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Radiation therapy is often accompanied by the development of damage, both general and local. 
The most severe type of radiation damage to the skin and soft tissues are radiation ulcers. Bacterial 
infection exacerbates the course of radiation ulcers, significantly complicating treatment. In addition, 
there is a significant risk of infection of radiation-induced ulcers with antibiotic-resistant nosocomial 
strains of bacteria. The prevalence of antibiotic-resistant microflora conditions the search for 
alternative methods of infection control such as photodynamic therapy (PDT). 

The purpose of the study was to increase the effectiveness of treatment of infected radiation skin 
lesions by experimentally developing a new method using photodynamic therapy. 

In the course of in vivo experiments in rats with S. aureus infected skin lesions, a scheme of 
photodynamic therapy was developed and tested. Optimal physical parameters of light exposure in 
red spectrum (630 nm) and exposure time were previously determined in vitro. Methylene blue was 
used as photosensitizer. 

Reference strain Staphylococcus aureus ATCC 6538 and antibiotic resistant clinical strain 
Staphylococcus aureus No. 450 were used as test strains for infection. 

The study showed that in infection of radiation ulcer with reference strain, 100% bacterial 
elimination occurred after the first PDT session. This was not enough in infection with a clinical 
strain of Staphylococcus aureus No. 450. 24 hours after the first PDT session, these animals showed 
only a decrease (almost 1000 times) of bacterial counts compared to pre-treatment levels in the 
control group. This prompted a second PDT session. 

After the second PDT session, only one animal (6.6%) was found to have a small degree of 
colonization of ulcer surface test strain. Control examination in 7 days after treatment showed no S. 
aureus test strain in the specified animal, as well as in all other animals of the experimental group. 
The obtained results were stored until the end of the observation period, namely for 45 days. In the 
control group, self-elimination of infectious agent occurred only on the 27th day from the date of 
infection in 22.3% of the animals, and at the end of the experiment a third of the rats remained 
infected. 

Thus, it has been shown experimentally that PDT is an effective alternative to antimicrobial 
therapy in treatment of infected radiation skin lesions. However, several sessions of PDT should be 
performed if the condition is caused by antibiotic resistant strains of bacteria, to improve the 
effectiveness of treatment. 
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One of the elements of the quality of medical care is its accessibility, which depends on the 
material and technical base of the institution, as well as on the availability of stuff and work 
management. Implementation of the new clinical guidelines revealed the problem of increasing the 
load on stuff and equipment. 

Aim. To identify clinical and organizational changes in the technology of kilovoltage X-ray 
therapy for non-melanoma skin cancer (NSC) after the implementation of the new clinical guidelines; 
to identify patterns and derive a mathematical model of the kilovoltage X-ray therapy room in order 
to ensure the optimal mode of work for employees, providing quality treatment and maintaining the 
availability of medical care. 

Materials and methods. Data from the radiotherapy room of the Sverdlovsky Regional 
Oncologyc Dispensary (SROD) were used. The economic method of mathematical modeling was used 
for planning and rational use of material and human resources. Also, to assess and calculate the 
average duration of x-ray therapy session per patient, timing was carried out. 

Results. The analysis of the radiotherapy room of radio unit No. 2 of the radiological building of 
the SROD for 3 years showed an increase from 10.4 to 17.3 of the average number of therapeutic 
fractions in one patient using the clinical recommendations of the AOR. An increase in the average 
number of radiotherapy sessions leads to a doubling of the length of the average bed-day stay of the 
patient in a Day hospital (24 vs. 12). 

To address the issue of ensuring optimal working conditions of staff and availability of medical 
care, a formula was proposed for calculating the number of treated patients with NSC by one day 
hospital radiotherapist, as well as a formula for the number of patients admitted to the day hospital 
Department per week. There is a clear correlation between the duration of treatment, the dynamics of 
hospitalization and the number of treated patients. The calculated results, obtained using a 
mathematical model, fully correspond to the real performance of the office of radiotherapy for the 
period from 2017 to 2019. 

Conclusion. To ensure optimal availability of medical care, it is necessary to match treatment 
technologies with available resources of the organization. The introduction of new treatment 
programs may require both the expansion of staff (medical, nursing), and an increase in the number 
of units of medical equipment. The obtained mathematical model of the kilovoltage X-ray therapy 
room allows to predict the optimal mode of work of employees. 

Keywords: Kilovoltage X-ray therapy, radiotherapy, quality of medical care, availability of 
medical care, organizational optimization of the treatment process, clinical guidelines, non-
melanoma skin cancer, mathematical model of the kilovoltage X-ray therapy office 
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The five-membered heterocyclic rings containing oxygen or nitrogen atoms are incorporated into 
a wide variety of structures that play a vital role in many biochemical processes. In particular, 
isoxazole molecule due to its unique ring structure that consists of one oxygen atom and one nitrogen 
atom at adjacent positions appears in many bioactive compounds and is utilized as the fundamental 
structure in the synthesis of new pharmaceutical medicines. The unique atomic composition and 
bond arrangement of isoxazole imply its specific electronic properties that cause exceptional 
dissociation mechanisms. The understanding of the role and possible control of electron dynamics in 
these reactions and chemical reactivity is itself a problem of fundamental importance. Therefore in 
the present communication, we present results on the photo-single and photo-double ionization and 
fragmentation of isoxazole molecule. The dissociative processes where only one electron is emitted 
are quite well known. However, double ionization is a unique mechanism producing the doubly 
charged parent ion after the emission of two correlated electrons. Both the single and doubly charged 
parent ions are very reactive entities that can dissociate into several ionic fragments. The current 
study aims to unravel the dissociation processes of the parent ions of isoxazole, leading to the 
formation of different ionic products in the photon energy range of 9–34 eV, using ion time-of-flight 
(TOF) spectrometry combined with the photoelectron-photoion coincidence (PEPICO) technique. 
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Carbon-rich meteorites contain many biologically relevant organic molecules. The most recent 
studies have provided evidence of extraterrestrial amino acids, nucleobases, and ribose in those 
primitive rocks. Thus it is believed that meteorites could have been carriers of biological material 
needed to create life on the early Earth. But the question arises: how these molecules were formed 
and how they could have survived the bombardment of the solar wind consisting of photons, 
electrons, protons, and a few percents of heavier nuclei. The laboratory investigations of collisions of 
the DNA building blocks or their analogs with a different kind of radiation may shed some light on 
these issues. Therefore, in the present communication, we present results of collisions of low energy 
cations with the pyridine molecules, the hydrocarbon building blocks of agrochemicals, 
pharmaceuticals, and vitamins. 
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One of the pathways of radiation exposure in humans is consumption of contaminated food. The 
composition of an average diet is diversified for various groups within the population and depends on 
age, sex, habit and performed work. 

The aim of the study was to assess the intake and to estimate the dose received by the inhabitants 
of Warsaw from trace quantities of 137Cs and 90Sr isotopes in the consumed food. The assessment of 
intake has been based on the analysis of main food products available in stores in Warsaw and all-day 
meals prepared in several canteens during two periods: 2004-2013 and then five years later in  
2018-2019. The impact of individual products in dishes, e.g. mushrooms, on the annual intake of 
137Cs was also analyzed. In addition, in years 2006–2009 an assessment of the intake of 137Cs and 
90Sr isotopes with food by children (8 month -12 y) and teenagers (13-17 y) was conducted. The effect 
of milk and milk products on the content of 137Cs and 90Sr in 2-3 year old children's daily meals was 
also examined. Gamma spectrometric and radiochemical methods were used to determine the 
radioactive concentration of the mentioned isotopes. Based on those results, the annual intake was 
assessed and the dose received by urban residents could be estimated. 

Annual doses received in period 2004-2013 by the adult inhabitants of Warsaw from 137Cs ranged 
from 1.0 µSv to 2.0 µSv excluding dishes with mushrooms while the dose related to dishes with forest 
mushrooms reached 7.0 µSv. Doses from 90Sr ranged from 0.6 µSv to 1.2 µSv. In 2018-2019, the dose 
received from 137Cs was below 1µSv. The dose from 137Cs was connected with the consumption of 
products like: milk, meat (mainly beef and veal) and some fish species. The dose from 90Sr is related 
to eating milk, cereal and vegetables. 

Doses received by children ranged from 0.5 to 2.5 µSv depending on age and those received by 
teenagers were on the level of 2.0 µSv from 137Cs. For these two groups, the values from 90Sr were  
1.5-2.1 µSv and 2.5 µSv, respectively. 

Doses received by the inhabitants of Warsaw from the food consumption constitute only a 
fraction of a percentage of the annual permissible dose limit of 1 mSv. They do not differ significantly 
from the doses received by residents of other Polish cities (1.4 -7.5 µSv) as well as most European 
countries. 
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The pathogenic processes induced by ionizing radiation are currently being extensively 
researched. Radiation damage is basically due to DNA injury caused by the ionization effect of 
radiation. This process involves hyperoxidation by the free radicals produced. Lactoferrin (Lf) is a 
multifunctional protein of the transferrin family that is widely represented in various secretory fluids 
of mammals. Previously, it was shown the therapeutic effect of Lf purified from cow’s milk after 
single whole-body X-ray irradiation [Nishimura et al, 2014; Feng et al, 2018]. 

The aim of research was to investigate the effects of Lf in mice after acute gamma  
irradiation at a sublethal dose. Human Lf (hLf) was isolated from colostrum by preparative  
ion-exchange chromatography followed by purification with affinity heparin-sepharose sorbent. 
C57Вl/6 2-2.5 months old male mice were used for the experiments. Animals were randomly divided 
to experimental and control groups (three and four, respectively). Mice from experimental groups 
were treated with whole-body γ-radiation from a cobalt-60 (60Co) source at 7.5 Gy (at a dose rate of 
0.6 Gy/min) followed by the intraperitoneal administration of hLf (4 mg/animal; «exp Lf» and  
«exp Lfx2» groups) or saline («exp» group). The control mice were sham irradiated. Mice from  
«exp Lfx2» and «cont Lfx2» groups were injected with hLf second time after 24 h. The assessment of 
the effect of Lf on the behavioral functions of irradiated animals (locomotor and research activity) 
was carried out using the "Open field" test on the 10th, 20th and 30th days. The survival rate at 30 d 
after irradiation was investigated. The body weights of the mice were measured every three days 
following irradiation. 

Analyses of the data obtained from the "Open field" test revealed that 20 days after irradiation, 
the animals of the «exp Lf» and «exp Lfx2» groups did not differ from the control ones in the number 
of rearings. By day 30th, they were no different in terms of time spent in the central zone. While for 
the «exp» group, these parameters were significantly changed. The survival rate in Lf-treated mice 
30 d after irradiation was 76% («exp Lfx2» group) and 71% («exp Lf» group), significantly higher 
than in mice treated with saline 29% («exp» group). Lf administration had a compensatory effect, 
which was manifested in an increase in the 30-day survival rate of irradiated animals and life 
expectancy, in a faster normalization of the dynamics of body weight changes. These findings suggest 
that Lf may inhibit radiation damage. Further studies are required to determine to clarify the value of 
Lf within the field of radiation protection. 
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We are currently watching the effects of the rapid development of nuclear energy. Unsaturated 
fatty acids are degraded more slowly by ionizing radiation compared to saturated fatty acids. 
Desaturases are enzymes that contribute to the formation of double bonds in fatty acids and thereby 
convert them from saturated to unsaturated. Plants of Nicotiana tabacum containing in their 
genome and expressing the desC gene encoding the Δ9-acyl-lipid desaturase of cyanobacteriа 
Synechococcus vulcanus, or the desA gene encoding the Δ12-acyl-lipid desaturase of cyanobacteriа 
sp. PCC 6803 were used in the work. An increase in the proportion of linolenic acid was investigated 
in plants with the desC gene, and an increase in the proportion of linoleic acid was investigated in 
plants with the desA gene. As a control, wild-type N.tabacum tobacco and N.tabacum tobacco 
containing the genome and expressing the gfp:licBM3 reporter gene were used as controls. The 
activity of the enzyme superoxide dismutase (SOD), the level of accumulation of malondialdehyde 
(MDA) after the action of 1 Gy, 5 Gy, 10 Gy were investigated. They found an increase in SOD activity 
and a decrease in MDA accumulation, which may indicate a lower degree of lipid peroxidation after 
the action of 5 Gy and 10 Gy in plants with desaturases genes compared to controls. 
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While for the time being the access of terrorists to nuclear weapons is almost unrealistic, this is 
not the case if it comes to availability of other CBRN components, namely chemical, biological and 
radiological agents. The use of high activity specific radioactive sources in a radiological dispersal 
device, also known as a dirty bomb, can cause severe health effects in affected persons, 
environmental radioactive contamination of the site as well as panic and fear among the general 
population. Because of the atomic bombing of Hiroshima and Nagasaki in Japan at the end of WW2, 
people have feared nuclear explosives more than any other weapons of mass destruction, mainly due 
to the ability of these weapons to cause immediate devastation and trauma, and because radiation, 
undetected by human senses, could cause ongoing morbidity and mortality, including cancer, years 
after exposure. Recently there have been some visible signs that terrorists are interested in the 
construction of a dirty bomb where they may use intensive radioactive sources used in irradiators, 
radiotherapy machines or industrial radiography equipment where the security of these sources in 
some countries is not adequate and in line with international standards and requirements especially 
those set by IAEA. This is why the relevant national authorities and other law enforced agencies 
should be prepared to deal with such emergency situations in order to minimize the impact on the 
afflicted persons and the surrounding of the attack. The paper presents an overview of the latest 
assessment of this threat and the preparedness to protect people against exposure to the spread 
radioactive material following the terrorist attack. 
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An exposure to ionizing radiations (IR) can reduce bone marrow production where blood forming 
cells both immature and rapidly dividing cells locate. We examined the effects on hematological 
indices through Complete Blood Count (CBC) test in workers who were chronically exposed to low-
dose medical ionizing radiations in Radiotherapy (RT), Radiology (RD) and Nuclear Medicine (NM) 
units. The IR workers were exposed to Annual Average Effective Dose (AAED) 0.29-1.91 mSv. Most 
of the parameters i.e., HB (hemoglobin), WBC (white blood cells), PLT (platelets), HCT (hematocrit), 
MCH (mean cell hemoglobin), MCHC (MCH concentration) & NEUT (neutrophils) were found low in 
majority of IR exposed workers. Workers of both RD and RT departments had more CBC parameters 
affected as compared to NM department workers. From t-test, significant differences were observed 
in the mean values MCHC and LYM. The correlation was significant for following: PLT (p = 0.021), 
HCT (p=0.024), LYM (p=0.026) and NEUT (p=0.014) with the AAED. Three significant CBC 
parameters, i.e., PLT (r =-0.240), HCT (r=-0.235) and LYM (r = -0.232) were having weak negative 
associations, whereas, NEUT (r=+0.254) was having a weak positive association with AAED. 
Regression analysis indicated that 5.8% of variance (R2 =0.058) in PLT, 5.5% (R2 =0.055) in HCT, 
5.4% (R2 -square=0.054) in LYM and 6.5% (R2=0.065) in NEUT can be predicted from the variable 
AAED. For every unit increase in AAED, there is -37.774 unit decrease in PLT, -2.401 unit decrease in 
HCT, and -5.129 unit decrease in LYM is predicted. NEUT is found to be higher by 7.181 points for 
every increase of one point on the variable AAED. The odds of developing low MCHC were 6.84 times 
higher, the odds of developing low NEUT were 9.69 times higher and the odds of developing a low 
ANC (absolute neutrophil count) were 6.89 times higher for those who were IR exposed compared to 
IR unexposed workers. Long term exposure of low dose IR can alter hematological indices due to 
decline in hematopoietic stem and progenitor cells. Decreased number of circulating lymphocytes 
and granulocytes by radiations can lead to infections and long term work on IR can induce anemia or 
leukopenia. Long term use of IR can affect their immune system even at low doses of radiations as 
leukocytes and lymphocytes are highly radiosensitive. The long-term impacts of low IR doses on the 
immune functions in relation to occupational health should be continuously monitored. 
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The rate of locoregional recurrence after chemoradiotherapy for esophageal cancer is more than 
50%. The “salvage” therapy is a good treatment way for such a patient. But it is enough dangerous 
after following definitive chemoradiotherapy, considering the radiation exposure to the organs-at-
risk (OARs), including the lung, trachea, esophagus and spinal cord. One solution to the problem 
might be a high dose rate (HDR) brachytherapy. In this situation, the mucosal has focused attention 
as the main OAR. That is why it is so important to evaluate the maximum of the permissible depth of 
tumor invasion and possible modes of fractionation. 

For this purpose, tissue-equivalent phantom modeling of the oesophagus was developed. Inside 
the phantom, a 10 mm diameter oesophagus bougie with an internal radio-opaque catheter was 
placed. Control of the source position was carried out by computed tomography (CT). In the 
dosimetric planning system, the radiation exposure process was simulated using different  
PTV (planning target volume) depth of 0.5-2 cm (in 0.5 cm increments). Context of evaluation:  
V100 = 90 %, the control point an at the PTV middle, at a distance of 1 cm from the center of the 
source. The mucosa is created at the distance of 1 mm outer from the bougie wall, 2 cm longer on 
each side of the PTV. Calculations have shown that with the 5-7 cm tumor spreads along the 
esophageal wall and its 0.5 cm invasion, the average single dose to the mucosa will be equal to 8.5 Gy. 
Depth increasing leads to the higher dose exposure to the main OAR. So, the average dose to the 
mucosa is 13.3 Gy at the depth of 1 cm and 19.3 Gy with the 1.5 cm lesion. Therefore, the invasion 
depth is a very important criterion for patient selection. From the obtained results, it can be seen that 
the single dose value at the control point does not exceed 14.8 Gy anyway. It is allowable value 
according to the European Society for Radiotherapy and Oncology (ESTRO) and the American 
Brachytherapy Society (ABS) recommendation. In this regard, the main limiting factor is the total 
dose to the mucosa. Also, there were some dose and radiation mode recalculations including linear-
quadratic (LQ) and Time-Dose-Fractionation (TDF) models. They have shown that the most suitable 
fractionation mode is 5 fractions of 5 Gy every other day. Then TDF dose is 37.7 Gy (TDF factor = 63) 
and EQD2 (α/β=5 Gy) = 35.7 Gy. At the same time, the total dose to the mucosa equal to 42.5 Gy with 
a 0.5 cm tumour invasion and 66.5 Gy when a lesion is 1.0 cm. For tumors of 1.5 cm thick, palliative 
brachytherapy will be performed to prevent dysphagia. Calculations will be performed as a case with 
a 1.0 cm invasion. 
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Cytohalasine-block micronucleus (CBMN) test reference values were established and periodically 
re-evaluated in routine Cytogenetic biodosimetry laboratory (CBL) practice, according to 
recommendations of reference documents. In a three year period (2013-2016) CBL performed large – 
scale cytogenetic study on genetic damage of general and occupationally exposed population in 
Serbia and established reference values of CBMN test. Since then, 209 new occupationally exposed 
persons were examined for genetic damage by the means of CBMN test and served as a test group for 
re-evaluation of established reference values. For this purpose 410 occupationaly exposed persons 
were screened for genetic damage: 201 from previous laboratory base and 209 new examinees. 
Comparison of the groups for gender, age, smoking habit and duration of exposure showed no 
significant difference, however statistically significant difference was found in the mean number of 
micronuclei, with higher values in new examinees. Nevertheless, mean micronuclei values for both 
examined groups were in previously established range, which encouraged us to continue using 
current reference values for interpretation of test results. 
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MN scoring is widely employed in human biomonitoring studies as a surrogate marker of 
chromosomal damage inflicted by clastogenic agents or by aneugens. It is used: (a) to compare 
genetic damage rates between populations exposed to different environmental, occupational and 
lifestyle factors; (b) to assess differences in radiosensitivity between individuals; (c) to evaluate the 
genotoxic potential of new chemicals produced by the agrochemical and pharmaceutical industries 
and (d) for quantitative analysis and biodosimetry in cases of radiological accidents. 

In this study we evaluated cytogenetic status of persons occupationally exposed to ionizing 
radiation (nuclear medicine and diagnostic radiology) and chemical genotoxic agents (antineoplastic 
drugs). 

Studied population comprised of 953 persons from two healthcare institutions: 516 from 
institution 1 (I1) and 437 from institution 2 (I2). Within both institutions three groups were formed: 
nuclear medicine workers (147-I1 and 137 - I2); workers from diagnostic radiology department (178 – 
I1 and 145 – I2) and workers exposed to antineoplastic drugs (190-I1 and 156 – I2). 

Statistical analysis showed no significant difference between groups in all analyzed parameters, 
except for micronuclei values between nuclear medicine and antineoplastic drug workers, with higher 
values in the first group. Furthermore, mean values of micronuclei were in accordance with previous 
findings as well as within predefined reference range for exposed persons. 

Micronucleus test provide reliable and valuable data in the evaluation of changes in genetic 
material due to occupational exposure, which is why is always recommended to use it in 
biomonitoring of exposed persons. 
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The use of pencil beam scanning technology in proton therapy reduces the dose to patient healthy 
tissues and increases the uniformity of dose distribution in the tumor volume. It results also in more 
complex dose and LET distributions in irradiated volumes which may be field multiplicity, proton 
energy, tumor volume and localization specific. Emerging spots of elevated proton LET values 
throughout the target volume might cause the RBE variations in the tumor. 

Biological efficiency of a scanning proton beam in different irradiation modes was investigated by 
the cells clonogenic activity test. Chinese hamster V-79 fibroblasts and B14-150 fibrosarcoma cells in 
the stationary growth phase were used. Eppendorf tubes (5 ml) with cell suspensions (3×104 cells per 
ml) in a cylindrical water phantom were irradiated with 95–135 MeV protons (“Prometeus”, 
PROTOM, A. Tsyb Medical Radiological Research Centre, Obninsk). The dose range was 2–10 Gy. 
Different ways of dose delivery to the irradiated volume were studied: irradiation mode No 1 – single 
field, without dose fractionation, irradiation mode No 2 – three fields (0°, 90°, 180°), without dose 
fractionation, irradiation mode No 3 – single field, 2 Gy fractions in 30 s, irradiation mode  
No 4 – five fields (0°, 90°, 180°, 240°, 300°), 2 Gy fractions in 30 s. The doses in modes No 3 and 4 
were delivered by repeating the irradiation plan for 2 Gy. 

The survival of V-79 and B14-150 cells following proton irradiation showed that the ways of dose 
delivery to the irradiated volume do not affect the results obtained. Survival curves in all cases were 
linear-quadratic, both α’s and β’s being independent on irradiation mode. Comparison of the 
regression curves did not reveal statistically significant differences in the biological effectiveness of 
protons regardless of the dose delivery ways (p>0.05). The RBE at 10% cell survival level did not have 
statistical differences too. The RBE10% values were 0.96 (irradiation mode No 1), 0.94 and  
0.96 (irradiation mode No 2) for V-79 and В14-150, respectively, 0.99 and 1.02 (irradiation mode  
No 3), 1.02 and 1.03 (irradiation mode No 4) and are actually equal to 1.0. These values differ slightly 
(about 10%) from the 1.1 adopted in radiation therapy. But they are consistent with it, if one takes 
into account the differences in the values of the absorbed doses planned and those measured by the 
ionization chamber (5–6%). 

So, studies of the biological effectiveness of the scanning proton beam on Chinese hamster cells in 
vitro under different irradiation modes showed that the way of dose delivery to the irradiated volume 
does not significantly affect the irradiation result. 
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Carbon ions are effective in the treatment of radioresistant tumors. However, concomitant 
irradiation of healthy tissues with high LET radiation can lead to significant radiation damage in cells 
adjacent to the tumor. In some research centers, carbon ions are used as boost to photon or proton 
therapy to reduce the risk of possible complications. In terms of radiobiology, it is of interest to study 
interactions of cell damage induced by sequential exposure to protons and carbon ions. In the case of 
carbon ions, contribution of high LET particles to the total effect is not completely clear. The LET 
spectrum of these particles is close to that of heavy recoils C, N, O (HR) induced by 14.5 MeV 
neutrons. 

The aim of the study was to assess the importance of irradiation order when Chinese hamster 
cells are exposed to protons and carbon ions or protons and heavy recoils. 

The survival of Chinese hamster cells B14-150 (fibrosarcoma) in the stationary growth phase was 
studied using clonogenic assay. Cell monolayers were irradiated sequentially with protons and 
carbon ions or with protons and HR. Protons with energies 65–85MeV were produced using the 
Prometeus accelerator (MRRC, Obninsk). The irradiations with a 12C ion beam (initial energy  
454 MeV/u) were carried out at the U-70 synchrotron (IHEP, Protvino) in a water phantom at the 
center of spread out Bragg peak. The portable neutron generator NG-14 (MRRC, Obninsk) was 
the14.5 MeV neutrons source. For studying the effects of HR cell monolayers were irradiated with 
14.5 MeV neutrons through a glass Carrel flask bottom (1 mm) under the conditions of the proton 
equilibrium absence. 

Time interval between two fractions was 2 hours. The irradiation schemes for protons (p) and 
carbon ions (12C) were as follows: 1) 6 Gy (p) + 1 Gy (12C); 2) 1 Gy (12C) + 6 Gy (p); 3) 4.5 Gy (p) +  
1.7 Gy (12C); 4) 1.7 Gy (12C) + 4.5 Gy (p). Those for protons and HR were: 1) 6 Gy (p) + 0.5 Gy (HR);  
2) 0.5 Gy (HR) + 6 Gy (p); 3) 4.5 Gy (p) + 1.0 Gy (HR); 4) 1.0 Gy (HR) + 4.5 Gy (p). 

The results obtained showed that the cell survival was higher when protons were given as the first 
dose fraction. On the contrary, the first dose fraction of carbon ions or HR followed by proton dose 
fraction resulted in lower cell survival. It suggests that cell lesions induced by low-LET protons were 
repaired between the fractions while those induced by high-LET carbon ions and HR were mainly 
unreparable. Thus, the order of sequential combined cells exposure to low- and high-LET radiations 
is of importance. The proton irradiation followed by carbon ions or HR is less effective than the 
opposite order of sequential irradiation. 
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Introduction. Breast cancer (BC) is the most common cancer among women worldwide, 
making this disease a leading cause of morbidity and mortality. One of the most common treatments 
of this cancer is radiotherapy. The therapy is based on activity of ionising radiation (IR) which 
directly affects malignant cells by changing DNA structure stability and repair processes. However, 
even though it is widely used and provides good outcome this treatment, it has some limitations. It 
has been observed that cancer cells might become radioresistant and therefore repopulate. Hence, it 
is important to find molecular mechanisms by which radioresistance occur and find new therapeutic 
alternatives that can inhibit the viability of the cancer cells and sensitize them to radiotherapy. For a 
while, investigation using phytochemicals has drawn attention of the scientists. It is known that a 
number of phytochemicals possess anti-cancer properties. In addition, these substances might 
enhance cancer cells sensitivity to IR. Therefore the aim of this study was to evaluate human BC 
MCF-7 and MDA-MB-231 cell line response to a single dose of IR combining it with phytochemicals. 

Methodology. MCF-7 and MDA-MB-231 BC cell lines were used to test Resveratrol (RSV) effect. 
RSV was dissolved in dimethyl sufoxide. Initially, we examined cell viability after the exposure solely 
to RSV. In order to assess survival we incubated cells with different RSV (0, 10, 25, 50, 80, 100, 150, 
200 µM) concentrations for various incubation times (24, 48, 72 h). For cells survival analysis MTT 
test was performed. Afterwards, the combination of RSV and IR (0, 2, 10 Gy) on cells survival (MTT 
method) was analysed. 

Results. The study showed that chosen substances had different effect on BC cell viability. 
Firstly, MTT assay results indicated significant decrease in cells survival after the exposure to RSV. In 
addition, viability of both cell lines declined depending on concentration. According to these results 
we chose most suitable conditions for further treatment. Subsequently, results after the combined 
effect revealed that 50 µM RSV combination with IR showed significantly lower cell viability than 
using IR only. 

Conclusions. Our study results revealed that RSV had negative effect on cells by significantly 
decreasing their viability. Moreover, a significant sensitization combining RSV and IR for both cell 
lines was observed. 

Acknowledgments: This project has received funding from the Research Council of Lithuania under Grant 
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Background. Nowadays breast cancer is one of the most common cancers around the world and 
the radiotherapy is one of the highly targeted and effective ways to destroy cancer cells. There is still 
an urgent need of clinical and basic research in order to improve the effectiveness of radiotherapy in 
cancer treatment. Lithuanian University of Health Sciences participates in Horizon 2020 project 
“INfraStructure in Proton International Research” (INSPIRE) in the Framework Programme for 
Research and Innovation. The aim of INSPIRE project is to integrate infrastructures in proton beam 
therapy research. Consequently, in this project we aimed to study the molecular basis of breast 
cancer cell resistance to ionizing radiation. For this purpose, the survival, the extent of apoptosis and 
cell cycle delay in irradiated MDA-MB-231 breast cancer cells were analyzed. 

Materials and methods. Commercially available MDA-MB-231 breast cancer cells were 
exposed to different doses of ionizing radiation (IR) from Clinac 2100C/D linear accelerator. Colony 
forming assay was performed for cell survival analysis following irradiation. The intensity of the 
radiation-induced apoptosis and cell-cycle delay were measured via flow cytometer analysis. 

Results. In colony forming assay the fraction of surviving cells was 51.6%±2.15 following the 
exposure to 2 Gy. The survival decreased with IR doses, however, the results suggested that MDA-
MB-231 cells were rather resistant to IR. Furthermore, the early radiation-induced apoptosis analysis 
showed no apoptotic response after 24 hours following the exposure to IR. A significant amount of 
apoptotic cells was found at 48 hour time-point following the exposure to 8 and 10 Gy of IR. In 
addition, the cell cycle analysis revealed IR induced arrest of MDA-MB-231 cells in the G2/M phase, 
which indicated that entry into mitosis had been delayed. 

Conclusions. We concluded that MDA-MB-231 cell line is radio-resistant and it may be 
associated with a delayed apoptotic response and G2/M phase arrest following the exposure to IR. 
The molecular mechanism of MDA-MB-231 breast cancer cell line radio-resistance is under 
investigation. 

Acknowledgments: This project has received funding from the European Union's H2020 Research and 
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The purpose of the work is to study the growth of solid Ehrlich ascites carcinoma (EAC) and the 
remote effects (duration of remission, relapses rate, and average lifespan (AL)) in tumor-bearing 
mice that were exposed to oligofractionated irradiation with a pencil scanning beam of protons (PBS) 
at a total dose of 60 Gy depending on the volume of the tissue being irradiated. 

The experiments were carried out with SHK male mice weighing 24–28 g, which were maintained 
under the standard vivarium conditions. Each group consisted of 10–30 animals. The solid form of 
EAC grafted intramuscularly into the femur of the left hind paw served as the tumor model. Mice 
were irradiated two fractions of 30 Gy each. Irradiation was carried out in a proton synchrotron 
accelerator “Prometeus” (Russia, Protvino) with a PBS from two opposite directions. In order to 
determine the volume of irradiated tissue, a tomogram of a mouse in the water phantom was 
obtained and a gross tumor volume (GTV) that is equal to the average size of 0.47 cm3 was specified 
using a specially developed 3D planning system. In another group of animals the irradiated tissue 
region was increased to the planning target volume (PTV) which was equal to 1.5 cm3. The dynamics 
of tumor growth was monitored during the first month, then antitumor efficiency parameters that 
characterize the remote effects of radiation were recorded: the date of the occurrence of secondary 
tumors (remission time), the number of mice with EAC relapse, and the AL of mice with tumors and 
without them. 

Analysis of the dynamics of EAC growth during the month showed that higher irradiation 
efficiency in mice that received a dose of a smaller volume (GTV group) compared with the PTV 
group. In this work we observed remote radiation effects in mice with a complete regression of tumor 
nodes in one month after PT. At the beginning of the observations tumors were absent in 81% of the 
animals following irradiation by GTV and 45% following irradiation by PTV. The occurrence of EAC 
relapses in the same place was observed within a month after the complete disappearance of the 
primary tumor in all groups. The relapses rates following irradiation using GTV and PTV also did not 
differ. In the group with GTV irradiation, survival was higher: the maximum life expectancy in mice 
without relapse was 5 months longer, and in mice with relapse it was 3 months longer. The AL of 
mice with EAC relapses in the group with GTV irradiation was higher compared to the group with 
PTV irradiation (96 and 77 days after irradiation or 58 and 31 days after the occurrence of a relapse, 
respectively; p ≤ 0.01). The AL of mice without tumors was also notably longer in the GTV group: 283 
days compared to 228 days after PTV irradiation (p ≤ 0.01). 

The results show higher antitumor efficacy and a considerable increase in the AL of mice after 
hypofractionated irradiation with a pencil scanning beam of protons at a total dose of 60 Gy of the 
GTV compared with the PTV. 
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Damaged cells send intercellular molecular signals to their neighbor cells that respond through a 
signaling process that lead to so-called bystander effect. They were first considered detrimental 
secondary effects of genotoxic exposure, given their manifestation as increased DNA damage, 
chromosomal aberration, and increased apoptosis. However, newer studies suggests potential 
beneficial, adaptive role for bystander signaling. Few very recent studies are focused on connection of 
mitochondrial pathways with DNA damage response (DDR) HtrA2 is a mitochondrial serine-
protease that induces expression of transcription factor CHOP, leading to upregulation of 
components of the integrated stress response. 

Our aim was to evaluate mitochondria-nucleus implication in bystander response following 
various types of genotoxic stress. 

We used Mouse Embrionary Fibroblasts (MEF) obtained from Wild-type (WT) mice and 
mitochondrial dysfunctional genetically modified mice – HtrA2 Knock Out (KO), CHOP KO, or 
double KO. Genotoxicity was induced by physical (X-rays, proton beam) and chemical factors 
(bleomycin - BLM). Bystander effects were induced by medium transfer method, from WT MEFs to 
WT, HtrA2 KO, CHOP KO or double KO at 24h following genotoxic treatment. 

We proved exacerbated sensibility to all DNA-damaging factors in CHOP KO and  
HtrA2/CHOP KO cells. Protons exposure exhibited a slightly higher genotoxic effect in all cell lines 
compared to X-ray. CHOP KO MEFs cells proved to be more sensitive to DNA damage, 
independently of HtrA2. Bystander effects visible as increased micronuclei (MN) proportion were 
induced in WT but not in any of the cell lines with mitochondrial deficiency. 

Our study showed therefore that mitochondrial signaling pathways of HtrA2/CHOP are involved 
in DDR and response to bystander signaling following exposure to physical and chemical genotoxic 
stress. 
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Accelerated ion beams cancer therapy is an accurate radiotherapy technique capable of improved 
local control of the beam that allows a more efficient sparing of the healthy tissue. Very effective in 
delivering the desired (or expected) dose to target volume, hadrontherapy has a tremendous 
advantage over photon-based radiotherapy. Beneficial therapy outcomes come from a thorough 
understanding of the radiobiological effects on various types of cells, either healthy or tumoral. At 
IFIN-HH there are two facilities dedicated to ion beam irradiation for in vitro radiobiology studies 
[1], namely the 3MV TandetronTM and the TR19 cyclotron facility [2]. We employed a simulation 
strategy based on Monte Carlo particle tracking, implemented using the Geant4 toolkit [3]. 

The geometry and primary generator classes were constructed and integrated to the simulation 
environments, based on experimental setups. This way, we obtained realistic spatial sampling and 
energy distributions of both facilities as well as track recordings and single particle scoring. We 
described the physical processes inside the target volumes using the Geant4 EM physics lists. 

We ran the simulations for different physics lists, geometries, and source configurations. The 
results were compared against each other towards picking the most accurate description according to 
the experimental measurements. 

Following the geometrical description and source parametrization of the two simulated systems, 
we established a complex scoring protocol capable of both single particle and spatial sampling energy 
determinations. We inferred the kinetic energy distributions of the beam at the interface between 
water and the adjacent medium, before entering the region in which the biological sample is placed. 
We also tested the lateral uniformity of the beam by scoring the energy of each particle at the  
air-target interface, along a lateral profile. The LET was determined, in both cases, in a 1 μm thick 
cylindrical water scoring volume, replicated along the beam propagation axis. The mean LET has 
been inferred inside the first 10 μm of water, where the cells are found in irradiation experiments. 
For proton beams of ~106 particles and the Geant4 EM option 4 physics list, our results indicated the 
closest resemblance with experimental measurements. 

This study shows that Geant4 simulations are useful in validating the feasibility of ion-beam 
irradiation experiments at the 3MV TandetronTM and TR19 cyclotron facilities. The models provided 
high-fidelity representations of geometry, source parameters and physical processes, as well as 
flexible dose and energy measurements. 
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The Alpha Magnetic Spectrometer (AMS) experiment has been operating on the International 
Space Station (ISS) since 2011. In this data-taking period, more than 145 billion cosmic ray events 
were acquired, measuring their characteristics with an accuracy never reached before. 

These measures constitute a reference point for the solution of the problems of fundamental 
physics and cosmology currently open. This information is also crucial for a correct understanding of 
the radiobiological phenomena that are observed in space in order to improve the construction of 
dose-effect models. 

This knowledge is an essential prerequisite for identifying and reducing the risk factors for 
ionizing radiation associated with human exploration and colonization of the solar system. 
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Radiotherapy nowadays has a key role in cancer treatment. Proton therapy is used today to treat 
many cancers and is particularly appropriate in situations where surgery options are limited, and 
conventional radiotherapy presents unacceptable risks to patients. A few years ago, it was suggested 
that an increase of up to a factor of two of the doses at the proton Bragg peak could be achieved if 
boron is accumulated in the tumor tissues [1]. The mechanism responsible for a higher dose was 
suggested to be related to proton-boron fusion reactions, leading to the production of low-energy, 
and hence high Linear Energy Transfer (LET), α-particles. Nowadays there are single works showing 
effectiveness of proton beam irradiation boron-11-containing cancer cells [2]. Limited number of the 
studies devoted to application of 11B(p,3a) nuclear reaction in proton therapy and contradictoriness 
of the obtained result do not allow to judge so far about the future prospects of the boron containing 
drugs utilization in proton therapy to increase its antitumor efficacy [2,3]. However, this approach 
looks very attractive because of the already existing boron drugs successfully being applied in boron 
neutron capture therapy. In this work, we experimentally test possibility to enhance proton biological 
effectiveness in boron-11-containing cancer cells in vitro. 

Human prostate and glioblastoma cancer cells were pre-incubated with boron compound 
(Na2B4O7, sodium tetraborate) and irradiated with increasing doses 0.5-20 Gray at the proton Bragg 
peak at the synchrocyclotron SC-1000 of the PNPI. To test whether the physical nuclear reaction 
11B(p,3a) results in an enhancement of the cancer cell death by high-energy proton beam irradiation, 
cell lines were also irradiated with graded doses 2-20 Gray using lift-up type 60Co γ-ray source 
"Researcher". Then radiation sensitivity was determined by MTS-test and cologenic assays using 
crystal violet for staining. 

In our study the ability of boron compound to activate the cancer cell death with protons at the 
Bragg peak irradiation was shown in vitro. At the same time, a weaker similar effect was determined 
for gamma-irradiation, which may indicate not only physical nature of influence boron at irradiated 
cancer cell viability but a specific biological effect. The data suggest that the combined effect of 
proton therapy with sodium tetraborate on cancer cells increases their sensitivity to proton 
irradiation with low toxicity of the boron drug for cells of normal morphology. 
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During long-duration space flights unavoidable early damage to perceptive, integrative and 
executive brain systems of humans is caused by exposure to galactic cosmic rays, consisting mostly of 
protons (92%) (NPJ Microgravity. 2018. 4:8). Subsequent behavioural and cognitive deficits may 
affect operator activity of astronauts. 

Although there is a substantial amount of model studies of the effects radiation has on central 
nervous system of rodents (Life Sci. Space Res. 2019. 21:1), usage of these results to predict outcomes 
of radiation exposure for humans is questionable. Oculomotor behaviour is central to operator 
activity and requires interaction among visual, integrative and executive systems. Therefore, non-
human primates can serve as the most adequate model to study possible effects of radiation on 
humans as their oculomotor behaviour is similar to human. 

We studied conditioned instrumental task performance of two male monkeys (Macaca mulatta) 
to visual stimuli of different eccentricities presenting in 34 locations within visual field of 39х26 deg. 
One monkey (O+) was exposed to a single cranial proton irradiation (170meV, 3Gy). For the control 
animal (O-) irradiation was simulated. 

Monkeys were trained to fix gaze on a small square (0.38 deg. in size) in the centre of the visual 
field and then execute a saccade to peripheral stimulus of the same size, fix gaze on it and respond to 
its dimming by pressing manually the ipsilateral lever, at which point they received reward. 
Sometimes the animals executed predictive manual reactions that were not rewarded or missed the 
task (‘misses’). We ended experimental sessions when ‘misses’ started to occur in more than 10% of 
trials. Therefore, the number of trials in sessions can be used as measure of motivation of the 
animals. All sessions were separated by 2 to 5 days. 

During three month after irradiation the percent of correct reactions of O+ varied in the range 
80-90%. A weak increase of this parameter (r=0.413, p=0.036) after irradiation can be attributed to 
effects of prolonged learning. In the same time we found a significant decrease of the number of trials 
(r=–0.624, p<0.001) in consecutive sessions. Therefore, the number of trials was negatively 
correlated with the percent of correct reactions (r=-0.562, p<0.005) for irradiated animal. 

Control animal (O-) also showed a weak increase in the percent of correct reactions 
(r=0.361, p=0.02) (between 80 and 92%), but we found non-significant decrease in the number of 
trials (r=–0.156, p=0.329) in consecutive sessions. We also found these parameters to have a weak 
positive correlation (r=0.379, p=0.015) for control animal. 

We suppose that proton irradiation caused decrease of motivation resulting from damage to 
dopamine system in experimental animal, but integrative processes necessary for conditioned 
instrumental task performance remained unaffected. 
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The cytogenetic effects studies in cancer patients due to radiation therapy have been of great 
importance for better understanding the radiobiological mechanisms of partial body radiation 
exposure in non-tumor cells. The estimation of the cytogenetic damages in peripheral blood 
lymphocytes of cancer patients is an important task in the development of radiobiological basis of 
radiotherapy. 

The aim of study was to estimate the cytogenetic effects in cultured lymphocytes of cancer 
patients following radiation treatment, depending on previous irradiation. 

Chromosome aberrations were analyzed in lymphocytes of 20 radiotherapy patients: with lung 
cancer and with head and neck cancer. Blood sampling was performed during γ-60Co radiotherapy or 
megavolt radiotherapy course on linear accelerator: before radiotherapy, at the middle of treatment, 
at the end of first and second part of radiation therapy course, reaching an average the dose of 40 Gy 
and 65 – 70 Gy for the first and second part accordingly. Dose per fraction was 1.8 – 2 Gy. 

The quantitative yield and quality range of cytogenetic damage in lymphocytes of patients before 
and during radiation therapy in the presence of a break following exposure were identified. The 
different pace of chromosome aberrations accumulation in groups of patients with various tumor 
localizations was found. The increase of radiation-induced aberrations from the beginning to the end 
of the first part of treatment before scheduled radiotherapy break in patients with lung cancer and 
less pronounced changes in these parameters in patients with head and neck tumors were 
demonstrated. Undergone the second part of the radiotherapy course the range of chromosome 
aberrations in patients with head and neck tumors did not expand. These data are of importance for 
correct assessing the impact of therapeutic irradiation on the chromosomal level. 

The peculiarities of cytogenetic data treatment considering the absence or presence of previous 
radiation exposure will be discussed. 
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Introduction. DNA double-strand breaks (DSBs) are considered the most dangerous type of 
radiation-induced damage. The repair of DSBs is critical as its failure leads to loss of genetic integrity 
and/or cell death. Recent findings revealed that O-GlcNAcylation plays an important role in the 
repair of DSBs. O-GlcNAc is a posttranslational modification where a single N-acetyl-glucosamine 
molecule (GlcNAc) is attached to the oxygen atom of specific serine/threonine residues within 
proteins. O-GlcNAcylation is nutrient sensitive and controls activity, localization, or stability of 
numerous proteins. In addition, O-GlcNAcylation impacts on chromatin remodelling. We aimed to 
understand how O-GlcNAcylation affects the repair of X-ray or heavy-ion induced DSBs and cell 
survival as well as chromatin compaction upon irradiation. 

Methods. HeLa CCL2 cells were irradiated with X-rays or C-ions in the absence or presence of 
the O-GlcNAcase inhibitor PUGNAc or O-GlcNAc transferase inhibitor ST060266. DSB repair was 
analysed with the γH2AX-foci assay in dependence of the cell-cycle phase. The influence of inhibition 
of O-GlcNAcylation on recruitment kinetics of GFP-tagged NBS1 was determined with live-cell 
microscopy up to 30 min after X-irradiation. Furthermore, to detect if O-GlcNAcylation has an effect 
on the chromatin status we performed fluorescence lifetime imaging of the DNA-binding dye 
Hoechst 34580 in living cells. 

Results. Promoting O-GlcNAcylation enhanced the repair capacity of X-ray-induced DSBs in 
S/G2 cells, whilst inhibiting O-GlcNAcylation impaired or slowed down the repair of both X-rays and 
C-ion-induced DSBs. Upon iron-ion irradiation, DSBs were O-GlcNAc decorated indicating that this 
posttranslational modification is required for the break processing. Clonogenic assays revealed that 
elevated levels of O-GlcNAcylation improved cell survival whilst inhibition of O-GlcNAcylation 
displayed increased radiation sensitivity after X-rays. Life cell experiments revealed that inhibition of 
O-GlcNAcylation results in a more transient binding of the DSB-repair factor NBS1 to DSBs. 

Conclusion: Our studies showed that DNA damage affects local O-GlcNAcylation at sites of 
DSBs where it is required for the retention of the repair factor NBS1. We confirmed that O-
GlcNAcylation is important for DSB repair and yet more, showed that it is important for the survival 
of radiation-inflicted damage. These findings support critical links between O-GlcNAcylation and 
DNA-damage response. 
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During long-duration space flights exposure to galactic cosmic rays leads to unavoidable early 
damage to human central nervous system, causing operator activity impairments in astronauts. A 
substantial amount of model studies of irradiation effects on central nervous system of rodents 
cannot be used to predict its effect on humans because human visual and motor systems are more 
complex and developed. Therefore primates are the most adequate model animals to study the ways 
radiation affects key constituent elements of operator activity (eye and hand movements), as systems 
providing visuomotor adaptive behaviour are quite conservative among primates. 

We studied the latencies of saccades (SL) and manual reactions (ML) of two male monkeys 
(Macaca mulatta) in conditioned instrumental task. These temporal parameters are believed to 
reflect coherence of integrative processes such as attention focusing on targets, programming of 
movements and their execution. One monkey (O+) was exposed to a single cranial proton irradiation 
(170meV, 3Gy). For the control animal (O-) irradiation was simulated. 

Monkeys were trained to fix gaze on a square (0.38 deg.) in the centre of the visual field and then 
execute a saccade to peripheral stimulus of the same size, fix on it until its dimming, then press the 
ipsilateral lever and receive reward. Predictive manual reactions and omissions were not rewarded. 
The stimuli of different eccentricities were presented in 34 locations within visual field of 39х26 deg. 
All sessions were separated by 2 to 5 days. Proton irradiation had no negative effects on instrumental 
performance efficacy in course of three month after irradiation, but SL and ML were affected. 

Irradiated animal demonstrated a weak (by 4 to 5%) increase in SL at the 32nd day after 
irradiation; quite substantial SL increase (by 11 to 17%) occurred from 63rd to 87th day, and then 
reducing to the previous level by days 92-94. These results suggest that radiation caused a short 
period (for two months) of significant SL increase (r=0.543, p=0.013). On the contrary, SL of the 
control animal in this period decreased marginally significantly (r=–0.337, p=0.093).  

The dynamics of ML was similar: from the 46th to the 87th day they increased substantially (by 
13 to 20%), but by the 92nd day reduced to the previous level in exposed monkey, remaining 
unchanged in control animal (r=0.105, p=0.515) this whole time. Therefore, proton irradiation had a 
negative effect on ML only in exposed monkey (r=0.555, p=0.007), in which SL and ML highly 
correlated (r=0.837, p<0.001). 

We can conclude that integrative processes, crucial for conditioned instrumental behaviour, 
turned out to be widely resistant to proton irradiation, although temporary increase in SL and ML 
suggests its early and transient negative effects on mechanisms of attention focusing on targets, 
movements programming and their execution. 
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226Ra is a natural radioactive isotope with a half-life of 1600 years. 226Ra is found in the Earth's 
crust and water, atmospheric air, soil and all living organisms. A particular risk to humans is 226Ra 
after intake. 

In Poland, what came into force was the Regulation of Minister of Health on the quality of water 
intended for human consumption in order to control the consumption of 226Ra contained in water in 
which the acceptable content of 226Ra is specified. 

One of the known methods for determining 226Ra is the emanation method. It is based on 
measuring the α-radiation of radon daughter nuclides in equilibrium with radium parent. Radium is 
separated from the solution by co-precipitation with barium carrier. The Ba(Ra)SO4 precipitate is 
dissolved in alkaline solution of EDTA. After transfer to special vessel called bubbler, sample is 
purged with argon and stored for at least 8 days to allow 222Rn to grow and come to equilibrium with 
its daughters. Then the solution is again de-emanated with aid of argon and radon is collected in 
scintillation chamber (Lucas cell). The measurement, which last for 3 hours, can start after storing 
cell for 2 hours. This method is selective and sensitive and can be used for the determination of 226Ra 
activity in water and food samples. Limit of detection for this procedure is 5 mBq/L. However it is 
quite time consuming and quantity of samples that can be measured is limited to number of 
scintillation probes. 

For this reason the development of a method for the determination of 226Ra in water by using of 
liquid scintillation spectrometry was needed, which would significantly shorten the measurement 
time. This method is based on the co-precipitation, isolation and purification of the Ba(Ra)SO4 
precipitate. At the final stage of the procedure the Ba(Ra)SO4 precipitate is dissolved in EDTA. The 
solution is then transferred to scintillation vial and mixed with scintillation cocktail. For this purpose 
a naphthalene-based scintillation was used (Optiphase Hisafe 3). It is important that sample was 
homogenous and measured almost immediately after preparation to avoid extensive ingrowth of 
progeny. During the tests, it was noticed that the storage temperature of the samples is a very 
important factor. Storage of sample at room temperature causes the precipitate to fall, resulting in a 
clear solution of water with a scintillator and a several millimeter layer of precipitate on the bottom 
of the scintillation vial. Such sample is not homogenous and its measurement is disturbed. It is 
necessary to store samples at low temperatures. 
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Protactinium is poorly explored element having only one long-living and difficult of access 
isotope 233Pa. Nevertheless, it has a wide application spectrum: geology, nuclear forensics, nuclear 
medicine. Institute for Nuclear Research (Russia) can produce Ci-amounts of 230Pa (T1/2=17.4 d) 
together with other useful alpha-emitters 225Ac (T1/2=9.9 d) and 223Ra (T1/2=11.4 d) [1] by irradiation 
of natural thorium with protons having energies 140-60 MeV. 230Pa partially decays to 
230U (T1/2=20.8 d), which has potential application in targeted alpha therapy (TAT) of cancer due to 
5 emitting a - particles with total energy 33.5 MeV. 230U can be utilized directly or as a parent of 
226Th (T1/2=31 min) in a generator system. 

Separation methods such as liquid-liquid extraction and ion exchange chromatography are 
usually used for isolation of pure Pa radioisotopes. But in aqueous solutions Pa(V) forms mono-oxo 
cation PaO3+ having strong tendency to hydrolysis, polynuclear species formation as well as 
complexation with various anions. Pa displays strong affinity to hydroxyl groups and easily forms 
oxo-complexes. These facts motivated us to investigate Pa extraction with ketones and alcohols as 
well as chromatographic behaviour of Pa on organic and inorganic sorbents. 

Extraction separation. Extraction of Pa from HCl and HNO3 solutions with methyl-isobutyl 
ketone, octanol and fluorinated alcohols was investigated. The distribution coefficients were 
compared. 230Pa was quantitatively extracted from the HCl in the concentration range from 5 to 9M 
HCl. Octanol extracted up to 95% 230Pa from 6-9M nitric acid. For back-extraction, various media 
were tasted and it was shown that oxalic acid solutions showed optimal distribution coefficients. 
Main impurities in Pa after extraction were radioisotopes of Sb, Nb, I and Ru. 

Chromatographic separation. According to the literature, Pa forms strong complexes in 
concentrated HCl solutions, which are destroyed in diluted solutions. Catalytic amounts of HF also 
resulted in instability of these complexes. This fact was used for Pa separation by anion exchange 
chromatography on AG 1x8 and Dowex 1x8 in 8M HCl. The most part of radionuclides (mono- and 
bivalent cations, Th, Ac, Ra, lanthanides and others) were passed through the column. Pa, Nb, 
partially Sb, Zr, Ru were sorbed onto the column. Then 230Pa was stripped off the column with 8M 
HCl with the addition of 0.3M HF or 3M HCl. Pa contains Sb as an impurity. One of the most 
effective method for Pa(V) separation is based on silica gel sorption from acid solutions. It may be 
used for final purification of Pa. 

Thus, pure 230Pa fraction was produced with combination of extraction and chromatographic 
methods. The total chemical yield of 230Pa was about 80% and radionuclidic purity >99%. 
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Americium-241 is an artificial transuranic radionuclide with high specific activity of 0.13 TBq/g 
and long half-life T1/2=432.2 years. Besides the nuclear and space industries it has a wide application 
in non-destructive testing, as a thickness gauge and in smoke detectors. Due to a high radiotoxicity 
surpassing its chemical toxicity a long-term internal contamination by low americium quantities may 
be a serious health issue. We have developed a bioassay procedure for americium-241 tests for 
persons occupationally exposed to risk of americium intake by inhalation and ingestion. The 
procedure is suitable for low-level activities determination and it includes decomposition and pre-
concentration of complex organic samples, precipitation of lantanide group elements, followed by 
selective multiple solvent extractions and acid/alcohol-based separations using the anion-exchange 
(DOWEX resin) chromatography. Optimization of the acidity of alcohol solutions especially for final 
fraction eluation was the crucial step in this procedure. The concentration measurements may be 
performed by ICPMS immediately, while in the case of alpha spectrometry using properly calibrated 
PIPS detectors, thin layer americium alpha sources had to be prepared by modified Talvitie’s 
electroplating procedure prior to activity measurements. The efficiency of the proposed 
radiochemical separation procedure had been evaluated by the Am-243 tracer addition and it 
exceeded 30% that is quite good in compare with other reported values. On the contrary, the 
electroplating efficiency was about 50% that is significantly low if compared with over 90%, reported 
for uranium and thorium, probably due to a low distribution coefficient for trivalent Am against 
lanthanides. It has consequences on the thickness of the alpha source and measurement efficiency. 
The advantage of the procedure is high sensitivity but issues with selectivity may be avoided by using 
ICPMS measurement technique instead of alpha-spectrometry in order to avoid electrodeposition 
step and time consuming activities counting. This procedure may be recommended in cases when 
there is a doubt on systematic low-level internal contamination so that operational procedures may 
be modified accordingly, and the workers awareness and risk perception affected. The internal dose 
assessments based on the bioassay results on Am-241 contents in analyzed samples may be assessed 
using available biokinetic models. 
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Introduction. Over the last several years, immuno-positron emission tomography (immuno-
PET), based on 89Zr-labeled antibodies radiopharmaceuticals, proved to be an attractive tool for non-
invasive tumor detection and antigen profile characterization, due to the high sensitivity of PET 
combined with the high antigen specificity of mAbs. There are several advantages of using 89Zr for 
antibody labeling, one of them is that the decay half-life of 89Zr (3.27 d) matches the biological half-
life of antibodies. 89Zr has one of the lowest maximum energies of emitted positrons, which allows for 
high resolution PET images. 

Methods. At the Radiopharmaceutical Research Centre (CCR), 89Zr radioisotope was produced 
by cyclotron bombardment of natural 89Y, by 89Y(p,n)89Zr nuclear reaction, on TR-19 cyclotron 
(which allows native 14-19 MeV variable energy of the proton beam). The irradiated 89Y foil-target 
was dissolved in HCl 6M, then 89Zr in form of zirconium chloride (ZrCl4) was separated from the 
target and purified by ion-exchange chromatography. The chemistry has been optimized to provide 
high yields of 89Zr separation, with high purity and high molar (specific) activity. Sterile filtration was 
used in order to ensure the sterility of the product. Quality control of the final product was carried 
out for each batch. Irradiation yield, separation yield, pH, radiochemical purity (by TLC/HPLC) and 
radionuclidic purity (by gamma spectrometry) were assessed. 

Results. The target used was a foil of natY (99.9%, Alpha Aesar), 10 mm diameter and 250 μm 
thickness. Nuclear reaction starts at 3.7 MeV, maximum proton beam energy at 13 MeV (according to 
Talys code simulations). The irradiation process parameters were studied and the optimal values 
were set at: proton energy 14 MeV degraded to 10.5 MeV with a pure Al foil (40 μm thickness), beam 
intensity I = 8 μA, irradiation duration t = 4 h, with 32 μAh integrated current on target. After 
irradiation, the target was dissolved in 5 mL HCl 6M and purified on a C18 column resulting  
2 GBq [89Zr]ZrCl4 at the end of process. The radiochemical purity, assessed by radio-HPLC, was 
higher than 99% after purification. 

Conclusions. Due to the increasing demand of high purity and high-specific activity [89Zr]ZrCl4 
solution to be used for radiopharmaceuticals formulation, we developed and optimized an efficient 
and reliable method of 89Zr production using a low energy cyclotron, based on irradiation of natY 
targets by 89Y(p,n)89Zr nuclear reaction. The [89Zr]ZrCl4 solution meets the specifications and quality 
requirements for biomolecules (antibodies) radiolabeling. This method can facilitate the use of 89Zr 
in subsequent research studies and clinical investigations of immune-PET. 
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Soil is the main depot preserving the stock of radionuclides in forest ecosystems. Woody plants 
are the second most important component that retains radionuclides for a long time. It is known that 
up to 80% of radionuclides falling out of the atmosphere can be accumulated by woody plants. 
However, the level of plant pollution decreases with time and can amount to 2–4% of the 90Sr content 
in the soil. Many studies are devoted to the radionuclides entry into plants in the initial period  
(1–10 years) after the accident. Data on radionuclides inventory over long periods of time are very 
poor. The East Ural Radioactive Trace (EURT) was formed in 1957 as a result of the accident at the 
“Mayak” enterprise. Now the main pollutant is 90Sr. A study of woody plants growing in a 
contaminated area for more than 60 years enables to reveal patterns of radionuclides distribution 
within a trees and evaluate the total stock of 90Sr. 

The aim of the investigation was to study the accumulation of 90Sr by the aboveground organs of 
Betula pendula Rott., growing in the EURT zone. 

We ranked the EURT territory according to the 90Sr soil contamination density: impact part  
(5–30 km from the accident epicenter along the central axis, soil contamination density 100–70000 
kBq·m–2), buffer part (30–100 km, contamination density 10–100 kBq·m–2). Control plots were 
selected outside the EURT (soil contamination density 0.5–2.9 kBq·m–2). Samples of soils, leaves, 
branches 1–5 years old, branches 5+ years old, trunk (wood, bark) of birch were taken. The 
distribution of 90Sr in the aboveground organs of birch growing in the EURT and in the control plots 
was similar. The concentration of 90Sr increases in the line: trunk < large branches < (leaves + small 
branches). It is shown that the 90Sr content in the bark is higher than in wood. The concentration of 
90Sr in wood (trees age were over 60 years) does not depend on the age of the wood layer. Its level 
rises only in heartwood, which was characterized by a high content of ash elements. In all cases, there 
is a positive correlation of 90Sr concentration with the ash elements content in the organs of Betula 
pendula (R = 0.64–0.99, p = 0.95). 

The concentrations of 90Sr in air-dry matter and plant ash were increased with increasing soil 
contamination density in accordance with the exponential dependence. Aggregated transfer factors 
(tag) have been maintained at the same level over the past 25 years. 
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Drilling cuttings is large-tonnage waste generated during well site construction on oil and gas 
fields. According to current environmental legislation drilling cuttings are to be neutralized and 
utilized. While applying modern developed technological solutions for the utilization of drilling waste 
and its further use, there is a need for timely and continuous monitoring. 

In particular, one of the most resource efficient methods for utilizing of drilling waste is 
producing of soil-like reclamation mixtures used for the construction of embankments, deboning of 
technological sites and other earthworks. 

To justify this method of utilization timely chemical and analytical studies of drilling cuttings 
determining the content of natural radionuclides and heavy metals are required. 

The aim of this work is to increase the information content of the applied radioecological studies 
of drilling cuttings and to assess its timeliness during the utilization of this type of waste. 

Data obtained from long-term studies of drilling waste show that drilling cuttings, sludge and 
produced water generated during oil production contain mainly natural 232Th, 226Ra and 40K. This 
group of natural radionuclides accounts for up to 95% of the total radioactivity, therefore these 
elements are defined as a focus group that limit the technological possibilities of drilling cuttings 
utilization and the fields of further application of produced reclamation mixtures. 

The main radioactive element that accumulates in solid fractions is 40K. Moreover, the specific 
activity of this element can be up to seven times higher than the corresponding value of the 
remaining natural radionuclides contained in the drilling waste. 

In order to prevent possible radioactive contamination of the area, as well as for timely 
monitoring of the radioactivity of drilling cuttings treated on technological sites, the following types 
of work are recommended: 

1. Collection and separate storage of sludge from a horizon with abnormal radioactivity; 

2. Continuous express radiometric assessment of drilling sludge with measuring of the ambient 
dose equivalent rate or exposure dose rate of photon radiation during the operational monitoring of 
the radiation situation; 

3. In case an increased above the natural background of the area is found to be 2 times higher or 
more, sludge must be tested and analyzed with increased intensity (gamma spectrometry, chemical 
analysis of U, Th, Ra, K); 

4. After penetration of the alleged radioactive zone, current gamma-ray logging is obligated. 

Therefore, the use of rapid methods for the effective radiation activity of natural radionuclides 
(primarily 40K) determining will allow to timely identify the waste with excessive radioactivity 
parameters, the use of which as soil-like reclamation mixtures is prohibited. 
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The purpose of this study was to compare two methods used for sequential extraction of forms of 
radionuclide occurrence: the Pavlotskaya (Goryachenkova et al., 2005) and the Tessier methods 
(Tessier et al., 1979). 

A comparison of the Pavlotskaya and Tessier methods in relation to the fractionation of various 
forms of technogenic radionuclides (137Cs and 90Sr) gives substantially consistent results. The sum of 
the water-soluble and exchangeable fractions extracted using the Pavlotskaya method and the sum of 
the exchangeable and carbonate fractions extracted according to the Tessier method should be used 
for the assessment of the availability of radionuclides to plants. The sums of the mobile fractions 
extracted using the Pavlotskaya method (the water-soluble, exchangeable, and mobile fractions) and 
the sum of the exchangeable fraction, carbonate fraction, and the fraction bonded with Fe and Mn 
oxides extracted according to the Tessier method should be used for the assessment of the 
geochemical mobility of radionuclides. 

The application of the above methods for the speciation assessment of natural radionuclides 
(226Ra, 232Th, and 238U) gives poorly consistent results. The Tessier method indicates higher contents 
of compounds available to plants and mobile compounds in comparison with the Pavlotskaya 
method. The main reason behind this may be the complexity of the soil chemistry of 232Th and 238U 
that feature polyvalence and a strong tendency for hydrolysis and complex formation; in addition, 
their behavior may be affected by various carriers. Therefore, these elements form a broad range of 
compounds that change one into another with changes in the chemical conditions; this complicates 
accurate comparison of the composition of their forms extracted by the reagents. 

An advantage of the Tessier method is the selective extraction of radionuclides bonded with 
organic matter, while in the Pavlotskaya method, radionuclides bonded with organic matter 
constitute parts of the mobile and acid-soluble fractions. On the other hand, the Tessier method does 
not include the extraction of water-soluble compounds constituting the most available and mobile 
portion of the soil radionuclide pool. In addition, the Tessier method does not include the extraction 
of compounds bonded with crystalline iron and aluminum oxides, which makes comprehensive 
assessment of the behavior of natural radionuclides (226Ra, 232Th, and 238U) impossible. 
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One of the important tasks of assessing the radiation impact on the environment of regular 
emissions of nuclear fuel cycle enterprises is to determine the average and integral volume activity of 
radionuclides in the surface layer of the atmosphere, the density of radioactive substances that have 
fallen on the Earth's surface. 

More accurate results allow us to obtain models using the lagrangian approach (RECASS NT, 
NOSTRADAMUS, ROM and others) [1]. Models realizing a solution of the semi-empirical equation of 
turbulent diffusion give acceptable accuracy in estimating the volumetric activity and density of the 
radionuclide fallout resulting from regular emissions [1]. Their practical application is justified in the 
form of a Gaussian model for continuous emissions. 

The possibility of using the Gaussian model to take into account the repeatability categories of 
meteorological conditions during regular radioactive emissions of nuclear fuel cycle enterprises was 
assessed by comparing three calculation options that differed in complexity and requirements of the 
source data. 

In the first variant, data on the repeatability of weather conditions for lines rumba with the 
highest probability of implementation in the circular wind rose are accepted [2]. In the second 
version, the parameters of meteorological dilution were calculated for each category of atmospheric 
stability at a weighted average wind speed, in the third - for the most probable category of 
atmospheric stability and the corresponding average weighted wind speed [2]. According to the 
results of the calculating options 1 and 2 the differences in the value of the average multi-year 
meteorological dilution and its integral do not exceed 10% in the range of distances of 1-100 km 
relative from the source of emission. For all calculation options at distances greater than 10 km, 
comparable results are observed for the parameters of meteorological dilution, which do not differ by 
more than a few percent. 

Thus, it is possible to use relatively simple methods for calculating the average multi-year 
meteorological dilution factor and his integral to assess the parameters of the radiation environment 
as a result of regular radioactive emissions from nuclear fuel cycle enterprises. 
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Purpose of scientific research. Development of a migration-dosimetric model of irradiation 
to coniferous woody plants during in emergency radioactive emissions. 

Methods. Analytical and numerical methods. 

Results. The migration-dosimetric model consists of two migration and one dosimetric 
calculation blocks. 

The first migration block is designed to calculate the volume activity of atmospheric air and the 
intensity of radionuclide deposition on the Earth's surface. The calculation block is based on the 
application of the gaussian model of the dispersion of impurities for brief emissions. 

The basis of the second migration block is represented by system linear differential equations of 
1st order with constant transfer coefficients between the studied components of the system. The 
calculation block allows us to estimate the dynamics of the activity of radionuclide deposition in the 
system "surface of aboveground phytomass of woody plants-ground cover-surface layer of soil". 

The dosimetric calculation unit is intended for estimating the absorbed dose rate from external b- 
and g-radiation at different heights of coniferous woody plants from sources containing radionuclides 
from the emergency release composition. The sources are: a cloud of radioactive emergency release 
during its life cycle, the surface of the above-ground phytomass, the soil cover (green moss or forest 
floor), and the top layer of soil during the remaining growing season after radioactive releases. The 
geometry of the radiation sources: the cloud of an emergency radioactive release is a semi-infinite 
space, and the rest of the radiation sources are an infinitely extended layer of finite thickness in the 
longitudinal direction. Each of the radiation sources adopted uniform distribution of activity 
radionuclide. 

Conclusion. The migration-dosimetric model developed is designed to assess the radiation-
ecological situation in forest biogeocenoses and the radiation impact on coniferous woody plants. 
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In modern studies, 7Be and 210Pb are often used as indicators in the study of various surface geological 
processes. In particular, information on their activities is used in assessing the conditions and rates of formation 
of lake sediments, studying the patterns of transport of aerosol particles in the atmosphere and their fallout on the 
earth’s surface [Baskaran M., 1993, 2001; Branford D., 2004; Gourdin E., 2014; Renfro A. A., 2013]. An important 
component of such studies is the identification of the patterns of 7Be and 210Pb entering the earth's surface in the 
composition of dry (dust, aerosols) and wet (snow, rain) precipitation. 

Currently, the literature does not contain widely known data on the combined atmospheric intake of 7Be, 
210Pb, and 137Cs in the Arctic and southern regions of Western Siberia. The purpose of the work is to eliminate this 
gap and conduct a comparative analysis of the nature of the intake of 7Be, 210Pb, and 137Cs in atmospheric 
precipitation in the studied territories of Western Siberia in the winter. 

Snow cover is a natural storage, accumulating information on atmospheric income for a sufficiently large 
period of time from the first precipitation in late autumn to its melting in spring. Its study can provide 
information on the integral supply of 7Be, 210Pb, and 137Cs and other chemical elements to the earth's surface over 
the entire period of snow accumulation without separation of the contributions of the dry and wet component. 

The objects of research are integral snow samples taken to the entire depth of snow cover without separation 
by layers at the end of April 2019 in the Arctic zone (Nadym, Purovsky, Tazovsky regions of the Yamalo-Nenets 
Autonomous Okrug) and in mid-March 2019 in the southern region of Western Siberia (Novosibirsk, n. Kolyvan, 
Altai Territory, Seminsky Pass, Altai Republic). 

The activity of the studied radionuclides was determined by the method of high-resolution semiconductor 
gamma spectrometry using a gamma spectrometer based on HPGe low-background well detector GWL-220-15 
using analytical gamma lines 477 (7Be); 46.5 (210Pb) and 661.7 (137Cs) keV. The lower detection limit of these 
radionuclides was 0.02 Bq. The duration of measurement of a single sample varied from 12 to 48 hours and was 
chosen so that the statistical error in determining the areas of analytical photopikes of 46.5 keV and 477 keV does 
not exceed 5%. 

As a result of the studies, it was found that in samples representing the Arctic zone the average contents of 
7Be, 210Pb and 137Cs in snow-melted waters are 262, 103 and <1 mBq/L, for the southern region of Western Siberia 
- 273, 171 and <1 mBq/L, respectively. 

A comparative analysis of the data shows that, despite the difference in geographic location, the concentration 
of 7Be in the meltwater of the northern and southern regions is almost equal. At the same time, the specific 
activity of 210Pb in the suspended matter of meltwater taken in the south is 1.7 times higher, which may indicate a 
much higher level of dust material intake in winter. A significant part of 7Be (the Arctic zone —78.6%; the 
southern region — 54.6%) is associated with a fraction of dimension less than 0.45 μm (nanosized dust, aerosol 
particles, colloids, and dissolved component). The amount of 7Be associated with the coarse fraction in the north 
is 2 times less than in the south. The fractions of 210Pb located in this fraction practically coincide for both regions 
(52 and 55.7%). For the southern region of Western Siberia, in the fraction <0.45 μm, the specific activity of 7Be is 
3.4 times higher than the activity of 210Pb. The Arctic zone is characterized by a higher value of this ratio - 5.9. 

As a result of the studies, data on the combined atmospheric intake of 7Be, 210Pb, and 137Cs in integral snow 
samples, including atmospheric precipitation, dust, and aerosols, in the Arctic (for 7 months) and southern (for  
5 months) regions of Western Siberia were firstly obtained. 

Acknowledgments: Work is done on state assignment of IGM SB RAS (Southern regions) with partial 
financial support from the RSF grant № 18-77-10039 (Arctic zone). Analytical studies were carried out at Center 
for multi-elemental and isotope research SB RAS. 
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Biomass fractionation was carried out using large-volume moss samples taken in the Altai region. 
The apical green part (1-3 cm) of moss (part of the plant that has grown during the last vegetative 
period) was separated from the moss pad and subjected to fractionation by sequential elution 
technique (SET) (Perez-Llamazares et al., 2011). During sequential elution, 4 fractions are being 
extracted: 0) adsorbed on the plant surface; I) intercellular elements; II) extracellular; III+IV) 
intracellular elements + solid residue. 

The isotopes distribution in biomass for samples taken in different places coincides well and, 
apparently, reflects the general patterns of isotope distribution in moss biomass. 

The experiment showed that all isotopes that came to the surface of the moss in any form (sorbed 
on dust, dissolved in rainwater, etc.) are associated with biomass one way or another and no further 
washing out. 

The isotope content in 0 fraction is 0.2–0.3%, and only the 137Cs exceeds 1% (1.1–2.6%). The 
further distribution of isotopes in the biomass fractions is different. 

The 210Pb isotope is predominantly concentrated in I fraction (79-80%), to a much lesser extent in 
II fractions (17-19%); in III+IV fractions is only 2%. The Pb coming from the atmosphere and 
deposited on the surface of plants leaves easily penetrates into plants, including into cells  
(Kabat-Pendias and Pendias, 1984), but further transfer from leaves to other parts of plants does not 
occur, because one of Pb toxic effects is a change in cell membranes permeability. 

The 137Cs isotope, as K chemical analog, easily enters the intracellular space through specific  
K+ ion transporters and distributed approximately equally between fractions I and II: 57% and  
38-40 %. The contents of 137Cs in fractions III+IV do not exceed 2.2%. 

The 7Be isotope is mainly concentrated in the extracellular (II) fraction, where its content can 
reach 80-90%. The reason for this, most likely, is the small ionic radius of the Be, which allows the 
Be+ ion enter the cell through Mg2+ and Ca2+ ion transporters. The isotope’s entry into cell occurs at a 
sufficiently high rate, taking into account the 7Be half-life. It can be explained by the high affinity of 
Be for phosphate groups and active centers in ATP (adenosine triphosphate) and ADP (adenosine 
diphosphate) as universal sources of energy for all biochemical processes (Kabat-Pendias and 
Pendias, 1984). In the intercellular (I) fraction, the content of 7Be varies from 7.8 to 17%, with cell 
walls and an insoluble residue (III+IV fractions) no more than 5% of 7Be is associated. 

Acknowledgments: Field trip, preliminary sample preparation and 7Be determination were carried out as a 
part of a governmental contract (project 0330-2016-0011). 210Pb and 137Cs determination were carried out under 
support of project 18-77-10039 from the Russian Science Foundation. 
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We investigated the 137Cs distribution in floodplain biogeocenosis components (soil, rhizosphere, 
aerial parts of coastal plants) in the Krasnoyarsk MCC middle impact zone (20-250 km downstream 
from KMCC). From beginning of the middle impact zone (Kan River mouth) to Novokargino village, 
the substrate 137Cs specific activities are almost identical: 17-70 Bq kg-1 in soil, 15-40 Bq kg-1 in 
rhizosphere. There is an obvious increase in the 137Cs content in the substrate towards the far 
boundary of the middle impact zone. On the shore of Lopatin Island near Strelka village (the 
confluence of the Angara River and the Yenisei River), the 137Cs specific activities in soil and 
rhizosphere are 2000 and 1000 Bq kg-1, respectively. Below the confluence of the Angara River on 
coast of Gorodskoy Island in Yeniseisk city the 137Cs specific activities in soil and rhizosphere are  
190 and 230 Bq kg-1, respectively. The background content of 137Cs in the substrate is 15 Bq kg-1 
(Shivera village, 5 km upstream from the MCC). 

The wide variation of the isotope content at several neighboring sample points can be explained 
by differences in the hydrological regime: conditions favorable for the fallout of silt leads to increase 
in the isotope content in the substrate. 

The 137Cs content in the upper parts of the coastal sedge (Carex L.) varies from 1.1 to 26 Bq kg-1 
and does not have such clear trend to increase with the distance from source of isotope input to the 
floodplain biogeocenosis. However, in points near the border of the middle and near impact zones, 
increased the isotope contents in the upper parts of plants correspond to a decrease its content in the 
substrate and vice versa. Apparently, there is a change in speciation of the isotope. 40K as chemical 
analogue of Cs should behave similarly in the system; 40K and 137Cs distributions in the substrate 
more or less correlate with each other, but in the upper parts of plants, the 40K distribution is 
opposite to the 137Cs distribution in almost all sample points. 

To verify our assumption, we examined the change of 40K and 137Cs transfer factor (TF). For both 
isotopes, TF does not exceed 1.000 and correlated with isotopes contents changing in upper part of 
plants. However, in two sampling point, the 137Cs TF sharply increase by contrast 137Cs content 
decrease in the substrate; so 137Cs is present in easy mobile form and form easily accessible to plants. 
Most likely, due to floods there is a constant 137Cs influx into the soil layer, from top to bottom, in 
sample places with low TF. At the same time there is constantly flushes out some part of the isotope 
that managed to pass in mobile or easily digestible by vegetation forms under the influence of the 
plant rhizosphere, but did not manage to be absorbed by the plant. 

Acknowledgments: The work is done on state assignment of IGM SB RAS (project 0330-2016-0011) and is 
partly support by RFBR Grants 18-05-00953. 
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Understanding the determinants of CBRN risk is the first component in promoting and 
strengthening the concept of CBRN resilience at the level of individuals, organizations, regions and 
states. As defined by UNISDR, vulnerability represents the conditions of an entity determined by 
physical, social, economic and environmental factors or processes which increase the susceptibility of 
an individual, a community, assets or systems to the impacts of hazards. At the other hand the same 
strategy defines the resilience as ability of a system, community or society exposed to hazards to 
resist, absorb, accommodate, adapt to, transform and recover from the effects of a hazard in a timely 
and efficient manner, including through the preservation and restoration of its essential basic 
structures and functions through risk management. The aim of this paper is to present the CBRN risk 
mitigation activities with a dual purpose: vulnerability reduction and resilience betterment. The key 
finding of this paperwork shows that there is a constant need of strengthening intrinsic resilience 
capacities of one society in order to effectively mitigate CBRN risks. In this sense, the proper 
application of CBRN risk management methods facilitates their effect. 
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Integration of existing safety standards/systems is considered as an indispensable process in all 
complex organizations, in order to enable efficient use of available, usually limited, resources of 
protection, and to adequately respond to the occurrence of adverse events and reduce their effects on 
employees, working conditions and the surrounding environment. An integrated safety management 
system, with complex management mechanisms, requires effective integration process to be 
implemented. In this sense, radiological safety should not be treated as an independent 
organizational activity, but should be included in all activities within the organization as an integral 
part thereof. An integrated safety management system is significant in all complex organizational 
structures, because it enables much more efficient use of organizational, human and technical 
resources. Working together in an integrated system, which involves the exchange of acquired 
knowledge and experience on protection, the occurrence of adverse events, occupational safety 
issues, is very important in the process of merging the radiological safety into the existing integrated 
safety management system. The aim of this paper is to analyze and present the most prominent 
radiological safety standard requirements, as well as to identify the common system procedures that 
are to be implemented at the organization scale. 
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Radioactive contamination is one of the main anthropogenic stressors of aquatic ecosystems 
within the Chornobyl Exclusion Zone (CEZ), which necessitates to study of deviations in the 
development of aquatic organisms. The common roach (Rutilus rutilus) is the one of the most 
widespread and numerous fish species in the European water bodies. Due to intensive accumulation 
of 90Sr (chemical analogues of calcium) and transuranic elements by the bone structures of animals 
in the CEZ, the skeletal disorders can be one of the main problems in the development of fish and 
affect their morphology, growth and survival. The purpose of this study was to identify the main 
forms of skeletal development anomalies in the juvenile roach under long-term radiation exposure in 
water bodies within the CEZ. All sampled specimens were cleared and stained with alizarin red S by 
T. Potthoff method (1984). The studied young fish were on D2, E and F stages of development and 
sampled from the north-western part of the Chornobyl NPP cooling pond (CP) and Yanivsky 
backwater within the CEZ and from Pidbirna Lake (environs of Kyiv City) with background levels of 
radioactive contamination as reference water body. The current absorbed dose rate due to main 
dose-forming radionuclides for parental fish from the CP on average was 17.4 μGy h-1, from Yanivsky 
backwater - 8.7 μGy h-1 and from reference lake - 0.06 μGy h-1. Anomalies such as ribs deformations 
of various degrees, additional processes of neural and haemal arches and their bifurcation, partial or 
total vertebral fusions, deformation of the spine etc. were found. Among the observed anomalies in 
fish from all studied water bodies, the rib deformities consequence prevailed: Pidbirna Lake - 93%; 
CP - 95% and Yanivsky backwater - 98% of the total individuals. At that the degree of complexity of 
this anomaly was different. In reference lake the deformation of the ribs was least expressed. Also, 
among the anomalies, the appearance of additional processes of neural arches was determined: 
Pidbirna Lake - 15%, CP - 13% and Yanivsky backwater - 22% of the total individuals. Among the 
revealed deformation of the spine for juvenile fish was noted: lordosis in Pidbirna Lake (11%); 
kyphosis in the CP (23%) and scoliosis in Yanivsky backwater (16% of the total individuals). In 
addition for the juvenile common roach from contaminated water bodies the multiple and severe 
vertebral anomalies, as well as deformation of neural and haemal arches were discovered. As a result 
of our studies the 13 types of anomalies localized in two parts of the skeleton were diagnosed. It was 
found that the number of observed anomalies depends from the level of water bodies’ contamination 
and radiation absorbed dose rate for fish. The individual spectrum of anomalies for the reference 
water body did not exceed 4 anomalies per individual, and for contaminated water bodies there were 
cases of 5-7 anomalies per individual, and also multiple vertebral anomalies. 
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Introduction. A distinctive feature of renal cell carcinoma (RCC) is the frequent, compared with 
other tumors, spread of the tumor through the venous collectors (along the renal and inferior vena 
cava (IVC) up to the right atrium), as the path of least resistance to invasive growth. 

Objective: to analyze the data of patients with RCC with tumor invasion of the renal and/or IVC 
and to evaluate the possibilities of radiology. 

Materials and methods. In A.V. Vishnevsky NMRC of Surgery 35 patients with RCC with 
tumor invasion of the renal and/or IVC were treated. At the preoperative stage, all patients 
underwent US, MSCT and MRI. All patients were operated on. 

Results. Tumor thrombus were distributed according to the Mayo Clinic classification: 0 - 10 
patients; I - 4; II - 8; III - 10; IV - 3. Тhe damage of the only kidney with venous thrombosis was at 5 
patients (nephrectomy of the contralateral for cancer - 3). Tumor thrombosis was combined with 
metastases at 14 (40.0%) patients (synchronous/metachronous). Target organs: lungs-6; liver-5; 
adrenal gland-4; lymph nodes-5; pancreas-1; diaphragm leg-1. Process prevalence: metastases in one 
organ - 9 cases; in two - 2; in three - 3. 

Based on the analysis, an algorithm for evaluating a tumor thrombus was developed: 

Stage I (preoperatively, US, MSCT / MRI). 

- When a kidney tumor with central location is detected, especially with the involvement of the 
sinus, the lumen of the renal vein is evaluated for the possible presence of tumor thrombosis. 

- When they are detected, the level of spread of the tumor thrombus is evaluated. If a thrombus is 
detected in the IVC, its lumen is evaluated along its entire length to determine the extent of the lesion 
and the level of thrombus head localization is clearly fixed (note if it is not one). 

- When the tumor thrombus spreads to the diaphragm level, it is assessed whether there is its 
spread in the heart cavity. 

It is necessary to note the presence / absence of thrombus biases in the IVC (forced breathing), 
identify fixation areas if possible. 

- Obligatory assessment of the structure of the thrombus and the degree of vascularization. 

Stage II (intraoperative US-study). 

- After isolation of the IVC, the localization of the thrombus head is assessed with reference in 
mm to the anatomical structures. 

- After clamping the renal arteries and veins, the localization of the thrombus head relative to the 
previously selected anatomical structure is also assessed, fixing whether there has been a shift as a 
result of a reduction in blood flow. 

Conclusion. Despite the technical complexity of nephrectomy with thrombectomy from IVC, 
especially in the presence of a supraphrenic spread, they have no alternatives when achieving radical 
treatment. An important aspect of the preparation of such patients is the step-by-step follow-up of 
the patient using radiology methods, which makes it possible to determine the exact volume of the 
lesion and non-invasive assessment of the surgical treatment results. 
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Background: to evaluate the possibilities of radiology in assessing the causes of ureteral 
stenosis. 

Materials and methods. Ureter diseases are rarely detected. In four large Russian clinics 
47 patients with such lesion were treated in 2014-2018. Of these, in 14 (29.8%) cases, ureteral 
stenosis was diagnosed, in which there were "creeping" changes in the walls without extraorgan 
spread. All patients underwent US, MSCT and MRI. 

Results. US allows to determine the level of ureter damage due to expansion above stenosis. It is 
practically impossible to differentiate the tumor and fibrous nature of the lesion at US, since the 
volume of the lesion is insignificant and, even if visualization of the violation of the wall layers 
differentiation is visualized, it is difficult to detect bloodflow in the tumor tissue, due to the extremely 
small caliber of the tumor vessels. It was possible to register the bloodflow at US in 2 cases only, in 1, 
a long-standing kidney stone disease (KSD) formed an inflammatory cushion around the ureter with 
increased bloodflow. The level of damage and the ureter dilated higher was also diagnosed in MSCT 
and MRI in all cases, tumor lesion was diagnosed in 4 cases, KSD in 6 A urothelial tumor diagnosed 
in 4 (28.6%) cases, KSD confirmed by calculi in the kidney in 6 (42.8%), it wasn’t possible to 
determine the cause of ureteral stenosis (the tumor was excluded) in 4 (28.6%). 

With damage to the ureter muscle layer, the nature of the ureteric discharge can significantly 
change. Ureteric discharge is observed in CDI at transabdominal US (transrectal if necessary). The 
absence of ureteral discharge in all cases indicated both obstruction of the ureter and damage to the 
muscle layer. With incomplete obstruction, the nature of the ejection changed, asymmetry was 
revealed in the frequency, intensity and direction of the ejections. Damage to the muscle layer of the 
ureter was suspected in 6 cases. 

All patients were treated: urothelial cancer - radical surgery (n=4) with plastic in 2; stenosis of the 
ureter due to KSD in 4 cases and stenosis of undiagnosed etiology in 4 - stenting of the ureter; in 
2 cases with KSD - resection of the ureter with plastic surgery. Comparison the morphology of 
ureteral stenosis and ureteral discharge data: the muscle layer is damage - the flow is at an angle 
<45°, has a rounded apex and non-intense staining; in the absence of the muscle layer damage - the 
flow is at an angle >45°, has a sharp peak and intense staining. The ejection frequency didn’t depend 
on the wall lesion volume. 

Conclusions. Currently, it is difficult to differentiate the damage to the muscle layer of the 
ureter with its stenosis (tumor or fibrous) according to radiology at “creeping” damage. The nature 
and quality of the ureteric discharge from the damage side may be differential diagnostic sign. 
However, this symptom allows you to differentiate the lesion of the muscle layer, but doesn’t allow to 
determine the nature of the lesion. 
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Background: on the basis of the analysis of a significant number of spleen cysts and cystic 
lesions (C&CL), to assess the possibility of differential radiology diagnosis of individual 
morphological forms. 

Materials and methods. In A.V. Vishnevsky NMRC of Surgery 289 patients with C&CL from 
15 to 77 years old (women prevailed (68.2%) were examined and treated (1998-2019). All patients 
underwent ultrasound, MSCT and/or MRI were performed depending on the difficulties of 
differential diagnosis. Most of the patients underwent surgery - (82.0%), uncomplicated spleen cyst 
of insignificant size performed dynamic observation (verification by puncture biopsy). 

Results. Morphological verification of C&CL (generally accepted differential diagnosis of "true" 
and "false" cysts based on histological detection of the epithelial lining is not always possible, because 
if they exist for a long time, the cell lining of the cyst may atrophy under the pressure of the contents 
or, when the inflammatory process is attached, it can be shed during the operation or during 
puncture and evacuation of contents)-151; true cyst-23; mesothelial cyst-4; dermoid cyst-3; 
pseudocyst-16; pancreatogenic-33; echinococcus-21; lymphangioma-24; lymphoma-9; ovarian 
cancer metastasis-2. When analyzing data from radiology research methods, differential diagnostics 
comes to the forefront according to MSCT data. The evaluation was carried out according to two 
parameters: lesions’ capsule and the nature of the liquid contents (Table 1). 

Table 1. Comparison of data obtained 

Nosology 
Liquid component 

(native phase) 
Lesions’ capsule 

Cyst 0 - +15 thin-walled, doesn’t accumulate contrast medium (CM) 
True cyst +15 thin-walled, doesn’t accumulate CM 
Mesothelial 
cyst 

+35 - +60 thin-walled, doesn’t accumulate CM 

Dermoid cyst -10 - +40 
capsule is expressed unevenly, can be very dense, with calcium, doesn’t 
accumulate CM 

The malignant 
dermoid cyst 

-10 - +40 
capsule is expressed unevenly, can be very dense, with calcium, 
accumulates CM in the arterial and venous phase 

Pseudocyst +10 - 40 
thick dense capsule, calcium inclusions are possible, doesn’t accumulate 
CM 

Pancreatogenic +10 - +50 
capsule is uneven, calcium inclusions are possible, doesn’t accumulate 
CM 

Echinococcus +25 bypass capsule, doesn’t accumulate CM 
Cystic 
lymphangioma 

+25 - +45 thin-walled, doesn’t accumulate CM 

Lymphoma +15 - +40 true capsule missing 
Ovarian cancer 
metastasis 

0 - +15 
unevenly expressed capsule, accumulates CM in the arterial and venous 
phase 

 

Мalignant tumors were revealed in 3 cases: malignant epidermoid cyst - 1; ovarian cancer 
metastasis - 2. 

Conclusions: primary and parasitic spleen cysts are well differentiated according to radiology; 
false spleen cysts, depending on the cause of their occurrence, can create difficulties in their 
identification and differentiation; cystic tumors of the spleen should be differentiated with malignant 
lesions and metastases with cystic structure, when they are detected, there should always be a similar 
alertness. 
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The verification of radiotherapy plans is an essential step in the treatment planning process, and 
Patient Specific QA (PSQA) is very important in the RT workflow, especially for highly conformal 
plans which produce non-intuitive fluence maps and complex 3D dose distributions. However, 
conventional PSQA process to measure data prior to patient treatment and verify the accuracy of 
dose calculations is intensive and fairly time consuming for clinical staff and is improper for busy 
radiation therapy centers. Moreover, time-machine necessary for the phantom-based measurements 
is stolen from treatment patients time. The innovation proposed within this work is to introduce a 
new MC software (SciMoCa) in the RT workflow, which can be used as a fast-secondary dose check 
and an independent plan QA evaluating tool. The aim of the study was to evaluate the accuracy of 

SciMoCa dose calculation and the feasibility of the MC‐based PSQA for VMAT treatment plan in 
clinical workflow. 

SciMoCa was benchmarked against TPSs (Monaco and Pinnacle, based on MC and CCCS dose 
calculation algorithm, respectively) in use in our clinic and measurements. SciMoCa uses DICOM RT 
suite, namely the CT dataset, plan and structures, exported from TPS to perform an independent 
dose calculation on patient or phantom CT geometry. All software were commissioned for the same 
6MV Elekta LINAC using same measurement set. 

50 patients of six clinical classes (CNS, H&N, breast, lung, prostate and bone metastasis) were 
randomly selected from clinical database and computed with dose engines using same calculation 
parameters. Dose accuracy and dose distributions were evaluated by assessing isocenter point dose 
differences and statistics of 2D gamma index (GI) analysis, respectively. 

Measurements rely on ArcCHECK phantom, to evaluate dose differences in a homogeneous 
phantom and SciMoCa performances respect to the current treatment plan verification paradigm. 
Comparisons were performed with the same setting as before. 

On average, percent dose difference between TPS and SciMoCa is -1.8±1.8% (Monaco) and 
-0.5±1.1% (Pinnacle) while software to ionization chamber measurements is -0.6±1.7%, 0.4±1.4% 
and 0.8±1.7% for Monaco, Pinnacle and SciMoCa, respectively. 

Comparing the SciMoCa dose distributions to those of Monaco and Pinnacle, average GI are 
94.5±5.4% and 96.5±3.5%, respectively. Comparing TPSs and SciMoCa to ArcCHECK 
measurements, on average GI is 94.0±3.3% (Monaco), 95.3±2.5% (Pinnacle) and 93.1±3.2% 
(SciMoCa). 

A very good agreement was found between SciMoCa, TPSs and measurements. This innovation 
provides an accurate secondary dose verification system and it could become a fast and positive 
chance for the PSQA, saving a lot of time both for physics and machine. This method allows to 
measure only those treatments that do not pass the minimum acceptance criteria. It could also be 
useful in adaptive RT for checking the impact of the approved RT-plan on the daily patient anatomy 
modifications. 



 

 157 

Health risk related to environmental and 
clinical radon sources: Necessity to increase public awareness 

Antonis P. Stefanoyiannis, Stamatis D. Rallis 

University General Hospital of Athens “Attikon”, Athens, Greece, Athens, Greece 

Introduction. Lung cancer is associated with high levels of incidence and mortality both in men 
and women. Despite the fact that a mortality percentage of approximately 80% due to lung cancer 
corresponds to smokers, mortality level is also significant in the group of non-smokers. The 
radioactive radon gas constitutes the most important environmental risk for lung cancer 
development for the whole population, also being no. 1 risk for non-smokers. 

Purpose. The aim of this study is to review the current literature, in order to systematically 
present data regarding radiation burden and the corresponding risk due to exposure to radon and 
radon progeny. Radon sources might be either environmental or medical practices adopted in a 
hospital environment. 

Materials and Methods. 22 large-scale studies that have been carried out worldwide, aiming 
to examine the consequences of radon exposure to human health were reviewed. 

Results. Increasing residential radon exposure by 100 Bq/m3 has been correlated with an excess 
relative risk of lung cancer development equal to 11% in USA-Canada studies, 16% in European 
Union studies and 33% in studies carried out in China. Additionally, the synergy of smoking and 
radon exposure as far as lung cancer development is concerned has been proved, which has led 
official bodies to establish acceptable threshold levels of radon concentration. For instance, WHO has 
set the reference radon concentration at 100 Bq/m3 (or 2.7 pCi/l), whereas the action level of EPA 
has been set at 148 Bq/m3 (or 4 pCi/l). Finally, radionuclide therapies being conducted in Nuclear 
Medicine Departments are present, during which high levels of radon concentration are generated in 
the course of patients’ exhalation (~2 MBq/m3). 

Discussion. The significant mortality due to lung cancer is possible to decrease by increasing 
public awareness about the role of living-working in places with increased values of radon 
concentration, in addition to the well-known and widely accepted role of smoking. It is absolutely 
essential to conduct expert measurements of radon concentration in buildings that already exist 
(residences, educational institutions, workplaces) and adopt radon mitigation techniques as required. 
In addition, incorporation of radon-related measures during the process of upgrading the national 
building code can be extremely important, because it will facilitate the compliance of new 
establishments with internationally acceptable norms. 
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Spike-like peaks in the concentration of radon gas prior to a major earthquake are attributed to 
release different gases (CO2, CH4, H2S, SO2, H2 suitable for the transport of radon to the earth’s 
surface) due to pre-seismic stress or fracturing of the rock. Passive radon technique based on 
charcoal canister test kit conducted in the environment of Kosovska Mitrovica in summer and 
autumn period showed inexplicable results. Since radon levels are sensitive to short-term 
fluctuations, an active technique for indoor radon monitoring was performed with RAD7 device 
(Durridge Company Inc.) in two selected sites (at 2 km distance) from 11-13 November 2019. Radon 
results for one measuring site in two proceeding days varied: from 103±44 Bq/m3 during the 
afternoon; then strongly increased to 2843±217 Bq/m3 in the midnight, afterward dropped to 
1449±104 Bq/m3 in the morning over the time scale of one day. These radon anomalies occurred 
within 1 hour for another site: from 200±94 Bq/m3 to 2146±262 Bq/m3 and radon values abruptly 
decreased in another day to about 40 Bq/m3. We consider that these changes in radon levels have 
been precursors of an earthquake of ML=6.4 which occurred in Albania (41.315°N, 19.479°E,  
H = 7 km), approximately 13 days later. It was preceded by a few weaker earthquakes (ML>4.0), and 
a series of small earthquakes still appearing. The existence of deep fault zone and seismotectonic 
zone in Kosovska Mitrovica environment allow radon transport through fissures due to pressure 
gradient. These results showed that indoor radon measurement can be a useful predictor in an 
earthquake occurrence, even at a distance of 200 km. 
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In order to establish radon levels in outdoor atmosphere radon measurements were performed 
during the fifteen days by alpha spectrometric measuring method with detector Airthings Corentium 
Home. Measuring point was at 0.5 m height. Since meteorological conditions can have a significant 
impact on radon measurements, parameters such as temperature, humidity, precipitation, wind 
speed were also noted by SENCOR SWS 9700. The results of short term outdoor radon concentration 
were read out daily and varied from 4 Bq/m3 to 23 Bq/m3 (values were averaged from hour to hour), 
until values of long term measurements (averaged daily) varied from 13 Bq/m3 to 21 Bq/m3. Average 
outdoor radon value strived to 15 Bq/m3. During the measurements temperature ranged from  
7.1-16.5°C, humidity varied from 62-95%, barometric pressure had a span from 710.6-753.2 mmHg. 
A weak correlation was found between outdoor radon levels and temperature (r=0.312).  
No correlation was found between outdoor radon levels and other meteorological parameters like 
humidity and pressure. The highest value of short term radon activity concentration was noted in a 
day with the lowest temperature, and highest humidity (and during the precipitation). Since 
precipitation presents a barrier to radon penetration through soil pores, at relatively high humidity 
the concentration of radioactive aerosols in the ground air layers are higher than radon 
concentration. 
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Charcoal canisters have been used for indoor radon concentration measurements for more than 
40 years. Although there are several methods that use charcoal canisters, the basic principle is the 
same. As air passes through the canister, radon is being adsorbed and the quantity of adsorbed radon 
is proportional to the radon concentration in air. Radon canisters can be modified in different ways, 
e.g. by adding diffusion barriers, and different techniques can be used for counting. The method used 
in Vinča Institute of Nuclear Sciences (VINS) uses open-faced canisters, which are measured on 
gamma spectrometers, according to US EPA method. In this method, it is necessary to wait 3 hours 
after closing the canisters in order to reach equilibrium, because radon is determined via gamma 
emissions of radon progeny - 214Pb and 214Bi. Canisters are commonly exposed for periods between 
48 hours and 144 hours. 

Open faced radon canisters are typically used with calibration factors provided by manufacturers, 
or with EPA calibration factors. Calibration in EPA method is performed with canisters as received 
from manufacturers, but most laboratories recycle canisters by drying in order to reuse them. Since 
calibration factor is calculated based on the canister mass change (due to water adsorption) and 
duration of exposure, different moisture content due to recycling may introduce a bias in the 
measurement. A correction for this influence might be necessary. In order to investigate this effect, 
recycled canisters used in VINS have been exposed to different radon concentrations in a radon 
calibration chamber in Montenegro Bureau of Metrology. Exposures lasted for 48 h and the results 
have been used to assess the validity of used calibration factors. Additional measurements lasting 
(24±2) h have been performed at several selected measurement locations, covering two orders of 
magnitude of concentrations. Simultaneously, concentrations were measured with an AlphaGUARD 
detector, which was used as a reference instrument. This experiment allowed determination of 
calibration factor for short term measurements lasting 1 day. It is, however, necessary to perform 
additional study of uncertainty before using charcoal canisters for one-day measurements. 

Acknowledgments: This research was supported by the Ministry of Education, Science and Technological 
Development of Serbia under projects III 43009, OI 171018 and Bilateral project between Serbia and 
Montenegro – Radon Equilibrium Factor measurements in Dwellings Typical in Serbia and Montenegro and 
Radon Measurements Techniques Harmonization. 
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Radon (222Rn) is a radioactive gas, which may be found in indoor environments such as caves, 
homes, schools, and workplaces. It is produced from the natural radioactive decay series of uranium 
(238U), which is found in several types of soils and rocks such as granite and volcanic ones. 

In Portugal, the geological settings are mostly comprised of granite rocks with uranium 
mineralizations, which represents a potential risk for the exposure to high indoor radon levels, 
particularly in some specific regions. 

Radon is the most important cause of lung cancer after smoking. It is estimated that radon is 
responsible by 3 to 14% of the lung cancers occurrences in a country, depending on the average radon 
level and the smoking prevalence. 

In Portugal, the increasing concern about indoor air as a vehicle for pollutants and contaminants 
has become very important in recent years. Therefore specific law was published accordingly 
(Ordinance Nº 353-A/2013) and replaced the existent non-specific one (Decree-Law Nº 79/2006). It 
standardizes all procedures related to the operation and maintenance of the IAQ (Interior Air 
Quality) in several situations. The Portuguese Decree-Law Nº 108/2018 transposes the 
EURATOM Directive 2013/59 establishing the legal regime for radiological protection, setting the 
rules safety precautions for protection against the dangers arising from exposure to ionizing 
radiation. 

This study addresses the radon concentration in the indoor air of thermal spas. The assessment 
was performed with a passive method for all therapy rooms and technical areas within two 
establishments (Spa “A” and Spa “B”). Radon measurements were carried out with solid-state nuclear 
track detectors (SSNTDs), such as CR-39, for approximately 12 months covering continuous periods. 
The CR-39 detectors were enclosed in small cylindrical (5-cm height, 3-cm diameter) diffusion 
chambers and placed at approximately 1.5 meters from the ground. 

In the case of the thermal spa “A”, the measurements took place in two periods: 
1) winter - 21/12/2018 to 15/04/2019 (113 days); 2) Spring / Summer - 15/04/2019 to 26/08/2019 
(102 days). 

In the thermal spa “B” the measurements took place simultaneously in the two buildings between 
15-04-2019 to 26/08/2019 (102 days). The overall study is to be finished by January 2020. 

The results showed that 94 % (17/18) of the indoor air radon concentration values of spa A do not 
comply with Portuguese legislation (300 Bq/m3) and that 100 % of the sites do not comply with 
WHO recommendations for radon concentration in indoor air (100 Bq/m3). 

However, concentrations within the thermal spa vary widely, with a minimum of 280 Bq/m3 and 
a maximum of 1941 Bq/m3. In the Berthelot therapy rooms (application of the heat and thermal 
steam in the vertebral region), nozzle shower, Vichy shower and ORL’s spaces the radon 
concentrations in the indoor air are higher than in the other spaces. The explanation for these results 
is due to the fact that, in these places, there is the use of natural mineral water, which can also be an 
additional source for radon presence. 
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Is z-score adequate for evaluation of laboratory achievements in 
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Proficiency testing (PT) is perceived as the most important tool for the assessment of laboratory 
measurement achievements. So, adequate performance indicators are needed for the reliable 
evaluating the laboratories. One of the most popular and most commonly used assessment criteria is 
the z-score. The biggest disadvantage of this approach is that the measurement uncertainty is not 
taken into account. An alternative evaluation scheme has been elaborated by IAEA. This method uses 
accuracy and precision criteria and takes into account the measurement uncertainty estimated by 
participants. In the present PT study an IAEA reference material (RM) with certified activity 
concentration values was chosen as a test object. It is homogenous and stable for a long time, thus a 
sequential PT model with a circulating item could be adopted. Of the 12 results submitted by 
participants one laboratory obtained an unsatisfactory result in the precision criterion, while 
obtaining an “excellent” value of accuracy and z-score. The reason for this assessment was too high 
measurement uncertainty reported by the laboratory. In conclusion, it could be stated that the IAEA 
methodology in proficiency testing is a precise tool for assessing the results of laboratories 
conducting radioactivity measurements. 
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γ-radiation and electron beam (EB) technologies offer a variety of methods for  polymer 
formulation enhancement. Radiation-chemical method was used for metal nanoparticles (NPs) 
synthesis in reverse micelle solution (RMS). Metal NPs were chosen as functional nanoscale agents 
for polymer modification with the goal of influencing polymer granules and textiles desired diverse 
properties. Extrusion being prime fabrication process in studied of chemically and thermally stable 
PET textiles production case, suggest demanding requirements (Table 1.) for functional compound 
additives administered at pre-extrusion stage. Fine talcum powder and silica were successfully tested 
in a role of carriers for Ag NPs, along with granulated PET itself. The latter proved to be most 
“compatible” Ag NP-carrier for antimicrobial PET fibers production and justifying nano-smart-
concentrate (NSC) approach development for polymer industry formulations. 

The system of the object’s modification with metal nanoparticles was employed for  
a) simultaneous processing of γ-irradiated metal NP synthesis in RMS, b) PET granules adsorption 
properties increase through controlled surface destruction with RMS components combined with 
irradiation impact, and c) modification of PET granules with Ag NPs in situ during the synthesis of 
NPs. 

Applicable UV-VIS, DLS, HPLC, LIBS, and AFM had been used for the NPs synthesis process 
control, particle characterization and analysis of NSC granules and extruded strands. Expected 
antimicrobial and non-toxicity properties of the fibers and non-woven textile samples produced with 
addition of 10 - 35% of Ag NP PET-based NSC (in NSC CAg=0.00354 m. %) were appropriately 
tested and validated. 

The process control approaches based on radiation dose dependence or reverse micellar system 
(RMS) parameters tuning, such as micelle’s water content, i.e. solubilization coefficient, ω0, 
adjustments are discussed. Dozes 25 kGy, or less prove to be efficient for reported application. Both, 
gamma and EB (with adjustments) radiation single-stage technologies reveal unique potential for 
effective multifunctional polymer Me NP-modifications in liquid RMS media. 



 

 164 

Comparison of thermodynamic pKBH
+ values of aromatic 

benzoylhydrazones determined spectrophotometricaly 

Mirjana Jankulovska1, Vesna Dimova2, Milena Jankulovska-Petkovska3 

1 Faculty of Agricultural Sciences and Food, Ss Cyril and Methodius University in Skopje, Skopje, North 
Macedonia 
2 Faculty of Technology and Metallurgy, Ss Cyril and Methodius University in Skopje, Skopje, North 
Macedonia 
3 University St. Kliment Ohridski, Chemical-Bromatological-Toxicological Analysis Laboratory, Higher 
Medical School in Bitola, Bitola, North Macedonia 

Many chemical, physical and biological properties of organic compounds depend on the 
interactions of acidic and basic groups present in their molecule. The degree of ionization of 
molecules in solution at different pH values can be predicted knowing the value of the acid 
dissociation constant (pKBH

+). The biological activity of hydrazones depends on the ionic form in 
which they exist in solution influence. The subject of this study was fifteen benzoylhydrazones with 
different substituents. All investigated hydrazones have following substituents on the benzene ring 
on the hydrazide part of the molecule: –H, –CH3, –OCH3, –Cl, –OH. Five of them (H1-H5) have no 
substituent on the benzene ring of benzaldehyde, five (H6-H10) have metohy group (–OCH3), and five 
(H11-H15) have nitro group (–NO2) on the benzaldehyde group of the molecule. 

The investigated hydrazones were structurally characterized by UV spectroscopy, infrared 
spectroscopy (IR), nuclear magnetic resonance (1H NMR and 13C NMR), as well as, by elemental 
analysis. 

One of the main methods for determining the pKBH
+ values of a compound is UV-Vis 

spectroscopy. The pKBH
+ values can be determined from the spectrophotometric data using 

experimental and reconstructed spectra. The influence of the solvent can be eliminated by employing 
method of Characteristic Vector Analysis (CVA), which has been tested and proven to be applicable in 
the analysis of spectroscopic data. The pKBH

+ values were determined at three different ionic 
strengths (0.1, 0.25 and 0.5 mol/dm3) in acidic media (1KBH

+ values were evaluated graphically as an 
intercept with extrapolation of the curve pKBH

+ = f(), to zero ionic strength. 

The obtained results showed that there are no significant differences in the values of 
thermodynamic dissociation constants of investigated hydrazones with no substituent and metoxy 
group (–OCH3) on hydrazide part of the molecule. Namely, in the molecules of these hydrazones the 
same substituents (–H, –CH3, –OCH3, –Cl, –OH) are present in para position on the benzene ring. 
The only difference between them is the –H (H1-H5) and –OCH3 (H6-H10) group. The differences in 
the pKBH

+ values (but still not significant) were noticed for hydrazones with -NO2 group (H11-H15) on 
the benzene ring of benzaldehyde. Theese hydrazones have lower pKBH

+ values, probably due to the 
influence of the –NO2 group in their molecule. The obtained pKBH

+ values were in accordance with 
those for similar class of compounds. 

Keywords: UV-Vis spectroscopy, Characteristic Vector Analysis, protonation, thermodynamic 
dissociation constant 
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The hydrazone functional group (C=N–NH-), has been involved a great deal of interest because of its ease of 
synthesis, modularity and functional diversity [1]. Configurational isomerization of the C=N bond, nucleophilicity 
of the hydrazone nitrogen, electrophilicity of the imine carbon, and acidity of the N–H proton, are functional 
characteristic that make hydrazone useful for diverse applications, ranging from biology (such as pharmacology), 
materials science to supramolecular chemistry. 

The chemistry of hydrazones always attracts the investigators, as incorporation of these moieties in medicinal 
compounds due to their biological potential [2]. The hydrazones are known to exhibit wide variety of biological 
activities: used as antibacterial agent, anti-tubercular agent, analgesic, anti-inflammatory agent, antiviral agent, 
antifungal agent, muscle relaxants and antihistamines etc [3,4]. Some new synthesized hydrazone derivatives of 
coumarin-derived pyrazoles are good inhibitors of MRSA and B subtilis [5]. According the literature hydrazone 
derivatives of eugenol possess significant anti-tubercular potential [1]. 

According the literature, a hydrazone photos was integrated into a liquid crystal to yield a polymer network 
that responds to light with large shape transformations [6]. QSPR (Quantitative Structure - Property 
Relationships) analysis of a series of 15 p-substituted aromatic hydrazones was performed using experimentally 
determined constants of protonation (pKBH+) and set of physicochemical descriptors. 

The pKBH+ values were determined numerically from the absorbance values of the experimental spectra by 
characteristic vector analysis. In order to obtain thermodynamic pKBH+ values, measurements were performed at 
ionic strengths of 0.1, 0.25 and 0.5 M (NaClO4). Surface tension, Molar Refraction, Molar Volume, Parachor, 
Index of Refractivity, Density and Polarizability were selected as set of physicochemical descriptors. 

Multiple linear regression method was used to linearly correlate the selected descriptors and pKBH+ values. 
Several well-known variable selection methods: stepwise, forward, backward and best model selection methods 
were performed by XLSTAT program package. Preliminary statistically assessment of the QSRR models were 
made according the values of preliminary statistical parameters as correlation coefficients and the standard error 
of the coefficient of each descriptor and of the global model. Further statistical evaluation of models with the best 
regression performance was made by: p-values; Fisher test for significance of the equation and Cross-validation 
squared correlation coefficient. 

Six statistically best QSPR model were selected and disused: in all models correlation coefficients is above 
0.85; Molar Refraction, Molar Volume and Index of Refractivity are important descriptors for QSPR modeling. 
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The number of patients with chronic kidney disease (CKD) is increasing worldwide, with CKD 
now seen as a global epidemic enhanced by increasing rates of diabetes and hypertension. The World 
Health Organization (WHO) estimated that there were 230 million people globally with CKD in 2015. 
This is a concern as it is believed currently only a few countries are able to fully meet the medical 
needs of these patients. This situation will get worse unless this is addressed as a result of increasing 
rates of hypertension and diabetes mellitus, especially in lower and middle-income countries 

(LMICs), which includes Ukraine. It is estimated that by 2030 > 70% of patients worldwide with  
end-stage renal disease (ESRD) will be in developing countries unless key issues and concerns are 
addressed. 

ESRD contributes significantly to morbidity and mortality, decreasing life expectancy, whilst its 
management consumes an appreciable proportion of healthcare resources across countries including 
developing countries. It is estimated that up to 6% of the annual healthcare budget is spent on 
patients with ESRD in developed countries. The optimal management of ESRD requires renal 
replacement therapy in the form of either dialysis or renal transplantation. In the context of 
constrained budgets and rising patient demand for renal transplantation, many countries resort to 
dialysis as the initial preferred option for the management of ESRD. As a result, dialysis programs 
have shown an annual growth approximately 10% over the past 20 years in developing countries. 

Due to an increase in the prevalence and financial burden of ESRD, a number of countries have 
undertaken studies to determine the cost of renal transplantation as well as haemodialysis (HD) and 
peritoneal dialysis (PD). However, these studies have drawn different conclusions, primarily due to 
the economic differences between high-, middle- and low-income countries. The disparities in the 
cost of HD and PD between high-income countries and LMICs might be attributed to a number of 
factors including lower wage rates among healthcare workers in low-income countries, which may 
result in lower costs of HD when compared with PD. PD will generally also cost less in countries that 
have capacity for local manufacture of materials used in PD as well as in countries with a higher 
prevalence of patients undergoing PD owing to economies of scale. This mix of factors will have an 
impact on overall dialysis costs in each country. Although PD is typically less expensive compared 
with HD in many parts of the world, the choice of dialysis modality may be influenced by other 
factors such as patient-population considerations, financial reimbursement, and incentives. 

In Ukraine, in 2018, according to the «National Register of CKD Patients», there were  
8810 patients with ESRD. Among them, 6765 patients were treated by the hemodialysis (for the first 
time this year, 1414 patients), 786 patients were treated by the peritoneal dialysis (137 of them for the 
first time). Kidney transplantation was performed for 1259 patients, of which 112 for the first time. 

The accessibility index for treating patients with hemodialysis and peritoneal dialysis in Ukraine 
is 39% (in the European Union - 92-100%). The prevalence of treatment with these methods in 
Ukraine is 210 per 1 million of the population, and in the European Union - 823 per 1 million. The 
rate of ESRD treatment with kidney transplantation in Ukraine is 3 per 1 million people, which is the 
lowest in Europe (average 32 per 1 million). 

Therefore, it is necessary to conduct a comparative analysis of the cost of treating patients with 
ESRD by kidney transplantation and hemodialysis or peritoneal dialysis to inform future policies in 
Ukraine. 
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