons exposed to radiation as a result of 
the Chernobyl catastrophe, other radiation accidents at this stage. 

Material and Methods: The analysis of the system of collection and processing of 
information collected in the State Register of persons exposed to radiation as a result of the 
Chernobyl catastrophe, other radiation accidents, planned the main ways to improve it, defined 
the strategic objectives of its functioning, provides a definition of the categories affected by the 
Chernobyl accident. 

Results: At present the State Register of persons exposed to radiation as a result of the 
Chernobyl catastrophe, other radiation accidents is a unique medical information system in terms 
of volume (registered more than 200,000 people), and on the territorial scope (the whole 
territory of Belarus). 

Conclusion: Experience working the State Register of persons exposed to radiation as a 
result of the Chernobyl catastrophe, other radiation accidents can hope that a personalized and a 
long-term registration changes in state observed contingent can provide the information basis for 
an objective answer to the question of the real damages the health of the population of Belarus 
affected by the disaster at Chernobyl nuclear power plant. 
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EFFECTS OF THE CHRONIC LOW DOSES ON AQUATIC SPECIES 
WITHIN THE CHERNOBYL EXCLUSION ZONE 

Dmitri Gudkov1, Natalia Shevtsova1, Elena Dzyubenko2, 
Natalia Pomortseva1, Natalia Rodionova3, 
Alexander Kaglyan1, Alexander Nazarov4 

1 Institute of Hydrobiology of the National Academy of Sciences of Ukraine, Kiev, Ukraine 
2 Pereyaslav-Khmelnitsk State Teacher Training University, Kiev, Ukraine 
3 R. E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology of the National 

Academy of Sciences of Ukraine, Kiev, Ukraine 
4 Chernobyl State Specilized Enterprise, Kiev, Ukraine 

Abstract. 

During 1998-2013 we studied the rate of chromosomal aberrations in embryo tissues of the 
pond snails and root meristems of higher aquatic plants, and also hematologic indexes of mantle 
liquid of the snails and peripheral blood of fishes in water bodies with different levels of 
radioactive contamination within the Chernobyl exclusion zone (ChEZ). The absorbed dose rate 
for hydrobionts from water bodies of the ChEZ during the period of researches registered in a 
range of 4.6·10-3-3.4 Gy year-1, and in the control water bodies - up to 1.7·10-3 Gy year-1. 
Cytogenetic analysis of embryos of the pond snails testifies the increased level of chromosomal 
aberrations in the mollusks from stagnant water bodies of the ChEZ in comparison with control 
reservoirs. During the period of studies the highest values were registered for the snails of closed 
reservoirs of the ChEZ where the rate of chromosomal aberrations was registered within range of 
18-27%, that on the average more than in 10 times exceeds the spontaneous mutagenesis level for 
aquatic species. The snails of river ecosystems were characterized by the low level of aberrant 
cells - 2.5-3.5%. For the mollusks from the control lakes this index was reached on the average 
1.5% with the maximal values 2.3%. The positive correlation between chromosomal aberration 
rate and absorbed dose rate in the pond snails’ embryos in water bodies of the ChEZ was 
registered. The rate of chromosomal aberrations in root meristematic cells of different higher 
aquatic plants from the most contaminated lakes of the ChEZ was in range of 7-17%. In the plants 
of rivers this index was on the average 3.5-5.0%, and was not exceed 2.6% in control water bodies. 
Thus, the rate of chromosomal aberrations in hydrobionts of the stagnant water bodies in the 
ChEZ repeatedly exceeds the level of spontaneous mutagenesis, inherent to the aquatic species 
(2.0-2.5%) and can be display of radiation-induced genetic instability. In fish dwelling in lakes of 
the ChEZ a considerable qualitative and quantitative changes in hematopoietic system were 
registered. In water bodies with high level of radioactive contamination the content of leucocytes 
in blood of fish was substantially below than their level in fish of the control reservoirs. At that the 
total amount of thrombocytes in fish from contaminated lakes was higher than control indexes. In 
blood of the perch from Glubokoye Lake the decreased content of oval forms of thrombocytes was 
determined. The erythrocytes of the crucian carp and perch from Glubokoye Lake were the most 
susceptible to pathological changes of both nucleus and cell wall. The total amount of cell 
abnormality in this water body was registered at following level: for the crucian carp 59.5‰, and 
for the perch 22.6‰, that considerably exceeds the indexes of violations for fish from control 
reservoirs (1.9-4.1‰). 
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LATE CANCER AND NON-CANCER EFFECTS 
OF CHRONIC RADIATION EXPOSURE OF BONE MARROW 

Ilia Yarmoshenko, Georgy Malinovsky, 
Lidia Konshina, Michael Zhukovsky 

Institute of Industrial Ecology, Ekaterinburg, Russia 

Abstract. 

Accident at former soviet plutonium production plant “Mayak” in 1957 resulted in emission of 
considerable amount of radioactive substances to the atmosphere. Radioactive fallouts caused 
contamination of the environment by Sr-90 and short-lived radionuclides (East-Ural Radioactive 
Trace, EURT). Due to consumption of contaminated food and milk, population was affected to 
relatively high radiation exposure. Analysis of cancer and late non-cancer effects of radiation 
exposure was conducted using registered data on causes of deaths of rural population of EURT 
northern part for period 1957-2000. Exposed (4 844 persons) and unexposed (6 158 persons) 
groups of the study relate to the settlements where initial surface contamination by Sr-90 was 
above and below 3.7 kBq/m2 respectively. By estimating proportionate mortality ratios 
statistically significant excess mortality was observed in exposed population due to the groups of 
causes of death as follow: stomach, liver and cervix cancers; group consisted only of stomach 
cancer alone; non-cancer deceases of infectious etiology. Nonsignificant but remarkably high risk 
was observed for the following groups of causes of death: bone cancer; leukemia; liver cancer; 
cervix cancer. Insignificant, virtually zero risk was found for: non-gastrointestinal solid cancers; 
colon and lung cancers; non-infectious non-cancer deceases. At the same time, considerable 
radiation doses were absorbed in bone (mean bone surface dose about 0.1 Gy) and colon (mean 
dose about 0.07 Gy). Doses absorbed in other organs and tissues were negligible, <0.01 Gy for 
most tissues. To analyze obtained results, recent findings on strong attributability of stomach, 
liver and cervix cancers to bacterial and viral infections were taken into account. According to 
IARC, stomach cancer relative risk associated with helicobacter pillory is 5.6, liver cancer relative 
risks associated with HBV and HCV are 23 and 17 respectively, cervix cancer relative risk 
associated with HPV is >100. At the same time association of lung cancer, colon cancer and some 
other common malignancies with infections is either not established or of low significance. We 
suggested that excess mortality due to cancer and non-cancer diseases of infectious etiology is 
associated with radiation exposure of bone marrow due to Sr-90. Irradiation of hematopoietic 
stem cells and progenitor cells damages hematopoiesis and suppresses the immune response. 
Secondary immune deficiency induced by chronic radiation increases susceptibility to the 
bacterial and viral infections. Such late effect of radiation exposure can be considered within the 
concept of deterministic tissue reactions.  
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THE STUDY OF HYPERMETHYLATION IN IRRADIATED PARENTS 
AND THEIR CHILDREN BLOOD LEUKOCYTES 

Nina Kuzmina, Andrey Myazin, 
Nellya Lapteva, Aleksandr Rubanovich 

N. I. Vavilov Institute of General Genetics, Russian Academy of Sciences, Moscow, Russia 

Abstract. 

Earlier we demonstrated elevated levels of chromosome aberrations and TCR mutations both 
in irradiated parents (liquidators of the Chernobyl accident and residents of the territories with 
radionuclide pollution, 135 - 688 kBq/m2, 137Cs) and in their children. Individual variability of 
genome destabilization was observed by all criteria used and manifested both in the diverse 
spectrum of transgenerational mutational effects and in different levels of their expression. 
Intensive accumulation of knowledge about the epigenetic regulation of genome function leads to 
the neсessity to explore new aspects of genotoxic action of radiation on the human body. The 
study of aberrant methylation of CpG islands in the promoter regions of genes (P16/CDKN2A, 
P14/ARF, RASSF1A, GSTP1) in blood leukocytes of liquidators of the Chernobyl accident (n=83, 
38-76 years) and control subject of two groups (n=48, age ≤ 35 and n=65, age > 35 years) was 
carried out using methylation-sensitive restriction endonuclease analysis followed by PCR. The 
duration of the works of liquidators ranged from 2 weeks to 6 months. The individual doses 
ranged from 50 to 480 mSv. The total number of АсiI sites (5'…C↓C GC…3') in the analyzed 
fragments ranged from 2 to 7 for different genes. Only 1 subject (2,1%) of control group (the 
healthy young individuals, age ≤ 35 ) has the methylation of the studied CpG - dinucleotides of 
RASSF1A gene. The cases of aberrant methylation of all genes were revealed both in liquidators of 
the Chernobyl accident and in the control group (age > 35 years). Promoter methylation of at 
least one of the genes analyzed was observed in 28,92 % liquidators and significantly exceeded (p 
= 0,016) such rate in an one-age (> 35 years) control group (12,31%). Significantly elevated 
frequency (p = 0.023) of individuals with abnormal methylation of GSTP1 gene in group of 
liquidators as compared to control group was revealed. The frequency of individuals with 
abnormal methylation of P16/CDKN2A gene promoter was also higher (the tendency) in exposed 
people than that in the control group (p = 0.078) The occurrence of promoter methylation of 
RASSF1A gene was significantly correlated with aging both in the control group (r = 0, 214; p = 
0.023), and in liquidators of the Chernobyl accident (r = 0, 230; p = 0,036). Similar trend was not 
found for other genes. Multiple regression analysis showed that the growth in the number of 
methylated loci of a set of genes p16, p14 and GSTP1 is due to the fact of exposure (OR = 7.32, 
95% CI = 2.49 - 25.83, p-value = 2.7×10-5), exclusively. At present the study of these epigenetic 
abnormalities in children born from irradiated parents is conducted. The results obtained for the 
first time demonstrate the reality of the radiation-induced aberrant methylation of CpG islands in 
promoters of genes involved in the basic protective functions of cells, in the human body in 
remote period after radiation exposure. Taking into account accumulated knowledge in the field 
of molecular oncology, identified epigenetic changes may be markers of increased risk of 
carcinogenesis in the future that requires further study. 
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RETROSPECTIVE DOSE EVALUATION 
BY MEANS OF CLASSIC CYTOGENETIC METHOD 

V. Yu. Nugis1, A. V. Sevan’kaev2, I. K. Khvostunov2, E. V. Golub2, 
M. G. Kozlova1, N. M. Nadejina1, I. A. Galstyan1 

1 Burnasyan Federal Medical Biophysical Center, Moscow, Russia 
2 Medical Radiological Research Centre, Obninsk, Russia 

Abstract. 

One from a problem of biological dosimetry is the dose evaluation in remote time after 
irradiation. This takes place in certain percent of cases of acute irradiation, for example, when 
patient entrance in hospital is delayed. Also the retrospective dose evaluation is necessary for 
confirmation of irradiation fact and determination of quantity of possible absorbed dose in aims 
of medical social examination and potential judicial trials which are associated with requirements 
of a compensation of damage caused by health. The biological dose indication is produced by 
average dicentric frequency in peripheral blood lymphocyte culture. However dicentrics and 
certain other chromosome aberrations put into unstable type. Their frequencies are decreased in 
course of time. A special computer program was developed to use the results of classical 
cytogenetic analysis for retrospective dose estimation. It processes the distributions of cells by the 
number of dicentrics and all unstable aberrations in peripheral blood lymphocyte cultures when 
sampling is produced in remote period after irradiation. This computer program is a modification 
of the main program originally proposed to recover the dose distribution of lymphocytes from 
dicentric distribution of lymphocytes. The version proceeds from likening of chromosome 
aberration elimination to the appearance of some non-irradiated fraction in the pool of peripheral 
blood lymphocytes in the course of time after irradiation even if the initial exposure was uniform. 
This computer program has been used for retrospective dose estimations received Chernobyl 
patients. Changes of registered levels of chromosome aberrations were studied in the peripheral 
blood lymphocyte cultures of 74 patients with a different frequency during a quarter of a century 
after irradiation by the instrumentality of routine method. The capital body mass of majority of 
these patients was irradiated relatively uniformly. The initial dose estimations by average 
dicentrics frequency varied from 0.2 to 9.8 Gy. Strong correlation was observed between the 
recovered by means of the computer and initial estimates of doses. However there was some 
displacement of the recovered estimations in comparison with initial estimations towards smaller 
dose values. Also the ratios of recovered dose estimations to initial dose estimations in certain 
degree depended on time after irradiation. On the average practical non-bias of retrospective dose 
estimations was achieved only after production of the equations of multiple linear regression 
which take into account not only recovered computer dose estimations, but also time elapsed 
after exposure or frequencies of the atypical chromosomes registered in remote terms. 
Simultaneous increase of the time between irradiation and moment of repeated cytogenetic 
examination resulted in widening 95%-confidence interval of individual values. 
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USING NANOTECHNOLOGY AND A BIOPHYSICAL APPROACH 
FOR THE ANALYSIS OF THE DNA BIOPOLYMER DEGRADATION 

AND REPAIR BY IONIZING RADIATION 

Alexandros G. Georgakilas1, Sotiria Kripotou1, George C. Psarras2, 
Christos Tsonos3, Athanasios Kanapitsas3 
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Lamia, Greece 

Abstract. 

The analysis of the DNA biopolymer degradation especially at low environmentally 
relevant doses of ionizing radiation is often challenging. We have applied an adaptation of 
number average length analysis (NALA) and DNA electrophoresis in agarose gels with the use of 
DNA repair enzymes as damage probes to calculate the levels of clustered DNA damage in human 
cells and under a variety of radiations. We have found the optimum conditions for the DNA-
agarose nanocomposites to doses as low as 0.5 Gy. Latest improvements in nanotechnology 
and drug discovery has led to the discovery of some very unique, highly specific and innovative 
small chemical moleculestargeting key DNA repair pathways like base excision repair (BER) and 
double strand break repair (DSBR). The idea of synthetic lethality gains more ground towards 
effective treatment of radiation or chemo-resistant tumors by inhibiting for example BER in 
DSB repair deficient BRCA1/BRCA1 breast cancer tumors. DNA-PK is a key DSB repair protein 
involved also in BER. We have used DNA-PK inhibition in varioustumor cell lines and we show 
that DNA-PK inhibition by highly specific drugs results in accumulation of DSBs and other types 
of clustered DNA damage. For the detection of non-DSB clustered DNA lesions we have used 
human DNA repair enzymes as DNA damage probesoptimizing previous incubation conditions of 
temperature, hydration, lysis, etc. We show that inhibiting DNA-PK results also in the 
accumulation of non-DSB lesions in human tumor cells suggesting another type of ‘synthetic 
lethality’ towards cancer treatment. 
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ANALYSIS OF THE EFFECT OF RADIATION ON HUMAN BLOOD BY EPR 

Nina Mironova-Ulmane1, Maksims Polakovs1, Ainars Aboltinš2 

1 Institute of Solid State Physics, University of Latvia, Riga, Latvia 
2 Pauls Stradins Clinical University Hospital, Riga, Latvia 

Abstract. 

In the present work we report results of investigations of methemoglobin in human blood 
after irradiation during radio-isotopes Tc99m diagnosis of by electron paramagnetic resonance 
(EPR). Blood was donated by consenting patients before and after diagnosis and collected under 
air in glass tubes containing a small amount of the anticoagulant. Additionally, the blood of 
regular human was directly mixed with Tc99m radionuclide and measured by EPR. 
Methemoglobin or (ferric form of hemoglobin) is the form of hemoglobin, which is oxidized to the 
3+ ferric state. This form of haemoglobin is not able to bind oxygen This compound is unable to 
deliver oxygen to tissues; therefore, it is advantageous to convert this 3+ form of hemoglobin into 
the 2+ ferrous state so that tissues can get the oxygen that they need. Each of these ions of iron 
can exist in two different spin states which reflect the distribution of electrons within the d orbital 
- high-spin and low-spin configuration. 

The EPR spectra of blood have been studied at 80K temperature. It is shown that EPR spectra 
of blood of patients after diagnosis has signal of the ion Fe3+ of methemaglobin in low-spin state 
with g = 2.003 and in the high spin state with g=6. We can also detect EPR signals from the 
metal-protein transferrin (g= 4.3) that contains the non-haem rhombic iron. The EPR signal of 
human blood mixed with Tc99m has signal Fe3+ of methemaglobin in low-spin state with g = 2.003 
only. The results received from double integral values of the individual lines, gives us information 
about concentration of all the paramagnetic centers present. 
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HSP70B – EARLY WARNING MARKER FOR OXIDATIVE STRESS 
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Abstract. 

Organisms isolated from habitats with extreme environmental conditions could be used as 
models for cell resistance to various stress stimuli.  

The aim of this study was to compare genotype resistance of Chlorella species, isolated from 
different habitats to oxidative stress.  

Three Chlorella species were used: Chlorella vulgaris (isolated from soil in island Livingston, 
Antarctic), Chlorella vulgaris 8/1 (isolated from thermal springs in region of Rupite, Bulgaria) 
and Chlorella кesslerу (mesophilic from the Trebon collection). 

Two inductors of oxidative stress were used - UV-B and temperature. Cell response of 
Chlorella species was examined on the basis of heat shock proteins (HSP70B). Cells were 
irradiated in BLX-254 (Life Technology, UV crosslinker) as a source of UV-B irradiation (λ= 
312nm) and three temperature regimes were used: 39оС/30min., 42оС/5min, 45оС/5min and 
recovery time of 2 and 4 hours was given. 

Our results show that HSP70B could be used as a marker of oxidative stress in these 
organisms. Higher constitutive content and overproduction of HSP70B could be considered 
among of the factors that allow Chlorella vulgaris to survive in the extreme Antarctic 
environment. 
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[6]-GINGEROL PROTECTS HEPG2 CELLS 
AGAINST IONIZING RADIATION (IR)-INDUCED APOPTOSIS 

Dong-Min Chung, Jin Kyu Kim 

Korea Atomic Energy Research Institute, Jeongeup, Korea 

Abstract. 

Ionizing radiation (IR) has many practical applications such as medicine, food, agriculture, 
industry, environment and research laboratory. However, high exposure of IR is associated with 
harmful effects on human health. It is well known that IR can induce genomic alterations, 
mutagenesis, and cell death in many living organisms. Therefore, the development of effective 
and nontoxic radioprotective agents is of considerable interest. Ginger has been widely used as 
medicine (common cold, fever, digestive order and arthritis) and food (flavoring agent, spice, 
condiment, beverage and tea) for a long time. It contains bioactive polyphenols such as gingerol, 
shogaol, paradol and zingerone. In particular, 6-ginerol has been reported to have many 
pharmacological effects. [6]-gingerol is a major non-volatile pungent compound in the rhizome of 
ginger (Zingiber officinale). It is known to have various biological effects such as antioxidant, 
anti-inflammatory and anticancer properties. However, there is no report on the radioprotective 
effect of [6]-gingerol in human hepatoma cell line (HepG 2). In this study, we investigated 
ionizing radiation (IR)-induced apoptosis of HepG2 cells and evaluated the radioprotective effects 
of [6]-gingerol against IR-induced apoptosis in HepG2 cells. HepG2 cells were pretreated with 5 
µM [6]-gingerol for 1 h before irradiation (0-10 Gy). Cell morphological change was determined 
by microscope and cell viability was estimated by trypan blue assay. Antioxidant activity was 
measured by superoxide dismutase (SOD) and catalase (CAT) kit. Apoptosis-related proteins, 
Bax, Bcl-2, and p53 were detected by western blotting. The results demonstrated that IR induced 
apoptosis features (cell morphological change, cell viability loss, increased SOD and CAT activity). 
IR also upregulated the expression of Bax and p53 in a dose-dependent manner, whereas the 
expression of Bcl-2 was downregulated. This indicated that IR-induced apoptosis of HepG2 cells 
was p53-dependent mitochondria apoptosis pathway. [6]-gingerol pretreated cells in combination 
with IR attenuated apoptosis of HepG cells when compared to IR treated cells with 5 Gy (LD50 of 
HepG2 cells) alone. This indicated that [6]-gingerol exhibited radioprotecitve effects by reducing 
cell cytotoxicity, oxidative stress, and upregulation of apoptosis-related proteins (Bax/Bcl-2 ratio 
and p53) against IR-induced apoptosis in HepG 2 cells. These findings suggest that [6]-gingerol 
could be useful as a radioprotective agent. 
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GENOTYPE RESISTANCE OF CHLORELLA SPECIES TO UV-B INDUCED STRESS 
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Abstract. 

Different mechanisms of adaptation to environmental stress have been developed by 
organisms during the evolution.  

Here we hypothesize that algal species isolated from habitats with extreme environmental 
conditions would have more efficient cellular defense mechanisms to various types of stress.  

Unicellular green algae are a robust model because of the following reasons: Photosynthetic 
eukaryotic organisms with typical for plants cell structure and genome organization; Cell - 
organism with short life cycle - the response of a single cell is equivalent to the response of an 
individual organism. 

The aim of this study is to assay the genotype resistance to UV-B induced stress of algae from 
genus Chlorella isolated from different habitats. 

Chlorella vulgaris (Antarctic) is isolated from soil in island Livingston, Antarctic, Chlorella 
vulgaris 8/1 (Thermophilic) is isolated from thermal springs in region of Rupite, Bulgaria and 
Chlorella kesslery (Mesophilic) is from the Trebon collection. 

Chlorella species are cultivated on TAP medium under standard conditions 23ºC ± 0.3 and 
5000-5500lx in a growth chamber Phytotron GC 40. Cell suspensions in the end of the 
exponential/ beginning of the stationary phase are used. 

UV-B is used as inductor of oxidative stress. The cells are irradiated in BLX-254 (Life 
Technology, UV crosslinker) as a source of UV-B irradiation (λ= 312nm). 

The cell resistance of Chlorella species is examined on the basis of spot - test, micro-colonies 
assay, sector of photo-reactivation, growth rate, induction and repair efficiency of double - strand 
breaks (DSBs).  

Our results show that doses higher than 250 J/m2 UV-B are bioactive. Based on the complex 
of used methods, it is established that according their resistance to UV-B induced stress, the 
different species can be arranged in the following order: Chlorella vulgaris > Chlorella vulgaris 
8/1 > Chlorella kessery. 

In short we can summarize that Chlorella vulgaris (Antarctic) and Chlorella vulgaris 8/1 
(Thermophilic) express similar photo resistance to UV-B irradiation. To clarify mechanisms of 
this genotype resistance to UV-B induced stress further experiments must be done.  
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CONTAMINATED BY DEPLETED URANIUM DURING NATO AIR STRIKES IN 1999 
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Abstract. 

This paper presents the results of cytogenetic studies in cows from the region of Bujanovac, 
which was contaminated by depleted uranium (DU) during the NATO air strikes in 1999. The 
study was conducted on peripheral blood lymphocytes, with the aim to determine the frequency 
of chromosomal aberrations and to assess the presence of genetic risk as a result of the possible 
action of DU. Blood samples for lymphocyte cultures were taken at random from the 20 animals 
of the households in Borovc, village near Bujanovac, and the animals were chosen because they 
driven to pasture, feeding and water-drinking in the NATO bombing area. For comparison the 
results, were cytogenetically analyzed two control groups of 20 cows from two northern localities: 
from Zemun and Ovča, which were not contaminated with DU. Established structural 
chromosomal changes were of breaks and gap types, and their frequencies in cows of all surveyed 
localities were within the range of basic level values that are commonly found in controls of 
lymphocyte cultures. Elevated values of polyploid and aneuploid cells which may indicate to 
presence of carcinogenic agents were not detected. In comparisons the values of frequencies of 
structural chromosome changes as and in the comparisons values of numerical changes that were 
obtained in cows from different localities, statistically significant differences were not found. 
According to earlier data, depleted uranium was below the limit of detection the method applied 
in the soil and feed that were given to cytogenetically analyzed animals. Based on the low-level 
chromosomal changes that are in the range of the level of basic changes, which were commonly 
observed in control lymphocyte cultures of cows, cannot be said with confidence that DU caused 
established changes, nor that is widespread in the region of Bujanovac. 

Key words: Depleted uranium, cows, chromosomal aberrations, breaks and gaps, NATO air 
strike in 1999, Bujanovac 
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INCIDENCE OF A THYROID CANCER IN THE GOMEL REGION OF BELARUS 
AFTER CHERNOBYL ACCIDENT 

A. Kotava 
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Abstract. 

Objectives: To estimate levels and dynamics of incidence of a thyroid cancer (ThC) of the 
population of the Gomel area after Chernobyl accident (ChA). 

Methods: Research is lead to the personal data of the State register of the persons, 
undergone to influence of radiation owing to ChA, the Belarus cancer-register for the period of 
1986-2011. 

Age-sexual parameters of incidence on 100000 population for every year investigated period 
on 5-years age intervals paid off. Standardization of parameters was carried out by a direct 
method with use of the World standard. The truncated standardized parameters for children (0-
14 years) and teenagers and adult (15 years and are more senior) the standard methods paid off.  

Results: The standardized parameter of incidence has grown in 9,3 times (with 1,4 in 1986 
up to 13,0 in 2011). By 1995 achieve peak of incidence of children in the Gomel area, the 
standardized parameter of incidence has grown in 48 times (with 0,2 in 1986 up to 9,6 in 1995). 
The next years decrease in incidence was marked in connection with transition of children in a 
category of teenagers and adults.  

By 2011 among children do not achieve before accident and early after accident a level of 
incidence. Children who were fallen ill after 2001, of year have not been subject to an emergency 
irradiation 131I, among them 20 cases of a ThC are revealed, that in 2,5 times exceeds number of 
cases in 1986-1989. 

The basic group of risk were persons in the age of 1-6 years at the moment of ChA, on their 
share 53,2 % of all cases of disease by a ThC (604 cases) among irradiated in the age of 0-18 years 
(1135 cases) were necessary. 

By 2011 incidence of adult population has grown in 10,9 times in comparison with 1986 
having reached the maximal value. 

Conclusions: In the Gomel area steady growth of incidence by a ThC, both among 
children's, and among adult population after four years after ChA, a spontaneous level of 
incidence by a ThC at children, not undergone to an irradiation radioactive iodine was marked, 
remains high and has not reached before accident a level that demands the further is profound 
scientific research with an estimation of dependence doze - effect. 
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THE ELEVATED LEVEL OF REACTIVE NITROGEN SPECIES PRODUCTION 
IN BONE MARROW CELLS IN RATS EXPOSED TO LOW DOSE 

OF IONIZING RADIATION COULD BE HEREDITABLE 
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Abstract. 

Objectives: The rodents exposed to low doses of ionizing radiation (IR) for prolonged period 
as well as their progeny demonstrates elevated level of immunological alteration, susceptibility to 
infection and invasions, genomic instability and neoplasms in comparisson to matched control. 
Known that these disturbances in exposed animals are accompanied with increased reactive 
oxygen (ROS) and nitrogen species (RNS) production in bone marrow (BM) stroma and are 
genotype dependent. No data available about RNS production in BM cells in their offspring. The 
aim of our study was to characterize oxidative metabolism of BM cells in rats exposed to low 
doses of IR and their progeny. 

Methods: All experiments were conducted under approval of local ethics committee in 
concordance with international guidance of animal handling. Both male and female rats were 
kept for 4 month (May-September) in Chernobyl exlusion zone (r.p. Masany). Total adsorbed 
dose of external exposure was 14.5 mGy (expositional dose 5 uGy*hr-1) and measured activity of 
Cs137 accumulated in corps was 143.4±22.9 Bq*kg-1. Later animals were moved to vivarium and 
progeny of generation F1 and F2 was sequentially obtained by panmixia. The generation F2 was 
exposed to IR as described previously and progeny F3 and F4 obtained. Male rats of 5-7 month 
old (generations F1-F4) were taken in experiment. The BM cells were isolated and subcultured ex 
vivo for estimation of overall metabolic activity and reactive oxygen spices (ROS) production by 
MTT and XTT reduction. The 24-hr nitrite accumulation in culture media was used as surrogate 
marker of RNS production. 

Results: An increased level of spontaneous (non-stimulated) RNS production (1.5-3 fold of 
control) was observed in BM cell isolated from animals exposed to low doses of ionizing radiation 
as well as in their offspring. No significant changes in overall metabolic activity and spontaneous 
ROS production were found. 

An altered BM cell’s reactivity was identified. An oxidative burst was enhanced in response to 
phorbol ester but not to opsonized zimosan. The nitrosative burst to opsonized zymosan was 
slightly depressed while response to endotoxin was nearly equal to control level. These facts taken 
together indicate alterations in ballance of intracellular signaling cascades mediated by receptor-
dependent pathways (TLR 2, TLR 4, Dectin 1, CR3). 

Conclusions: Mentioned above alteration could underlies such delayed adverse effects of 
exposure to IR as increased morbidity, cancer rate as well as decreased fertility and resistance to 
infection and invasions. An increased RNS production in bone marrow cells persists at least 
during four generations of rat repeatedly exposed to low doses of ionizing radiation. The intensity 
of this effect decay with the number of generations. Taking into account pathophysiological 
significance of increased RNS production and design of experiment (panmixia), found 
phenomena could be recognized as a one of the evolutionary mechanism of selection of genotypes 
most adaptable and resistant to action of low doses. 
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BIOLOGICAL EVALUATION OF 68GA-DOTA-NT 
FOR PET IMAGING AND THERAPY FOLLOW-UP 
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Abstract. 

Due to overexpression of neurotensin receptors which was demonstrated in several human 
cancer cells, a new marker based on neurotensin (NT) for positron emission tomography (PET) 
imaging and therapy follow-up has been proposed. The aim of the present study was to radiolabel 
and to bioevaluate DOTA-NT for (PET) imaging with 68Ga. 68Ga is a positron emitter 
radionuclide, with high potential in PET imaging, due to its short half-life, 67.6 min and its 89% 
β+ emission and 11% EC. The radiolabelling process was automatized, minimizing the labeling 
time and operator exposure. The gallium eluate was passed through an anion exchange column to 
separate Ga from metallic impurities and the final product was purified with a C18 Sepak column. 
The obtained radiochemical yield was higher than 80% and the radiochemical purity tested with 
an HPLC system was higher than 95%. The biological behaviour of the proposed 
radiopharmaceutical was tested through in vivo and in vitro studies. The in vivo studies were 
made on healthy and tumors bearing rats and the in vitro on different tumor cell lines. The 
preliminary results obtained showed that the 68Ga-DOTA-NT agent has a great potential for pet 
imaging and therapy follow-up. 
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Abstract. 

Purpose: Medical use of radiation represent a health risk of professionally exposed persons, 
since ionizing radiation can damage DNA either directly or indirectly. Therefore, the aim of this 
study was to determine the level of DNA damage in blood and urine from hospital workers 
professionally exposed to low-doses of ionizing radiation.  

Patients and Methods: The exposed group consisted of 20 people working in radiotherapy 
and 10 in bronchoscopic unit. For the control group we used material from 10 unexposed healthy 
volunteers. The frequency of micronuclei (MN) were analyzed by cytokinesis-block peripheral 
blood lymphocytes and the level of urinary 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-OHdG) by 
ELISA. 

Results: We found increased frequency of micronuclei (p<0.05) and the level of 8-OHdG in 
the exposed group compared to the control group. In relation to the working conditions, number 
of micronuclei in the group of workers in bronchoscopic unit was higher (p<0.05) in comparison 
to the radiology unit, while the level of 8-OHdG was lower, without statistical significance.  

Conclusion: Obtained results have shown that hospital workers professionally exposed to 
low-dose of ionizing radiation had increased incidence of MN and level of 8-OHdG. The health 
risk depends of working conditions. Combining results of DNA damage in blood by MN test and 
8-OHdG in urine within genetic monitoring studies can contribute to a more complete conclusion 
about assessing the risk associated with low-level radiation exposure.  

Key words: Occupational exposure; Ionizing radiation; Micronuclei; 8-oxo-7,8-dihydro-2’-
deoxyguanosine 
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IMMUNOCYTOGENETICS INVESTIGATION OF THE PATIENTS WITH CHRONIC 
LYMPHOCYTIC LEUKEMIA, WHO HAD CONTACT WITH RADIATION 
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Abstract. 

Chronic lymphocytic leukemia (CLL) is a lymphoma, consisting of small B lymphocytes. This 
disease comprises about 25% of all leukemia’s. In classical form of the disease expressing antigens 
are CD19+CD20dimCD23+CD5+FMC7-CD22-CD79b-Smlgk+ or λ+, sometimes expression of 
CD22. Recurrent cytogenetic aberrations in CLL are well known: deletion in (13q), in (17p), in 
(11q) and trisomy 12. CLL is the only hematological disease with an unproved participation of 
radiation mutagenesis in its pathogenesis. In the last years some papers appeared, discussing 
high risk of CLL in irradiated persons. Maybe, this discrepancy is caused by long time between 
the debute of the illness and the beginning of treatment. In this work we had analysed the 
radiation-specific chromosome aberrations in patients with CLL before beginning treatment. 
 Fluorescent in situ hibridisation (FISH) was used for detection of CLL-specific aberrations. DNA-
sonds (ABBOT) for ATM, P53, 13(q), trisomy 12 and of differential chromosome staining (DS) 
was used. We detected dicentric chromosomes (dic) in 6 of 21 patients, and 2 of these 6 had dic 
and chromosomes translocations (t). The content of dic was from 0.67 to 2.9%, and one patient 
had 1% of dic and 5 t/100 metaphases. Usually dic and t were seen in different chromosomes with 
different locus broken. This confirms the participation of lymphocytes irradiation into 
mechanism of CLL origin. Another 15 patients had only t, with the content from 0.46 to 1,67%. 
CLL patients had increased number of aberrant cells (AC); in the group of 15 subjects without 
participation of radiation in CLL pathogenesis the content of AC was 3,70±1,20%, in the group of 
subjects with aberrations, specific for radiation, or stable aberrations, the content of AC was 
7,11±1,00%. Donors (n=40) had 1,34±0,40% of AC. Elevated content of AC, which is pointing to 
unstable lymphoid cells genomes, may be the consequence of the previous irradiation in CLL. The 
lymphocytes of CLL patients with dic are characterized by expression CD79b (dim to mod) and 
CD38 of 70-90% of malignant cells. One of CLL patients had previously a long-time contact with 
ionizing radiation. Additionally dic(13,20), dic(3,12) and trisomy 12 in 52-hour lymphocyte 
culture were identified with the aid of DS. Isochromosome i(17q)x2 and several cells with 
chromosomes endoredubublications, also characteristic for irradiation. Immunophenotyping had 
shown positive mutual expression of CD22(dim) and CD79b (dim to mod). CD38 antigen, 
indicator of bad prognosis, was present on the surface of 99.3% malignant cells. In this case we 
see the absolute correlation between immunological and cytogenetic indexes. Both methods 
determined: 1. Bad prognosis (CD38 expression and chromosome 12 trisomy); 2. Deviation from 
the classic CLL (Injuries, specific for irradiation (dicentrics), CD38 and CD79b expression on the 
surface of majority of the cells). Our results show that ionizing radiation may participate in CLL 
pathogenesis. 

 



 

 389
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BIOSENSORS OF LOW DOSES OF IONIZING RADIATION 
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Abstract. 

Despite the mutagenic effect of ionizing radiation was found in the first half of the 20th 
century, the biological test-system for rapid detection of this mutagen in the environment has not 
established yet. The aim of this work was to design a new effective biosensor system to detect low 
doses of ionizing radiation in the environment. 

The Drosophila melanogaster imagoes of wild-type strain Canton-S were gamma-irradiated 
from the 226Ra source (5.5 h at dose rate of 36 μGy/h, the absorbed dose - 20 cGy). RNASeq was 
carried out by Illumina GAIIx. In total, it was studied the expression of 15222 transcripts in each 
variant of the irradiated and control samples (Moskalev et al., 2013). 

The transcriptome analyzes revealed that ionizing radiation up-regulates the genes that are 
favorable to longevity (Sugarbabe), but down-regulates the genes associated with aging (Keap1, 
Hormone receptor-like in 38, Relish, CG6188, Peptidoglycan recognition protein LB). 

We suggest using the green fluorescent protein (GFP) as a reporter, which expression will be 
directed by the promoter of radiation inducible genes. This will allow detecting of low-dose 
irradiation in the in vivo experiments, without additional methods of genetic analysis. 
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Abstract. 

Three patients are examined, the former workers of emergency change of the Chernobyl 
Nuclear Power Station. One of them carried out duties of the operator of the 4th block (G.О.I., 
The 1960th year of birth), the second – duties of the engineer (Yu.А.P., 1961), the third – the 
driver inspector (Т.А.М., 1962). All of them 26.04.1986 underwent sharp external rather uniform 
gamma-beta radiation owing to Chernobyl Nuclear Power Station accident. The radiation dose, 
according to cytogenetic research, made 3,5 Gr (G.О.I.), 4,3 Gr (Yu.A.P.), 9,8 Gr (Т.А.М.) . A 
consequence of local radiation injuries were multiple teleangioektaziya, fibrous atrophic 
cicatricial changes of skin. They transferred over 15 repeated plastic surgeries concerning late 
beam ulcers. Average profile of multilateral research of the personality (MMPI) patient Т.А.М., 
transferred ARD IV of the heaviest degree of severity and multiple local radiation injuries of the I-
IV degree, and the loudspeaker of indicators on years of supervision (1999, 2000, 2002) exceed 
borders of population statistical norm (<70>30) on a scale of T-points and testify to an overstrain 
of mental adaptation with the advent of personal lines in the form of an apathetic depression 
(1999), with transition to a disturbing depression (2000) with somatization alarm and to 
manifestation of lines of the classical disturbing and depressive personality (2002), with a low 
energy potential. Average profile of multilateral research of the personality (MMPI) of the patient 
Yu.A.P., transferred ARD III of heaviest degree of severity and multiple local radiation injuries of 
the I-IV degree, and the loudspeaker of indicators on years of supervision (1999, 2001) exceed 
borders of population statistical norm (<70>30) on a scale of T-points and testify to an overstrain 
of mental adaptation with the advent of personal lines with domination of ipochondrical 
tendencies, with bent to a depression, to conversion hysteria and an asocial psychopathy, with 
lines of affective excitability, irritability, fieriness and neglect to social norms. Average profile of 
multilateral research of the personality (MMPI) of the patient G.O.I., transferred ARD III degree 
of severity and multiple local radiation injuries of the I-II degree (80 %), and dynamics of 
indicators on years of supervision (1999-2011) are registered in borders of populational statistical 
norm (<70>30) on a scale of T-points and testify to efficiency of psychophysiological adaptation, 
with a tendency to hypertimny type of the personality which is not falling outside the limits 
normal indicators, with characteristic optimism for this condition, sociability, high activity, 
energy of behavior, with ease to communication, with a social extraversion. Efficiency of 
psychophysiological adaptation depends not only on a dose of radiation and weight of the 
suffered disease, but in a bigger measure from premorbid properties of the identity of the victim, 
genetic features which are essential for providing not only the biological properties underlying 
physiological aspects of adaptation, but also features of socialization on which depends both 
actually mental, and social and psychological adaptation and social labor installation. 
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Abstract. 

The investigation of the radiation effects in peripheral blood lymphocytes of cancer patients is 
the actual tasks in the development of radiobiological basis of radiotherapy. In order to improve 
biological dosimetry in radiotherapy and to estimate the risk to health resulting from medical 
irradiation with time after exposure, it is necessary to evaluate the underlying mechanisms of 
partial-body radiation action at chromosome level. 

Cytogenetic effects were studied in lymphocytes of 21 radiotherapy patients divided on three 
groups depending on tumour localization: with uterine body cancer, with lung cancer and with 
head and neck cancer. Blood sampling was performed before treatment, at the middle and at the 
end of external Co60 radiotherapy course, reaching the dose of 40-45 Gy. Both chromosome and 
chromatid types of aberrations were analyzed in patients’ lymphocytes cultivated by conventional 
technique according to IAEA recommendations. FPG-staining control of cell division was applied. 

It was shown the excess of chromosomal damages (both chromosome and chromatid type) 
before treatment over spontaneous level in all groups of patients, regardless on tumour 
localization The different pace of chromosome and chromatid type aberrations accumulation 
during radiotherapy course in groups of patients was observed. The distribution of the dicentrics 
and whole chromosome type aberrations among cells was found to be over-dispersed according to 
Poisson statistic both at the middle and at the end of radiotherapy course in all groups The almost 
monotonic increase of radiation-induced aberrations from start to the end of treatment in 
patients with uterine cancer and lung cancer and less pronounced changes in these parameters in 
patients with head and neck cancers were demonstrated.  Immediately after radiotherapy the 
mean yield of unstable chromosome type aberrations was increased above pre-treatment levels 
25-30-fold in groups with uterine cancer and with lung cancer, and 7-8-fold in groups with head 
and neck cancers. 

The quantitative yield and quality range of cytogenetic damage in lymphocytes of patients 
with various tumour localizations and the importance of these studies for correct assessing the 
impact of therapeutic irradiation on the chromosomal level will be discussed. 
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Abstract. 

The biological efficiency of slow heavy charged particles (SHCP) with ranges in tissue 
comparable to that of a mammalian cell diameter (<10 µm) was investigated on two Chinese 
hamster cell lines, CHO-K1 and B11d-ii-FAF28 (strain 237). Plateau phase cultures were 
irradiated with fission neutrons from the reactor BR-10 (Eav=0.85 MeV) and 252Cf source 
(Eav=2.15 MeV), three quasi monoenergetic neutron beams (0.85, 6.0, 14.5 MeV), 239Pu α-
particles, and 60Co gamma-rays. Cell monolayers in Carrel flasks were irradiated with neutrons 
either through a layer of Hank’s solution under conditions of secondary charged-particle 
equilibrium (CPE) or through a flask glass bottom (absence of CPE). The irradiation with α-
particles was carried out through a 10 µm thick Melinex bottom of specially constructed flasks. 
The neutron dose under conditions of CPE was measured with a pair of thimble ionization 
chambers (UNIDOS system). Doses, particle energy and LET spectra with and without CPE were 
estimated with GEANT4.  The biological effects studied were cell survival (CHO-K1) and 
chromosome aberrations (CA) production (B11d-ii-FAF28). 

The results obtained showed that the RBE of neutrons under CPE conditions and 239Pu α-
particles for both cell lines/effects agreed reasonably with data published by other authors. The 
maximum RBE values were observed for α-particles (LET=115 keV/ µm) and 0.85 MeV neutrons. 
When dose-effect curves for neutrons with and without CPE were plotted against kerma the cell 
killing and CA yield were less under conditions of CPE absence clearly indicating that a smaller 
amount of energy was absorbed in the cells in this situation, the difference between curves 
increasing with neutron energy increase. However, when non-equilibrium data were plotted 
against the estimated absorbed doses, dose curves became steeper than those under “normal” 
conditions of CPE. The difference indicates the increased RBE of slow heavy recoils C,N,O (and 
partially, α-particles) producing the biological effect in a mammalian cell monolayer (≈5 µm) 
because proton component of the neutron dose is missing near the glass-tissue interface. On the 
assumption of independent biological action of all secondaries in the cell one can estimate the 
biological efficiency of SHCP. It was maximum and minimum for SHCP produced by 0.85 MeV 
reactor neutrons and 14.5 MeV neutrons, 4.5 Gy-1 and 1.2 Gy-1, respectively, exceeding that of α-
particles at the peak of RBE-LET dependence and of fast particles with the same Z. High RBE 
values account for 30-60% partial contributions of SHCP to the total biological effects of neutrons 
studied (0.85-14.5 MeV) despite their dose fraction of ≈10% thus emphasizing necessity of further 
investigations. 
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Abstract. 

One of the mechanisms of irradiation effect is the liberation of free radicals. The major 
components of the free radical system are reactive oxygen species (ROS) and reactive nitrogen 
species. Free radical formation mechanisms also involve atomic hydrogen, many heavy transition 
metals, such as iron, copper, and manganese. 

The aim of the present study was to investigate the effect of 3 copper chelators (Neocuproine, 
Bathocuproine, and Tetrathiomolybdate) on the end points of cellular survival and damage 
following gamma radiation with 0.5, 1, 3, 5, 7, and 9 Gy in hepatocellular carcinoma (HepG2) cells 
and primary human lymphocytes (PHL). Clonogenic assay, CBMN assay, COMET, FACS, cell 
cycle analysis and immunofluorescence were used to investigate the changes in cyto- and geno-
toxicity. 

Colonogenic assay of HepG2 and PHL cells showed that gamma irradiation caused cell dead 
with LD50 = 0.8 Gy. Pretreatment with copper chelators in the range of 100 uM to 500 uM for 24 
h have a radioprotective effects – LD50 =2.75 Gy and 4.75 Gy respectively. When HepG2 cells 
were subsequently exposed to the 4Gy challenge dose, the copper chelators showed reduction in 
micronucleus frequency in binucleate cells. These chelators also caused about a twofold reduction 
in neoplastic transformation frequency per viable cell of PHL. The results correlate (R=0.979, 
p<0.05) with the decrease of inter- and intracellular free radical levels determined by 2′,7′-
dichlorofluorescein diacetate (DCFH-DA) probe staining or malondialdehyde. Our results suggest 
that a low dose (0.5Gy) pre-exposure to ionizing radiation induces an adaptive response in PHL 
cells. This response enhances DNA double-strand break repair when cells are subsequently 
pretreated with copper chelators and exposed to a second radiation dose. Our results show that 
low dose copper chelators (up to 250 uM) do not influence HepG2 cell viability. 

The further changes of MN frequency indicate that the reduction of DNA damage was 
connected with the alteration of ROS. 

In conclusion, we demonstrate that copper chelators may protect cells against irradiative 
damage by mechanism of ROS clearance. 
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FOR THE DETERMINATION OF NATURAL RADIONUCLIDES 

L. G. Bondareva 

Siberian Federal University, Krasnoyarsk, Russia 

Abstract. 

Naturally occurring radionuclides are present at varying concentrations in the Earth’s crust 
and can be concentrated and enhanced by processes associated with the recovery of oil and gas. 

Radioactive materials such as Uranium and Thorium were incorporated in the Earth’s crust 
when it was formed; these normally exist at trace (parts per million – ppm) concentrations in 
rock formations. Decay of these unstable radioactive elements produces other radionuclides that, 
under certain conditions (dependent upon pressure, temperature, acidity etc) in the subsurface 
environment are mobile and can be transported from the reservoir to the surface with the oil and 
gas products being recovered. It is very difficult to determine the radionuclides in the backdrop of 
significant salt content without the use of long-term methods of separation and subsequent 
concentration. The sources of tritium are underground nuclear explosions, which took place in 
the second half of the last century. Dilution method in this case does not help. The purpose of the 
study was developed testing systems for the determination of uranium, thorium, and tritium in 
drilling fluids that contain large amounts of salts, as well as oil and polymers. 

The objects of study were drilling water of the Vankor’s oil field and drilling water from the 
fields of the Yakutia. We have been used to determine the tritium by liquid scintillation 
spectrometry and to detecting elements - mass spectrometry with inductively coupled plasma. 

We have developed equipment that allows managed with little or no change in physical 
properties of the fluids separate the main salt matrix (inorganic salts, trace of oil and polymers) of 
determined elements (gross of uranium, thorium) and radionuclides (isotopes of uranium, 
tritium). 

When we developed the use of the equipment has been significantly improved detection limit 
of uranium 20 ng/L, thorium 10 ng/L, tritium - 1 Bq/L (with efficiency of 34%). 
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Abstract. 

The composition of atmospheric aerosols impacts on aerosol toxicity and human health, the 
hygroscopic and optical properties of the aerosol, the earth’s radiation budget, the global climate 
and the effect of aerosols on the planet energy balance and yet their mass size distributions and 
chemical characteristics are still inadequately understood. As a result of the various atmospheric 
lifetimes arising from the variety of the particle sizes and the complex chemical compositions of 
atmospheric aerosols, their global distribution shows large regional differences and their 
properties are poorly known. The size-distribution of trace elements and metals bonded to 
atmospheric particles is crucial in understanding the health effects by inhalation, in evaluation 
their sources and assessing their lifetime in the atmosphere. Urban areas are rich in 
anthropogenic sources of fine particles containing harmful metals and trace elements.  

Within the SIMCA project (INTERREG/CARDS-PHARE Adriatic New Neighborhood 
Program) size-segregated urban aerosol of Belgrade center (44049’14’’N, 20027’44’’E) was studied 
during the 2008th (summer-autumn). Six stages High Volume Cascade Impactor was used for 
samples collection. Particle size distribution in the next ranges: Dp ≤ 0.49 µm, 0.49 < Dp ≤ 0.95 
µm, 0.95 < Dp ≤ 1.5 µm, 1.5 < Dp ≤ 3.0 µm, 3.0 < Dp ≤ 7.2 µm and 7.2 < Dp ≤ 10.0 µm were 
collected. The particle mass distributions, trace elements and water-soluble ions were measured. 
The aerosol mass concentrations were determined by gravimetric measurements (mGM), trace 
elements analyzed by ICP/MS for Li, Na, Mg, K, Ca, Al, V, Cr, Fe, Mn, Co, Ni, Cu, Zn, Ga, As, Mo, 
Cd, Sb, Tl, Pb Bi and U and, water soluble ions analyzed by ion chromatography for Na+, NH4+, 
K+, Mg2+, Ca2+, Cl–, NO3–, PO43– and SO42–. The shape, size and chemical composition of the fine 
and coarse particles were analyzed. The imaging was carried out by SEM that is also used for the 
EDX measurements. Size segregated water-soluble ions showed a domination of ions formed 
from gas precursors (SO42– and NH4+) in the fine mode, while ions originating from mechanical 
processes (Ca2+, Mg2+, Na+) dominated in the coarse particles. 

Size segregated trace elements showed a domination of K, V, Ni, Zn, Pb, As and Cd in the fine 
mode, while crustal elements Al, Fe, Cu, Mn, Sb, Cr, Ga, Co dominated in the coarse particles. 

The morphological and chemical composition suggested that the most abundant particles 
were carbonaceous soot but also microbes and natural and anthropogenic inorganic mineral 
materials were found. 
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Abstract. 

There are a lot of thermal waters in South-East part of Serbia, which are originating from 
igneous and metamorphic rocks. These waters are mainly used in balneology, but some of them 
are used for drinking purposes and in water supply to heat buildings, greenhouses and lend. It is 
very important to determine the gross alpha and beta activity in those waters in order to use them 
safely. According to the regulations in Serbia, the upper limit for gross alpha activity in drinking 
water is 0.5 Bq·l-1 and for gross beta activity concentration it is 1 Bq·l-1. Waters with higher levels 
of gross alpha or beta activity are subjected to additional measurements, in order to determine 
activity concentrations of specific radionuclides. We used gamma spectroscopy method for 
additional measurements of all water samples. From hydrogeological point of view, activity 
concentrations of radioactive isotope 3H is also very important in determination of the age of 
measured waters and in determination of how long water stays in the area of its flow. For the 
“younger” waters 3H is well known as a good tracer. 
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Abstract. 

The analyses of radioactive isotopes 14C, 137Cs, 210Pb, 214Pb and 214Bi and stable isotope 13C 
were performed in the Plitvice Lakes sediments. Sediment cores, top 40 cm, were taken from four 
lakes: two big lakes Prošće and Kozjak and two small lakes Gradinsko and Kaluđerovac. Frozen 
sediment cores were cut into 1-2 cm thick layers, dried and then analyzed. 14C activity in 
carbonate fraction was measured using liquid scintillation counter technique with benzene 
synthesis and in organic fraction using accelerator mass spectrometry technique with graphite 
synthesis. 137Cs, 210Pb, 214Pb and 214Bi were measured by low level gamma spectrometry method 
on ORTEC HPGe detector with the efficiency of 32%. 

Distribution of 14C activity in all sediment profiles showed increase of the 14C activity in the 
top ~15 cm as a response to thermonuclear bomb-produced 14C in the atmosphere in the sixties of 
the last century. This is also reflected in increased137Cs concentration in all sediment profiles. 

Steady increase of the 14C activity and �13C of the carbonate fraction of the sediments from 
the uppermost lake Prošće to the lowermost lake Kaluđerovacis the results of CO2 degassing and 
carbon isotope exchange process between atmospheric CO2 and dissolved inorganic carbon (DIC) 
in water and photosynthetic activity.  

Different 14C activity of the carbonate fraction (65 – 85 pMC, percent of modern carbon) and 
organic fraction (77 – 95 pMC) is the result of geochemical and biological processes of the calcite 
precipitation in the lake waters. The �13C values of both fractions (-10 to -6‰ for carbonate and -
34 to -30‰ for organic) are good indicator of origin of carbonand processes involved in lake 
sediment precipitation.  

Radioactive fallout137Cs deposited across the landscape from atmospheric nuclear tests is 
strongly absorbed on soil particles limiting its movement by chemical and biological processes. 
Most 137Cs movement in the environment is by physical processes; therefore, 137Cs is a tracer for 
studying erosion and sedimentation. The 137Cs technique is used to determine sediment 
accumulation rates in PlitviceLakes. The approximately 22 y half-life of 210Pb makes it an ideal 
indicator of modern sedimentation rates. The analysis of sedimentation rates by the 210Pb method 
is based on the radioactive decay of unsupported210Pb with depth in a column of sediment. In lake 
sediments, unsupported 210Pb can originate from two sources: atmospheric deposition to the lake 
surface and subsequent scavenging by the depositing sediments or mobilization of sediment from 
the surrounding watershed. 137Cs is derived from a different source than 210Pb and thus provides a 
valuable cross-check of the 210Pb results. 

The presented isotope study of lake sediments from four karst lakes in the Plitvice Lakes 
formed during the last ~100 year showed that sediments reflect global atmospheric changes in 14C 
and 137Cs activities caused by anthropogenic influence Differences in isotope composition of 
sediments from four lakes, particularly between big and small lakes, indicate the influence of 
geochemical and biological processes on the lake sediment precipitation. 

The work was performed within the project with National Park Plitvice Lakes and Bilateral 
scientific project between Croatia and Serbia. 
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Abstract. 

In our presentation, we demonstrate the approach to identify contamination by TENORM of 
environmental surface. This approach consists of analysis of ratio between activities of 
radionuclides from different natural radioactive series (method of radionuclides ratio). Approach 
includes investigation of correlations of 226Ra, 232Th, 238U and 40K activity concentrations in the 
soil samples. Distortion of naturally formed radionuclide ratio is considered as an evidence of soil 
contamination and can be utilized for assessment of man-made contribution of natural 
radionuclides. The soil contamination investigation using the approach based on radionuclide 
ratio analysis was performed at three sites: oil producing company, thorium storage facility and 
uranium processing facility. Activity concentrations of 238U, 226Ra, 232Th, and 40K in soil samples 
were measured by gamma spectrometry in Marinelli geometry. The results of gamma-
spectrometry analysis of these samples demonstrated: 

– excess of 226Ra in the soil samples taken at the oil-producing company site; 

– excess of 232Th in the soil samples taken near the monazite concentrate storage site; 

– excess of 238U in the soil samples taken around the uranium processing site. 

All measured soil samples at oil-producing site technological processes lead to a shift of 
balance in the chains of natural radionuclides. Out of 49 samples gathered at oil producing 
company sites 8 were contaminated by 226Ra. Contamination is below 92 Bq/kg. At monazite 
concentrate storage site, 232Th soil contamination is associated with spillage of monazite with 
high content of the radionuclide. Contamination of soil by 232Th at the territory of monazite 
storage facility was determined for 6 samples out of 32 gathered. Uranium processing gives an 
additional contribution of 238U and 235U in natural soil samples. The data demonstrate excess of 
238U and 235U concentrations in 6 samples. In found contaminated soil samples, additional 238U 
content is up to 78% of the natural concentration. Results of our study demonstrate that the 
radionuclide ratios in uncontaminated soils samples are normally distributed. Deviation from 
normal distribution arose due to increased concentration of 226Ra for oil producing site, 232Th for 
thorium monazite storage facility and 238U for uranium processing facility. 
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RADIUM IN MINE WATERS IN POLAND 
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Abstract. 

Underground exploitation of raw materials and fuels waters usually leads to the dewatering of 
strata and inflows of waters into mine workings. To allow exploitation these waters must be 
pumped out onto the surface. Unfortunately, these waters are often contaminated and its release 
causes the contamination of the natural environment, mostly surface waters. In underground coal 
mines in Poland inflowing waters are sometimes very salty and contain natural radioactive 
isotopes, mainly 226Ra from the uranium decay series and 228Ra from the thorium series. More 
than 70% of the total amount of radium remains underground as radioactive deposits due to 
spontaneous co-precipitation or water treatment technologies, but several tens of MBq of 226Ra 
and even higher activity of 228Ra are released daily into the rivers along with the other mine 
effluents from all Polish coal mines. Mine waters can have a severe impact on the natural 
environment, mainly due to its salinity. Additionally high levels of radium concentration in river 
waters, bottom sediments and vegetation were also observed. The investigations described here 
were carried out for all coal mines and on this basis the total radium balance in effluents has been 
calculated. Measurements in the vicinity of mine settling ponds and in rivers have given us an 
opportunity to study radium behaviour in river waters and to assess the degree of contamination. 
Since early 90’s till last decade a significant decrease of radium activity in discharge waters has 
been clearly seen. Unfortunately, during last few years, we observe an increase of radioactivity in 
mine waters, released to the environment. Therefore improvement of the environmental 
monitoring frequency and application of mitigation measures to decrease the radioactive 
contamination is an important issue for the mining industry in Poland. 
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Abstract. 

Migration and accumulation of contaminants in soil is complex and involves different 
processes such as leaching, capillary movement, sorption, nutrient resuspension roots and into 
the atmosphere. 

The concept of biological usability of radioecological sense implies the availability of 
radionuclides in the soil to enter the plant through roots system. The aim of this paper is to 
examine whether there is a transfer of uranium from the biomass in the soil, i.e., whether the 
uranium is incorporated in the surface layer of the land transferred to the root part of the plant. 
For this purpose, selected wheat and accompanied by the transfer of uranium from the soil in 
wheat root portion was used for seeding the soil with locations Hadžići. Gamma spectrometric 
method using the vertical coaxial HPGe detector POP-TOP p-type model “GEM 30P4”, it was 
found that the highest activity of radionuclides U-238 at the highest concentration of 
contaminants, that is, the transfer of radionuclides from the ground to the root part of plant 
species. 

Key words: Soil, uranium, gamma spectrometric method, wheat 
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Abstract. 

Covasna County is situated in the central part of Romania. Some parts of the county present 
post-vulcanic activity, such as mineral water and mofetta. Our samples were collected in Baile 
Balvanyos and Covasna town. 

Ra was measured in mineral water springs from the Cardiological Hospital in Covasna town 
and in spring and drilling water Balvanyos area. The applied methodology was Lucas cell method 
for Rn-Ra equilibrium established in these samples (one month) after initial degassing of 
samples. 

Rn was measured in 10 mofettas in the mentioned county. The applied methodologies were 
integrated track detectors and Radon-Scout monitor in the case of two moffetas. In situ radon 
exposure for a person taking a normal cure was also measured during a complete procedure (10 
days). From radon concentration at nose level was estimated the exposure dose received by 
pacient. Maximum radon concentration of 14000 Bq/mc was registered in Bene mofeta. 

Cs from Chernobyl uptake was measured in barks of oak and spruce in Baile Balvanyos. The 
applied methodology was gamma spectrometry using HP Ge detector. The results are compared 
with other data from Romania and other countries. 

Our results contribute to the assessment of natural and artificial radioactivity not juts in 
Covasna county but also in Romania and Eastern Europe. These data provide basis for the 
protection and marketing of mofettas and mineral water springs. 
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Abstract. 

Here are presented results and possibilities of specific physico-chemical methods applications 
for environmental fate studies as well as for nuclear forensic investigations. In both cases, 
samples are analyzed to connect correlating characteristics such as isotopic ratios and chemical 
composition and forms (e.g. signatures) with knowledge on the processes from which the sample 
is derived. While methods for obtaining and using isotopic signatures in nuclear forensics are 
well‐known, development of methods to reveal chemical form represent a relatively new 
approach. Sequential extractions used for examinations of chemical forms and binding conditions 
of contaminants and their potential supstrates are suitable for application in nuclear forensics. 
The exact identification of a specific process or event based on isotopic, chemical, and physical 
information seems unimportant, but correlations of these characteristics may be quite useful in 
determining whether or not an unknown material is or is not consistent with a certain process. 

In the case of depleted uranium occurrence in the environment, the contamination and 
uranium environmental fate were studied using different analytical methods and techniques. The 
source of contamination was analyzed for composition and purity by gamma- and alpha-
spectrometric technique revealing the U-238, U-234 and U-235 activities and mass ratios and the 
traces of U-236, Pu-239,240 and Np-237 in material. Obtained data were used for interpretation 
of results of analytical determinations of these isotopes in environmental samples of air, drinking 
water, soil, bio-indicators, etc. collected repeatedly and analyzed mostly by radiometric methods. 
Soil samples of different soil-type and level of contamination underwent 5-step sequential 
extraction procedure and analysis of isotopic signatures as well as stable elements. The 
correlations were derived and supstrates determined or indicated. Coupling these correlations 
with process knowledge and other information existing in a nuclear forensics library enhances the 
ability to assess whether material (in the case of nuclear forensics) or an environmental sample 
(in the case of environmental fate study) is or is not consistent with a given process or activity. 
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Abstract. 

Investigation of behavior of environmental background radioactivity (aerosols and gases) is 
one of the main tasks when solving problems of low dose effects. It also useful for investigation of 
electrical properties of atmosphere and climate global change forecasting, because of air 
radioactive aerosols and gases and their balance regulate the surface layer of atmospheric plasma. 
The main purpose of this work was to investigate temporal and spatial dynamics of α-radioactive 
and β-radioactive aerosols in the ground atmosphere. The general distinctions of this 
investigation are: 1) synchronous measurements of characteristics of α- and β-radiation fields and 
volumetric activity of atmospheric radionuclides (radon isotopes and their aerosol decay products 
(DPs)) at one point; 2) parallel measurements at different heights up to 35 m; and 3) high time 
resolution of data series. Such approach allowed getting more informative data to reach the 
purpose of the work. The long-term experiment was performed at Tomsk Observatory of 
Radioactivity and Ionizing Radiation (TORIR). Instrumental equipment included: scintillation 
detectors of α- and β-radiation (ATOMTEX, Republic of Belarus) installed at series of heights 
(0.1; 1; 5; 10; 25 and 35 m); radon isotopes and DPs radiometers (EQF 3200, SARAD, Germany; 
RRA-01-03, Russia; Ramon-01, Kazakhstan) and automated devices for radon (RFD) and thoron 
(TFD) flux densities measurements. In order to determine the degree of external factors influence 
the monitoring of meteorological, actinometrical and atmospheric-electrical values was 
performed via automated information measuring system. In accordance with simplify radon and 
PDs transport model (only turbulent diffusion) in air the vertical distribution of their 
concentrations follows exponential law and decrease with height. Results of experiment with help 
of scintillation α- and β-detectors showed dependence, i.e. influence on α-, β- radioactive aerosols 
concentration of height. The results of numerical simulation of radonisotopes and their DPs 
transport in ground atmosphere with using complex model (turbulent diffusion, moving under 
the influence of vertical wind, removal by gravity and precipitation) showed that turbulent 
diffusion coefficient and vertical component of wind velocity are the most important factors, 
which influence vertical aerosols distribution. But only when wind blows upwards (from ground 
surface) we can observe such inverse situation in vertical distribution of radioactive aerosols. 
Because of α-active aerosol (radon isotopes and DPs) concentration is direct (by radioactive 
complex decay low) related with β-active aerosol concentration (DPs), the experimental check of 
vertical distribution for β-radioactivity in air was also applied. The results revealed different 
dependences of flux density from height for α- and β-radioactivity in air. Detail discussion of 
behavior of α-radioactive aerosols in ground atmosphere during 2011–2013 and influencing 
factors are presented in the report. 
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Abstract. 

Activity concentrations of natural radionuclides (226Ra, 232Th and 40K) in the soil, sediment 
and water of oil producing communities in Delta and Rivers States were determined using HpGe 
γ-ray spectrometry. The mean soil/ sediment activity concentration of 226Ra, 232Th and 40K in 
onshore west in Delta state is 40.2±5.1Bqkg-1, 29.9±4.2Bqkg-1 and 361.5±20.0Bqkg-1 respectively; 
the corresponding values obtained in onshore east1 of Rivers state is 20.9±2.8Bqkg-1, 
19.4±2.5Bqkg-1 and 260.0±14.1Bqkg-1 respectively. While the mean activity concentration of 
226Ra, 232Th and 40K in onshore east2 of Rivers state is 29.3±3.5Bqkg-1, 21.6±2.6Bqkg-1 and 
262.1±14.6Bqkg-1 respectively. These values obtained show enhanced NORMs but are well within 
the world range. All the radiation hazard indices examined have mean values lower than their 
maximum permissible limits. In drinking water, the obtained average values of 226Ra, 228Ra and 
40K is 8.4±0.9, 7.3±0.7 and 29.9±2.2Bql-1 respectively for well water, 4.5±0.6, 5.1±0.4 and 
20.9±2.0Bql-1 respectively for borehole water and 11.3±1.2, 8.5±0.7 and 32.4±3.7Bql-1 respectively 
for river water in onshore west. For onshore east1, average activity concentration of 226Ra, 228Ra 
and 40K is 8.3±1.0, 8.6±1.1 and 39.6±3.3Bql-1 respectively for well water, 3.8±0.8, 4.9±0.6 and 
35.7±4.1Bql-1 respectively for borehole water and 5.5±0.8, 5.4±0.7 and 36.9±3.8Bql-1 respectively 
for river water. While in onshore east2 average value of 226Ra, 228Ra and 40K is 10.1±1.1, 8.3±1.0 
and 50.0±3.9Bql-1 respectively for well water, 4.7±0.9, 4.0±0.4 and 28.8±3.0Bql-1 respectively for 
borehole water and 7.7±0.9, 6.1±0.8 and 27.1±2.9Bql-1 respectively for river water and the 
average activity concentrations in the produced water 226Ra, 228Ra and 40K is 5.18±2.14Bql-1, 
6.04±2.48Bql-1 and 48.78±13.67Bql-1 respectively. These values obtained are well above world 
average values of 1.0, 0.1 and 10 Bql-1 for 226Ra, 228Ra and 40K respectively, those of the control 
site values and most reported values around the world. Though the hazard indices (Raeq, Hex, 
Hin) examined in water is still within tolerable level, the committed effective dose estimated are 
above ICPR 0.1 mSvy-1 permissible limits. The overall results show that soil and sediment in the 
area are safe radiologically but the result indicates some level of water pollution in the studied 
area. 

Key words: Radioactivity study, Soil, sediment and water, Niger Delta, HpGe detectors 
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Abstract. 

The Turkey has very important natural stones potential with over 5 billion m3 marble 
reserves. According to 2002 giving data the number of Turkish stones export is 303 million US 
Dollars. In this regards, the present study deals with 90 Turkish natural stones. The studied 
samples were analyzed and the concentrations in Bq/kg dry weight of radioisotopes were 
determined by gamma-ray spectrometry using HPGe detector. The radium equivalent activity 
varied from 183 Bq/kg to 522 Bq/kg for granite samples while the 1 Bq/kg to 37 Bq/kg for marble 
samples. The total absorbed dose rates in air ranged from 22 to 61 nGy h-1 for one quarter 
utilization of the granite samples. The annual effective dose rates per person indoors were 
determined to be between 108 and 298 µSv y-1 for of for one quarter utilization of the materials. 

Applying the dose criteria recently recommended by UNSCEAR for building materials, the 
natural stones meet the upper dose limit of 1mSvy-1. Thus, there are not restrictions for use of any 
Turkish commercial marble as covering materials, including Turkish granites. 

Key words: Commercial Turkish natural stones; marble, granite; natural radioactivity; dose 
rate 
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Abstract. 

In the vicinity of active coal combustion facilities and coal ash disposal sites natural 
background gamma radiation can be modified by redistribution of radionuclides in the 
surrounding soil environment and biomaterial (IAEA, 2010). Study of coal fired power plants 
(CFPPs) environmental impact have been performed analyzing activity concentrations of natural 
radionuclides 238U, 226Ra, 232Th and 40K in the samples of soil and native vegetation collected in 
the vicinity of TE “Kolubara”; TE “Morava” and TE “Nikola Tesla” A and B power plants. 

Investigated soils were Fluvisols distributed along the river valleys where power plants are 
situated. Soil characteristics like particle size distribution, soil pH, organic matter and carbonate 
content were determined in order to examine their influence on soil-to-plant uptake of natural 
radionuclides via plant roots. Plants were collected at the same time as soil samples but, because 
of the large crop diversity, depending on the sampling location, they were composed differently 
from several types of grass species taken at the same growth period. 

For determination of activity concentrations gamma spectrometry method was applied with 
the HPGe detector (CANBERRA) with 20% relative efficiency and energy resolution of 1.8 keV at 
the 1332 keV. Results of activity concentration (kg Bq-1 dry mass) of radionuclides determined in 
grass samples ranged from 3.2 - 8.1 for 238U; 1.3 - 8.3 for 226Ra; 0.6 - 3.5 for 232Th; 180 - 940 for 
40K. 

The IAEA (2010) adopted the transfer factor to describe soil-to-plant uptake of a radionuclide 
defined as the ratio of the dry weight concentration in the plants to the dry weight concentration 
in a specified soil layer (0 - 10 cm for pasture crops). Soil-to-grass transfer factor values (kg kg-1 
dry mass) in the vicinity of CFFPs were in the range: 0.068 - 0.279 for 238U; 0.031 - 0.319 for 
226Ra; 0.015-0.117 for 232Th and 0.321-1.958 for 40K. Those TFs were comparable with the values 
given by IAEA (2010) obtained for the grass samples growing in loamy soils with similar texture 
as Fluvisols. 

At the 95% level of confidence, a few correlations were found between soil-to-plant transfer 
factor values and soil characteristics. Positive correlations (p<0.05) were obtained for TFs of 238U 
and 232Th with corse silt, TFs of 226Ra with fine silt, and TFs of 40K with silt+clay fractions. 
Correlations of soil carbonate content with TFs of each natural radionuclide were strong but not 
significant probably because of data scattering due to difference in plant samples composition. 

References: 
[1] IAEA. Handbook of Parameter Values for the Prediction of Radionuclide Transfer in Terrestrial and 

Freshwater Environments, Technical Reports Series No. 472, IAEA, Vienna (2010). 
 



 

 410 

 

NATURAL AND ARTIFICAL RADIONUCLIDES 
IN THREE WILD MUSHROOM SPECIES FROM SERBIA 
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Abstract. 

Fungi represent ubiquitous organisms in natural environments, including unpolluted habitats 
such as forest ecosystems as well as polluted urban areas. Over the last century it was proven that 
fungi play important role in uptake and accumulation of toxic substances, such as heavy metals 
and radionuclides, by physicochemical and biological mechanisms. 

We measured activity concentration of three natural (40K, 226Ra, 232Th) and one artificial 
radionuclide (137Cs) in three wild mushroom species: Hypholoma fasciculare, Megacollybia 
platyphylla, Gyroporus cyanescens, as well as their substrate. Selected species are 
representatives of fungal groups with different life strategies (wood saprotroph, terrestrial 
saprotroph and symbiont). Fungal fruiting bodies, wood and soil were sampled in Jun 2012 from 
mountain forest ecosystems at two sites (Vzganica-Vidlič and Metođe-Kopaonik). Samples were 
dried at 100ºC until constant weight and grinded. Activity concentrations of gamma emitting 
radionuclides were determined by low-level gamma spectrometry. Transfer factors (ratio of 
radionuclide concentration in mushroom sporocarps and their substrate) were calculated for each 
species. Identified concentration ranges were as follows: 40K (1180 – 1770), 226Ra (5.1 - 45), 232Th 
(10.7 - 23), 137Cs (9.0 - 268). All investigated mushrooms had similar values of activity 
concentrations and transfer factors for 40K, radionuclide which is normally involved in metabolic 
processes of living organisms. Gyroporus cyanescensshowed highest levels of natural 
radionuclides, while Hypholoma fasciculare had significantly higher level of radiocaesium 
comparing with two other species. 

Further investigations of radionuclide content in different wild fungal species will give us a 
better insight of their accumulation patterns and enable selection of species with good 
bioindicating potential. 
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THE INFLUENCE OF MINERALS, FOSSILS AND ROCKS DISPLAYED 
IN GEOLOGICAL COLLECTIONS ON INDOOR RADON LEVELS 
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Abstract. 

The National Museum of Geology hosts collections which including over 80.000 samples of 
rocks, fossils and minerals, and from this point of view represent an ideal location for the study of 
relationship between primary source of radon and its variation levels in the indoor air. Because 
Rn-222 is a decay product of Ra-226 in natural decay series of U-238 and Rn-220 is a natural 
product of the most stable thorium isotope Th-232, the thorium and uranium minerals displayed 
in showcases may contribute considerably to elevated Rn levels in the indoor air. Important are 
minerals with U and Th as major constituents, such as: uraninite, thorite, betafite, 
uranothorianite, well as common accessory rock forming minerals, like: zircon, xenotime, 
monazite, allanite, apatite, titanite, epidote, etc. Also, some fossil bones (ex. Anancus 
arvernensis) exposed may concentrate important radium content which produce Rn-222, radium 
is chemically similar to calcium and can to substitute it in the bones.  

Radon activity concentration in indoor air was measured using a portable alpha radon 
monitor Pylon AB-5 with Continuous Passive Radon Detector. The system was set to operate in 
continuous mode with the calibration factors of 0.060 ± 3.58% cpm/Bq/m3 (1.664±4%). The 
indoor radon concentration was measured at a height of 1.5 cm above ground level and radon 
exhalation rate was continuously measured for 24 hours with a counting time of 1 hour /interval 
in each measurement point. The measurement points are representing by the interface between 
glass case and air, the center of collection rooms and the halls without exhibits. 

Since the radioactive half-life of thoron (t1/2=55.6 s) is much shorter comparing with radon 
half-life (t1/2=3.82d) and the distance it can travel before undergoing radioactive decay is also 
much shorter than the distance that radon can travel in the same medium, was chosen 
Continuous method- this is a flexible method which measures together radon and thoron as radon 
concentration. 

The preliminary statistical analysis of our data confirms that the level of indoor radon 
concentration depends primarily of the types of the minerals, rocks and fossils exposed in 
showcases and secondly of building characteristics and environmental conditions. 

Variations in these measurements can generally be correlated with distance from the 
minerals, rocks and fossil with concentrations of uranium, thorium and their progeny, especially 
radium. 
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Abstract. 

The paper presents unique data of plutonium 241Pu study in seabirds from northern Eurasia, 
permanently or temporally living at the southern Baltic Sea coast. Together 10 marine birds 
species were examined: 3 species of permanently residing at the southern Baltic, 4 species of 
wintering birds and 3 species of migrating birds; about 150 samples were analyzed. 

The obtained results indicated plutonium is non-uniformly distributed in organs and tissues 
of analyzed seabirds. Generally the highest plutonium concentrations were found in the digestion 
organs and feathers, next in skeleton, and the lowest in muscles. Among analyzed birds the 
highest 241Pu concentration was found in viscera, its activities in the digestive organs ranged from 
9.7±2.5 µBq×g-1 ww (13.0% of total 241Pu) in great cormorant (P. carbo) to 228±39 µBq×g-1 ww 
(79.6% of total 241Pu) in velvet scoter (M. fusca). High 241Pu concentrations were also found in 
liver where ranged from 21±4 µBq×g-1 ww in velvet scoter (M. fusca) (2.2% of total 241Pu) to 
159±31 µBq×g-1 ww in tufted duck (A. fuligula) and feathers where ranged from 15±4 µBq×g-1 ww 
in great cormorant (P. carbo) (11.6% of total 241Pu) to 132±59 µBq×g-1 ww (34.2% of total 241Pu) in 
common eider (S. mollissima). The main source of plutonium in analyzed marine birds was 
global atmospheric fallout as well as the Chernobyl accident, which was confirmed by plutonium 
activity ratios of 241Pu/239+240Pu as well as 238Pu/239+240Pu. 

On the basis of the average 241Pu concentrations in the southern Baltic Sea biocenosis 
components the plutonium content in marine organisms increases as: seabirds < fish < 
phytobenthos < phytoplankton < zooplankton < zoobenthos. 
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241PU IN THE SOUTHERN BALTIC SEA 
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University of Gdańsk, Faculty of Chemistry, Gdańsk, Poland 

Abstract. 

Most contamination studies have focused on alpha emitting plutonium isotopes so far. 241Pu 
isless important in terms of its radiotoxicity than the α-emitting plutonium radionuclides 

238,239,240Pu but is quite significant because of its huge contribution to the whole plutonium 
fallout. Our previous experiments on air samples indicated extreme increase of 241Pu amount in 
atmospheric dust in April 1986. The available information about the bioaccumulation and 
distribution of 241Pu in the Baltic Sea ecosystem and Poland territory is still very limited. The 
main purpose of the present work was to complete the present knowledge and estimate the 
further levels of the Baltic Sea environment contamination. 

The highest total 241Pu concentration in seawater was found in the Słupsk Bank (3.35±0.17 
mBq·dm-3) and this area had the highest concentration of 241Pu connected to suspended matter as 
well (1.94±0.12 mBq·dm-3). High concentrations of 241Pu in the central part of the southern Baltic 
Sea can be a result of Baltic water circulation. 

The 241Pu activity in phytoplankton sample from the Pomeranian Bay was 1.06±0.09 mBq·g-1 
dw. Within zooplankton samples the highest 241Pu activity was found in samples from the central 
part of the southern Baltic (2.66±0.16 mBq·g-1 dw) and from the Gdańsk Deep (2.64±0.70 mBq·g-

1 dw). In zooplankton samples, similar situation to seawater samples was noticed – the highest 
concentrations of 241Pu were found in the central part of the southern Baltic Sea, and similarly to 
seawater it could be a result of Baltic water circulation. 

Generally the data show significant differences in 241Pu concentrations among all the species 
examined. The highest values of 241Pu activities for whole organism were found in fish from 
Perciformes: benthic round goby (0.863±0.066 mBq·g-1 ww) and pelagic perch (0.666±0.001 
mBq·g-1 ww). The lowest 241Pu activity was found in flounder (0.104±0.009 mBq·g-1 ww). The 
plutonium was also non-uniformly distributed between the organs and tissues of the analyzed 
fish, especially pelagic herring and cod as well as benthic flounder. 

In sediments, the highest amount of plutonium was found in the middle parts of all analyzed 
sediments and came from the global atmospheric fallout from nuclear tests in 1958-61. The 
distribution of 241Pu in analyzed sediments samples was not uniform and depended on the 
sediment geomorphology and depth as well as on its location. 
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Abstract. 

The aim of the study was polonium 210Po and radiolead 210Pb determination in hair samples 
taken from chosen domestic animals, namely dogs Canis familiaris. The research covered 15 
breeds of different hair type living in the northern Poland. 

The average values of analyzed radionuclides in analyzed dog hair were from 0.46±0.02 
mBq·g-1 to 15.05±1.13 mBq·g-1 for 210Po while for 210Pb its activity values were measured from 
0.31±0.03 mBq·g-1 to 9.82±0.53 mBq·g-1. The values of the 210Po/210Pb activity ratio were 
calculated from 0.82±0.09 for Yorkshire terrier to 5.16±0.45 for Bolognese. The highest activities 
of 210Po and 210Pb were measured for small long-haired dog Maltese while the lowest in small 
long-haired Yorkshire terrier and Poodle toy. 

Generally, both 210Po and 210Pb radioisotopes accumulation does not depend on dog sex. 
Higher values of 210Po and 210Pb were found in long and rough-haired dogs. Further, our 
experiments showed the hair from dogs living in villages contained more 210Pb than dogs living in 
the cities and dogs eating dry food accumulate more 210Po in their hair in comparison to fresh or 
mixed food eating dogs. 
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Abstract. 

Activities of lead-210 and beryllium-7 have been monitored at the Vinča Institute of Nuclear 
Sciences in Belgrade, Serbia. The monthly mean activities in composite aerosol samples were 
determined on HPGe detectors by standard gamma spectrometry. The meteorological data, 
consisting of the temperature, atmospheric pressure, relative humidity, sunshine hours and cloud 
cover data were obtained from the European Climate Assessment & Dataset and the Republic 
Hydrometeorological Service of Serbia. Five teleconnection indices of large scale atmospheric 
circulation: North Atlantic Oscillation, East Atlantic Pattern, East Atlantic/West Russia Pattern, 
Scandinavia Pattern, and Polar/Eurasia Pattern were obtained from the data archive of the 
United States National Oceanic and Atmospheric Administration’s Climate Prediction Center. 
The first lead-210 and beryllium-7 activities measured at the Vinča Institute date back to 1985 
and 1991, respectively, and their relation with the climate variables and teleconnection indices is 
investigated using multivariate methods of analysis. 

The most appropriate multivariate method of analysis of these sets of measurements is 
selected from a wide spectrum of multivariate methods developed for data analysis in high-energy 
physics and implemented in the Toolkit for Multivariate Analysis software package. The 
evaluation ranking results based on the best signal efficiency and purity, show that the Boosted 
Decision Trees (BDT) multivariate method is the most suitable for the variable analysis. Further 
multivariate analysis results give insight into the dependence of lead-210 and beryllium-7 
concentrations upon the climate variables and atmospheric circulation (via the teleconnection 
indices) during the time of measurements. The BDT method singles out the Scandinavia Pattern 
index as the variable with the highest importance for both radionuclides. Amongst the climate 
variables, temperature shows the strongest influence on the radionuclide concentrations, while 
relative humidity is the lowest ranking variable. Moreover, the multivariate regression methods 
give a good approximation of lead-210 and beryllium-7 concentrations for all the sets of climate 
variables and teleconnection indices. 
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AQUATIC ECOSYSTEMS IN THE CHERNOBYL EXCLUSION ZONE: 
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Abstract. 

The current radiation level and its composition in aquatic ecosystems within the Chernobyl 
exclusion zone (ChEZ) are conditioned, above all things, by the amount of radioactive matters 
released as aerosols on a water surface and adjacent territories during the period of the active 
phase of the accident from destroyed of the ChNPP in 1986, and also by intensity and duration of 
the second processes of radionuclides washout from the catchment areas and hydrodynamic 
processes of their transport outside of water bodies. During last 10-15 years in soils of the ChEZ a 
tendency of increase of yield of the mobile bioavailable forms of radionuclides, which released 
into hydrological systems with surface and ground waters or localized in the closed water 
systems, where quickly involving in the biotic cycle is marked. On the example of lakes of the 
Krasnensky flood plain of the Pripyat River, which is one of the most contaminated by 
radionuclides territory of the ChEZ, was determined that the basic amount of radionuclides in 
lake ecosystem is deposited in the bottom sediments: 90Sr - 89-95%, 137Cs - 99%, transuranium 
elements (TUE) 238Pu, 239+240Pu and 241Am - almost 100% of the total radionuclide amount in 
ecosystem. The increased migration activity of 90Sr determines its more high quantity in water (4-
10%) on comparison with 137Cs (0.5-0.6%) and TUE (0.03-0.04%) and, opposite, less - in sestone 
(0.15-0.16%) on comparison with 137Cs (0.25-0.30%). The value of 90Sr in biotic component 
amounts 0.25-0.61%, 137Cs – 0.14-0.47% and TUE – 0.07-0.16% of the total quantity in 
ecosystem. The gradual decline of radionuclide specific activity is a dominant tendency in the 
dynamics of 137Cs and 90Sr in water and aquatic biota of the majority of reservoirs and water flow 
in the ChEZ. The exception is water bodies, located on the dammed territories of the Krasnensky 
flood plain, where at the proceeding decrease of 137Cs concentration, from the end of 1990th there 
is a gradual increase of 90Sr specific activity in different hydrobionts. It is assumed such dynamics 
is related to building of high-water dam complex and degradations of the existent reclamation 
systems on the area of left-bank flood plain of the Pripyat River, which entailed the change of the 
hydrological mode and strengthening of the processes of overwetting and swamping of the 
dammed territories. As a result, on a background of general tendencies of increase of mobile 
forms of 90Sr in soils of catchment territories of the ChEZ, there is the gradual increase of 
radionuclide bioavailable forms in water of the lakes, located within the dammed territory and, 
accordingly, intensity of their concentration by aquatic species. The result of radionuclide species 
specificity concentration and its long-term dynamics in higher aquatic plants (30 species), 
freshwater mollusks (10 species) and fishes (18 species) from water bodies with different 
hydrological mode and level of radioactive contamination will be presented. 
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Abstract. 

Late effects of chronic radiation exposure of wild animals, that inhabit contaminated 
territories for many generations, should be considered as important source of knowledge on 
evolutionary adaptation processes. Valuable data on effects of exposure are observed in studies of 
small mammals at East-Ural Radioactive Trace (since 1957), where Sr-90 is primary contaminant. 
At the same time there is no reliable methodology of dose estimation that is necessary to study 
dose effect relationship. The investigation of contemporary radiation exposure of EURT 
mammals was performed using the bones of murine rodents trapped in 2005 on the sites with the 
surface contamination by Sr-90 24–40 MBq/m2. Analysis included 38 skulls: Sylvaemus 
uralensis (14), Microtus agrestis (20), Clethrionomys rutilus (4). Internal dose estimations were 
based on the data on the Sr-90 activity concentration in bones measured via non-destructive 
method. The distribution of Sr-90 by organs and tissues was estimated using developed biokinetic 
model for mouse-like rodent that was adjusted and verified considering published experimental 
data on strontium retention in the bodies of laboratory and wild mice. A suggested set of transfer 
rates satisfactorily describes both the laboratory experiments and the data on strontium 
accumulation available for wild animals. Dose estimation procedure included application of the 
published values of absorbed fractions of beta-radiation energy for different combinations of 
source and target organs (Stabin et. al., 2006). We estimated 12 conversion coefficients linking 
skeleton Sr-90 activity concentration and doses to 11 organs and whole body for adult animal. 
Whole body dose rate normalised to whole body Sr-90 activity amounts 0.015 (mGy·day-1)/(Bq·g-

1). The estimation gives the following values of 45 days accumulated doses for M. agrestis, S. 
uralensis and C. rutilus respectively: maximum absorbed doses to skeleton due to the Sr-90 are 
267, 121 and 160 mGy; mean whole body internal doses – 37, 14 and 23 mGy; mean internal dose 
rates on the last day before trapping – 1.2; 0.44 and 0.75 mGy/day. Mean external dose rate 
reaches 0.43 mGy/day. Thus, dose rate of irradiation of some species exceeds the Derived 
Consideration Reference Level (0.1-1 mGy/day) established by ICRP. 
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Abstract. 

Simultaneous observation of the natural gamma background and meteorological parameters 
were performed in the city of Sao Jose dos Campos, SP, Brazil in 2013-2014. The instrumental set 
is capable to perform permanent measurements of the ambient parameters with a time resolution 
up to 1 minute. This accuracy allows a detailed comparison of rainfall and gammas time profiles 
to determine the concentration of radon progeny 214Pb in liquid precipitations. The radiation 
fallout (the amount of the deposited 214Pb) was determined through simulation of gamma 
intensity produced in the decay chain 214Pb ->214Bi -> 214Po -> 210Pb. The input time profile of 
the 214Pb fallout varied until the best fit of simulated gammas profile with the experimental one 
was obtained. The 214Pb concentration in the rainfall water is calculated as a ratio of thus 
reconstructed fallout rate to that of the observed rainfall measured. It was found that the 214Pb 
concentration significantly differs from one rainfall to another and also within a same one and 
varies within two orders of magnitude. An apparent anti-correlation between rainfall rate and 
214Pb concentration in the rain water is observed. A maximal concentration observed in lasting 
drizzling rains and at the beginning of more intensive rainfalls. The hypothesis explaining this 
effect by existing of the two different radiation scavenging mechanisms namely the washout 
(below-cloud scavenging) and the rainout (in-cloud one) is discussed. 
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Abstract. 

Among six Euro-Mediterranean mullet species occurring in the South Adriatic Sea, three are 
from the genera Liza (Liza saliens Risso, 1810; Liza aurata Risso, 1810; Liza ramada Risso, 
1826), and they are considered in the present study for heavy metals content and radioactive 
isotopes activity. Since metals (can be toxic to aquatic species) are important pollutants, released 
into ecosystems by various processes, and since radioactivity (radiation) can cause different 
effects on non-human species (in dependence on dose rates), a consideration of both of them is 
important in environmental risk assessment. Therefore, together with considering heavy metals 
content (As, B, Cd, Hg, Cr, Cu, Mn, Ni, Pb, Zn, Ba, Mo) in whole individuals and muscles of three 
species of the genera Liza – sampled in the Boka Kotorska Bay, Montenegro (Tivat, Solila), and 
following biocentric approach in radioecological research (non-human biota considered as target, 
not as contaminant to humans only), eleven individuals of each species were considered for 
radioactivity due to 137Cs, 40K, 226Ra (214Pb, 214Bi), 232Th (228Ac, 212Pb) and 7Be – two whole 
individuals, seven muscles, two gastrointestinal systems (for each of species). Two ORTEC HPGe 
spectrometers are used to determine activity concentrations. Cesium-137 activity concentration 
(the first measurements in the South Adriatic Sea environment – Coast of Montenegro, after the 
Fukushima accident) in the Liza species ranged from  0.35 (in one L. saliens whole individual) 
to 1.5 Bq kg-1 (in one L. saliens gastrointestinal system), 40K – from 53 (L. ramada muscle) to 
211.8 Bq kg-1 (L. aurata gastrointestinal system), 214Pb – from  0.69 (L. saliens whole individual) 
to 29.7 Bq kg-1 (L. aurata muscle), 214Bi – from  0.64 (L. saliens whole individual) to 32.3 Bq kg-1 
(L. aurata muscle), 232Th (228Ac) – from  0.14 (L. saliens whole individual) to 13.1 Bq kg-1 (L. 
saliens gastrointestinal system), 212Pb – from  0.86 (L. saliens muscle) to 21.8 Bq kg-1 (L. aurata 
muscle), 7Be – from  3.78 (L. ramada whole individual)  to 34.9 Bq kg-1 (L. ramada 
gastrointestinal system). These data are used to evaluate bioaccumulation of the radioisotopes in 
the Liza species (i.e., concentration factors – from seawater, sediment and mud with detritus – 
sampled at the same locality and then analyzed for radioactivity due to the same isotopes), as well 
as the total dose rate (internal and external exposure) – to evaluate whether effects could be 
expected, on individual, population or ecosystem level. 

 



 

 420
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Abstract. 

It is necessary to study the natural radioactivity levels in soil to assess the dose for the 
population in order to know the health risks and to have a baseline for future changes in the 
environmental radioactivity due to human activities. The natural radionuclide (238U, 226Ra, and 
232Th) contents in soil were determined for three different regions in the country using high-
resolution gamma-ray spectrometric analysis. A comparison of the dynamics of their behavior 
throughout the years is done. Bulgaria is a country with intensive uranium mining activities in the 
past years. That is why radiological monitoring of closed uranium mining facilities in different 
regions of the country are obligatory and of great interest. This work presents results from such 
investigations made in regions where remediation has been done. The results have been evaluated 
according to the Bulgarian radionuclide environment contamination legislation. The necessity of 
permanent environmental monitoring is assessed. 

Key words: Natural radioactivity, gamma-spectrometry, soil, uranium, radium 
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Abstract. 

Activities of beryllium-7 and lead-210 were monitored in ground level air in Belgrade, Serbia. 
The measuring sites were located at the Institute of Nuclear Sciences Vinča. The activities were 
determined on HPGe detectors by standard gamma spectrometry. Five teleconnection indices of 
large scale atmospheric circulation: North Atlantic Oscillation, East Atlantic Pattern, East 
Atlantic/West Russia Pattern, Scandinavia Pattern, and Polar/Eurasia Pattern were obtained 
from the data archive of the United States National Oceanic and Atmospheric Administration’s 
Climate Prediction Center. The colledted time series consist of monthly values and span more 
than two decades: beryllium-7 since 1991, lead-210 since 1985, and the teleconnection indices 
since 1950, thus offering data arrays of sufficient lengths for wavelet spectral analysis. A relation 
between the radionuclides’ activities and the indices is first investigated using Pearson’s 
correlation coefficients. The computed coefficients do not indicate a linear relationship between 
the variables, not even when a time lag of 1 to 12 months is included in the calculations. However, 
the wavelet spectral analysis shows a number of common characteristic frequencies in the data 
arrays. The annual cycle of all the variables is clearly evident. A common time period of two to 
three years is also found, as well as higher frequency variability corresponding to five to six 
months. 
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3 University of Belgrade, Institute of Land Management, Faculty of Agriculture, Belgrade, Serbia 
4 Institute of Nuclear Sciences Vinča, University of Belgrade, Vinča-Belgrade, Serbia 

Abstract. 

After the accident at the Chernobyl nuclear power plant in the Former Soviet Union on 26 
April 1986 the radioactive cloud arrived to Serbia, resulting in the deposition of large quantities of 
artificial radionuclides 137Cs. The studies of Chernobyl fallout indicated that soil is the main 
reservoir of 137Cs and that its activity concentration decreases with soil depth. The migration and 
distribution of 137Cs in the soil profile varies depending on soil properties (such as soil texture, 
organic matter content etc.), land use, management practices and climatic conditions. This paper 
deals with the vertical migration of 137Cs in undisturbed arenosols of Banat and influence of 
organic matter content and soil particle size distribution on its migration. The 137Cs activity 
concentration of Chernobyl-derived in undisturbed arenosols of Banat determined by gamma-ray 
spectrometry ranged from 0.20 to 139 Bq kg-1, with the mean value of 12.8 Bq kg-1. Negative 
correlations were found between sand content and the 137Cs activity concentration, while a 
positive correlation was found between organic matter and silt content and 137Cs activity 
concentration. 
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THE EFFECT OF SC FLIGHT RADIATION ENVIRONMENT ON REQUIREMENTS TO 
RADIATION HARDNESS OF COMPONENTS OF ONBOARD ELECTRONIC DEVICES 

N. M. Khamidullina 

Lavochkin Association, ROSCOSMOS, Moscow, Russia 

Abstract. 

This report has a methodological character. It is of interest and has a practical value for the 
space industry - for developers of spacecraft and space technology. On the basis of classification 
of SC typical orbits and interplanetary missions the requirements to the radiation hardness (for 
dose and single-event effects) of electronic onboard equipment components were developed.  

Near-the-Earth orbits and interplanetary trajectories differ significantly by space radiation 
effect onto onboard devices. As a result, to make a reasonable choice of electronic components 
providing onboard equipment serviceability within SC active lifetime it is necessary, firstly, to 
analyze SC flight radiation environment and radiation effects caused by it. To solve this problem 
the classification of SC typical orbits and trajectories was made and parameters of flight radiation 
conditions were calculated.  

The results are presented in tables containing values of sufficient dose hardness of 
components (in krad) and parameters which are characteristic of electronic components’ 
hardness to single-event effects (threshold value of LET, Lo, and saturation cross-section, σo) for 
different types of missions. 
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