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Leptin is a hormone secreted from adipose tissue (AT) that plays important role in metabolism of 
carbohydrate, proteins, and lipids. Also, leptin has been implicated in energy homeostasis and 
regulation of food intake. Previous studies, demonstrated that plasma leptin improved glucose and 
lipid metabolisms independently of the food intake reduction. In humans, leptin concentrations are 
correlated with insulin resistance (IR) independently of body weight or adiposity, both in 
normoglycemic and in diabetes patients. Objective of this study was to evaluate the relationship 
between plasma leptin concentration and lipid profile in healthy and diabetic individuals. Twenty-six 
participants were including in this study, 13 of them were newly diagnosed and non-treated Type 2 
diabetes (T2D) patients and 13 matched healthy controls. Metabolite parameters (glucose, glycated 
haemoglobin, lipid profile: total cholesterol, triacylglycerol, high density lipoprotein, low density 
lipoprotein and very low density lipoprotein) and hormone concentrations (leptin and insulin) were 
measured by using standard IFCC protocols and ELISA kit, respectively. Plasma leptin concentration 
increased significantly (p<0.001) in diabetic patients compared to controls. Values of other analysed 
biochemical parameters were highly significantly different between cases and controls (p<0.001), 
except for VLDL-cholesterol concentrations in controls (p>0.05). Our data suggest that plasma leptin 
concentrations were affected by the increased levels of glucose, insulin and lipid profile in Bosnian 
study population. Therefore, leptin can be used as a marker of glucose and lipid control in newly 
diagnosed patients. 
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Nephrotoxicity induced by Ochratoxin A (OTA) and ameliorating effects of Azadirachta Indica oil 
were investigated in mice chronically exposed for 28 days to OTA. Experimental groups were as 
follows: a) control; b) OTA -treated; c) Azadirachta Indica oil-treated, and d) OTA plus Azadirachta 
Indica oil-treated (OTA-A. indica oil). The mice in the control group were administered with only a 
daily oral administration of 0.9% sodium chloride solution. OTA was administered 1.25 mg/kg b.w., 
i.p., given in every two days. Azadirachta Indica oil was administered 120 mg/kg b. w. i.p., in every 
two days. A. indica (120 mg/kg b.w., i.p.) administered 2h before OTA-administration. By the end of 
the chronic OTA-nephrotoxicity experiment, no mortality was observed in the study groups. Levels of 
C-reactive protein (CRP) and reactive oxygen species (ROS) were examined in renal tissue by ELISA 
assay and electron paramagnetic resonance spectroscopic method. OTA-exposure resulted in 
significant increases in C-RP (p<0.05) and ROS levels (p<0.04) compare to controls, which is 
associated with an increased risk of chronic kidney disease. 

The results obtained in the groups A. indica and the combination of A. indica + OTA with the 
oxidative-protective action inhibited OTA-induced nephrotoxicity by statistically significantly 
reduced values of reactive protein (p <0.000), ROS production (p <0.005), and endogenous 
antioxidant activation. Renal damage was evaluated using CRP assays and ROS products analysis. 
We showed that A. indica preserved renal function and decreased renal oxidative damage. Therefore, 
A. indica oil prophylaxis may be an interesting strategy for the prevention of nephrotoxicity. 

Keywords: Nephrotoxicity, Ochratoxin A, Azadirachta Indica oil, CRP, ROS 
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The protective effect of Lemna minor L. (L. minor) roots extract to Bleomycın-ınduced 
progressive pulmonary fıbrosıs (BLM-PF) in mice was investigated. The LME (at 200 mg/mL 
concentration) antioxidant capacity was quantified by catalase-like activity (CAT), superoxide 
dismutase-like activity (SOD), total antioxidant capacity (TAC), DPPH absorption (98%), and DPPH 
radical-scavenging activity (97.3%), by using spectrophotometrical and EPR analysis. The progressive 
model (29 days) was used to investigate the BLM-PF; after 16 days of BLM-administration, the PF 
was registered. Pulmonary toxicity was induced by intraperitoneal injection of animals once daily 
with BLM (0.069 U/mL; 0.29 U/kg BW; n=12 IRC/b mice) for 4 weeks. The L. minor was 
administered once a day, 4 weeks, 2h prior (200 mg/mL; 0.341 mg/kg/day; in n=6 IRC/b mice). The 
4 groups were as follows: 1) control group- tap to water and normal food; 2) BLM- administration; 
3) L. minor - administration; 4) L. minor protection + BLM- administration. 

The physiological status and behavior of animals were monitored daily and on the 30th day the 
mice were sacrificed (Nembutal 50 mg/kg i.p.). The lung samples were removed (pH=7.4, 4°C) and 
analyzed for biochemical parameters (SOD, CAT, GSH, GPX1, malondialdehyde (MDA)). C-reactive 
protein (CRP) was investigated by using Canine C-ELISA Kit- 557826-D. The ROS levels were 
measured by spin-adduct-reduction between phenyl N-tertiary-butyl nitrone (PBN in DMSO) and 
generated radicals, by EPR-EMXmicro, X-band spectrometer after double integration of the 
corresponding spectra. The results present BLM-oxidative toxicity and a statistically significant 
decrease in SOD (p<0.03), CAT (p<0.05) GPX1(p<0.05) enzyme activity, and a two-fold increase in 
MDA (p<0.05), CRP (p<0.05) and ROS- levels (p=0.004), compared to group 1. In opposite in 
groups 3 and 4, the highly-toxic BLM-effects were significantly decreased for all parameters in 
pulmonary cells (p<0.05, t-test), relative to the controls. In conclusion, were indicated that L. minor 
treatment stimulates endogenous activity, and effectively reduced CRP- inflammation and 
scavenging ROS products. A positive correlation was registered between CRP and ROS (r=0.49, t-
test). The L. minor ameliorates ROS-formations and neutralized the BLM-induced oxidative toxicity 
probably by suppressing the body/pulmonary cell residual inflammation processes. 

Keywords: L. minor, BLM, CRP, ROS 
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Ultrasonic (US) methods are an integral part of a comprehensive diagnostic examination of 
animals and humans that determines the relevance of studying their physiological effects in 
biological objects and revealing the active frequencies’ spectra for different tissues of domestic 
animals for modulated ultrasound. In addition, it is necessary to determine the biochemical and 
physiological mechanisms of changes in the body, tissues and individual cells when using  
US-exposure. Therefore, healthy domestic animals of different sexes, ages and breeds were formed 
into groups according to the principle of physiological analogues. The blood of animals was used for 
biochemical studies. The samples were sonicated with ultrasound in the ISATA intensity ranged from 
0.05 to 2.0 W/cm2 at frequencies of 0.88 MHz and 2.64 MHz. The signal for modulation was applied 
in the frequency of 0.01–1000 Hz, with a step of 5–10 Hz. The temporary exposure was 3 sec–15 min. 
Before determining the enzyme activity in blood plasma, whole blood samples were exposed to 
ultrasound, and after cell separation, plasma biochemical analysis was performed. The activity of 
serum enzymes was measured after irradiation of the blood serum of the same animals. 

Analysis of the US effect on the activity of homeostasis enzymes showed that exposure to 
continuous ultrasound with an intensity of 0.4–0.7 W/cm2 (p <0.05) for 60 sec and longer caused an 
increase in the activity of alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) in cat’s blood 
plasma; an increase in the activity of aspartate aminotransferase (AST), creatine kinase (CK), alkaline 
phosphatase and LDH — in blood plasma from dogs; and the activity of AST, CK and ALP in horse 
blood plasma also increased. A decrease in activity was revealed after treatment of blood plasma of 
dogs (alanine aminotransferase, ALT) and horses (AST, CK and LDH). A unidirectional combined 
change in the activity of blood plasma enzymes in cats was found (p <0.05) at an intensity of  
0.7 W/cm2: the activity of alkaline phosphatase and LDH was doubled after exposure to continuous 
ultrasound, as well as with the imposition of 800 Hz modulation. A simultaneous decrease in the 
activity of several enzymes in the blood serum of cats does not occur under all applied modes. 

A combined change in the activity of dogs’ blood plasma enzymes was established after exposure 
to continuous ultrasound with an intensity of 0.4 W/cm2: an increase in the activity of AST, CK, ALP 
and LDH from 1.6 (AST) to 2.7 times (LDH). 

A multidirectional change in the activity of horse blood plasma enzymes was established after 
treatment with continuous ultrasound. The intensity range 0.4–0.7 W/cm2 initiates a decrease in the 
activity of ALT (by 1.5 times) and an increase in the activity of other enzymes — AST, CK, ALP, LDH 
— from 1.6–1.75 to 2.6 times (LDH). Inhibition by 1.3 times of the activity of both CK and LDH can 
be caused by US-irradiation of 1.0 W/cm2. In this case, the alkaline phosphatase activity increases 
2.2 times. 

A more active effect was revealed in blood serum under the influence of modulated ultrasound. 
The ability to simultaneously increase/decrease the activity of several enzymes has been established. 
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Enzymatic formation and redox cycling of free radicals is an intrinsic property of nitroaromatic 
compounds (ArNO2). If the main mode of their action is redox cycling and subsequent oxidative 
stress, then the cytotoxicity can be described by regression log (cytotoxic concentration) = a - b E1

7 – 
c log D, where E1

7 is the single-electron reduction potential of compound, and log D is its 
octanol/water distribution coefficient at pH 7.0 ([1-3], and references therein). The deviation from 
the limits predicted by the redox cycling activity may point to additional mechanisms of cytotoxicity 
or therapeutic action of ArNO2. However, the direct determination of E1

7 values of ArNO2 by pulse-
radiolysis is complicated. On the other hand, E1

7 may be calculated from the geometric average of 
their bimolecular reduction rate constants by single-electron transferring flavoenzymes such as 
NADPH:cytochrome P-450 reductase, ferredoxin:NADP+ oxidoreductase, or NADPH:adrenodoxin 
reductase/adrenodoxin complex [1-3]. Using this approach, we obtained the previously unavailable 
E1

7 values of nitroaromatic antiandrogens nilutamide (-0.408 V), flutamide (-0.399 V), 2-
hydroxyflutamide (-0.394 V) and (3-amino-2-hydroxy-2-methyl-N-(4-nitro-3-trifluoromethyl) 
phenyl) propanamide (-0.377 V), and antiviral agents nitazoxanide (-0.380 V) and niclosamide (-
0.339 V). With an exception of more cytotoxic niclosamide, the cytotoxicity of these compounds in 
mouse hepatoma MH22a cells closely followed the regression previously obtained for the model 
nitroaromatic compounds (n = 15) with available E1

7 values [3]. Taken together with the protection 
by antioxidants, it points to the prevailing oxidative stress-type cytotoxicity mechanism. On the other 
hand, the cytotoxicity of examined compounds in human colon carcinoma HCT-116 cells was almost 
by one order of magnitude higher than expected. This points to the prevalent other modes of action 
of above nitroaromatic antiandrogens and antiviral agents, whose mechanisms warrant further 
investigation, and to a definite potential of repurposing of these drugs. 
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Derivatives of tirapazamine and other heteroaromatic N-oxides (ArN→O) exhibit antitumour, 
antibacterial, and antiprotozoal activities, which are attributed to reductive activation and free 

radical generation ([1], and references therein). Although ArN→O are typically considered as 
potential hypoxia-selective antitumour agents, in some cases they possess high anticancer activity 
under oxic conditions. Besides, their oxidative stress-type mammalian cell cytotoxicity may be 
important side effect in antimicrobial and antiparasitic action. 

Extending our previous studies [2], we aimed to clarify the role of flavoenzyme-catalyzed single-

electron reduction of ArN→O in their aerobic cytotoxicity. We synthesized a series of ArN→O with 
available and unavailable values of single-electron reduction potential (E1

7) (n = 18). Their reactivity 
(kcat/Km) towards single-electron transferring flavoenzymes NADPH:cytochrome P-450 reductase, 
ferredoxin:NADP+ oxidoreductase, and NO synthase (nNOS) increased with their E1

7 (∆log kcat/Km 

/∆E1
7 ≈ 10 V-1). The reactivity of ArN→O with unavailable E1

7 values correlated with the σ values of 

their substituents. The reactivity of ArN→O was similar to that of quinones with the same E1
7 values. 

Their toxicity in murine hepatoma MH22a and human carcinoma HCT-116 cells increased with their 
E1

7 and/or the average of their log kcat/Km in single-electron enzymatic reduction. However, it 
exceeded the cytotoxicity of quinones with the same redox activity by one order of magnitude. The 
protective effects of antioxidants demonstrated the prooxidant character of cytotoxicity. The 

enhanced cytotoxicity of ArN→O was partly attributed to the action of cytochromes P-450, because 
their inhibitors protected against the toxicity, but potentiated the cytotoxicity of quinones. Another 
factor is the action of NAD(P)H:quinone oxidoreductase (NQO1), which reduces quinones in two-
electron way and contributes to their detoxification. Its inhibitor, dicoumarol, enhanced the 

cytotoxicity of quinones and protected against the cytotoxicity of ArN→O. We found that NQO1 

atypically reduces ArN→O in mixed single- and two-electron way, and possibly contributes to their 
redox cycling. The multiparameter regression analysis shows that there exists a statistically 

significant relationship between kcat/Km ArN→O towards NQO1 and their cytotoxicity. These data 
show that apart from the typical representatives of single-electron transferring flavoenzymes, NQO1 

is another important target of ArN→O, and provide certain guidelines for their rational synthesis. 
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Cholinesterases are a group of enzymes that hydrolyze choline esters faster than other carboxylic 
acid esters. Acetylcholinesterase is found in the tissue of the central nervous system, synaptic ganglia, 
motor plates, in the stroma of erythrocytes. The physiological role of acetylcholinesterase is the 
hydrolysis of its natural substrate - acetylcholine (ACh). Numerous sesquiterpenes act as 
phytoalexins, antibiotic compounds produced by plants in response to attacks by microorganisms. 
They are formed from a common precursor, farnesyl pyrophosphate, using various cyclization 
methods, in many cases followed by carbon skeletal rearrangement. Thujopsene is a natural chemical 
compound, classified as sesquiterpene. It is found in essential oil, and its antioxidant, antifungal, 
anticancer and antimicrobial properties are known. In this paper, the electrochemical processes of 
acetylcholinesterase on a glassy carbon electrode (GC) were investigated using a cyclic voltammetry 
method. The effect of different substrate concentrations was monitored by cyclic voltammetry, and 
the effect of different scan rates on the appearance of voltammograms was examined. Cyclic 
voltammograms can provide information on the rate of charge transfer, the processes of charge 
transport, and the interactions that occur between enzyme segments at specific sites. The kinetic 
parameters were examined by chronoamperometry, and the results showed the inhibitory properties 
of Thujopsene on enzymatic activity. 

https://doi.org/10.21175/rad.abstr.book.2021.1.7


 

8 

Effect of graphene oxide incorporation into 
polymeric matrix of polysaccharide multilayered microcapsules 

Svetozar Stoichev1, Avgustina Danailova1, Ivan Iliev2, 
Inna Sulikovska2, Velichka Strijkova3, Kirilka Mladenova4, Tonya Andreeva1 

1 Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences, Sofia, Bulgaria 
2 Institute of Experimental Morphology, Pathology and Anthropology with Museum, Bulgarian Academy of 
Sciences, Sofia, Bulgaria 
3 Institute of Optical Materials and Technologies, Bulgarian Academy of Sciences, Sofia, Bulgaria 
4 Faculty of Biology, Sofia University, Sofia, Bulgaria 

https://doi.org/10.21175/rad.abstr.book.2021.2.1 

Polyelectrolyte multilayered (PEM) microcapsules have a variety of applications, the most 
significant being in systems for delivery of therapeutic and bioactive substances. PEMs microcapsules 
have many advantages including site-specific drug delivery, controlled sustained drug release for 
prolonged period of time, effective drug protection from external factors, reduction of adverse side 
effects and reduced toxicity. The interest in PEM microcapsules is mainly due to the possibility of fine 
design and modification of their properties (size, composition, morphology, permeability,  
hardness, etc.). 

The present study is focused on characterization of the morphology, mechanical properties and 
biocompatibility of PEM microcapsules composed of natural polyelectrolytes 
(chitosan/alginate/hyaluronic acid), and of the effect of graphene oxide (GO) incorporation in the 
polymer matrix. GO is known as the thinnest and most robust material with unique electrical, 
thermal and mechanical features. We have fabricated a number of hybrid GO-polysaccharide 
multilayered capsules by layer-by-layer assembling technique onto CaCO3 core, followed by core 
decomposition in mild conditions. Hybrid microcapsules with different composition were thus 
constructed by varying the number of the deposited layers, as well as the number or localization of 
the incorporated GO-layers into the polysaccharide matrix. The shape, morphology and surface 
roughness were evaluated by atomic force microscopy (AFM) and the PEM microcapsules elasticity 
by nanoindentation. AFM data demonstrated that the incorporation of GO nanosheets in the polymer 
matrix affects the thickness, surface roughness, and elasticity of the hybrid GO-PEM microcapsules. 
Analyses of the viability and proliferation of fibroblast cells after treatment with hybrid PEM 
microcapsules revealed pronounced concentration-depending citotoxic and antiproliferative effect. 
The constructed multilayered hybrid microcapsules made of natural polyelectrolytes and carbon 
nanomaterial could have an application in drug delivery. 
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Statistical analysis of the results of biochemical studies of blood serum of animals helps to 
determine the quantitative and qualitative characteristics, to establish the frequency of occurrence 
(repeatability) of the given parameters. Also, the analysis of indicators can reveal the presence of 
links between parameters; reliably evaluate them, ensuring in the future the reliability and timeliness 
of forecasting. 

For the study, groups of animals with metabolic and cardiovascular diseases were formed. The 
total number of domestic dogs of various breeds and ages selected for research was 123 individuals. 

A biochemical study of blood tests in dogs included the determination of the main 30 markers of 
the body's metabolism (enzyme activity). The deviation of the values of the selected indicators from 
the norm is a symptom of the development/presence of various diseases or disorders of the 
regulation of metabolism, the work of systems and organs. 

Statistical analysis was performed using the method of correlation analysis in the “STATISTICA 
6.0” system. The correlation coefficients of the main biochemical parameters were determined both 
among themselves and with the values of the concentrations of trace elements. The coefficient 
characterizes the strength of the relationship between indicator indicators and its direction. 

Examples of indicator values found when determining the correlation dependence (results are 
given in parentheses; p < 0.05): 

• triglycerides — cholesterol (0.8); 

• gamma glutamyltransferase — direct bilirubin (0.932); 

• gamma glutamyltransferase — total bilirubin (0.939); 

• calcium — lipase (0.64); 

• phosphorus — urea (0.98); 

• potassium — lipase (0.51); 

• sodium — uric acid (0.51); 

• sodium — lipase (0.58); 

• alanine aminotransferase — direct bilirubin (0.689). 
 

The data obtained as a result of the study indicate that there is a close relationship between the 
values of the activity of homeostasis enzymes and the indicators of mineral metabolism (the 
concentration of a number of trace elements in the blood serum). 
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Background. In dentistry, it is important that the impression material remains attached to the 
impression tray during the recording of the impression. Partial detachment may cause gross 
distortions of the impression which may remain undetected and will almost certainly lead to ill-
fitting appliances or restorations. 

Impression materials must have adequate elastic properties and adequate tear resistance, coupled 
with a rigidity which is low enough to enable the impression to be removed. 

If a material is rigid after setting it may not be possible to remove it from undercut areas. This 
obviously has a negative effect on the ability to achieve an adequate impression, but more seriously 
may undermine the viability of the remaining teeth as they may be subjected to a considerable stress 
if an attempt is made to remove the impression. 

Methods. The properties which are most important are rigidity and elasticity, since they 
determine whether an impression material can be used to record undercuts. When standing teeth are 
to be recorded, or when the patient has deep soft-tissue undercuts, the set impression material must 
be flexible enough to be withdrawn past the undercuts and elastic enough to give recovery and an 
accurate impression. Hence, impression materials are classified as being elastic or non-elastic. 

Results. The impression recorded with the elastic material accurately records the true shape of 
the tooth with the correct degree of undercut. The impression recorded with the plastic material has 
been grossly distorted during removal and has not recorded any undercut. The impression recorded 
with the viscoelastic material gives a distorted shape. 

Conclusion. The degree of distortion depends on the severity of the undercut, the thickness of 
the impression material and the time for which the impression is maintained in a compressed state. 
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Bleeding is the main cause of death as a result of injuries and wounds, so the development of 
effective hemostatics remains an urgent task of emergency medicine. Currently, local hemostatic 
agents (LGA) based on the chitosan biopolymer are widely used as means of providing emergency 
care for bleeding. At the same time, there is no single standard for evaluating the physicochemical 
and biological properties of chitosan. None of its traditionally controlled parameters, such as 
molecular weight and the degree of deacetylation, is crucial in determining the ability to initiate 
hemostasis. In this regard, the most reliable test for evaluating the effectiveness is still conducting in 
vivo experiments on large animals. 

In our work, using NMR spectroscopy, spectrophotometry, viscometry, inductively coupled 
plasma mass spectrometry, as well as methods for assessing hemostasis by in vitro and in vivo 
experiments, we determined the physicochemical parameters of chitosan, which are related with its 
hemostatic properties. These indicators were tested when evaluating the quality of chitosan raw 
materials, as well as LGA in the form of bandages and granules obtained on its basis. 

It was found that the ability to initiate hemostasis was shown by those samples of chitosan in 
which, at pH values of the solution close to physiological, a significant part of the molecules passed 
from the conformational state «rigid rod» to the state «globule», which was accompanied by an 
abrupt change in the light transmission of the solution. For effective samples, the value of light 
transmission determined by spectrophotometry at pH 7.36 was 42.5–66.1 %, and for inefficient 
samples >85.0 %. In this case, the viscosity average molecular weight and the degree of deacetylation 
affect the dynamics of changes in the conformation of the chitosan molecule, but the relation is not 
linear and depends on the viscosity of solutions and their temperature. The parameters of the 
molecular mass distribution determined by the DOSY NMR method did not demonstrate a 
connection with the manifestation of hemostatic properties of chitosan. The results obtained are 
consistent with the results of in vitro and in vivo tests. 
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Hydroxyapatite (HA, Ca10(PO4)6(OH)2), a calcium orthophosphate, due to its similarity to the 
inorganic part of human’s hard tissue, is among the most frequently used hard tissue regeneration 
biomaterial [1]. As such, the effects of HA ageing in media similar to blood plasma need to be studied, 
specifically after sterilization with γ-radiation, to better understand the possible structural changes it 
would undergo in the human body. Moreover, such changes in ion substituted HAs are particularly 
interesting since so called biological HA is in fact non-stoichiometric poorly crystalline, calcium 
deficient, Na-, Mg- and carbonate substituted HA (Dorozhkin, 2012) [2]. 

In this study, HA and 3 different substituted HAs were irradiated to 25 kGy with Co-60 γ-rays and 
their electron paramagnetic (EPR) spectra were recorded 1, 14 and 28 days after treatment with 
saline solution and simulated body fluid (SBF) [3]. The ion substituted HAs were doped with Mg and 
Si: 2% Mg; 2% Mg + 0.4% Si and 2% Mg + 1.25% Si. EPR spectra were analysed, and the most 
pronounced peaks assigned. The effects of ageing in the two media are presented and discussed. 
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In the last years, efforts have been made for the development of smart wound dressings with 
enhanced efficiency in the treatment of major skin wounds. The requirements of an ideal wound care 
system are: capability of the long-term release of medicine, to maintain high humidity at the wound 
site, non-toxicity, to be removed without affecting the wound, to allow the exchange of gases and 
water vapor, to be impermeable to bacteria and cost-effective. A solution for an ideal wound dressing 
are hydrogels These are formed from polymers, natural or artificial, and can offer optimized 
therapeutic action and controlled release of the drugs. They can be formed via photopolymerization, 
solution polymerization/cross-linking, bulk polymerization, suspension polymerization, or inverse-
suspension polymerization. The hydrogels obtained by polymers exposure to UV radiation offer the 
advantages of temporal and spatial control, free of chemical additives, and simultaneously 
sterilization is obtained. This method produces free radicals in polymer solution due to UV laser 
interaction with a photoinitiator. 

This study is addressing the hydrogel formation by photocrosslinking gelatin chains 
functionalized with methacrylate groups when Irgacure 2959 was used as a photoinitiator. The 
solution was exposed to the fourth harmonic of an Nd:YAG laser at energies between 0.25 and 1 mJ. 
The crosslinking process was monitored in real-time by laser-induced fluorescence and offline by 
UV-Vis and FTIR absorption spectroscopy. The dimerization reaction was evaluated at intermediate 
times; the changes from dilute to the semi-dilute polymer solution and to fully crosslinked hydrogel 
were monitored. 

Additionally, the photodegradation of Irgacure 2959 was investigated in the same condition used 
to form the hydrogels. Its photodegradation was evaluated at 1 min, 5 min, 10 min, 20 min, and 30 
min. The photodegradation of Irgacure 2959 was evidenced by the fluorescence spectra changes in 
peak intensity and peak wavelength, *the UV-Vis absorption spectra, where the absorbance band of 
Irgacure 2959 vanished and a new band at shorter wavelengths appeared. Also, the FTIR spectra 
analysis showed the degradation of the photosensitizer and facilitated photoproducts identification. 
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Translational cancer radiotherapy aims to deliver a high dose at the tumor site, to inhibit the 
development of cancer cells, while, in the meantime, trying to protect the healthy cells. In order to 
reach this goal and to minimize the adverse systemic effects, targeted nanoparticle therapies have 
been proposed as a solution. 

We have employed different types of radiation therapy in combination with iron oxide 
nanoparticles (IONP) to be used as radiosensitizers. 

Due to the secondary reactive species production following the interaction with radiation, 
intermediate Z IONP determined the alteration of the tumor cells metabolic function, DNA damage, 
protein expression, division or even induction of cell death. 

We have proved that the sensitizing response is influenced by the nanoparticles targeting ability 
and intracellular localization, as well as radiation type and properties, like energy, dose and flow. 
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Introduction. In recent years the anthropomorphic phantoms have become an essential part in 
the fields of biomedical technology and radiology, allowing studies without patients’ involvement. 

Aim. We evaluate the potential use of two radiopaque materials for manufacturing 
anthropomorphic phantoms with inkjet technology. 

Materials and methods. Two radiopaque materials, potassium iodide (KI) and sodium 
tungstate dihydrate (STD), were used to print anthropomorphic breast phantoms, based on real 
patient data. HP Officejet 5510 inkjet printer was used for the study, with plain office and flat filter 
paper. Four experiments with different KI solutions were performed. The first model was printed 
with mixture of KI and water, 0.6 g per 1 ml of water, mixed with cartridge ink in 1:1 ratio. The 
produced four identical physical breast phantoms each with 4.2 mm thickness were imaged on Canon 
CXDI X-ray. The second experiment involved 2 ml KI solution injected directly into 19 ml genuine 
ink cartridge and printing of calibration phantom on flat filter paper. Images were taken with 
Siemens Somatom Definition CT. The third experiment involved KI, 0.45 g per 1 ml of water injected 
directly into an empty cartridge. Images from patient data, segmentations from patient data, and a 
calibration phantom were printed and imaged at Siemens Somatom Definition CT. The fourth 
experiment involved the use of alternative ink prepared with a mixture of 0.894 g of STD dissolved in 
1 ml of water and was used for comparison with KI. Finally, the printed patterns representing 
glandular and adipose tissues in the physical phantoms were compared in terms of Hounsfield Units 
(HUs) to literature results. 

Results and discussion. Phantoms identical in pattern were evaluated at several regions of 
interest and the corresponding attenuations were found to have good match. Increasing KI 
concentration provides better contrast but Hus are higher than theoretical. Furthermore, the results 
for the STD corresponded to the theoretical calculations that STD attenuation would be lower than 
the equivalent KI phantom, however, STD is more stable to light and humidity over the time. 

Conclusions. Both contrast agents are easily soluble in water. In-house developed ink mixtures 
can be used to replicate radiology characteristics of the breast tissues. The inkjet printing technology 
is suitable for manufacturing of anthropomorphic phantoms. 

Keywords: Anthropomorphic breast phantoms, inkjet printing, X-ray contrast materials 
mixtures, X-ray imaging 
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Exposure to air pollutants: sulfur dioxide, nitrogen dioxide, suspended particles (PM10, PM2.5, 
ultrafine particles), soot, nickel, arsenic, lead, cadmium, total sediment have negative consequences 
to human health, particularly pulmonary and cardiovascular diseases[1]. Premature deaths 
accelerated by air pollution in Serbia are around 6,000 people per year. The air quality in Užice and 
Kosjerić is classified as the 3rd category. Cardiovascular diseases have the largest contribution, 57.8% 
in total deaths in Zlatibor district during 2019. 

Air quality in Zlatibor district was analyzed for the period between 2017 untill 2021. in Užice and 
Kosjerić. Extremely high values of polycyclic aromatic hydrocarbons-benzopyrene occasionally 
occurred, within PM10, (daily doses 28.0 ng/m3), in the center of Užice (winter of 2018). The 
concentrations of Ni and Cd were occasionally above the limit values. Maximum daily Ni values in 
PM 10 were 68.9 ng⁄m3. The highest measuring values of soot were in the center of Užice during the 
winter period. The soot most likely comes from incomplete combustion of fuels containing carbon, 
car exhaust gases. Some epidemiological studies indicate that the health of inhabitants in Užice and 
Kosjerić is strongly affected by air pollutants, socio-economical status, and meteorological 
conditions, cold winters. The values of PM10 and PM 2.5 are extremely high during the heating 
period in Kosjerić. The cement dust has negative impact to human health in Kosjerić, also. The aim of 
this paper is to try to use some technical/technological improvements to reduce air pollution in 
Zlatibor district and prevent cardiopulmonary diseases accelerated by air pollutants. The solution 
will be addressed to production of improved multi-stage filters for ventilation, deducting systems in 
the industry and heating plants. 

Keywords: Air pollution, Health impact, suspended particles РМ10 and PM 2.5, PAH, nickel, 
soot, multifunctional filters, environmental cardiology 
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Aim. This study aims to analyze the correlation between risk factors and the presence of 
cytogenetic biomarkers: micronuclei, nucleoplasmic bridges and nuclear buds in peripheral blood 
lymphocytes and to determine the predictors of basal frequencies of these biomarkers in pregnant 
women in the first trimester of gestation. 

Materials and methods. In a population of 74 pregnant women (37 healthy women and 37 
women with inherited thrombophilia), we determined the frequency of micronucleus, nucleoplasmic 
bridges and nuclear buds using the cytokinesis-block micronucleus assay. The correlation of risk 
factor with cytogenetic biomarkers was determined by the Spearman rank correlation (p<0.01, 
p<0.05). Univariate and multivariate linear regression analysis identified significant predictors of the 
frequency of cytogenetic biomarkers. 

Results. A statistically significant positive correlation was observed between the presence of 
thrombophilia and the frequency of micronucleus, nucleoplasmic bridges, and nuclear buds 
(p<0.05), previous miscarriages with micronucleus and nucleoplasmic bridges frequency (p<0.01), 
the presence of relatives with thrombosis and non-O blood type with micronucleus frequency 
(p<0.05). Significant predictors of micronucleus frequency were thrombophilia, previous miscarriage 
and non-O blood groups (p=0.000; p=0.042; p=0.008). Predictors of nucleoplasmic bridges 
frequency were thrombophilia, previous miscarriage, number of miscarriages and pregnancy to order 
(p=0.000; p=0.001; p=0.002; p=0.020). Predictors of nuclear buds frequency were thrombophilia 
and degree of education (p=0.011;p=0.015). Thrombophilia contributes most to individual variability 
in micronucleus frequency concerning nucleoplasmic bridges and nuclear buds 
(34.5%vs.21.2%vs.7.3%). 

Conclusion. In the study population, thrombophilia is the most significant predictor and 
contributes most to the variability of cytogenetic biomarkers relative to other factors studied. 

Keywords: Micronucleus, nucleoplasmic bridges, nuclear buds, pregnant women, 
thrombophilia 
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Background. Among the remaining survivors of the Chernobyl catastrophe liquidators from 
Lithuania, there are not only those who are seriously ill, but also those who are aging relatively 
healthy. They are exclusive as an object of research, because not only they survived extreme 
conditions, but also adapted to the life-lasting effects of ionizing radiation. Reaction to ionizing 
radiation may depend on specific individual genomic variation. Thus, we postulate that adaptation 
responsible for survival and longevity can be determined by the unique set of effect (protective and 
pathogenic) variants. Research Project Adaptive genetic mechanisms – a comprehensive study of 
whole genome variation in the group of the Lithuanian Chernobyl catastrophe liquidators (ADAPT) 
aims to characterize whole genome variation of Chernobyl catastrophe liquidators in the context of 
adaptive genetic mechanisms. 

Methods. Study recruits Chernobyl nuclear power plant catastrophe clean-up workers from 
Lithuania, who agrees to fill in the questionnaire and donate venous blood for DNA extraction and 
further analysis. DNA samples undergo microarray genotyping and part of the samples will be set for 
whole genome sequencing. This research study focuses on different types of genomic variation  
(SNV, CNV) and will take various quantitative and qualitative approaches. Analysis methods will 
evaluate genetic variation diversity and distribution, genetic architecture of current adaptation, 
protective/risk-determining variation profile, genomic associations and population genetic 
parameters involved in microevolutionary processes. 

Results. First, we have established the DNA biobank and clinical data database of Chernobyl 
catastrophe liquidators from Lithuania. Second, we have initiated to define patterns of specific 
genomic variation in the genomes of Chernobyl catastrophe liquidators from Lithuania and will 
elucidate differences from the general Lithuanian and other populations. 

Conclusions. We have already biobanked 115 DNA samples, consolidated questionnaire and 
clinical data in the database and started data generation process using microarray genotyping and 
whole genome sequencing. 
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Background. Lithuanian Chernobyl catastrophe liquidators (LCCLs) are an exclusive object of 
research, because not only they survived extreme conditions, but also adapted to the life-lasting 
effects of ionizing radiation (IR). IR has the power to change the structure of the adapting genome 
making some genomic loci and variants associated with better adaptation and survival. Thus, 
reaction to IR and adaptation to its effects may depend on the unique genomic variation. The aim of 
this study is to define specific genomic variation of the LCCLs. 

Methods. The study group included 93 LCCLs. All of the participants were 50–78-year-old men. 
DNA was extracted and genome-wide genotyping was performed. All participants had to fill out a 
questionnaire, which helped to collect data on LCCLs role in the liquidation of the Chernobyl power 
plant catastrophe and their clinical phenotype data. This data was used for the analysis of detected 
associations. To identify genetic variation unique to LCCLs, allele frequency comparison and 
association analysis for the set of potentially protective genome variants between study and the 
reference group was performed using Rstudio (Fishers’ Exact test) and PLINK (χ2 test) software. The 
reference group included 182 unrelated, self-reported healthy men of the Lithuanian descent (sample 
collection and genotyping was a part of the LITGEN project, funded by the European Social Fund 
under the Global Grant measure, agreement No VP1-3.1-ŠMM-07-K-01-013). 

Results. Association study for the set of potentially protective genome variants was performed 
and three genome variants showed statistical significance. According to the scientific literature, a 
variant in LOXL1 gene (rs3825942, p=0.019) may have protection against exfoliation syndrome (with 
glaucoma) whereas two variants in CX3CR1 gene (rs3732378, p=0.008 and rs3732379, p=0.015) may 
protect against coronary artery disease in the study group of 65 years and older. 

Conclusions. We have identified that the LCCLs genome variation differ from the general 
Lithuanian population group in the context of potentially protective genome variants. Detected 
genome variants may protect against some multifactorial diseases and that may explain why some of 
the LCCLs age relatively healthy despite large IR doses experienced. 

In general, the identification of potentially protective genomic variants may be useful in analysing 
the genetic architecture of multifactorial diseases as well as supplement knowledge of their 
etiopathogenesis mechanisms. 
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Cardiovascular diseases (CVD) are a leading cause of death globally. The aim of our study was to 
analyse homozygous-recessive characteristics (HRCs) and some biochemical parameters such as 
concentration of glucose, cholesterol, triglyceride in blood in the group of CVD patients and in the 
control sample, as well as to evaluate whether there is a predisposition to the occurrence of CVD, 
when these biomarkers are concerned. This study analysed presence, distribution, and individual 
variability of 20 selected genetically controlled morphophysiological traits among 90 CVD patients 
(45 males and 45 females), average age 62.80 ± 10.20 and 90 healthy controls (45 males and  
45 females), average age 50.39 ± 9.17. Our results showed a significant difference in the individual 
variation of HRCs between the patients and controls (χ²=315.34; p < 0.0001). Statistically significant 
differences were found in the frequency of 9 out of 20 analyzed HRCs. The average value of HRCs in 
group patients was significantly higher, comparing to the control sample (6.37 ± 1.71 vs. 4.97 ± 1.68; 
p < 0.001), while variability decreases compared to the control sample (VCVD= 0.27%; VC= 0.34%). 
There is not a statistical difference in the HRC between males and females in analyzed samples. In 
the group of CVD patients the frequency of HRCs for males was 6.56 ± 1.69, while for females, it was 
6.18 ± 1.74. In controls the frequency of HRCs for males was 5.02 ± 1.74, and for females it was  
4.91 ± 1.64. This study showed difference in the type of distribution HRCs; in the CVD patients’ the 
most were with 5 to 8/20, while in control sample were with 3 to 6/20 recessive traits. Regarding 
biochemical parameters, our results showed a significantly higher concentration of glucose and 
triglycerides in the blood the CVD patients compared to control sample (t=3.14, p < 0.001; t=4.20;  
p < 0.0001). The distribution of ABO blood type frequencies between tested samples showed that in 
both samples the most present is A blood type, but significantly more present in the sample of CVD 
patients (51.1% vs. 37.2%). The results of multiple linear regression analysis of tested variables 
(gender, smoking, glucose, cholesterol, triglyceride, HRCs) showed that only HRCs and triglyceride 
concentration have a significant impact on the onset of the CVDs. Our conclusion is that the 
increased degree of recessive homozygosity and decreased variability homozygous-recessive 
characteristics of CVD patients versus controls, regardless of the gender, indicates a potential genetic 
predisposition for CVD, including biochemical parameters such as elevated concentration 
triglycerides can significantly contribute to the development of this predisposition. 

Keywords: Biochemical parameters, cardiovascular disease, homozygous-recessive 
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In most cases for further use in immunochemical reactions (in particular, for the diagnosis of 
avian diseases), immunoglobulins of high purity are obtained from blood serum. The use of other 
sources, such as eggs, is less common. However, this system has several advantages. These include 
the greater availability of the material and the increased concentration of IgG — up to 15-20 mg/ml. 

The aim of this work was to develop a method for the isolation of immunoglobulin G (IgG) from 
the yolk of chicken eggs, which could be used to obtain antisera. 

The method of double reprecipitation of polyethylene glycol (PEG) 6000 D was taken as a basis, 
in which the author’s modifications were made. The contact time of the yolk solution with PEG was 
increased to 1 hour, which made it possible to reduce the centrifugation speed to 10 thousand rpm 
instead of 12-16 thousand rpm. The second modification of the method was the use of gel 
chromatography at the last stage of IgG purification. 

The purity and specificity of the preparations obtained were determined by polyacrylamide gel 
electrophoresis (PAGE) and immunoelectrophoresis on glass plates. 

The globulin fraction obtained by this method was enriched with IgG and contained a small 
amount of transferrin proteins. In comparative experiments on the separation of transferrin using 
separation on Sephadex G-200 and ultragel A-4, no fundamental difference was found between the 
results (p < 0.001). Pure IgG was obtained in the second peak taken from the column. Fractions of 
the second peak were pooled, concentrated and examined for purity and specificity. 

According to the results of analysis in PAGE and immunoelectrophoresis, the preparation was 
specific and homogeneous. It can be used as an antigen to obtain antisera and for various 
immunochemical studies. 
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Background. Making of peri-implant soft tissue around of dental implant could be crucial of 
functional and esthetic integration of implant supported restoration in dental implant prosthetic. 

Some of available methods for forming peri-implant soft tissue imply forming soft tissue using 
crown of extracted tooth, which is then remodeled and placed on abutment. Other methods are 
forming soft tissue with making and using temporary dedicated crown in laboratory or by using 
different gingiva formers. The most common method of making peri-implant soft tissue is by using 
different types of gingiva formers. The gingiva former is placed when the osseointegration of the 
implants is complete. 

Soft tissue component in implant therapy is very important part for final success of an 
implantation. With presence of gingiva, implant and surrounding bone structures are protected from 
microorganisms. Process of modeling peri-implant soft tissue is critical to protect implant underlying 
structure during osseointegration. 

Conclusion. Today, integrity, durability and shape of peri-implant soft tissue should be 
considered as a most important factor of final success of dental implant treatment in means of 
functional, physiological and esthetic aspects. 
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Premature birth (PTB) is a problem with clinical and social importance, divided into two basic 
types: 1) Idiopathic, spontaneous PTB (>80%)-genital activity is declared while preserving the 
integrity of the amniotic membrane or labor begins after premature amniotic sac rupture; and  
2) Artificially induced (elective) PTB (>30%). The ascending bacterial infection of the amniotic 
membranes, amniotic fluid, placenta, umbilical cord and fetus may be a basic PTB etiological cause. 
“Sterile” inflammation of the amniotic membranes and waters, the umbilical cord and the placenta is 
also possible. In clinical practice, C-reactive protein (CRP) and ROS production are the basic 
pathogenetic and diagnostic factors in the acute phase of inflammation. 

The objective of the study was to investigate plasmatic CRP levels and ROS production/ oxidative 
stress as indicators for prognosis of spontaneous PTB. Patients were examined at UMBAL, Stara 
Zagora, Bulgaria (2017-2020) and were determined in two groups: 1) Controls- the healthy pregnant 
women, n1=100 (20-32y.o.) with registered singleton pregnancy, gave birth on term (BT) at 
gestational age 37-39+6 weeks; and 2) The preterm birth patients (PTB), n2=100 (17-38 years old) 
were confirmed clinically by cardiotocography for gestation 32-34+6 weeks. CRP levels were 
quantified in plasma by CRP-highly sensitive latex-enhanced turbidimetry in mg/L. Plasmatic ROS 
productions was investigated by spin- trapping EPR analyses in arbitrary units. The tested blood 
samples were taken by puncture of the v. cubitalis in the presence of an anticoagulant at the time of 
hospitalization and examined within 2 hours. Pregnant women with diabetes mellitus, antepartum 
hemorrhage, essential hypertension, pre-eclampsia, systemic chronic illness and infections were 
excluded. 

Statistically significant two times elevated CRP (average 6.79 mg/l, R = 0.977, p<0.05, t-test) and 

ROS (average 4.33 a.u., R = 0.95, p<0.003, t-test) has been noted in PTB women, compared to the 
NP group. 

In conclusion, CRP, ROS levels and elevated oxidative stress could be used as predictors of 
spontaneous preterm birth in South-Bulgarian woman. 
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Spontaneous preterm birth is the basic problem of perinatal mortality in Bulgaria. Pregnancy is 
characterized by physiological inflammatory and oxidative disturbances- determined by twice 
increased neutrophils levels, reactive oxygen levels, and a reduction in the levels of antioxidant 
enzymes. The objective of the study was to investigate and to appreciate the levels of oxidative stress 
and inflammatory markers in patients with spontaneous preterm birth and term birth declared cases. 
The case–control study was performed in UMBAL-City Hospital, Stara Zagora during 2018–2020. 
The study involved 200 patients, determined in two groups: Group 1- the healthy, term birth 
declared cases (TB), n1=100 (20-32 y.o.) at gestational age 34+0–36+6 weeks; Group 2-The 
spontaneous preterm birth patients (SPTB), n2=100 (17-38 years old) confirmed clinically by 
cardiotocography for gestation >32 weeks. For this purpose we measured the levels of C-reactive 
protein (CRP), proinflammatory cytokines (IL-6), leukocyte activation (neutrophils count), total 
antioxidant status (TAC), malondyaldehyde (MDA) and ROS production. 

The results showed statistically significant elevated concentrations of IL-6, CRP, Leuco 
(14.31±2.66×109/L, p>0.03; in normal-15x109L), MDA ROS production, and significantly lower TAC 
concentrations in PTB pregnant women as compared with TB women. 
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Background. Accuracy and trueness of dental implants definitive impressions are the main 
goals in therapy of partial or complete edentulism using implant supported restorations. Choosing 
the right impression technique as well as impression material for each individual clinical case is of 
great importance in a therapy process because of their direct impact on the accuracy. The impression 
material used for these purpose should, beside biocompatible and compatible with model cast 
materials, be easy to mix, rapidly setting, accurate and dimensionally stable after removal from the 
mouth. 

Methods. Until recently the suggested materials for implant impressions included A-silicones, 
polyether materials, C-silicones, polysulfide materials and hydrocolloids although in modern implant 
dentistry only first two materials have continued to be used. Good properties which both of those two 
materials have in common are strain in compression, tensile strength, good accuracy and precision, 
very solid dimensional stability, fine elastic recovery and minimal contraction during 
polymerizationelastic recovery. There are also some crucial differences comparing them such as huge 
rigidity of poliether material in a solid bonded state and increased elastic property of additional 
silicone material after bonding finishing and removing impression from the oral cavity. In 
accordance with the stated differences, each material has its own indication considering conventional 
impression methods. Poliethers are usually recommended for open-tray or direct impression 
technique for the purpose of keeping the transfer system within the impression and, on the other 
hand, A-silicones are oftentimes suggested for the closed-tray or indirect impression method to 
facilitate the imprinting of transfers into the impression after taking it. With the desire to produce a 
material with the best possible characteristics, a little more than a decade ago, a new impression 
material was presented on the dental market. The introduced material is the combination of poliether 
and A-silicone and called “vinylsiloxanether”, which points to its chemical structure based on these 
two materials (polyvinylsiloxane and polyether). The idea was to preserve all the good properties of 
both materials and to improve disadvantages. 

Results. Vinylsiloxanter shows analogous mechanical and chemical characteristics as both 
component materials with the improvements of its final bonding hardness and enabled chemical 
bonding with polyvinylsiloxane. Because of that bond in the latest studies there are usually 
investigating the new combination for co called “splint” open- tray technique with splinting transfers 
using A-silicone and taking impression with vinylsiloxanether. There are several papers in the recent 
scientific literature that have examined the benefits of combined impression material and there are 
many controversial results. It showed as a good alternative to polyether material and more easy to 
handle, but investigations were primarily in in vitro conditions, and only few of them were clinical 
studies. Combination of new material with splinting transfers with A-silicone has proven lower 
accuracy comparing to the polyether and no splinting technique. 

Conclusion. Although the combined impression material has proved some advantages it will 
have to be newly clear up through clinical studies using different impression techniques in order to 
take a primate as material for taking implant impressions in the future. 
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Hay to age healthy….What are bioidentical hormones? It is not a lot of things. It is certainly not a 
scientific term. BHTs are very similar to endogenous hormones, which are synthesized in the body, 
and therefore bhima therapy has clear characteristics of personalized or individual therapy, tailored 
to each patient. The female population is growing more and more, life expectancy has been extended, 
so the concept of investing in the quality of life of post-reproductive health is very important. 
Guidelines for the development of non-hormonal and therapy are still being developed. We suggest 
that clinicians and health professionals consider menopausal age relevant to a region or ethnic group 
to be a part of the assessment at the time of cessation or initiation of therapy. Special importance is 
given to monitoring women with a family history of wound. This is part of preventive health 
strategies – personalized menopause and personalized therapy. This position from the European 
Society for Menopauses and Andropause (EMAC) provides a path of care for maintaining women’s 
health during and after menopause. It is designed for use by those involved in women’s health. It 
includes assessment, screening for later life diseases, treatment and follow-up. Strategies must be 
optimized to maintain post-reproductive health due to increased longevity. These include diet and 
lifestyle optimization, menopausal hormone therapy and for the treatment of menopausal symptoms 
and skeletal preservation, tailored to individual needs with all recommended medical procedures. 

Keywords: Bioidentical hormone therapy 
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In recent years, the purpose of many scientific studies has been to decrease the toxic side effect of 
chemotherapeutic drugs in cancer therapy, through combination with natural substances. There are 
evidences about the existence of natural compounds (redox-modulators), which could not only 
exhibit antioxidant properties, but have demonstrated pro-oxidant activities, depending on the 
environmental conditions. It is well known that the differences in the redox-homeostasis between 
normal and cancer cells are based on disrupted balances between the intracellular level of reactive 
oxygen species (ROS) and the antioxidant defined systems in cancer cells. It has been discussed that 
uncontrolled cellular proliferation and dysfunction of the metabolic regulation processes are linked 
to the specific mechanism for promotion of ROS production in cancer cells. The redox-modulators 
administered in cancer therapy could be used as potential target molecules, which general molecular 
mechanism is based on influences on the unique biochemical pathways that distinguish the cancer 
cells from normal ones. 

The aim of the present study is to clarify the relation between cell viability, intracellular ROS 
production and induction of apoptosis, after application of low dose of docosahexaenoic acid, 
melatonin or resveratrol on leukemia lymphocytes after 24 and 48 hours incubation time. In our 
previous study it has been demonstrated that the investigated redox-modulator does not alter cell 
viability of normal lymphocytes, applied in low concentrations. 

The obtained results demonstrated that 20 % inhibition of cell viability of leukemia lymphocytes 
by docosahexaenoic acid, melatonin and resveratrol is accompanied by increased generation of ROS 
production and induction of apoptosis in different range. Due to the observation that non-cytotoxic 
effect on normal lymphocytes had been shown, the elevated levels of ROS production by the studied 
natural compounds is associated rather with specific activation of intracellular regulatory processes 
for induction of apoptosis in cancer cells, than with direct induction of harmful side effects. 
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Adverse health effects of radiofrequency radiation (RF) from mobile communication including 
cancer risks and reproductive impacts have been reported, while some studies did not find such 
effects [1]. Complex dependence of the non-thermal RF effects on various physical and biological 
variables, such as carrier frequency, polarization, modulation, intermittence, electromagnetic stray 
fields, genotype, physiological traits, and cell density during exposure account for an apparent 
inconsistence in the published data [2]. Health effects of 5G mobile communication, which, in 
addition to 2G - 4G signals, uses also millimeter waves (MMW), are of significant public concern. It 
follows from available studies that RF in general and MMW in particular, at very low intensities 
below the ICNIRP guidelines can induce biological effects and affect human health. We have shown 
that MMW inhibited repair of DNA damage induced by ionizing radiation under exposure at specific 
frequencies and polarizations [3]. Fundamental role of MMW in regulation of homeostasis was 
postulated by H. Fröhlich [4] and confirmed in many studies [2]. Available studies, together with 
almost complete absence of MMW in atmosphere due to effective absorption, which suggests the lack 
of adaptation to this type of radiation, suggest that the health effects of chronic MMW exposures may 
be more significant than for any other frequency range. The data showing dependence of RF/MMW 
effects on static and extremely low frequency magnetic fields suggested a strategy for reducing health 
effects from RF/MMW of mobile communication. 
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Langmuir monolayers of saturated phospholipids exhibit phase transition from “liquid expanded” 
(LE) to “liquid condensed” (LC) state with change of lateral pressure [1]. In turn, changes in lateral 
ordering of serine-based lipids can be initiated by adsorption of polypeptide molecules on the lipid 
layer [2]. We present the investigation of influence of adsorption of poly-D-lysines [H12C6N2O]n×HBr 
on the structure of Langmuir monolayer of dimyristoyl-phosphatidylserine (DMPS) on water with 
the use of synchrotron X-ray reflectometry (XRR) and Volta potential diagrams. XRR measurements 
have been carried out at beamline ID31, ESRF (E ≈ 17 keV, λ ≈ 0.18 Å). Surface pressure and Volta 
potential has been measured on a setup MicroTrough XS V4.0 (Kibron). Detailed description of the 
beamline, setup and reflectometry methodics as well as some preliminary results was presented in 
[3]. 

DMPS monolayer has been formed by droplet method with calibrated amount of 0.5 mg/ml 
solution of C34H65NO10PNa in chloroform, corresponding to area-per-molecule 72 Å2 (LE-phase) and 
36 Å2 (LC-phase) respectively, on a buffer solution of 10mM KCl in triple-distilled water. Two 
variants of poylysine with chain length n=12 (Mr ~ 5000 Da) and n=200 (Mr ~ 70000 Da) in 
concentrations ~0.27 uM have been used for the buffer dopation, according to the expected maximal 
adsorption level on the interface. 

According to the obtained data, surface pressure and Volta potential diagrams exhibit significant 
difference between states of monolayer with and without poly-D-lysines in the buffer substrate. In 
particular, presence of polymer leads to more frequent detection of surface clusters of lipid in  
LE-state. Estimations of effective dipole momentum μ yields 0.48 and 0.38 Debye respectively. 
Depth-graded distributions of electron concentration obtained from XRR data show significant 
decrease in the integral density of lipid layers, which is evident to the change of inclination angle for 
[CH2] chains. 

In our opinion, combined results can be explained by the increase in stiffness of monolayer in 
both phase states, corresponding to more intense formation of lipid clusters. Presence of polymer 
macromolecules changes the equilibrium at the substrate/monolayer interface, which fundamentally 
changes the pattern of surface filling within the lipid membrane. 
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The interaction of nanomaterials with biological objects is becoming of a great interest in the last 
years due to the advancement of nanotechnology and its various applications in daily life. A number 
of publications explore the interaction of carbon nanotubes with plant tissues and organelles but only 
a few of them study their effect on the light-converting photosynthetic (thylakoid) membranes 
functionality and structural arrangement. In vitro and in silico studies have revealed the possibility 
for direct physical interaction (electron and exciton transfer, formation of chemical bonds) between 
photosynthetic reaction centers and carbon nanotubes, but so far this has not been proven in intact 
plants. 

In this work, we characterize the effect of foliar application of polymer-grafted single-walled 
carbon nanotubes (SWCNT) (in concentration 10, 100 and 300 mg/L) on pea plants by probing the 
functionality, structural organization and thermal stability of plants’ thylakoid membranes. 

Pulse amplitude-modulated fluorescence imaging on intact leaves revealed that concentrations 
above 100 mg/L of SWCNT resulted in lower number of photochemically active photosystem II 
reaction centers, as well as retarded generation of photoprotective state (non-photochemical 
quenching of chlorophyll a fluorescence), however the maximal quantum yield of photosystem II in 
the dark- and light-adapted states was not reduced by any of the applied treatments. Both 
transmission electron microscopy of chloroplasts and biochemical fractionation of isolated thylakoid 
membranes demonstrated major restructuring of the stacked and unstacked membrane regions and 
increase in luminal space at 300 mg/L SWCNT. Thermally-induced denaturation of the membrane 
photosynthetic protein components showed a strong effect of SWCNT on the stability of the major 
light-harvesting complex of photosystem II, supposedly associated with its migration from the grana 
towards stroma lamellae. 

In conclusion, our data reveal concentration dependent effect of foliar application of polymer-
grafted SWCNT. While the 10 mg/L concentration did not exhibit any harmful effects with respect to 
the tested characteristics, the 100 and 300 mg/L SWCNT concentrations resulted in reduced 
functionality of photosystem II and structural remodeling of the thylakoid membrane. However, it 
should be noted that those effects were not detrimental for the plant since it preserved the maximal 
quantum yield of photosystem II. 
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Red blood cells (RBCs) and blood plasma proteins are in contact with all tissues. Therefore, their 
properties are affected by the physiological/ pathological state of the organism and any change of 
their features could serve as a potential biomarker for a disease state. Differential scanning 
calorimetry (DSC) allows for the thermodynamic characterization of proteins that are part of complex 
biological systems in their native environment, as well as their specific structural or chemical 
alteration in different pathological conditions. Herein, we apply this method to study the thermal 
stability of the major proteins of RBCs and blood plasma derived from women with miscarriages 
(MS), as well as non-pregnant (CNP) and pregnant (CP) age-matched controls. 

In structural terms the RBC is maintained by a system of cytoskeletal proteins that are connected 
to the RBC plasma membrane where two major proteins are found - glycophorin and band 3 protein. 
The main protein constituent of RBCs is the oxygen-transport metalloprotein hemoglobin that 
accounts for ca. 96% of the RBC’s dry content. It was suggested that complications during pregnancy 
are related to the level of the free and the membrane bound hemoglobin, and the hematocrit. Herein 
we study the structural stability of hemoglobin and cytoskeletal proteins in this pathology. 

The calorimetric profiles of RBCs exhibit a complex shape consisting of four well resolved 
endothermic transitions centered at 50 °C, 57 °C, 63 °C and 72 °C, assigned to denaturation of 
spectrin, bands 2.1, 4.1, 4.2 proteins, the cytoplasmic domain of band 3 protein and hemoglobin, 
respectively. Freshly collected RBCs of the studied patients do not differ significantly from the 
controls, however in the course of aging a faster thermal destabilization of hemoglobin, band 3, 
bands 2.1, 4.1 and 4.2 proteins and spectrin is observed for the MS than for the control groups. 

DSC profiles of blood plasma from CNP and CP women does not differ significantly from each 
other and are characterized by four transitions at about 50 °C, 62 °C, 70 °C, 82 °C and a shoulder at 
ca. 76 °C, which can be attributed to fibrinogen; albumin; immunoglobulins, complement protein C3, 
IgG and transferrin denaturation, respectively. Only slight change in the plasma calorimetric profiles 
was found related to increased fibrinogen and globulins level in plasma of healthy pregnant women 
as compared to non-pregnant ones. On the whole, the thermograms of plasma derived from MS 
women exhibit increased heat capacity of the globulin-assigned transitions and upshift of the 
denaturation temperature of albumin-assigned transition as well as reduced ratio of 
albumin/globulin heat capacity compared to those of the control ones. 

Our data demonstrate modified DSC plasma thermograms and accelerated aging-related changes 
in RBCs’ calorimetric profiles of women with miscarriages that might serve as markers for high-risk 
pregnancy. 
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The effect of a light flash on the change in the redox potential of alkaline hydrolysates of animal 
hair (photo-redox effect) was studied. The wool of small cattle (sheep, goats) taken from various 
parts of the animal’s body was chosen as a model object. 

The animals varied in breed, sex and age. Alkaline hair hydrolysates were prepared by heating for 
30 minutes in 4M-NaOH solution in a boiling water bath. After incubation, the hydrolysate was 
diluted to pH 12.5. The final concentration of keratin was 2 mg/ml. The following were used as 
informatively significant parameters of the redox effect: the value of the potential of the measuring 
electrode relative to the auxiliary one before turning on the light flash; the value of the potential  
20 seconds after the beginning of the action of light on the test solution; potential value in 20 seconds 
after switching off the light flash. 

Research has revealed the following: 

1. the redox potentials of alkaline hydrolysates of hair, wool and fluff from animals of the 
subfamily of Goats (Goat) lie in the same interval; the values do not go beyond 56-73 mV (p < 
0.05); 

2. under a flash of light, the redox potential of keratin-containing solutions of skin derivatives 
changes (p > 0.05); 

3. the range of changes in the redox potential under illumination is ± (5 ÷ 20) mV from the initial 
value; 

4. the change in the value of the redox potential with an increase in the concentration of the alkali 
solution is insignificant; 

5. when the flash exposure does not exceed 300 seconds the redox shift is completely reversible, 
longer exposure can lead to irreversible redox shift. 
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Normal pregnancy is accompanied by significant changes in the hemostasis. The 
hypercoagulability of pregnancy is the prerequisite of the increased risk of thrombosis, especially in 
women with thrombophilic mutation. This state may induce formation of microthrombosis in 
uterine-placental blood vessels and subsequently to result in spontaneous abortion in the first 
trimester. The primary role of platelets in thrombosis is well known, but there is a growing evidence 
revealing the active roles of erythrocytes in hemostasis as well. 

Herein, we apply atomic force microscopy (AFM) to evaluate the alteration of the morphometric 
(cells morphology and roughness) and nanomechanical (Young’s modulus) characteristics of platelets 
and erythrocytes derived from women with spontaneous abortion (SA) compared to those from 
control pregnant (CP) and non-pregnant (CNP) women. 

The shape of platelets obtained from CNP and CP participants is typical for weakly activated 
platelets. The morphometric parameters of CP platelets does not differ significantly from that of CNP 
expressed in reduced roughness and increased elasticity of cells membrane. The platelets derived 
from the SA group however are at a later stage of activation, with prominent cytoskeletal 
rearrangements. Considerably reduced membrane roughness and higher Young’s modulus, 
compared to the controls ones, are found in the patients with SA, 75% of which are carriers of 
thrombophilic polymorphisms in (FVL, FII20210A, PLA1/A2, MTHFR or PAI-1) genes. Thus, it 
appears that the structural and mechanical variations in platelets from women with SA correlate with 
platelet hyperactivity and the carriage of thrombophilic polymorphisms. 

No significant difference is found in the morphological profile of freshly isolated erythrocytes 
from CNP, CP and SA, women, i.e. the cells population is largely homogeneous and the typical 
biconcave structure is predominant. Substantial changes in the shape are observed during cells aging, 
encompassing almost completely biconcave as well as other morphological classes. Modification in 
the morphological characteristics of erythrocytes is found in the cells aging process that is more 
pronounced for SA than for the control groups. The membrane roughness of SA cells decreases 
drastically during the first 10 days and has lower value, while Young’s modulus is significantly higher 
throughout the follow-up period as compared to the control ones. Our data clearly show accelerated 
erythrocyte aging in women with SA as compared to controls, reflected in altered morphological 
parameters, which might serve as markers in high-risk pregnancies. 

In conclusion, the data clearly demonstrate ultrastructural alteration of platelets and erythrocytes 
derived from women with spontaneous abortions, which can be used for the development of 
morphometric algorithm to predict a risk of pathological conditions during early pregnancy. 
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Flexible color adaptation to available ecological niches is vital for the common thriving of 
photosynthetic organisms. Hence, most purple bacteria living in the shade of green plants and algae 
apply bacteriochlorophyll-a pigments to harvest near infra-red light around 875 nm. Exceptional are 
some Ca2+-containing species fit to utilize almost 100 nm redder quanta. The physical basis of this 
anomalous spectral red-shifted absorbance (equivalent to ~5.5 kBT at ambient temperature) remains 
unsettled. In this work, by applying several sophisticated spectroscopic techniques, we firmly 
establish the Ca2+-facilitated enhancement of the inter-pigment couplings in the LH1core light-
harvesting pigment-protein complex as the main cause of the record red-shift. The changes in 
specific interactions such as hydrogen-bonding between the pigments and the surrounding protein, 
although present, turned out to be secondary in this regard. Apart from solving a decades-old 
conundrum, these results complement the list of physical principles applicable for efficient spectral 
tuning of photo-sensitive molecular nano-systems, native or synthetic alike. 
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Introduction. Recently, light sources such as light-emitting diodes (LED) and broadband 
spectrum lamps have become commonly used in medicine thanks to the similar effects as of low-
intensity lasers. Despite the proven positive effects of such therapies, deeper analysis of their effects 
with non-ionizing radiation is yet to be done on various physiological systems. The aim of this paper 
is to present a novel system for in vitro irradiation of biological systems that allows the modulation of 
the activity of major neuromodulators and potentiates a detailed study of the molecular mechanisms 
through which its effects are executed on cellular and organismal levels. 

Materials and methods. All experiments were conducted with male Wistar rats weighting 
approximately 250 g. Smooth muscle (SM) strips were dissected from the stomach corpus of 
euthanized rats and were divided into three groups. The first group was composed of non-irradiated 
tissues (the control group). The second and the third group were composed of SM preparations 
exposed to UV (LED 365 nm) and red (LED 660 nm) light, respectively. The power of the two sources 
was constant at 3 W. The irradiation of the gastric tissues lasted 60 sec, and the effect was reported at 
the 15th min after the act. 

Results. We have developed a system for in vitro irradiation of biological tissues and organs and 
named it a wet organ bath (wob). The wob was used to test the reactivity of rat gastric smooth muscle 
(SM) tissues to exogenous application of serotonin (5-HT). The LED sources exploited in the system 
were emitting radiation at wavelengths 365 nm and 660 nm, while their intensity, power density and 
direction were optimized experimentally. We have observed changes in the reactivity of the SM strips 
to 5-HT at a concentration of 5 μM after exposure for 60 sec to LED 365 nm and LED 660 nm 
radiation. Interestingly, in the case of LED UV-light the reactivity of the SM preparations to 5-HT 
was decreased by 2 mN, which was considered a significant change compared with the control group. 
However, SM strips irradiated with LED 660 nm demonstrated increased reactivity to 5-HT up to 
1mN against non-irradiated SM tissues. 

Conclusions. We have developed a specialized system for irradiation of biological tissues that 
allows fine modulation of the contractile abilities of smooth muscles and potentiates their biological 
functions.  

Keywords: Water organ bath, electromagnetic radiation, LED, gastric smooth muscles, 
serotonin 
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For multimodality therapies such as the combination of chemical compounds (in our case 
antimicrobial peptides) and radiation, the quantification of biological effects is key for dose 
prescription and response prediction. Tumour spheroids have a microenvironment that resembles 
more closely that of tumours in vivo and may thus be a superior in vitro cancer model than 
monolayer cultures. Here, the response of tumour spheroids formed from one established human 
cancer cell line (HCT116- human colon carcinoma) to single and combination treatments of radiation 

(X-ray and/or proton radiation) (0–4 Gy), and Cecropin A-Melittin (CA-Mel) hybrid has been 
evaluated. Response was analysed in terms of spheroid growth, cell viability and the cell cycle or 
senescence of the treated cells. It was found that sensitivity to radiation in spheroids was significantly 
less than that seen in monolayer cultures. Spheroids showed different patterns of shrinkage and 
regrowth when exposed to our compounds or radiation: treated spheroids shed dead cells within four 
days of applying our antimicrobial peptides and displayed faster growth post-exposure than samples 
that received radiation or no treatment. Irradiated spheroids maintained a dense structure and 
exhibited a longer growth delay than spheroids receiving chemical treatment or combination 
treatment. We suggest that, unlike radiation, which kills dividing cells, chemical-induced cell death 
affects cells independent of their proliferation status. In conclusion, our 3 study reveals differences in 
response to chemical treatment and/or radiation that were not apparent in 2D viability assays but 
that may significantly influence treatment efficacy. 
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Introduction. Positron emission tomography (PET) represents a very sensitive functional 
imaging technique in nuclear medicine for diagnosis of various diseases. PET imaging requires the 
use of a positron emitting radionuclide that is incorporated into a biologically active molecule, the so-
called radiotracer. Organically derived radiotracers incorporate nonmetal radionuclides by covalent 
bond formation, while metal-based radiopharmaceuticals rely on coordination chemistry.[1] 

Bifunctional chelators as part of a radiometal-based tracer are responsible for stable 
complexation of the radiometal ion and for covalent linkage between the complex and the targeting 
vector. To avoid any loss of complex stability, the bioconjugation strategy must not interfere with the 
radiometal complexation by occupying coordinating groups. Since the functionalization of the C9 
position of the very stable CuII chelator 3,7-diazabicyclo[3.3.1]nonane (bispidine) does not disturb 
the metal binding centre, we prepare and characterize a set of novel bispidine derivatives equipped 
with suitable functional groups for diverse bioconjugation reactions. We demonstrate their 
functionality and versatility by conjugation to antibody-based biomolecules and validate the obtained 
conjugates in vitro and in vivo. 

Methods. A range of novel BFCAs based on the hexadendate bis(amine) tetrakis(pyridine) 
bispidine-9-ol equipped with suitable functionalities for diverse bioconjugation reactions were 
synthetized,[2] characterized and radiolabelled with the positron-emitting nuclide 64Cu. In order to 
evaluate their kinetic inertness, ligand challenge experiments using EDTA and DOTA were 
performed. As a proof of concept, a dibenzocyclooctyne (DBCO)-modified ligand was site-specifically 
introduced into an azide-functionalized antibody fragment by means of enzyme-mediated 
bioconjugation and click chemistry. 

Results. Bispidine ligands form stable complexes very quickly with 64CuII under mild conditions 
achieving a chemical purity higher than 99.9%. No indications of transchelation were observed in 
ligand challenge experiments throughout the period of investigation, confirming their excellent CuII 
complex stabilities. A homogenous, uniform, single-conjugated and highly defined bispidine-
antibody fragment was obtained by pursuing a two-step site-specific modification strategy. In vitro 
binding studies proofed high target specificity of the radiolabelled tracer and uncompromised 
functionality. 

Main conclusions. Bispidines with their excellent metal chelation properties and promising 
bioconjugation strategies are outstanding bifunctional imaging agents. Due to their high 64CuII 
selectivity, ease of functionalisation and high stability, the bispidine derivatives reveal an enormous 
potential as PET imaging agent for cancer diagnosis. The DBCO-functionalized derivative was 
designed to undergo strain-promoted azide-alkyne coupling to azide-functionalized antibody 
fragments or other proteins of interest. 
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Human epidermal growth factor receptor 2 (HER2/neu, ErbB2) is a transmembrane protein with 
tyrosine kinase activity, that is often overexpressed in many tumors, including gastric cancer.  
HER2 has become an important molecular target for newly designed anticancer drugs, including 
monoclonal antibodies such as trastuzumab and pertuzumab. However, some cancer cells display 
resistance to such treatment, which means that finding new ways of increasing its effectiveness is 
needed. So far, scientists have observed an increase in response to therapy after the use of some 
monoclonal antibody in combination with a chemotherapeutic agent. 

The aim of the study was to investigate the effect of anti-HER2 antibodies, trastuzumab and 
pertuzumab, with a novel 2-thioxo-4-thiazolidinone derivative [1] on cell viability and induction of 
apoptosis in AGS gastric cancer cells. We also investigated the effect of the compound 1 on 
mitochondrial membrane potential. Cell viability was evaluated using tetrazolium salt according to 
Carmichael's method. The induction of apoptosis was determined using annexin V and propidium 
iodide and the disruption of the mitochondrial membrane potential was assessed using  
JC-1 mitoscreen kit. 

The results of the present study demonstrated that combined treatment of trastuzumab and the 
compound 1 led to a significant decrease in the survival of AGS gastric cancer cells compared to 
monotherapy or combined treatment with pertuzumab and the compound 1. Similar effect was 
observed in the apoptotic activity, in which the investigated compounds strongly induced apoptosis 
in AGS cells. Trastuzumab together with the 2-thioxo-4-thiazolidinone derivative led to the decrease 
of mitochondrial membrane potential in the tested cell line. 
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Colon cancer has been is considered as the major cause of death in many countries in the world. 
The currently used therapy is cytotoxic and as a search for novel anti-cancer drug candidates among 
[1,2,4]triazine derivatives is a promising field of research. The diverse biological activities of 
[1,2,4]triazine: antiviral, antitumor, antifungal, anti-inflammatory and hypotensive has been 
reported. In addition numerous studies showed that [1,2,4]triazine condensed with other 
heterocycles possesses a broad spectrum of biological activities. The structure of tricyclic 
pyrazolo[4,3-e]tetrazolo[4,5-b][1,2,4]triazine derivatives is similar to CDK inhibitors which play 
crucial role in treatment of cancer. Hence we designed a novel series of pyrazolo[4,3-e]tetrazolo[4,5-
b][1,2,4]triazine derivatives that might have a potential anticancer effect in colon adenocarcinoma 
cells. 

Cytotoxic activity of novel pyrazolo[4,3-e]tetrazolo[4,5-b][1,2,4]triazine derivatives was evaluated 
against HT-29 – colon adenocarcinoma cell line. Cell viability was assessed according to the 
Carmichael’s method using tetrazolium salt after 24 hours of incubation. The induction of apoptosis 
was determined using annexin V and propidium iodide. The decrease of mitochondrial potential was 
measured using JC-1 MitoScreen kit. 

We showed that the tested compounds led to the inhibition of cell viability. Furthermore novel 
synthesized derivatives had a significant cytotoxic activity in HT-29 cells comparable to roscovitine 
and 5-flurouracil. Moreover pyrazolo[4,3-e]tetrazolo[4,5-b][1,2,4]triazine derivatives led to the 
decrease of mitochondrial potential in tested cell line. Further studies will be required to understand 
the detailed molecular mechanism of action of novel series of pyrazolo[4,3-e]tetrazolo[4,5-
b][1,2,4]triazine. 
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Apoptosis, also known as type I programmed cell death, is a process precisely regulated at the 
gene level. It leads to the organized and efficient removal of cells in which DNA damage or other 
defects have occurred during development. The mechanism of apoptosis is complex and involves 
multiple signaling pathways. The intrinsic signaling cascade is initiated inside the cell and involves 
mitochondria. The extrinsic signaling pathways begin at the cell surface when a specific death-ligand 
binds to an appropriate receptor. Both pathways lead to the activation of specified initiator caspases 
and subsequent activation of the executioner caspases [1]. Preliminary anticancer in vitro studies on 
novel 2-thioxo-4-thiazolidinone derivative Les-3331 have shown high cytotoxicity and strong 
antiproliferative activity of the compound against human breast cancer cell lines (MCF- 7 and  
MDA-MB-231). 

The aim of this study was estimation of Les-3331 proapoptotic effect against MCF-7 and  
MDA-MB-231 cancer cell lines. The flow cytometry was utilized to examine the induction of 
apoptosis. Next, the enzyme-linked immunosorbent assay kits were used to determine the influence 
of Les-3331 on caspase-8 and caspase-9 concentrations. 

The obtained results showed that the novel 2-thioxo-4-thiazolidinone derivative Les-3331 
induced apoptosis in both human breast cancer cells. Furthermore, Les-3331 led to an increase in 
caspase-8 and caspase-9 concentration, both in MCF-7 and MDA-MB-231 cell lines. The study 
revealed that the probable mechanism of action of Les-3331 is related to the activation of the 
extrinsic and intrinsic apoptotic pathways. 
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Breast cancer is one of the most commonly diagnosed cancers and its mortality rate is in the lead 
of cancer-related deaths. Selenium compounds seem to give new perspectives and hope in this field. 
It turns out that these compounds may be more effective and selective with a simultaneous reduction 
of their dose and toxicity in comparison to commonly used treatment, and they can also overcome 
multidrug resistance. Moreover, these compounds make it possible to reduce the doses of standard 
drugs used in combination with conventional therapy, increasing their anticancer activity [1]. 

Therefore, our study aimed to evaluate the cytotoxic and antiproliferative activity of novel 
selenoesters with ketone and nitrile end fragments (EDAG-1, EDAG-7, EDAG-8, EDAG-10, EDA-71, 
and E-NS-4) against MCF-7 and MDA-MB-231 breast cancer cells and MCF-10A normal breast 
epithelial cells. Their cytotoxic potential was analyzed by the cell viability and DNA biosynthesis in 
cancer cells after 24 hours of incubation with these compounds in different concentrations. For this 
purpose, the MTT assay was performed according to the Carmichael's method using tetrazolium salt, 
and the incorporation of radioactive [3H]-thymidine into the DNA of MCF-7 and MDA-MB-231 cells 
was measured. 

The preliminary study results prove that EDAG-1 and EDAG-8 exhibit greater cytotoxic effects 
than the reference compound – epirubicin. Whereas the other compounds exhibit similar or less 
cytotoxic activity on cancer cells than epirubicin. Furthermore, in an investigation of the 
incorporation of [3H]-thymidine into the DNA of cancer cells, it was observed that the compounds 
had an effect on DNA biosynthesis and led to its inhibition at low concentrations in the nanomole 
range. Importantly, the cytotoxic and antiproliferative activity of these compounds is in a dose-
dependent manner. Additionally, the results show that selenoesters with ketone end fragments are 
more cytotoxic than those containing nitrile end fragments, and the amount of selenoester 
substituents in the benzene ring has an impact on the anticancer activity of these compounds. 

In conclusion, the novel selenoesters exhibit potent anticancer activity even at nanomolar 
concentrations but further studies are required to determine the detailed molecular mechanisms of 
their action. 
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Colorectal cancer (CRC) is among the most lethal and frequently diagnosed cancers worldwide. 
Many researchers still search for drugs that are more effective, selective, and less toxic than current 
CRC treatments. The use of 1,2,4-triazine sulfonamides seem to be one of the possible solutions to 
this problem. These compounds exhibit a diverse and broad spectrum of their activity. There is 
evidence of their antimicrobial, anti-inflammatory, anesthetic, and anticancer properties, as well as 
their use in oncological treatment dates back to 1965 when patients were treated with altretamine in 
clinical trials for the first time. Several studies report that 1,2,4-triazine sulfonamide derivatives 
exhibited anticancer effects through inhibition of Brc-Abl kinase and carbonic anhydrase IX and XII 
activities [1]. 

We aimed to analyze the anticancer effects of novel 7-methyl-5-phenyl-pyrazolo[4,3-
e]tetrazolo[1,5-b][1,2,4]triazine sulfonamide derivatives (MM124 and MM137) against DLD-1 human 
colorectal cancer cells. Roscovitine and 5-fluorouracil were used as reference compounds. Cell 
viability was measured by MTT assay following the Carmichael's method using tetrazolium salt, while 
the antiproliferative activity of our compounds was determined by tritium-labeled thymidine 
incorporation into the DNA of DLD-1 cells. Furthermore, the influence of 1,2,4-triazine sulfonamide 
derivatives on apoptosis process and mitochondrial potential was assessed using annexin V and 
propidium iodide, and JC-1 MitoScreen kit, respectively. 

As a result of our study, we found that MM124 and MM137 have higher cytotoxic activity and lead 
to a decreased incorporation of [3H]-thymidine into cell DNA in comparison to roscovitine and  
5-fluorouracil. Moreover, treatment with these compounds resulted in an enhanced apoptosis 
process and a significant decrease of mitochondrial potential in human colorectal cancer cells. The 
obtained results seem to be very promising, although further studies are required to elucidate the 
detailed molecular mechanism of action of the novel 1,2,4-triazine sulfonamide derivatives. 
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Chemotherapy uses both target-specific and systemic-action drugs and drug combinations to 
treat cancer. Cyclin-dependent kinases (CDKs) are critical regulatory enzymes implicated in the 
control of cell cycle transitions, from G1 to S phase. Palbociclib is a CDK4/6 specific inhibitor, 
approved by Food and Drug Administration (FDA). Its molecular mechanism of action includes 
phosphorylation of the tumor suppressor retinoblastoma (Rb) and blocks cell cycle progression. 
Palbociclib has been clinically proven to be effective in breast cancer, but its use in acute 
lymphoblastic leukemia has rarely been explored. Mathematical modelling of cancer cells' response 
to chemotherapy assists the judicious selection of a drug type and its dosage for optimized drug 
administration. 

The aim of the present study was to assess the applicability of two empirical mathematical  
models – the bi-exponential and 2-nd order polynomial model, for description of the antiproliferative 
behaviour of Palbociclib on leukemia lymphocytes. The effect of chemotherapeutic concentration and 
incubation time on cancer cell viability was investigated. The values of the model parameters, 
regression coefficients and error functions were determined by non-linear regression analyses. The 
obtained results proved a significant extend of correlation between the experimental data and the  
bi-exponential model. The latter outlines the possibility of applying it for prediction of the 
antiproliferative effect of various doses of Palbociclib, the corresponding cancer cell viability and 
provides ease of finding out the best therapy and a quantitative benchmark in general. 
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Smart nanomaterials that can integrate chemotherapy and photothermal therapy (PTT) into a 
single nanocarrier are the focus of intensive research since the last decade. Graphene derivatives 
appear to be one of the most promising nanomaterials for such smart nanocarriers. The 2D carbon 
lattice of graphene oxide (GO) provides a large surface area which allows loading with a high number 
of molecules suitable for the development of multipurpose nanoplatforms. The special optical 
properties of GO, namely their strong visible and near-field absorbance, enable their exploitation for 
cancer PTT. However, GO has the propensity to form aggregates, particularly under physiological 
conditions which could compromise their biocompatibility. One approach for stabilizing GO 
nanoparticles (NPs) in aqueous dispersions is coating the particle surface with polymeric ligands thus 
yielding it with a physical barrier. Polyethylene glycol (PEG) is a hydrophilic polymer widely used for 
the functionalization of various nanomaterials to improve their solubility and stability in 
physiological solutions, as well as their biocompatibility. In this study, we aimed at designing smart 
nanoparticles based on PEGylated nanographene oxide particles (nGO-PEG) and near-infrared (NIR) 
irradiation and evaluated their effect on low and high invasive colorectal carcinoma cells. 
Physicochemical properties of pristine and PEGylated GO NPs were thoroughly estimated. 
PEGylation was found to increase the particle sizes from 256.7 nm (pristine nGO) to 324.6 nm (nGO-
PEG), the zeta potential from -32.9 to -21.6 mV and the absorbance of GO in the NIR region. Further, 
nGO showed enhanced stability in an aqueous solution, improved dispensability in a complete 
culture medium and amended biocompatibility after PEGylation. A strong synergic effect of nGO-
PEG activated with NIR irradiation for 5 min (1.5 W/cm-2 laser) was observed on cell growth 
inhibition of low invasive colon cancer cells (HT29) and their wound closure ability while the effect of 
NIR on cellular morphology was relatively weak. Our results show that PEGylation of nGO combined 
with NIR irradiation holds the potential for biocompatible smart nanocarrier in colon cancer cells 
with improved physicochemical properties and enhanced biological compatibility. Further 
optimization of the irradiation process and detailed screening of nGO-PEG in combination with NIR 
and chemotherapeutics on colon cancer cell fate is a prerequisite for high efficient combined nano- 
and photothermal therapy for colon cancer. 

Keywords: Nano-graphene oxide (nGO), nGO-PEG, near-infrared (NIR) light, phototherapy, 
colon cancer 
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Nowadays cancer is one of the leading causes of death in the world. Current diagnostic techniques 
and therapeutic approaches need improvement to provide earlier diagnosis and treatment and to 
overcome the limitation arising from lack of specificity and systemic toxicity. In this scenario, 
nanomaterials could help in optimizing the efficacy of cancer treatment. In the last decade, graphene 
and its derivatives unambiguously have collected research interest worldwide for various potential 
medical applications including in vivo diagnosis, gene and drug delivery, and cancer photothermal 
therapy. Graphene oxide (GO) is the water-soluble form and the most common derivative of 
graphene. It is characterized as an exceptional nanomaterial that possesses multiple physical 
properties critical for biomedical applications. The large, 2D planar surface structure and enriched 
oxygen-containing groups provide relatively good biocompatibility and solubility, together with its 
ability for loading a high number of different molecules, including drugs, are properties that are 
appropriate for delivering drugs within the body. Functionalization with polymer ligands further 
improves the solubility and stability of GO in physiological solutions and alters the reactivity of 
nanoparticles toward cancer cells. In this work, we have functionalized GO with polyethylene glycol 
(PEG) and have evaluated the effect of the as-made nanoparticles on the migratory and proliferation 
ability of a different type of cancer cells, including A375 melanoma cells and two colon 
adenocarcinoma cells with different invasion potential - Colon26 and HT29. We have compared the 
obtained results to those for normal kidney MDCK cells. Both types of GOs, pristine and PEGylated, 
suppressed cancer cells proliferation and mobility in a concentration and cell type-dependent 
manner while in normal MDCK cells only the highest concentrations of 200 and 500 μg/ml inhibit 
cell growth at 48 hours of exposure suggesting that cancer cells were more sensitive to GO and  
GO-PEG treatment than normal cells. In general, PEGylation mitigated the inhibitory effect of GO on 
the growth and migratory ability of all studied cancer cells. Our results proved that the effects of both 
GOs NPs on cancer cells proliferation and mobility were dose-, NPs- and cell-type-dependent, hence 
providing a rationale for future design and use of graphene-based nanomaterials for cancer research. 
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Non-small cell lung cancer (NSCLC) represents 85% of all lung cancer cases. Ionizing radiation 
(IR) is used for patients diagnosed with unresectable NSCLC. However, radiotherapy remains largely 
palliative due to the survival of specific cell subpopulations which can acquire radioresistance. In the 
present study, we compared two NSCLC cells sublines, A549 (p53wt) and H1299 (p53null), survived 
multifraction X-ray radiation exposure (MFR) at a total dose of 60 Gy. The surviving cells 
demonstrated reduced radiosensitivity and morphological changes compared to parental cells. p53 
status affected the pattern of expression of Epithelial-mesenchymal Transition (EMT) markers - N-
cadherin, E-cadherin and Vimentin in MFR-surviving cells compared to parental NSCLC cells, 
witnessing the appearance of EMT-like phenotype of MFR-surviving sublines. p53 significantly 
affected the 1D confined migratory behavior (wound healing) of NSCLC cells before and after MFR. 
Our data further emphasize the impact of p53 status on the kineticks of γH2AX foci and the 
associated efficacy of the DNA DSB repair in NSCLC cells survived after MFR. We revealed that 
Rad51 protein might play a principal role in MFR-surviving of p53null NSCLC cells promoting DNA 
DSB repair by homologous recombination (HR) pathway. The proportion of Rad51 + cells elevated in 
CD44high/CD166high population in MFR-surviving p53wt and p53null sublines and their parental 
cells. For the first time, we demonstrated that MFR exposure led to the significant decrease in the 
expression of p63 and p73, the p53-family members, in p53null cells, which correlated with the 
increase of cell polyploidy. Our data indicate that accurate assessment of the p53 status-related 
migration, autophagy, senescence, and EMT processes in populations of MFR-surviving cells can 
reveal new potential targets of NSCLC cell resistance to radiotherapy, opening up an avenue for the 
development of new modulators radiosensitizing tumor cells while rescuing normal tissue for 
patients’ therapeutic benefit. 
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Introduction. The activation of contact system proteins (CS) of the coagulation intrinsic 
pathway cascade is a phenomenon that has been studied in relation to thrombosis associated with the 
worst prognosis of cancer and the plasma kallikrein-kinin system (KKS) is related to CS (Campello, 
E. et al., 2018; Schmaier, A.H., 2016). The aim of this work is to study, in human breast epithelial 
cells, the interaction of high molecular mass kininogen (HK), the presence of plasma kallikrein (PKa) 
and bradykinin (BK) release. 

Methods. The cell lineages studied were MCF-10A (non-metastatic), MCF-7 (less-metastatic) 
and MDA-MB-231 (highly-metastatic). The techniques employed were confocal microscopy, 
radioimmunoassay (RIA) and RT-PCR. The proteins/reagents used were HK-Dylight-650; anti-BK 
(MBK3 clone) and anti-PKa (U691.10) antibodies; inhibitors of kininases (JA2, thiorphan, captopril) 
and serine proteases (aprotinin, benzamidine, PMSF). The confocal microscopy analysis showed  
HK-Dylight-650 (200.0 nM) bound on cell surface in MCF-10A (1,947.0 ± 0.003 pixels/cell), MCF-7 
(648.0 ± 0.002 pixels/cell) and MDA-MB-231 (1,251.00 ± 0.002 pixels/cell). In endocytic vesicles 
HK-Dylight-650 and LT-green colocalized in MCF-10A (974.0 ± 0.002 pixels/cell), MCF-7  
(61.0 ± 0.001 pixels/cell) and MDA-MB-231 (385.0 ± 0.001 pixels/cell). In comparison the HK 
binding and endocytosis was MCF10A > MDAMB-231 > MCF-7. By confocal microscopy the BK was 
detected on surface of MCF-10A (2,654.0 ± 0.002 pixels/cell) and 19.7% colocalized with LT-red, 
MCF-7 showed BK bound (264.0 ± 0.002 pixels/cell) and 40.9% colocalized with LT-red and  
MDA-MB-231 showed BK bound (109.0 ± 0.002 pixels/cell) and 53% colocalized with LT-red. The 
BK in endocytic vesicles of MDA-MB-231 allows its proliferative effect in metastatic cells. The 
kininogenase activity was analyzed by the amount of BK released in supernatant, after incubation 
with HK, and determined by RIA. In presence of kininases inhibitors the amount of BK was MCF-10A 
(1.13 ± 0.01 ng/106cell), MCF-7 (0.29 ± 0.01 ng/106cell), MDA-MB-231 (0.78 ± 0.00 ng/106cell); in 
presence of both serine proteases and kininases inhibitors the BK released was MCF-10A  
(0.03 ± 0.01ng /106cell), MCF-7 (0.19 ± 0.00 ng/106cell) and MDA-MB-231 (0.21 ± 0.00 ng/106cell). 
The higher BK release in MCF-10A cells is in agreement with its proangiogenic effect. In MDA-MB-
231 we detected plasma prekallikrein (PK) mRNA and these cells analyzed by confocal microscopy 
showed PK/PKa in both non-permeabilized and permeabilized cells. 

Conclusion. Our data suggest a role for plasma KKS in breast cancer through interaction of  
HK with cell surface that may results in endocytosis and BK release through endogenous and 
pericellular proteolysis by PKa. 
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The glioblastoma multiform (GBM) is a heterogeneous and highly invasive form of malignant 
primary brain tumor, being the most aggressive brain cancer. The survival of patients which received 
surgery and/or chemo-/radiotherapy remains poor, only 3-7% of patients surviving longer than  
5 years following diagnosis. Non-conventional radiotherapy such as proton irradiation represents a 
better choice than conventional photon irradiation due to the higher ionizing density of protons in 
the Bragg peak, that can induce complex DNA lesions, difficult to be repaired by mutated tumor cells. 
Our aim was to investigate proton irradiation effect on cellular survival of glioblastoma cell lines. 
Preliminary in vitro studies were performed on three different cell lines of glioblastoma (U-118 MG, 
U-251 MG and U-87 MG). The proton irradiation was done at the Cyclotron TR-19 facility (within 
IFIN-HH). The cell were irradiated with doses of 2, 4 and 6 Gy at a dose-rate of 1Gy/min. MTT assay 
was used to determine cell viability 5 days post-irradiation. Long-term cellular survival was 
determined by clonogenic assay. We observed a dose-dependent decrease of cells viability and 
clonogenic survival for all the cell lines. In further experiments, we will investigate the mechanisms 
of radioresistance with the aim to develop new antitumor strategies. 
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Relevance. Analyzing and forecasting the epidemic dynamics using mathematical models is very 
useful for assessing the situation and choosing methods to combat the disease. Models should: 

- correctly describe the past or current epidemic dynamics in order to provide for the necessary 
actions when it recurs in the future; 

- give a forecast of the development of the current epidemic based on information about its initial 
site and the current period. 

But, it is difficult to make a forecast based on statistical data, which are often incomplete and 
have errors. Therefore, there are many models using different mathematical methods. Many models 
use a system of differential equations, for example, SIR, SEIR, etc. 

The disadvantages of these models are: 

- the need for numerical solution of systems of differential equations. The impossibility of 
obtaining formulas describing the ongoing processes complicates the analysis of the results obtained. 

- when solving, it is necessary to select the values of several parameters, which leads to the 
ambiguity of the results obtained. 

Purpose of work. To test a mathematical model of the COVID-19 epidemic in several countries 
of the world for the correct description of the epidemic dynamics and make a forecast of its 
development further. 

Results. Based on statistical data on the COVID-19 epidemic dynamics in various countries, the 
mathematical model of the SIR type was tested. The selected countries had different epidemic 
dynamics - fast and slow growth of number of cases, with the presence and absence of a maximum 
during the epidemic, with different stages of development of the epidemic at the time of the analysis. 
We used statistical data on the epidemic dynamics in a given country from its beginning to January 
2021. The correctness of the description of the epidemic dynamics and the possibility of forecasting 
based on data on the initial stage of the epidemic were checked. 

A model was also tested using the fact that the time dependence of the number of patients is well 
described by the Gaussian function. 

Conclusions. An unexpected fact was established that the model based on the Gaussian 
function describes and predicts the COVID-19 epidemic dynamics well. The epidemic dynamics 
forecast in Ukraine and some other countries was made. 

https://doi.org/10.21175/rad.abstr.book.2021.9.1


 

50 

An investigation into occupational burnout among 
radiographers in Ireland due to the COVID-19 pandemic and 

the strategies used to cope with it 

Roisin Brennan, Michaela Davis 

University College Dublin School of Medicine and Medical Science, Dublin, Ireland 

https://doi.org/10.21175/rad.abstr.book.2021.9.2 

Background. Occupational burnout has been shown to have a profound impact on many 
professionals, however it has been reported that more healthcare workers experience it than 
employees in any other line of work. During the COVID-19 pandemic, radiographers are working on 
the frontline, imaging infected and potentially infected patients. This study aims to identify the 
prevalence of burnout among radiographers employed in Irish hospitals, the extent in which  
COVID-19 contributes to this and mechanisms in which these professionals cope with burnout 
arising from the pandemic. 

Method. An anonymous online survey which incorporated both open and closed-ended 
questions was distributed to radiographers employed in eight hospitals in Ireland. The responses 
were analysed using descriptive statistics on SPSS Version 16, and thematic analysis utilising 
NVIVO12. 

Results. 93 radiographers completed the survey, with 45 (48%) respondents reported suffering 
from moderate to very high levels of burnout in the workplace. COVID-19 was among the various 
reasons for burnout, with participants stating that they are afraid of contracting the disease and that 
they have been affected psychologically from treating infected patients. Radiographers also declared 
that they are apprehensive of their colleagues who do not abide by the COVID-19 regulations. Over 
half of radiographers feared bringing the virus home to family most or all of the time. Unavailability 
of annual leave during the pandemic was widely reported in the open-ended responses. Strategies 
commonly adapted by radiographers within the workplace to manage burnout resulting from 
COVID-19 include talking to and sharing workloads with colleagues, getting sufficient breaks, 
requesting PPE, practising regular infection control and social distancing. Outside of the hospital, 
radiographers cope with burnout by going for exercise, relaxing, acquiring enough sleep, talking to 
family and friends and carrying out hobbies. 

Conclusion. It is evident from this research that radiographers in Ireland suffer from high levels 
of burnout and that COVID-19 is a very prominent source of stress. Many radiographers incorporate 
various coping strategies in their lives, both in and out of work. However, it is clear that more work 
needs to be undertaken to address the significant burnout among radiographers arising from the 
coronavirus pandemic. Advising radiographers of ways to deal with burnout may minimise any future 
increasing incidences of mental health problems in the profession arising from occupational burnout. 
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Introduction. Venous and arterial thromboembolisms are associated with COVID-19, but there 
are few studies of lower limb ischemia as a later complication of infection. The study presents 
identified early and late complications caused by COVID-19, with the presence of multiple 
thromboses in the aorta and peripheral vessels. 

Material and methods. The patient is an 80-year-old man hospitalized with COVID-19  
(SARS-CoV-2). The study was conducted in 2021. MDCT Siemens Definition AS was used. Computed 
tomography angiography was made with Omnipaque, 100 ml. The data was processed with Syngo.via 
workstation and VB40B_NF02 software version. 

Results. After computed tomography angiography, changes were found in the lungs, central and 
peripheral vessels. Bilateral interstitial pneumonia was diagnosed. A parietal thrombus was 
identified in the area of the aortic arch and acute thrombosis on the left side of the common iliac 
artery and on the right side of the superficial femoral artery as an acute later complication of the 
infection. The patient was sent for emergency surgery to remove the found blood clots in the lower 
limbs. 

Conclusion. The application of the correct diagnostic algorithm in this clinical case with the 
application of CT scan with contrast helped to quickly identify early complications and to avoid more 
severe and later changes both in the vessels and in other organs and systems. 

Keywords: Aorta, Arterial thrombosis, interstitial pneumonia, complications, COVID-19 
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The aim of the paper is to explore the ways of applying previous experience and knowledge gained 
from prevention and protection against CBRN to assure adequate protection of individuals against 
the risk of disease and the spread of the COVID-19 pandemic, incl. personal protective equipment 
and detection of coronavirus in the workplace and environment. The paper will be focused on a 
thorough analysis and evaluation of the current situation in the Czech Republic and in the world, 
taking into account modern procedures and means of disinfection of affected persons, air, premises, 
and equipment. Special attention will be paid to a comprehensive analysis of current needs for 
protection against COVID-19 and verification of methods, protective equipment, and devices recently 
developed. 

The paper is an attempt to demonstrate how information from one area and its understanding 
can be successfully applied to solve or mitigate the problems in another area. 
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Bioaccumulation and biosorption of 137Cs, 233U, 239Pu, 241Am, 90Sr and 237Np by Arthrospira 
platensis CNMN–CB-02 biomass were investigated. Bioaccumulation experiments were performed 
in EDTA-free Zarrouk cultivation medium and in the medium with the addition of sodium 
polyphosphate. Arthrospira platensis CNMN–CB-02 biomass showed high uptake capacity for 239Pu, 
241Am, and 90Sr in both media, while the uptake of 233U was significantly enhanced in the presence of 
polyphosphate ions. In biosorption experiments, the biomass also showed high sorption capacity for 
239Pu, 241Am, and 90Sr and low for 233U. The amount of 137Cs removed from the solution by living and 
dry biomass was almost the same. The desorption studies revealed that A. platensis CNMN–CB-02 
biomass can be reused for biosorption and showed a high strength of radionuclide binding to 
phosphorylated biomass. A. platensis CNMN–CB-02 biomass can be considered a good candidate for 
radionuclide removal from salt and alkaline solutions and in in situ bioremediation strategies. 
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The adsorption properties of adsorbent, Shewanella xiamenensis biofilm formed on zeolite, has 
been investigated in order to determine its applicability for complex zinc-containing effluents 
treatment. The optimum conditions for metal adsorption from synthetic solutions were evaluated by 
changing initial pH of the solution, zinc concentration, temperature and time of contact. The 
maximum removal of metal ions present in analyzed systems was achieved occurred at pH range  
3.0-6.0 whitin 60-150 min of sorbent-sorbate contact. The results obtained from the equilibrium 
studies were analyzed by three adsorption models, namely, Langmuir, Freundlich and Temkin 
models. Maximum adsorption capacity of adsorbent calculated from Langmuir model varied from  
3.4 to 6.5 mg/g. Four kinetic models: pseudo-first order, pseudo-second-order, Elovich and Weber 
and Morris intraparticle diffusion were applied for the description of experimentally obtained data. 
High coefficient of determination values calculated for pseudo-second-order and Elovich models 
indicate on predominant role of chemisorption in metal removal. Changes in free energy, enthalpy 
and entropy were also evaluated. Negative Gibbs energy values and positive ∆H° values indicate the 
spontaneous and endоthermic character of the sоrption process. The effect of pH and bisorbent 
dosage on Zn(II) removal from industrial effluent with initial Zn(II) concentration 52.8 mg/L was 
tested. Maximum Zn(II) removal was achieved at pH 6.0 applying two-stage treatment system (with 
the addition of a new dose of biosorbent). 
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In this work, we analyze the numerical solving of the multi-component mass transfer equations. 
The present test problems are two-dimensional, parabolic, non-linear, convection-diffusion 
equations. An implicit finite difference method was used to discretize the mathematical model 
equations. The algorithm used to solve the non-linear system resulted for each time step is the 
modified Picard iteration. The numerical performances of the preconditioned conjugate gradient 
algorithms (BICGSTAB and GMRES) in solving the linear systems of the modified Picard iteration 
were analysed in detail. For all the combinations of the parameters, we obtained a stable solution. 

The values of the convergence rate obtained show that the present numerical solution is second-
order accurate in space. The values of the convergence rate and efficiency of the preconditioned 
GMRES and BiCGSTAB algorithms are similar those usually reported in literature for non-linear 
convection diffusion problems. 
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The aim of this work was to examine the ion exchange characteristics of the dietary product 
zeolite-clinoptilolite on water samples from four locations of the River Borska. According to its 
chemical status, the Serbian Environmental Protection Agency marked this river in red because of its 
high content of Ni, Pb and Cd. The method of inductively coupled plasma-optical emission 
spectrometry (ICP-OES) was used for the simultaneous determination of 19 elements before and 
after the treatment of water with zeolite (24 hours at room temperature). The results of the analyses 
showed that by ionic exchange of Na+, K+, Ca2+, Mg2+ i Ba2+, zeolite effectively removed (100%) Cr,  
As and Pb from water. Minor affinity was noted for Al (up to 61%) and Cd (up to 38%), while the 
efficiency of Co and Ni removal was up to 11%. Magnesium and sodium have the same exchange 
trend that tracks the presence of nickel, arsenic and cadmium, in tested water samples. Calcium 
exchange approximately tracks lead and chromium content. The barium exchange trend follows the 
presence of Co. Based on the efficacy of the removal of ions from the solution and the balance of ions 
modified from zeolite, it can be concluded that from the point of view of dietary application, 
clinoptilolite does not release toxic elements (As, Pb, Cd, Al, Cr), and does not capture electrolytes. 
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Cavitation phenomenon was utilized with spectacular effects for hybrid Advanced Oxidation 
Processes (AOPs). Most important developments relate to its application for treatment of water as 
well as industrial effluents [1-2]. Cavitation phenomenon can be generated in the liquid by 
intentionally formed differences in local pressure. It can be obtained by local increase of the liquid 
flowrate (hydrodynamic cavitation) or by ultrasounds (sonocavitation/acoustic cavitation). 

The paper presents selected recent developments in the field of cavitation based AOPs with the 
discussion of the most important results of applicational studies on these groups of processes. During 
the presentation recent developments of our research group will be presented in respect to effective 
degradation of several pollutants present in industrial effluents, including volatile organic 
compounds (VOCs) and BTEXs. Special attention will be made on possibility of application of 
cavitation phenomenon for activation of persulfates using direct as well as catalytic route. Details on 
optimization of process parameters will be discussed and related to mechanisms responsible for 
transformation or organic pollutants during cavitational treatment [3-7]. 

Developed technologies will be discussed in terms of specific instrumentation used to perform the 
process, details of process control, economical evaluation, scale-up aspects, hybrid – cavitation-
catalytic processes as well as overall advantages and limitations of cavitation based AOPs. 
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The usage of a commercial in–spray chamber hydride generator, Multi–mode Sample 
Introduction System (MSIS) as an interface between high performance liquid chromatography and 
inductively coupled plasma optical emission spectrometry (HPLC–MSIS–ICP OES) is presented. The 
optimization of hydride generation in MSIS and chromatographic run (using anion–exchange HPLC 
column with phosphate buffer as a mobile phase) were carried out compositely. Within 400 s of a 
single analysis, the method allowed to determine three arsenic forms: As(III), As(V) and 
dimethylarsinate (DMA) with satisfying limits of detection (2.1–7.0 µg L–1) and precision (2.7–5.7%). 
Recovery for standard addition method was high and acceptable (95–106%). The described method 
was used for environmental and food samples analyses. Besides of the mentioned hyphenated 
technique, perspectives of other optical systems are presented. Full results were presented in Proch & 
Niedzielski, Talanta, 208 (2020) 120395 and Proch & Niedzielski, Analytica Chimica Acta,  
1147 (2021), 1–14. 
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Recently, underground laboratories have become more and more popular. Although they were 
most often used to conduct scientific research, today they are, among others, a place for business 
development, innovation, as well as plant and mushroom breeding. In 2017, the idea of creating a 
network of underground laboratories operating in the Baltic Sea region was born, which became a 
project called BSUIN (Baltic Sea Underground Innovation Network) financed by INTERREG Baltic 
Sea Region. The purpose of the project was to develop a service offering of the Baltic Sea Region’s 
(BSR) underground laboratories (UL) to increase their capability to offer technology transfer utilizing 
the facilities and research infrastructures of the ULs for business development. This project ended in 
2020 with great success. Currently, its continuation is carried out in the EUL (Empowering 
Underground Laboratory network usage) project. Both projects involve 6 underground laboratories 
(Callio Lab in Pyhäsalmi mine (Finland), Äspö Hard Rock laboratory (Sweden), FLB-Research and 
Education Mine “Reiche Zeche” (Germany), KGHM CUPRUM R&D Center in Wroclaw (Poland), the 
UL of Khlopin Institute in St Petersburg (Russia), and Ruskeala marble mine in Karelia (Russia)), 2 
associated laboratories (Experimental Mine Barbara (Poland), Hagerbach Test Gallery (Switzerland)) 
and 13 partner organizations and 19 associated organizations. Projects are broken down into several 
work packages and these in turn into activities. One of both projects’ activities is the characterization 
of the natural radiation background in participating underground laboratories. 

During the conference, both projects emphasizing the EUL will be presented, and their main 
goals will be discussed. 
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Lighting is one of the main aspects of working and living environment. Many studies show that an 
adequate amount of light improves mood and energy levels, while poor lighting contributes to low 
working capacity, depression, and other deficiencies in the body. The amount and type of lighting 
directly affect concentration, sleep, emotional reactions, and many other aspects of daily life. Some 
authors found that the detrimental impact of working in a windowless environment is a universal 
phenomenon. The purpose of this study is to investigate the role of natural lighting in an everyday 
environment. The research was conducted among employees from several companies, seminar 
participants, who attended expert lectures in the windowless conference room designed to 
accommodate gatherings of all kinds. The conference room has 350 seats. The questionnaire with 15 
questions is divided into three parts: The first part is related to sociodemographic data, the second 
part consisted of questions about life habits regarding light perception and illumination and the third 
part was about the respondent’s subjective experience of a space illuminated with natural and/or 
artificial light. For data analysis, the software for statistical data analysis IBM SPSS Statistics 20 was 
used. Illuminance in the conference hall is measured by a lux meter, which is a handy instrument 
with a sensor for light detection. The measured illuminance is directly displayed in lux (lx). Subjects 
had the highest mean scores for the attitude that orientation of living room due to cardinal points 
(east, west, north, and south) play an important role in choosing a living space. Besides, there is a 
strong opinion that the presence of both, natural and artificial light significantly contributing good 
workspace environment. However, respondents have a different attitude regarding thermal sensation 
under the influence of artificial light sources, indicating that they have different psychophysical 
perceptions of those phenomena. It also can be concluded, at the level of statistical significance, that 
work under artificial lighting creates a sense of lack of fresh air and eye fatigue. Illuminations 
measurements indicate uneven lighting at desks position in a whole conference room. Although mid-
level lighting is adequate for collaborative settings such as conference rooms, where depth is more 
valued than speed, and provide participant to be more alert and focused, but still relaxed, in this case 
very low levels of lighting were recorded. Values varied from 45-123.2 lx. Having in mind that the 
recommended levels are 300-600 lx, it can be concluded that architectural lighting design does not 
meet the visual requirements. 
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This paper presents studies of the sensitivity of electrochemically deposited layers of ZrO2 on the 
gold electrodes of quartz resonators to various volatile compounds. Тhe layers of ZrO2 is deposited by 
an electrochemical process which is carried out in aqueous containing (ZrOCl2 (5. 10-3 M) and KCl 
(0.1 M) for ZrO2 at 70oC and (vs SCE) using a three-electrode electrochemical cell. The morphological 
structure of the ZrO2 layers deposited on the polished QCM surface is studied by Scanning Electron 
Microscopy (SEM) and optical profilometry. The influence of the roughness on the ZrO2 and sorption 
properties is investigated. The resonant frequency shift (ΔF) of the quartz structure are using to 
defined sorption ability of the ZrO2 layers by measuring the presence of different concentration in the 
volatile compounds under study. 
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The basis of the process of any adsorption purification of solutions is a sorbent or ion exchanger. 
Therefore, the choice of sorbent used for the extraction of heavy metal cations or radionuclides, for 
example strontium, from aqueous solutions is important, as well as monitoring the amount and 
migration of strontium in the environment. Many works are devoted to sorption materials used for 
this purpose. The most widely studied are natural crystalline frame aluminosilicates (zeolites), 
synthetic organic and inorganic ion exchangers, activated carbon and metal oxides. 

The ability of natural Transkarpathian zeolite, cation exchange resin (KU 8.6), activated carbon 
and titanium phosphate to absorb strontium ions under conditions of increased radiation 
background was investigated in present work. It was shown, that upon irradiation the sorption 
properties of all these materials are slightly reduced. The only exception is titanium phosphate with a 
surface modified with NH4OH. 

The adsorption of strontium ions by natural Transkarpathian zeolite, cation exchange resin  
(KU 8.6), activated carbon and titanium phosphate from model solutions, which, along with  
Sr2+ ions, contain Fe2+ ions and water radiolysis products, was also studied. It was shown, that the 
sorption coefficients of strontium ions from the model solution are in some cases higher than from 
the solution of distilled water. In this case, clinoptilolite more efficiently absorbs iron ions than 
strontium ones. 
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Given the interest of the communities living near high voltage lines we performed a quantitative 
assessment of the electromagnetic field under the power lines of 110 kV and 220kV in two residential 
areas nearby the city of Tirana. 

Regarding to the electric field created by the 220 kV power line, which was measured at the 
height of 1.6 m from the ground, the highest measured value was 569.72 V / m, and the lowest value 
was 156.81 V/m. On the other hand, regarding the magnetic field the highest recorded value was 
0.6972 μT and the lowest was 0.1416 μT. 

Regarding the electric field created by the 110 kV power line, the highest measured value which 
was found in the middle of the line trace was 16.49 V/m and 16.29 V/m for the height of 1.6 m and 1 
m from the ground, respectively. Whereas, the lowest value of the electric field that was measured 
resulted as 0.7831 V / m at the height of 1.6 m from the ground and 0.5741 V / m for the height of 1 m 
from the ground, they both belong to the end of the line. 

Regarding to the magnetic field created by the 110 kV voltage line, the largest measured value was 
0.6621 μT and 0.6409 μT respectively for the heights of 1.6 and 1 m from the ground, these values 
belong to the middle of the line route. Whereas the lowest values of the magnetic field measured near 
the points of the beginning of the conductor line the result was 0.1857μT for the height of 1.6 m from 
the ground and 0.1416 μT for the height of 1m from the ground. 

All measured values resulted to be lower than the limits of 5 kV / m and 100 μT for the general 
public. 
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Besides the evident harmful impact to human health, black carbon (BC) is considered as second 
important contributor to climate change due to its sunlight absorption and warming effects. It is a 
major component of fine atmospheric particulate matter emitted during the incomplete combustion 
of fossil fuels and biomass burning emissions from both natural and anthropogenic sources. 
Atmospheric carbon was recognized in forms of soot, black carbon, elemental carbon, inorganic 
carbon, organic carbon, brown carbon, etc, depending on the origin and absorption characteristics. 
Measurement methodologies for BC analysis in aerosol samples are mostly based on optical and 
thermal properties of carbon species. Here are presented results of the application of the optical 
analytical technique which relies on the multi-wavelenght light attenuation by black carbon 
component of fine particulate matter deposited on filter media. For that purpose, standard 
polytetrafluoroethylene (PTFE), quartz and carbon nanotube filters with different qualitative features 
and pore diameters were exposed to fine aerosol fraction at urban background monitoring site in 
heating and non heating seasons, using low-volume air samplers with 2.3 m3/h air flow. A multi 
wavelength absorption black carbon instrument (MABI) with 405 nm, 465 nm, 525 nm, 639 nm,  
870 nm, 940 nm and 1050 nm LEDs was used for blank and exposed filters analysis and black carbon 
evaluation. Differences in obtained BC values are discussed in relation to various absorption 
potential of different filter media, taking into account absorption coefficients dependence on the 
wavelength and density. Main advantage of this method is simplicity and complementarity with non-
destructive nuclear analytical techniques (EDXRF, PIXE) for elemental analysis of fine aerosol 
fraction on specific filter media. Differentiation between black carbon coming from fossil fuels 
combustion and from biomass burning sources would be additional information valuable for source 
apportionment analysis using positive matrix factorization and reliable discussion of air pollution 
observed at selected receptor site. 
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Modern chemoelectronic (hydroelectric) converters are able to convert the heat of adsorption of 
moisture molecules into an electrical form through specific reversible structural - phase 
transformations induced by adsorption effects [1-2]. Advanced converter designs have an efficiency 
of the order of 3.6 mW h-1/g (or 18 mW h-1/cm3 when calculated for 100% concentration of 
nanopowder). Analysis of the available data suggests that the major limiting factor in this case is the 
random electrical polarization of the medium providing of charge transfer process from the reaction 
volume of the functional layer to the electrodes. Without considering the percolation nature of ionic 
conductivity [3], the problem can be solved by polarization of the medium in the space between the 
electrodes by means of by polarized of substrates. This paper discusses the concept of an advanced 
device on the polarized substrates. The effectiveness of this approach was shown. 
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Moss biomonitoring technique was applied to study peculiarities of the spatial distribution of 
atmospheric deposition of heavy metals on the territory of the Vladimir and Yaroslavl regions. 
During the summer 2018, samples of the terrestrial mosses Pleurosium shreberi were collected at the 
126 sites evenly distributed over the territory of investigated regions. The combination of neutron 
activation analysis and atomic absorption spectrometry allowed to determine more than 30 elements 
in moss samples. To identify the main sources of air pollution multivariate data analysis  
technique – factor analysis was applied, while the deposition patterns of pollutants was illustrated 
using GIS technology. Median values of the elements were compared with the results obtained for 
other regions in Russia, which participated in moss survey studies. The contamination factors,  
Geo-accumulation Index and pollution load index were calculated for the following elements As, Sb, 
Pb, V, Cd, W, Fe, Cr, Ni and Co. Ni. The dominant anthropogenic sources of air pollutants in studied 
regions can be considered industrial activity and transport. 
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Evernia prunastri is lichen used as bioindicator of air pollutions for decades, moreover 
numerous studies showed that lichens have the possibility to accumulate metals from air in 
concentrations that are higher than their metabolic demand. Metals are absorbed directly through 
the surface of the lichen thallus. The aim of this study was to estimate the desorption of eight heavy 
metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) from Evernia prunastri with acid pH solutions (4.33, and 
5.12) and to determine could the lichens become secondary environment pollution source. The metal 
analysis was performed by flame atomic absorption spectrometry (FAAS). 

Solutions used for desorption were prepared by mixing different amounts of H2SO4, HNO3, 
(NH4)2SO4 and NH4NO3. Lichen before desorption were washed in demineralized water and air 
dried. Three consecutive desorption were performed with each solution, during each of the 
desorption lichens were in contact with the solution for 24 hours. 

Results showed that using the solution with pH 4.33, Mn was desorbed in the highest mass 
percentage (92.7%) from the lichen and desorption mass percentage of Mn and Zn from the lichen by 
using the solution of pH 5.12 was 88% and 67.2%, respectively. The desorption mass percentage of 
other investigated metals were lower than 30% except for Cr whose mass percentage was lower than 
1% with solution pH 4.33 and below the limit of detection for the applied method by using the 
solution with pH 5.12. Results indicate that lichens can become secondary environment pollutant and 
that mass percentage of desorbed metals is depending on strength linked of the metal for the 
components of the lichen tissues. Low mass percentage of metal desorption could indicate that the 
metal is tightly bonded inside the lichen cell itself, either they build highly insoluble compounds or 
complex compounds with lower or higher stability constants. High mass percentage of metal 
desorption can indicate that metals are linked with an ionic bond to the corresponding chemical 
groups in the lichens. 

Keywords: Evernia prunastri (L.) Ach., washed lichen, desorption, heavy metals, acid pH 
solutions, FAAS 
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Positive matrix factorization (PMF) is a dimension reduction method used to model the 
covariance structures of observable variables in order to impel a smaller number of latent non-
negative factors. It resolves receptor modeling problem, which is based on the chemical mass balance 
equation (CMB) and may discover hidden patterns in the environmental data, where each extracted 
factor is accompanied by an actual source of emission. In this paper, PMF source apportionment 
analyses of fine aerosol fraction (PM2.5 mode) at Belgrade suburban background site, in 2016/17 year, 
have been performed by processing a data set of 130 PM2.5 mass concentrations and twenty-one 
elemental concentrations and soot concentrations in each PM2.5 sample (mode). The PM2.5 mass 
concentrations in collected samples have been determined following SRPS EN 12341:201 procedure, 
elemental concentrations were obtained by PIXE alanytical technique in the frame of the regional 
IAEA project, in the Institute of Nuclear Research, Hungarian Academy of Sciences, and soot 
concentrations were analyzed by smoke stain reflectometry in accordance with ISO 9835:1993 (E). 
The EPA PMF program ver 5.0, was used to solve the PMF model. Since the determination of an 
optimal PMF solution is a strongly heuristic procedure, there is a necessity of finding a more 
quantitative ways to reduce the arbitrariness of this technique. In order to reduce the range of 
possible solutions, we have analyzed how the values of model parameters changes as a function of the 
number of factors. PMF modeling was performed in a robust mode. For the purpose of finding the 
best fit solution wich minimize the object function Q, we varied the number of factors in the range 
from 4 to 8. Additionally, influence of rotations are also analyzed in iterative steps by varying FPEAK 
function in the range -1 to +1 with an increment of 0.5. Obtained results indicated significant role of 
Q/Qexp ratio analysis for optimal solution choice. In optimization process, number of factors with 
Q/Qexp ratio less than 1, were rejected as a possible solutions. This paper shows that optimization 
procedure should include examination of rotational matrix in which the rotational degree of freedom 
of solution is considered. Solutions with a steep change in their rotational degree of freedom were 
rejected. Finally, the additional improvement can be done by optimizing the parameters representing 
the scaled mean value (IM) and the scaled standard deviation (IS) of the each individual column in 
scaled residual matrix. 
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Objectives. The EPR-X-band e-scan (Bruker ER 116 DS) spectrometer was used for selective 
detection/ identification of paramagnetic (superoxide anions (O2−), hydroxyl (HO•), and peroxyl 
(RCOO•)) substances and as radiation-dosimeter on the kinetics and antioxidant activity of irradiated 
Lemna minor L. (LM) species of the Bulgarian flora. Lemna Minor L. (LM), an aquatic plant that 
belongs to the genus Lemna/ Lemnaceae, easily used in the treatment of asthma, vitiligo, glaucoma, 
allergies, rheumatism, possessed strong antioxidant activity. 

The chemical compound as phytol, campesterol, loliolide, dihydroactinidiolide, ascorbic acid, 
vanillic acid, 2,3-dihydroxybenzoic acid, caffeic acid, chlorogenic acid, and etc, exhibit  
LM antibacterial, anti-inflammatory, antihistamine, and anti-carcinogenic effects. 

Materials and methods. The dry/ ethanol solution LM samples were single irradiated by using 
a 60Co source at doses of 1, 2, 2.5, 3, 5, 10 Gy (Gamma cell 5001, India; 1.377 Gy/h). The 
spectrophotometric antioxidant activities of LM against superoxide (>81%), hydroxyl (>52.7%), 
DPPH (89.9%), ABTS (>55.5%), SOD-like (>50.9%), CAT-like (>56.2%), LP, and NO radicals (>56%) 
were maximally evaluated at a dose of 3 Gy. The reducing power in the aqueous phase was (>54.37%, 
R2 = 0.878). 

The LM ability to scavenge in vitro ROS production and associated toxicity after irradiation, the 
spin-trap BMPO• (5-tert-Butoxycarbonyl-5-methyl-1-pyrroline-N-oxide), and free –radicals 
TEMPOL (4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl) and DPPH• (2,2-diphenyl-1-
picrylhydrazyl) were expressed, at different time intervals (0h, 1h, 2h, 24, 48h). For the reference 
EPR-signal, the LM was replaced with 30 μL deionized water. 

Results. The maximal DPPH• (93%) and TEMPOL (79.7%) neutralization, was detected in about 
1h, by the 3Gy irradiated LM sample. The antioxidant activity of LM in water solution was similar. 
The maximal spin-adduct formation (DMPO-OH•, 76%) and its neutralization to hydrogen atom 
were measured at 30 min for the 2.5Gy and 3Gy irradiated LM extracts. The EPR signal intensity in 
all analyzes sharply decrease at 1.2h. 

In conclusion, the LM sample from Bulgarian flora showed the highest ability to scavenge in 
vitro ROS production and to neutralize the associated radiation-toxicity, due to its high content of 
nutrients, and could be useful as a cosmetic ingredient. 

Key words: Lemna minor L., γ-radiation, antioxidants 
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The manuscript presents results of macro elements (K, Na, Ca, Mg, P), the essential elements (Fe, 
Zn, Cu, Cr), elements which are probably essential (Mn, Si, Ni, Co, B) and potentially toxic elements 
(Pb, Cd, As, Ba) determination in infant formulas and cereals baby food intended to consumption 
during the period from birth to second year. Infant formulas and cereals baby food have a significant 
role in children’s nutrition because they are the major source of nutrients. The presence of 
contaminants in baby food may pose health risks for children. For this reason, it is important that the 
levels of selected elements found in consumed infant formulas and baby food be determined 
routinely. 

Thirteen different infant formulas and twenty seven cereal baby foods from different 
manufacturers were collected from pharmacies and supermarkets in Niš, Serbia, in 2015/2016. 
Samples were prepared by microwave digestion in a laboratory microwave oven (Milestone Ethos-
PLUS, Italy) rated at 1000 W. Samples analyzed were carried out on an iCAP 6000 inductively-
coupled plasma optical atomic emission spectrometar (ICP OES, Thermo Scientific, UK). 

Among macro elements K is most abundant in infant formula samples. The level of K were in the 
range of 2.19 to 3.4 mg g-1. After K, the most common elements are Ca (1.49 to 4.34 mg g-1) and  
P (1.13 to 6.05 mg g-1). The Mg and Na levels were among 0.157–0.299 mg g-1, 0.0198-0.0859 mg g-1, 
respectively. Among the essential elements, Zn (20.9 –106.8 µg g-1) and Fe (10.9–106.3 µg g-1) are the 
most abundant, followed by Cu (1.98–12.71 µg g-1), Mn (0.343–2.64 μg g-1) and  
Cr (0.15 – 0.347 µg g-1). 

Among macro elements P (0.458 to 5.360 mg g-1) is most abundant in all samples of cereal based 
baby food followed by K (0.270 to 6.060 mg g-1), and Ca (0.279 to 2.040 mg g-1). The Mg and Na 
levels were among 0.072-0.597 mg g-1, 0.01707-0.0699 mg g-1, respectively. Among the essential 
elements, Fe (6.2 -70.75 mg kg-1) and Zn (2.74-19.7 mg kg-1) are the most abundant, followed by Mn 
(0.84 to 20.52 mg kg-1), and Cu (0.23-4.24 mg kg-1). Arsenic, lead, cadmium were not detected in any 
sample of infant baby formulas. Cd was detected only in cereals baby food. Comparing the metal ion 
levels and the maximum possible weekly intake, the ETWI of Cd was below the PTWI. Calculated 
values of ETWI and ETMI were lower than recommended for tolerable weekly intake (TWI) and 
provisional tolerable monthly intake (PTMI). 
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Today, one of the most important challenges around the world is to ensure the appropriate 
quality and safety of food products which involves extending the shelf life of foodstuffs without 
detriment to their nutritional qualities and taste. 

Food processing with ionizing radiation is becoming an increasingly efficient and 
environmentally friendly method to extend the shelf life of food items/ the time of storage. However, 
irradiation causes/triggers the appearance of free radicals, which, in turn, affect complex organic 
compounds: proteins, fats, and carbohydrates. Therefore, it is important to study the chemical 
properties of processed food products. 

Our research team is conducting research to assess the effect of ionizing radiation at different 
doses on the chemical properties of bulk materials and vegetable and meat products. 

For example, the electron beam with an energy of 1 MeV in the dose range from 0.25 to 6 kGy 
influences the organoleptic and chemical characteristics of chilled turkey meat. The concentration of 
viable microorganisms decreases non-linearly with an increase in the radiation dose. It was found 
that at range doses of 0.25-2 kGy, there are no changes in the appearance, taste, and smell of the 
samples. At doses above 3 kGy, the color, consistency, and smell of the product are different 
compared to those of the unirradiated control samples. 

Observations of oxidation as a result of irradiation at doses up to 10 kGy of 25 saturated and 
unsaturated fatty acids contained in turkey meat have shown that at range doses not exceeding 3-4 
kGy, the content of fatty acids remains almost unchanged. At doses of 10 kGy, the content of most 
acids decreases by 1.6-1.8 times. Method of Gas Chromatography-Mass Spectrometry (GC-MS) has 
been used to identify volatile substances (alcohols, aldehydes, and ketones) and their concentration 
in irradiated turkey samples with high accuracy. It was found that the concentration of volatile 
substances (alcohols, ketones) decreases with an increase in the radiation dose according to an 
exponential law. Also, acetone was chosen as a marker, since its concentration increases linearly 
depending on the absorbed dose. The Fingerprint method using spectra, chromatograms, and various 
data from electrochemical sensors processed by image recognition methods did not reveal 
statistically significant differences between irradiated and non-irradiated turkey samples. 

The study on the effects of ionizing radiation on the concentration of reducing sugars in potato 
tubers performed to determine the dose required to stop germination of potato tubers during 
different storage periods, suggests that the concentration of sugars depends on the time of storage of 
potatoes before irradiation. The earlier the treatment is carried out, the smaller the dose that inhibits 
germination is, and the smaller the fluctuations in the concentration of reducing sugars is relative to 
the initial control values during the subsequent storage period. 
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The inductively coupled plasma emission spectrometric (ICP-OES) method was used for the 
simultaneous determination of ten elements (Zn, Fe, Cr, Cu, Mn, Ni, Al, Ba, B, and Sr) in 23 samples 
of purees and juices. Potentially toxic elements can be harmful to health if present in food. Even 
essential and probably essential elements can be toxic if present in excessive amounts. Infants and 
toddlers are particularly vulnerable due to their smaller body size, developing brains, and organ 
systems. The determination of mineral content in baby purees and juices is very important (for both 
manufacturers and consumers) due to their positive as well as negative impact on children’s health. 
The health risk assessment of potentially toxic elements on infants and toddlers was estimated by 
calculating the average daily dose (ADD), hazard quotient (HQ) and hazard index (HI). The values of 
HI < 1 for all analyzed fruit products suggest that none of the quantified potentially toxic elements 
may pose a health risk for selected groups of children. The health risk for the lead was not estimated 
since EPA has not yet established the chronic oral reference dose (RfD) for this metal. Also, the 
previous official provisional tolerable weekly intake (PTWI) value of 25 µg Pb/kg body weight/day 
was withdrawn. New PTWI value that would be considered health protective has not been possible 
yet to establish. However, the lead exposure was evaluated based on the size of daily consumption of 
the sample with highest lead content and average toddler body weight. The value of 2.21 µg Pb/kg 
body weight/day is in the lead exposure interval (1.1 – 3.10 µg Pb/kg body weight/day) estimated by 
EFCA. 
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Argonne microwave non-thermal plasma of atmospheric pressure was used in this work. In the 
experiments, we used the barley seeds (Hordeum vulgare L.) of the Vladimir sort, a harvest of 2018. 
Each investigated case of the experiment included 50 seeds in three repeats. Petri dishes with seeds 
were placed under the plasma flow with different impact duration on them. After the process, seeds 
were laid out on wet filter paper, germinated for seven days in a thermostat at a temperature of 
20±0.5°C and then, the laboratory germination was determined. The non-thermal plasma source’s 
core is a low-budget 2.45 GHz magnetron microwave generator with a high-voltage power unit [1]. 

In the first experiment, non-thermal plasma was generated using a 6-pin resonant microwave 
discharger. The exposure of non-thermal plasma on seeds did not lead to a statistical change in the 
sprouts’ length and roots of 7-day-old barley seedlings. However, after exposure for 5 and  
20 minutes, the laboratory germination significantly decreased to the control value. In other cases, 
no changes were detected. After the first tests of the non-thermal plasma source, its deficiencies were 
observed that could have a negative effect on the sowing qualities of seeds after their irradiation by 
plasma. So, because of design specifics during prolonged work time, the discharger is overheating 
caused a breakdown in the coaxial line. Probably one of the reasons for this was insufficient heat 
rejection. 

To address this problem, an octagonal spark gap was formed with improved heat removal from 
the discharge zone due to the formation of recirculating blowing zones. With the new geometry of the 
discharger, it was possible to distribute the load more uniformly, produce the stable discharge, and 
achieve the installation’s stability, including during prolonged work operation. The exposure of seeds 
with Argonne microwave non-thermal plasma after device modification did not negatively affect the 
sowing characteristics of barley seeds. The laboratory germination of the seeds did not exceed the 
control value. It was also found that the plasma exposure does not affect the root and shoot length on 
the 7th-day of ontogenesis. 

Thus, during the work on the study of the effect of non-thermal plasma on the sowing qualities of 
spring barley of the Vladimir variety, it was found that the plasma treatment, in general, does not 
have a negative or stimulating effect on the initial growth processes of barley seeds, but reduces the 
infection with phytopathogenic fungi [2]. 
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Gamma irradiation could be used as a safe method for disinfection and shelf-life prolongation of 
beebread. By means of the using of ionizing radiation can be avoided proteins and sugars 
deterioration, no changes to flavor, taste and texture also were observed. The effect of beebread 
gamma treatment on antiradical activity was evaluated by Electron Paramagnetic Resonance (EPR) 
spectroscopy and also the composition of phenolic compounds was spectrophotometrically 
determined. An analysis of the main phenolic constituents before and after gamma treatment was 
performed by ultra-high performance liquid chromatography. Free radicals induced in beebread by 
ionizing rays and their influence on antioxidant properties of tested samples also were investigated. 

A narrow signal which intensity increased with the dose is assign to O-centered free radicals 
induced by gamma rays and they are stable for 120 days after irradiation. The values of total phenolic 
content and total flavonoid content found in beebread increased after irradiation depending on the 
dose. The antiradical activity and total antioxidant capacity of extracts were expressed by the DPPH• 
free radical scavenging activity (FRSA) and accordingly with trolox equivalent antioxidant capacity 
(TEAC). The EPR study shows that FRSA and TEAC increased after irradiation with 5 kGy and 20 
kGy, while the slight decreasing was observed after irradiation at 10 kGy. The analysis of flavonoid 
profile in tested samples showed that the concentration of identified main groups phenolic 
compounds increase after gamma treatment for flavonols and phenolic acids, while quercetine 
glycosides increase only at 5 kGy irradiation. 

The study shows that gamma irradiation affect antioxidant activity of beebread. The effect 
depends on the treatment dose with the most significant increase in antioxidant potential observed in 
samples irradiated with 5 kGy. 
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The concentration levels of mercury, lead, cadmium and chrome were measured in muscle and 
liver tissue of Red mullet (Mullus barbatus). Fish samples were collected and purchased from the 
main fresh fish market of Tirana. A total of 40 samples of muscle and liver tissue were determined by 
using atomic absorption spectrophotometer (AAS). The results of the study showed that Hg levels 
(p=0.001) varied significantly between tissues of Red mullet samples. Based on the results 
concentration level of Hg, Pb and Cr measured in muscle samples tissue resulted to be within the 
permissible levels for human consumption set by EC legislation. Cadmium made an exception  
(0.09 mg/kg ww). The results of our study give important information on heavy metal contamination 
of Red mullet tissues. Furthermore, the data suggests that Red mullet should be the object of further 
monitoring with the aim to safeguard Tirana consumers’ health from heavy metals contamination. 
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Nanocrystalline cerium dioxide (nanoceria, CeO2) is judged to be a very promising material for 
industrial and biomedical applications. Due to the extensive use, nanoceria is getting released into the 
environment, and exposure to humans is a major concern. Depending on particle size, shape, reaction 
medium, CeO2 can have both negative and positive effects on a living organism. In some case, CeO2 NPs 
cause oxidative stress, which leads to the formation of reactive oxygen species (ROS: hydrogen peroxide, 
superoxide radical etc.) and so forth in living cells. Conversely, ceria NPs could also act as anti-oxidants by 
ROS scavenging. The antioxidant activity of CeO2 NPs contributes to its promising use in the composition 
of neuro-, cardio-, radio-protective and anti-inflammatory drugs. It is commonly believed that the 
antioxidant activity of nanoceria is closely related to the changes in oxygen non-stoichiometry, e.g., the 
Ce(IV)/Ce(III) ratio. However, with the development of modern methods of solid phase analysis, the 
presence of Ce(III) in the structure of biologically active particles has been questioned. In this case, the key 
factor affecting the bioactivity of CeO2 can be solubility and associated processes (redox reactions, phase 
transformations, metal-ion complexation, etc.). It should be noted that CeO2 solubility study is of great 
significance as the main non-radioactive analog of actinide dioxides AnO2 (An = Pu, Th, U). CeO2 is a 
valence and a structural analog of AnO2 as they share the same fluorite type structure. Predicting the 
bioavailability of actinide-containing nanoparticles is an important task for radiological risk assessments in 
many nuclear industry fields. 

The present study is aimed to investigate solubility and associated processes of nanosized CeO2 in 
solutions, simulated biological media. CeO2 samples with different nanoparticles size were prepared using 
a facile rapid chemical precipitation method from cerium (III) nitrate as a stock solution. The part of fresh 
precipitated samples was exposed to thermal treatment under 40°C, 150°C or freeze-dried to determine the 
influence of the initial solid surface state on CeO2 solubility. In a first step, CeO2 samples dissolving has 
been conducted in so-called pure solution, i.e., solutions with low ionic strength (I=0.01M). Then, the 
influence of Cl-, HCO32-, PO43- and C3H5O(COO)33− on solubility under steady-state conditions for selected 
CeO2 samples was investigated. Finally, the dissolution of CeO2 in complex media such as pulmonary, 
phagolysosome, cell culture media, and serum were studied. For a better understanding of the solubility 
behavior of CeO2 NPs, and to enable thermodynamic modelling, during the experiment procedure both 
solid and aqueous phases were examined simultaneously. The solubility was determined by measuring 
cerium concentration in aqueous phase using inductively coupled plasma mass spectrometry or by using 
radioactive tracer 139,141,144Ce which radioactivity was measured by γ-spectroscopy. For solid phase 
characterization a bunch of modern high-precision microscopic and spectroscopic techniques were used. 

Nanoparticles of size 2, 5 and 8 nm were obtained in this work. No significant effect of nanoparticle size 
on solubility at steady state conditions in 0.01 NaClO4 was observed. It was found that the solubility of 
CeO2 nanoparticles depends on their thermal pre-treatment: samples drying leads to a decrease in CeO2 
solubility under steady state conditions. At the same time solubility kinetic virtually identical to freshly 
precipitated and dried samples. It was observed that solubility of 2 nm CeO2 nanoparticles is higher than 5 
nm in presence of PO43- ions at the pH range 4 – 8. At the same time under this condition the initial CeO2 
phase transformation to cerium (III) phosphate is occurred. The obtained experimental data were 
compared with the available data on PuO2 and ThO2 solubility under similar conditions. 
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Water is an essential resource for all forms of life on the planet, of the earth's water resources, 
only 3% is fresh water, two thirds of which is trapped in the form of polar caps and glaciers. The 
remaining 1% of fresh water, a fifth is found in remote and inaccessible places, and much of the 
rainwater resulting from flooding caused by monsoons cannot be used easily. Currently, only 0.08% 
of all fresh water in the world is exploited by mankind, and used for ever-increasing needs. The 
analysis of isotopes of chemical elements naturally present in water, have been decisive in 
investigating problems related to water dynamics. The isotopes of deuterium (2H), oxygen-18 (18O), 
both stable isotopes and tritium (3H), radioactive isotope, mark the parts of the hydrological cycle, 
making it possible to know the areas of recharging aquifer systems, the origin and age of the 
resources water (transit time, definition of flow lines, etc.), identify groundwater salinization 
mechanisms and the source of polluting sources (organic matter and / or fertilizers). Therefore, this 
work aims to carry out a physical-chemical and isotopic characterization of samples of groundwater 
and surface water in the Luanda region. For the study of the physical-chemical characterization, the 
parameters of pH, dissolved oxygen, total dissolved solids, temperature and conductivity were 
measured. The isotopic characterization, was done by for the stable isotopes it was made by a laser 
isotopic water analyzer LWIA (of the English: Laser Water Isotope Analyzer), for the stable isotopes, 
and a liquid scintillation counter LSC (of the English: Liquid Scintillator Counting), for the 
radioactive isotope. The analyzes of the stable isotopes were not prepared before the measurement, 
they were only filtered so that the residues present did not interfere in the measurement, in the case 
of the analysis of the radioactive isotope, there was a distillation of the samples and subsequent 
enrichment of the present environmental tritium. 
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Introduction. Spinal injuries are a current health problem for people working in various sectors 
of the economy. Occupational injuries of the spine develop as a result of the action of harmful factors 
of production, the most important of which are physical stress and unfavorable production 
microclimate. The main clinical syndromes of the considered diseases are pain, vertebral and 
radicular. Modern methods of treatment of injuries include physical factors - electrotherapy, light 
therapy, magnetic field, massage, therapeutic gymnastics, extension therapy, peloidotherapy. 

Materials and methods. The subject of the study is 105 cases of spinal cord injuries in 
employees in various companies in Northern Bulgaria. The persons were hospitalized in the 
Department of Occupational Diseases and Clinic of Physiotherapy and Rehabilitation, University 
Hospital - Pleven in the period 2017 - 2020. Clinical, laboratory, functional, imaging and statistical 
research methods were used. Treatment with physical factors was performed. 

Aim of the study. To improve the treatment and prevention of occupational injuries of the 
spine. 

Results and discussion. In 93% of patients, improvement in clinical syndromes and 
performance of daily activities was found. 5.5% of the subjects need surgical treatment. 

Conclusion. Physiotherapy is an appropriate and successful approach in the treatment of 
occupational injuries of the spine. 
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Introduction. The development of the practice of the Clinic Pharmacy, from the orientation 
towards the drug, is in the process of being directed towards the patient. In developing countries, 
such as Bosnia and Herzegovina, the level of communication between doctors and pharmacists is low 
and needs to be improved. 

Aims. The aim of this paper is to improve the present role of pharmacists in the healthcare team 
in hospital practice, in order to provide better quality care for the patient. 

Setting. Hospital Pharmacists across Bosnia and Herzegovina were contacted by e-mails to 
participate in completing the questionnaire. 

Method. The research is based on an anonymous questionnaire that contained nine topics. 

Results. Out of the 66 hospital pharmacists who were invited to fill in the questionnaire, 40 
hospital pharmacists completed the questionnaire with a response rate of 60%. The highest 
percentage of examinees (pharmacists) who communicate with doctors are in area 2 when the dose of 
the drug is unsuitable for the patient or indication (51%), and in area 7, when the prescribed drug is 
not appropriate to the provided way of prescribing (52%). 

Generally, three types of barriers have been identified that play important roles: the doctor-
pharmacist relationship, the reduced amount of required information, the methods of 
communication. 

Conclusion. Recommendations for improvement include an upgrade of the electronic system, 
an express need for procedures covering future therapeutic drug replacement, and the need for direct 
communication with doctors in clinics. In summation, with consideration of the individual roles of 
doctors and pharmacists in the health care system, acceptance of each other, effective 
communication, mutual respect are of utmost importance. 
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The complex formation was studied in a water-chloroform system containing iron(III),  
4-nitrocatechol (4NC) and xylometazoline hydrochloride (XMH). The optimum conditions for the 
extraction of iron(III) were found: concentration of 4NC, concentration of XMH, pH, and extraction 
time. The stoichiometry of the extracted complex was established, and the key extraction-
spectrophotometric characteristics were determined: absorption maximum, molar absorptivity, 
distribution ratio, fraction extracted and Beer's law limits. 

Keywords: Iron(III); 4-nitrocatechol; xylometazoline hydrochloride; ternary complex; solvent 
extraction; spectrophotometry 
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The study of oxidative damage and protection against it has become increasingly important last 
years. Research on the role of oxidative stress in the physiology and pathology of ruminants has also 
been relatively recent. Some data show that oxidative stress has a negative effect on the reproductive 
process in mammals. It is therefore desirable to determine and control their oxidative /antioxidant 
status in order to prevent pathological changes leading to problems in fertilization, embryonic 
development and survival of the offspring. In ruminants, the activity of oxidative stress biomarkers 
can also be affected by the season, which in turn can have major effects on their reproductive 
capacity. 

In the present study we determined the degree of influence of oxidative stress on the fertility of 
buffaloes and buffalo heifers of the breed Bulgarian Murra during non-breeding and breeding season. 
For this purpose, some final products of oxidation of lipid and protein were elevated, such as 
malodialdehyde (MDA) and protein carbonyl content (PPC) as biomarkers of oxidative status and the 
levels of antioxidant enzymes –superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) 
were established, as well. 

The study included 24 multiple-born buffaloes> 40 days postpartum and 30 buffalo heifers of the 
Bulgarian Murra breed. The animals were kept on the buffalo farm of the Agricultural Institute, 
Shumen (Northeastern Bulgaria, latitude: 43.28N, longitude: 26.93E). The ration included 
concentrated fodder for lactating buffaloes, beer porridge, alfalfa hay, straw, and constant access to 
water. The buffaloes weighed from 460 kg to 650 kg, aged from 2 to 6 years and lactating milk  
1800 - 2100 kg with daily double milking. The buffalo heifers had a body weight of 450 - 470 kg and 
an age of 820 - 840 days. The ration consisted of concentrated fodder, alfalfa hay, straw and constant 
access to water. Group of buffaloes (n = 24), non-breeding (spring and summer) season (n = 8) and 
breeding season (autumn and winter) (n = 16); Group of buffalo heifers (n = 30) non-breeding season 
(n = 17) and breeding season (n = 13). 

To determine the biomarkers, blood samples were obtained from v. jugularis by means of a 
vacutainer on the day of starting the estrus synchronization program. Subsequently centrifuged and 
the serum was stored at -20°C until the study. 

All biomarkers characterizing the oxidative status in buffalo heifers MDA and PPC were 
statistically significantly higher compared to buffaloes (p <0.001). Increased oxidative stress was 
registered in buffalo heifers during the breeding season, compared to buffaloes in both seasons due 
to the reduced activity of SOD and GSH-Px. Lipid peroxidation (MDA) products were also 
statistically significantly increased in buffalo heiferss during the breeding season, followed by the 
non-breeding season, and in buffaloes from both seasons, followed by statistically significantly 
increased in SOD. Elevated levels of malondialdehyde and superoxide dismutase were reported in 
non-pregnant buffalo heifers, but without a statistically significant difference. However, buffalo 
heifers were found to have better fertility, probably due to more active antioxidant protection as an 
adaptive mechanism against oxidative stress. 
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Oxidative stress has a negative effect on the reproductive process in mammals. It is therefore 
desirable to determine and control their oxidative/antioxidant status in order to prevent pathological 
changes leading to problems in fertilization, embryonic development and survival of the offspring. 
The danger of oxidative stress stems from the fact that it is not proven by clinical symptoms. The 
condition is diagnosed by biomarkers of oxidative stress, such as the levels of a number of products of 
radical damage to cellular structures, lipids, proteins, nucleic acids and the activities of antioxidant 
enzymes and others. The aim of the presented study was: 1. To measure some real time biomarkers of 
radical formation - oxygen species (ROS), ascorbate radicals (Asc •), nitric oxide radicals (NO •);  
2. To discuss the influence of the measured real time biomarkers on fertility of buffaloes and buffalo 
heifers of Bulgarian Murra breed during non-breeding and breeding season. 

The study included 24 multiple-born buffaloes> 40 days postpartum and 30 buffalo heifers of the 
Bulgarian Murra breed. The animals were kept on the buffalo farm of the Agricultural Institute, 
Shumen (Northeastern Bulgaria, latitude: 43.28N, longitude: 26.93E). The ration included 
concentrated fodder for lactating buffaloes, beer porridge, alfalfa hay, straw, and constant access to 
water. The buffaloes weighed from 460 kg to 650 kg, aged from 2 to 6 years and lactating milk 1800 - 
2100 kg with daily double milking. The buffalo heifers had a body weight of 450 - 470 kg and an age 
of 820 - 840 days. The ration consisted of concentrated fodder, alfalfa hay, straw and constant access 
to water. Group of buffaloes (n = 24), non-breeding (spring and summer) season (n = 8) and 
breeding season (autumn and winter) (n = 16); Group of buffalo heifers (n = 30) non-breeding season 
(n = 17) and breeding season (n = 13). 

To determine the real time biomarkers blood samples were obtained from v. jugularis by means 
of a vacutainer on the day of starting the estrus synchronization program. Subsequently centrifuged 
and the serum was stored at -20°C until the study. 

The real time biomarkers characterizing the oxidative status in buffalo heifers were statistically 
significantly higher compared to buffaloes (p <0.001). Increased oxidative stress was registered in 
buffalo heifers during the breeding season, compared to buffaloes in both seasons through a 
statistically significant increase in ROS products in blood serum. The elevated levels of ROS, 
ascorbate radicals, and nitric oxide were reported in nonpregnant buffalo heifers, but without a 
statistically significant difference. However, buffalo heifers were found to have better fertility, 
probably due to more active antioxidant protection as an adaptive mechanism against oxidative 
stress. 
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Mining is an activity that generates revenue to leverage a country's economy but also generates 
waste. Waste is considered a threat to the environment, but it can be reused. Red mud is a residue 
generated from the processing of bauxite and is very rich in aluminum, silicon and iron. This residue 
has been studied as a raw material for the production of red ceramics and an input for the production 
of cement and can also be a secondary source of rare earths. However, there is little information 
about the presence of rare earths and natural radionuclides in this waste generated in Brazil. 
Therefore, this work aims to characterize the residue of Red Mud from the States of Pará and São 
Paulo / Brazil and to determine the specific activities of radionuclides of natural origin from the  
U-238, Th-232 and K-40 series and the presence of rare earths. The radionuclide evaluation was 
performed using the gamma spectrometry technique with the use of a hyper pure germanium 
semiconductor detector and for the evaluation of rare earths, the red mud samples were analyzed in 
the ICP-AES (Inductively Coupled Plasma - Atomic Emission Spectrometry ) and ICP-MS 
(Inductively Coupled Plasma - Mass Spectrometry). With the ICP-MS technique, the total number of 
rare earth elements (ETR) quantified was 911.09 ppm and a total of 738.48 ppm for the ICP-OES 
technique. For both techniques, it was observed in all samples that Cerium (Ce) is the predominant 
element, followed by lanthanum (La) and Neodymium (Nd). Based on the results obtained, the  
ICP-MS showed better efficiency in the quantification of rare earth elements (ETR) due to the factor 
of mass analysis per element and it was also possible to analyze the concentration of 238U and 232Th in 
the samples. In the evaluation of natural radionuclides (NORM), the specific activities of U, Th and K 
found in the Brazilian red mud samples analyzed, present an average of 163.68 ± 17.76 Bq / kg, 
436.58 ± 12.02 Bq / kg and 52.15 ± 10.59 Bq / kg, respectively for the red mud obtained in the state 
of Pará, and 51.15 ± 6.28 Bq / kg, 58.30 ± 6.10 Bq / kg and 47, 98 ± 8.40 Bq / kg, respectively for the 
red sludge in the state of São Paulo. The values of the activities of the radionuclides found in the mud 
of the state of Pará, are higher than those found in studies of Brazilian literature and similar to those 
of the international literature, except for the K-40. Comparing the activity results for the two 
samples, the red mud samples from the State of Pará show greater activity for the elements 232Th and 
238U than the samples from the State of São Paulo. 
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Temporal and spatial variability of Copepoda was studied in 2008 at tree shallow stations (P1, P2, 
P3) in the inner bays in the Bay of Boka Kotorska (closed coastal waters of Southern Adriatic). 

The research was done in the shore in the immediate vicinity of shellfish farms in the Bay of Kotor 
(P1, P2) and Bay of Risan (P3). We observed specific behavioral pattern in distribution and in an 
abundance of Copepoda. 45 species of Copepoda were determined during this study an we registered 
the species: Paracalanus parvus (Claus), Centropages kröyeri Giesbrecht, Acartia clausi Giesbrecht, 
Oithona nana (Giesbrecht), Microsetella norvegica (Boeck), Euterpina acutifrons (Dana), Oncaea 
media Giesbrecht and Oncaea subtilis Giesbrecht, participated with 39.6% in the total abundance of 
all Copepoda. Samples were collected seasonally at 3 stations using WP2 net of 200 µm mesh by 
vertical and horizontal hauls. After our data were compared with the results of previous studies, we 
concluded that there are two characteristic maximums of abundance in total zooplankton, in spring 
and summer. The first one was induced by the increased abundance of Copepoda, while the second 
one appears in August and is caused by the dominance of Cladocera, especially the species Penilia 
avirostris Dana. Similar data are cited by authors for the coastal zones of other seas in 
Mediterranean. The present study examined the seasonal distribution and abundance of the 
specimens as well as the oscillations in ecological properties in the researched area. It is concluded 
that seasonal differences in the horizontal distribution are associated with the dynamic of the 
hydrographic conditions in the inner bays of the Bay of Boka Kotorska. 

Keywords: Copepoda, Adriatic, Boka Kotorska Bay, horizontal distribution, coastal waters 
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Luminescence characteristics of Bi3+-doped lanthanide niobates were reported about 50 years ago 
[1]. The interest to these materials has been recently renewed by looking the undoped and Bi3+-doped 
niobates as potential candidates for numerous technological applications. Indeed, besides an intense 
visible luminescence, these materials have high dielectric constant, low phonon frequencies, good 
photoelastic and nonlinear optical properties as well as an excellent chemical, mechanical, and 
thermal stability. Owing to that, YNbO4:Bi and GdNbO4:Bi were proposed as potential blue 
phosphors for field emission displays, while YNbO4 and GdNbO4 co-doped with Bi3+ and different 
rare-earth ions (e.g., Tm3+, Dy3+, Yb3+, Eu3+, Nd3+) were found to be suitable for white light emitting 
diodes or solar cells. Up to now, the cathodoluminescence (CL) characteristics of lanthanide niobates 
were examined only at room temperature and under the excitation by low energy electrons of 1-7 keV 
[2,3], when the penetration depth of the electron beam into phosphor does not exceed 400 nm. In 
these experiments, both phosphors, YNbO4:Bi and GdNbO4:Bi, showed a strong and relatively broad 
emission bands around ~2.8 eV. 

The aim of the present work is to perform a detailed study of the CL characteristics of Bi3+-doped 
(Y,Lu,Gd)NbO4 powders under ∼100 keV pulsed electron excitation with a penetration depth of an 

electron beam more than 20 μm that reduces the effect of surface defects on luminescence [4]. The 
time-resolved measurements, including CL spectra and decay kinetics were performed in a wide 
temperature range starting from 5 K. 

At low temperatures, all phosphors show wide emission band in the visible region with maxima 
around 2.7-3.0 eV. In our opinion, this emission band is the superposition of several bands with 
excitonic nature [5]. In addition to strong visible emission, a weak ultrafast emission (< 100 ps, limit 
of our measurements) covering the entire transparency region of niobates is observed as well. Similar 
to other materials (see, e.g., [4]), this emission could be ascribed to so-called intraband luminescence 
due to radiative relaxation of hot band carriers. 

The obtained CL properties of niobates have been compared with those obtained earlier under 
photoexcitation of the same phosphors [5]. 
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Polycaprolactone (PCL) is a biodegradable polyester and is widely used material as medical 
implants. Using of films based on biodegradable thin films with controlled solubility as a temporary 
material for stem cells may be an alternative to existing insoluble polymers. The hydrophobicity and 
low surface energy can limit the use of the polymer as a substrate for cell cultures and corneal 
implants. The purpose of this research is the study the influence of the plasma modification on PCL 
films properties. 

The feedstock for films was obtained by dissolving PCL (Netherlands) in the chloroform (СHСl3) 
1% solution was poured into Petri dishes (12 g) which were placed in a fume hood until complete 
evaporation of СHСl3 and the formation of PCL films. Modification was carried out using the 
atmospheric pressure low-temperature plasma. The plasma treatment time was 30s. 

The surface roughness analysis showed that Ra of PCL films (inner) surface was 0.02±0.005 μm, 
Rq was 0.04 μm, Rt was 0.42. PCL films (outer) surface had Ra = 0.03±0.01 μm, Rq=0.5 μm, Rt = 
0.48. The plasma modification of the material increased a roughness (1.5 times) of virgin PCL films. 

The wettability of the surface analysis showed that the PCL inner side had a wetting angle of 
water of 72.0°±2.2, outer side had a wetting angle of water of 73.1°±3.1, p>0.05. The PCL film 
properties were close to hydrophobic. Surface modification of PCL films increased the hydrophilicity 
of films, reducing the contact angle of the inner side by 9° - 10° (12% - 14%), and increased the 
surface energy values mainly due to the polar component to 20.6±0.3 mJ/m2. 

As a result of the research, it was found that the plasma modification increases a roughness (1.5 
times) of PCL films, the hydrophilicity of films, reducing the contact angle of the inner side by 9° - 
10° (12% - 14%), and increases the surface energy values mainly due to the polar component to 
20.6±0.3 mJ/m2. 
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Percolation phenomena have been investigated for a wide variety of binary mixtures by Monte 
Carlo simulations. Depositing objects were made by self-avoiding lattice steps on a triangular lattice 
and irreversibly placed on the substrate. Percolation threshold θp for mixtures of objects covering the 
same number of sites is always lower than θp for the more compact object, and it can be even lower 
than θp for both components. Mixtures of percolating and non-percolating objects almost always 
percolate, but the percolation threshold is higher than θp for the percolating component. Adding a 
component with good percolating properties to a system of non-percolating objects makes the 
resulting deposit percolate. Lowest percolation thresholds are obtained for mixtures with elongated 
angled objects. It could be estimated that the angled objects of length between l=6 and l=10 give the 
largest contribution to the percolation. 
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In this work, we investigate the influence of erbium ions concentration on optical properties of 
ErF3 doped BaF2 crystals. Four concentrations of ErF3 from 0.05 to 0.5 mol% were studied. 
Experimentally absorption, photoluminescence (PL) and decay measurements were done at room 
temperature in ultraviolet (UV) and visible (VIS) spectral range. Judd-Ofelt (J-O) analysis based on 
four Er3+ absorption peaks centered at 377, 519, 653, 802 nm was used to calculate J-O intensity 
parameters, radiative emission probabilities, the branching ratios and radiative lifetimes. For  
PL measurements two erbium absorption peaks at 290 and 380 nm were selected and pumped 
separately. A notable PL emission in UV was registered at 321 nm when pumped with 290 nm and 

can be attributed to the transition 2P3/2 → 4I15/2 of Er3+ions. The green and red emission at 539 and 
668 nm were registered in VIS, when pumped with 380 nm. Those are assigned to the erbium 

transition 4S3/2 → 4I15/2 and 4S3/2 → 4I15/2 respectively. A linear to exponential increase in intensity of 
absorption and PL spectra with concentrations was observed. The calculated and experimental 
radiative lifetimes were in milliseconds range for green and red emissions. Although the red and 
green emission of Er3+ ions doped in BaF2 crystals has been observed by other authors, the influence 
of ErF3 concentration on the UV emission has not been investigated so far. 
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Reducing and oxidizing agents used in the synthesis of nanoparticles have received great 
attention lately due to their applications in various fields. While physical and chemical methods are 
more popular for nanoparticle synthesis, green chemistry is the better option because of its  
eco-friendly and non-toxicity [1]. Extracts of various plants (tea, coffee, banana, etc.) have been used 
as reductant and capping agents during the synthesis. Tea extracts with high polyphenol contents act 
as both chelating/reducing and capping agents for the synthesis of nanoparticles [2]. 

In this study, Fe3O4 magnetic nanoparticles were synthesized with green tea extract which is 
suitable reductant for green chemistry because of its rich in active polyphenols [3, 4]. Magnetic 
nanoparticles were synthesized by optimizing the synthesis conditions at room temperature for  
4 h [5]. 

For this purpose, different amounts of green tea extracts were used in the synthesis of Fe3O4 
magnetic nanoparticles to increase the efficiency within the scope of optimization studies. The 
synthesized Fe3O4 magnetic nanoparticles were characterized by X-Ray Diffraction (XRD), Energy 
Dispersive X-Ray Spectroscopy (EDS) and Scanning Electron Microscopy (SEM) and magnetic 
properties of synthesized nanoparticles were analyzed via Vibrating Sample Magnetometer (VSM). 
Results of XRD analysis showed that patterns of Fe3O4 magnetic nanoparticles are consistent. EDS 
analysis exhibited that Fe, C and O elements are present in the sample. The atomic compositions for 
Fe, C and O were 8.89%, 39.39% and 51.73%, respectively. The size distribution of Fe3O4 
nanoparticles from SEM images was found range of 71-206 nm. The magnetic properties of Fe3O4 
nanoparticles were measured using Vibrating Sample Magnetometer (VSM) in order to better 
understand the magnetization. According to VSM results, the saturation magnetization (Ms) value 
has been measured 3.10 emu/g. 

It is known that novel Fe3O4 nanoparticles may have potential to be used in different applications 
in medicine and industry. These results suggest that the novel magnetic nanoparticles may find 
applications in n a wide variety of industrial sectors. 

Keywords: Green synthesis, green tea, Fe3O4 magnetic nanoparticles, characterization 
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The biocompatible polymer materials, as well as polymer-based structures, play a pivotal role in 
intensive research and extensive development of advanced biomedical devices and pharmaceutical 
formulations. The properties of such systems depend on their spatial structure. For practical usage 
and modeling of biocompatible scaffolds’ properties, it is important to know such parameters as 
cumulative porosity, pores size distributions, number of connected and isolated pores. Laboratory  
X-ray microCT allows to reconstruct the spatial distribution of polymer in the sample. In this work, 
we provide the optimization method of microCT measurement parameters (X-ray spectrum 
bandwidth, number of projections, one projection exposure time, etc.) to minimize measure time, 
sample doze keeping good reconstruction quality. 
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Bi3+-doped compounds, where a Bi3+ ion substitutes for a trivalent rare-earth ion, became 
recently the subject of special interest and extensive research due to their possible applications as 
scintillator and phosphor materials. The compounds co-doped with Bi3+ and trivalent rare-earth ions 
were found to be potentially applicable as spectral converters for solar cells and solid state light 
sources of new generation, so called white light-emitting diodes, owing to the presence of absorption 
bands in the ultraviolet spectral region and intense broad visible Bi3+-related emission bands. 

In Bi3+-doped compounds, two types of emission bands with strongly different characteristics can 
exist. The ultraviolet (UV) emission, usually ascribed to the electronic transitions from the triplet 
relaxed excited state (RES) of a Bi3+ ion, has a relatively small Stokes shift and FWHM. The decay 
kinetics of this emission indicates a large (~102 meV) energy distance D between the emitting and 
metastable levels of the triplet RES of Bi3+. The visible (VIS) emission is characterized by the large 
Stokes shift and FWHM, as well as by temperature dependence of the decay time indicating a small  
D value (~1 meV). 

Despite a huge number of publications, the origin of the VIS emission is still under discussion. 
This emission was ascribed to the metal-to-metal charge transfer, single Bi3+ ions, Bi3+ dimers or 
clusters, trapped or localized excitons, etc. To understand the reasons of different origin of  
Bi3+-related luminescence centers in different materials, the detailed spectroscopic study and 
comparison of various Bi3+-doped compounds is needed. 

In this work, Bi3+-doped lanthanide niobates are considered. The positions of their emission and 
excitation bands as well as the interpretation of experimental data reported in different papers are 
different. The low-temperature luminescence decay kinetics, which could allow to determine the 
origin, structure, and parameters of the corresponding RES, have not been studied. Therefore, we 
have carried out a detailed and systematic investigation of the Bi3+-related luminescence in 
YNbO4:Bi, LuNbO4:Bi, and GdNbO4:Bi powders with different Bi3+ contents by the methods of the 
steady-state and time-resolved luminescence spectroscopy at the temperatures from 4.2 to 500 K. 
For comparison, the luminescence characteristics of the undoped niobates are studied as well. 

In the emission spectra of Bi3+-doped niobates, two visible Bi3+-related emission bands are 
observed. The analysis of temperature dependences of their decay time allows us to make the 
conclusion on their exciton-like origin. The higher-energy VIS emission is suggested to arise from an 
exciton localized around a single Bi3+ ion. The intensity of the lower-energy VIS emission shows the 
superlinear dependence on the Bi3+ content. This allows to ascribe this emission to the radiative 
decay of an exciton localized around a dimer {Bi3+ - Bi3+} center. No UV emission is found which 
could arise from the radiative decay of the triplet RES of Bi3+. This fact as well as the exciton-like 
origin of the Bi3+-related VIS emissions indicate that the triplet RES of both the Bi3+ ion and the  
{Bi3+ - Bi3+} dimer are located inside the conduction band of the investigated niobates. 
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The present work demonstrated how a combination of well-known tools—a two-dimensional 
detector and a silicon Si(111) crystal analyzer- could improve the multimodality of X-ray tomographic 
imaging. The use of the crystal analyzer made it possible to separate two characteristic lines (Kα and 
Kβ) of the molybdenum anode from the polychromatic radiation (spectrum) of the conventional  
X-ray tube. Thus, as a result of one measurement, three radiographic projections (images) can be 
simultaneously recorded in the transmitted and diffracted beams. The projection images of an object 
in a study at different wavelengths were separated in space and registered independently for further 
processing, which is of interest for the spectral tomography method [1]. 

Also, an algorithm for geometric correction of projection distortions of X-ray images obtained due 
to asymmetric diffraction from the chosen families of reflecting crystal planes is developed [2]. To 
check the correctness of the proposed algorithm, the method of three-channel image formation was 
used. In this approach, the final image is formed by writing to three color channels of three different 
images. I.e., the direct beam projection and two corrected diffraction projections are recorded in  
3 channels - RGB. It allows determining directly (visually) how much the proposed procedure of 
compensation of geometrical distortions caused by the crystal analyzer mounted in the optical path is 
correct. 

In addition, the use of a crystal analyzer as an energy separator of the primary beam together with 
polychromatic synchrotron X-ray radiation opens new opportunities for research to contrast almost 
any substance in the sample. In this case, the crystal can be tuned to obtain reflections before and 
after the absorption edge of a particular chemical element. 
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Inorganic materials with intense luminescence are widely applied in lighting, security systems, 
medicine, high energy physics, etc. The requirements for their properties depend on the potential 
application and can differ significantly. However, for the overwhelming majority of phosphors a high 
light output and temperature stability of luminescence intensity are important. At present thermal 
quenching is still a main obstacle for phosphor applications in pcLEDs. Dy doped phosphors are 
attractive for such application because emission spectrum of Dy3+ consists of several narrow groups 
of lines, which covers visible spectral region. In recent years, an active search for novel materials with 
zero-thermal-quenching has been provided [1]. Here we present the results of the study of the 
luminescence properties of novel Na3.6Y1.8-x(PO4)3:Dy3+ phosphor. 

A series of Na3.6Y1.8-x(PO4)3:xDy3+ (x = 0.01, 0.05, 0.1, 0.3, 0.4) phosphors were synthesized by a 
solid-state reaction. Characterization of crystal structure has been performed using XRD technique. 
Luminescence excitation and emission spectra under excitation in the UV region were measured 
using a laboratory setup based on a LOT-Oriel MS-257 spectrograph in the temperature range  
77–500 K. Spectra in VUV region were obtained using specialized setup with Shamrock 303i (Andor 
Technology) monochromator. An optical vacuum cryostat allowed measurements at T = 5-300 K. 

Data on unit cell parameters and space group were obtained using the XRD analysis. Under UV 
excitation (350 nm) the luminescence spectra consist of five groups of luminescence bands peaking at 

487, 580, 672 and 760 nm corresponding to 4f–4f intraconfigural 4F9/2 → 6H15/2, 4F9/2 → 6H13/2, 4F9/2 

→ 6H11/2 and 4F9/2 → 6H9/2 transitions of Dy3+ ions, respectively. Maximal intensity has been 
registered for the sample with x = 0.05. Decrease of luminescence intensity has been observed for 
higher Dy concentrations due to concentration quenching caused by non-radiative energy transfer 
between nearby Dy3+ ions. 

Beside emission from Dy3+ photoluminescence spectra under VUV excitation demonstrate an 
additional broad band at 340 nm. The excitation spectrum for the broad band has a threshold at ~7 
eV, which presumably corresponds to the fundamental absorption edge of Na3.6Y1.8(PO4)3 phosphor. 
Therefore, the band is attributed to intrinsic luminescence from the phosphate host. In the excitation 
spectrum of Dy3+ luminescence a number of narrow low-intensity bands at 3-5 eV are observed, 
which represent the intracenter excitation of Dy3+. The excitation energy transfer from the host to 
activator ions is demonstrated. 
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Ce-doped Gd3(Al,Ga)5O12 (GAGG) garnets are well-known scintillating crystals for medical 
applications and high energy physics [1,2]. These crystals attract attention due to the combination of 
high density, chemical stability, very high light yield and reasonable energy resolution. Recently it 
was shown that GAGG:Ce crystals with partial substitution of Al and Ga cations by Sc (GASGG:Ce) 
demonstrate enhanced energy transfer from the host to Ce3+ emission centers [3]. The effect results 
in the increase of light output at low temperatures in GASGG:Ce while at ambient conditions the 
emission of GASGG:Ce is less intensive due to partial quenching. In the present study we show the 
influence of temperature on optical and luminescent properties of GAGG:Ce and GASGG:Ce. 

Single crystals of GAGG:Ce and GASGG:Ce were grown by the Czochralski method at Fomos-
Materials (Moscow, Russia). Structural characterization of grown crystals was performed by XRD 
technique using a large Debye−Scherrer camera at the BL15XU beamline of SPring-8 synchrotron 
radiation source. Structural data allowed to specify the crystal compositions and site occupation by 
Gd, Al, Ga and Sc cations. Absorption spectra were measured using an Agilent Technologies Cary-
5000 spectrophotometer at 300 K and PerkinElmer Lambda 950 spectrophotometer in temperature 
region 80-500 K. Luminescence excitation and emission spectra under excitation in the UV region 
were measured using the laboratory setup based on LOT-Oriel MS257 spectrograph. 

The influence of temperature on the absorption, luminescence and excitation spectra was studied. 
Pronounced peaks related to intracenter electron transitions between ground 4f and excited 5d(1) 
and 5d(2) Ce3+ states were observed in these spectra in the crystal’s transparency region. Parameters 
of the absorption and emission bands related to Ce3+ and their dependence on the temperature were 
obtained. A shift of the thermal quenching threshold of luminescence to the low-temperature region 
with the introduction of Sc3+ into the crystal was established. This effect is connected with the 
decrease of the energy gap between the lowest excited cerium level and conduction band bottom. An 
attempt to calculate the parameters of configurational coordinate curves related to Ce3+ emission 
centers in GAGG:Ce and GASGG:Ce was performed. 
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Polar perovskite materials have attracted extensive attention due to the coexistence of magnetic 
ground state and semiconductor band gap within the same material. For the first time triple 
perovskite Sr3Co2WO9 has been synthesized in the nanocrystalline form with an average crystallite 
size of 23 nm using a modified aqueous citrate sol-gel method. The crystal structure of Sr3Co2WO9 is 
cubic at the room temperature, space group Fm-3m with with lattice parameter a= 7.9073(6) Å. The 
formation of Sr3Co2WO9 was studied by cyclic voltammetry, UV/Vis spectroscopy and in situ X-ray 
diffraction method subsequently analysed by the Rietveld analysis. The detected hysteresis loops 
reveal ferrimagnetic ordering with Curie temperature of 144 K. The measured effective magnetic 
moment of 3 mB is close to the expected value for rarely observed intermediate spin S = 1 but can 
also be explained as a combination of HS (40 %) Co3+ and LS (60 %). The compound exhibits the 
semiconducting properties with the optical band gaps equal to 3.52 eV (indirect) and 3.76 eV (direct), 
respectively, calculated from UV/Vis absorption spectrum using the Tauc method. Semiconducting 
nature was also confirmed by AC conductivity measurements, which is between 10−5 and  
10−4 Ω−1 cm−1. The frequency dependent dielectric constant was explained by employing the Maxwell-
Wagner model. The frequency dependent AC conductivity follows the universal Jonscher’s power 
law. This material could be a good candidate for implementation as a constituent for devices where 
its semiconducting properties would be spin controlled. 
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The cytotoxic/therapeutic activity of nitroaromatic compounds (ArNO2) is frequently exerted 
through their free radical formation and subsequent oxidative stress. In this case, the activity of 
ArNO2 increases with their single-electron reduction potential (potential of ArNO2/ArNO2

-. redox 
couple) in aqueous medium (E1

7) ([1], and refs. therein). Typically, the E1
7 values of ArNO2 are 

determined by pulse-radiolysis, which requires sophisticated equipment and may be complicated by 
insufficient compound solubility or side reactions of free radicals. Several currently developed 
theoretical approaches for prediction of single-electron reduction potentials, e.g., the Born-Haber 
cycle, are confined to an implicit solvent model or nonaqueous systems [2,3]. However, they lack 
sufficient accuracy, and their results may not be easily extrapolated to aqueous media. One also has 
to take into account the limitation of a polarizable continuum model (PCM), because the electron 
addition to the acceptor molecule could lead to the formation of unstable van der Walls or dipole-
dipole interaction-type adducts with the solvent molecules. To overcome the limitations of PCM, we 
performed the calculations of E1

7 of 12 mono- and dinitrobenzenes in aqueous solvent with the 
inclusion of additional water molecules by using the Born-Haber cycle protocol. We found that the 
calculated E1

7 values depend on the number of additional water molecules. The proper selection of 
their number depends on the calculated value of dipole moment projections with respect to the 
standard orientation of molecule in Cartesian coordinates. If the number of additional water 
molecules is equal to the number of projections (n = 1 – 3), then the calculated E1

7 values are 
sufficiently close to the experimentally determined ones (r2 = 0.86). 
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Sufficient radiation resistance against prolonged irradiation is an important requirement 
seriously limiting the range of materials suitable for application in the harsh environment of future 
fusion reactors. Due to high tolerance to neutron irradiation as well as good optical and mechanical 
properties, aluminium oxide in the form of single crystals or transparent polycrystalline ceramics is a 
promising candidate for using as optical window material. The detailed understanding of the 
processes of primary lattice defect formation, aggregation and thermal annealing of radiation-
induced damage is necessary to improve the radiation resistance of material. 

This paper presents a study of the process of annealing radiation damage in α-Al2O3 single 
crystals induced by fast fission neutrons (energy > 0.1 MeV at ~60 °C, fluence ~6.9 ×1018 n/cm2). The 
damage was analyzed via radiation-induced optical absorption (RIOA) in the 2–5.6 eV region 
containing several absorption bands related to oxygen vacancy dimers (F2-type centers). The 
annealing of RIOA at 295–1100 K was registered in a stepwise regime: an irradiated sample was 
heated in highly pure argon atmosphere to a certain temperature Ti, kept at Ti for 10 min and rapidly 
cooled down to 295 K, at which all spectra were measured. For precise analysis of individual defect-
related bands, decomposition of the RIOA spectra into elementary Gaussians was performed. 
Additionally, spectrally integrated (1.9–4.1 eV range) thermostimulated luminescence with heating 
rate 2 K/s was registered for temperatures up to ~850 K. 

The Gaussian components of the RIOA with the maxima at 4.08, 3.45 and 2.75 eV have been 
considered as a measure of the F2, F2

+ and F2
2+ centers, respectively. Unlike F and F+ centers (an 

oxygen vacancy with two/one trapped electrons), the concentration of which continuously decreases 
at the sample heating up to 1100 K, the concentration of dimer defects with different charge states 
passes the increasing stages above 500 K starting from the F2

2+ centers (i.e., two spatially close  
F+ centers). The tentative mechanisms of such rise of the F2

2+ center concentration as well as the 

subsequent transformation/rise of dimer centers, F2
2+ → F2

+ → F2 at 650-800 K are considered. The 
possible sources of carriers (electrons) needed for the recharging of dimer centers are also analyzed 
on the basis of thermally stimulated luminescence measurements. 
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Electrodeposition of Cu was performed on Si(111) by the pulsating current (PC) regime in the 
range of the average current densities (jav) between 15 and 70 mA cm-2. The selected values of the 
average current densities were attained by varying either pause duration (tp: 28.3, 15, 7.5 and 5 ms, 
i.e. jav: 15, 25, 40 and 50 mA cm-2 for the constant values of deposition pulse of 5 ms and current 
density amplitude (jA) of 100 mA cm-2) or amplitude of the current density (jA: 120 and 140 mA cm-2, 
i.e. jav: 60 and 70 mA cm-2 for the constant values of deposition pulse of 5 ms and pause duration of  
5 ms). Morphological and structural characteristics of the obtained coatings were examined by 
scanning electron microscope (SEM), atomic force microscope (AFM) and X-ray diffraction (XRD), 
respectively. With increasing the average current density, morphologes of the coatings changed from 
those with large and well defined crystal grains obtained at jav of 15 mA cm-2 (the dominant effect of 
activation control) to fine-grained obtained at jav of 50 mA cm-2 (the mixed activation-diffusion 
control) and those with globules when diffusion becomes a dominant process (jav = 70 mA cm-2). The 
minimum roughness showed the Cu coating obtained at jav of 50 mA cm-2. Simultaneously, crystal 
structure changed from the strong (220) to the strong (111) preferred orientation with increasing 
average current density. The change of surface morphology was discussed by the effect of applied 
parameters of the PC regime on the type of electrodeposition control, while change in crystal 
orientation of produced coatings was explained by various rates of growth on various crystal planes. 
Hardness analysis of the produced coatings was performed by application of the Chicot-Lesage (C-L) 
composite hardness model. By application of this model, the relative indentation depth (RID; where 
RID = h/d; h is an indentation depth, and d is a thickness of coating) of 0.14 was established as the 
limiting value separating the area of the absolute hardness of the Cu coatings (RID < 0.14) from the 
area in which application of the C-L model is necessary for a determination of the absolute hardness 
of coatings (RID > 0.14). For RID < 0.14, the measured composite hardness corresponded to the 
absolute hardness of the coating. 

 

https://doi.org/10.21175/rad.abstr.book.2021.15.14


 

99 

Physicochemical characterisation of commonly used  
organic UV filters from cosmetic products and development of 

their detection by liquid chromatography UV-diode array 

Snežana Papović, Milan Vraneš, Jovana Panić,  
Aleksandar Tot, Nikolet Baganj, Sanja Mutić, Jasmina Anojčić 

Faculty of Sciences, Department for Chemistry, Biochemistry and Environmental Protection, Novi Sad, Serbia 

https://doi.org/10.21175/rad.abstr.book.2021.15.15 

Chemical UV filters are widely used components of sunscreens and other cosmetic and personal 
care products to protect skin against UV radiation [1,2]. With regard to adverse health effects of 
organic UV filters, there are concerns not only about contact allergy but also systemic effects like 
endocrine disruption [3]. The accurate determination of an organic UV filter contaminant’s 
physicochemical properties is essential for their releasement into the environment, and consequently 
their environmental impact and fate. Physicochemical properties are controlling the valid 
environmental models and assessments. Conversely, the predictive/interpretive value of 
environmental studies can be seriously compromised if the physicochemical data upon which they 
rely are of questionable or unknown quality. Information regarding experimentally obtained 
physicochemical properties of UV-filter are still very scarce and is not possible to develop adequate 
risk assessments. The present work focuses on frequently used UV filters (avobenzone, 
benzophenone-3, octocrylene and octinoxate) and evaluating the resulting thermal behaviour and 
structural changes. Experimental measurements of density, viscosity and electrical conductivity were 
performed to get insight into their transport properties in wide temperature range. Differential 
scanning calorimetry (DSC) and thermogravimetric (TG) analysis were used to determine their 
melting point and thermal behaviour. Physicochemical properties of UV-filters are important to 
understand which analytical methodologies are appropriate to their determination in the different 
environmental compartments. 
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99mTc is widely used in modern nuclear medicine and is currently obtained from the radioactive 
decay of 99Mo produced by bombarding highly enriched 235U with neutrons in a nuclear reactor. The 
unplanned outages of the reactors cause 99Mo shortages at the global level, so research studies for 
alternative methods to produce 99mTc are ongoing all over the world. The cyclotron approach via 
100Mo(p, 2n) 99mTc nuclear reaction was found to be the most promising one. The key challenge for 
the large-scale cyclotron production of 99mTc consists in the development of high-density 100Mo 
targets that are: able to support multi-hour high current cyclotron irradiation, with high density, 
adhesion to baseplate, and high thickness, without material losses. An “ideal” technique, to fulfill all 
the requirements for the target, does not exist [1-5]. The choice of target preparation technique is 
always a compromise between fulfilling the application’s particular requirements and the cost of 
implementation, so extended research is needed. 

In this context, the main objective of this study consists in research for the development and 
testing of robust molybdenum solid targets to be further used for high current cyclotron production 
of 99mTc radionuclide using the 100Mo(p,2n) nuclear reaction. The cyclotron target should be highly 
bonded to a metallic baseplate and be able to sustain high cyclotron currents. For this purpose, a new 
approach to obtain a high-density molybdenum target using pressing-heating process was developed 
by making use of the scanning capability of the electron-gun part of the high vacuum deposition 
system, allowing the complete surface heating without inducing deformations, in high vacuum 
(without impurities), without the evaporation process (no material losses).  

The surface morphology, roughness, hardness, impurities, adhesion performances were 
established by using Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM) and 
Energy-Dispersive X-Ray Spectroscopy (EDX) techniques. The prepared targets were also 
successfully irradiated with protons at high-current cyclotron. 
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Background and aims. While cancer therapies increasingly achieve cure and extend survival, 
they often result in chronic side effects in patients. Acute reactions impacting normal tissue injury 
early after treatment are related to oxidative stress and inflammation that alter the 
microenvironment which includes sensitive stem cell niches. The aim of the study is to effect of stem 
cell transplantation on the course of the wound process in conditions of radiation-induced ulcer. 

Materials and methods. The study was based on Patient G., burned in 1960, with a 1-year 
history of of radiotherapy for treatment of basal cell carcinoma. The estimated tolerance doses for are 

which was caused by a therapeutic radiation at fractionate 50 Gy at 1 years previously. In our protocol 
we used autologous mesenchymal stem cells, which were isolated from the patient’s peripheral blood 
by magnetic separation using an AutoMACS automatic system, USA. 

Results. Clinical case shows that in patients with of radiation-induced ulcer, it is advisable to use 
step-by-step treatment: first step – restoration of the arterial blood flow in the extremity,  
second step – scleroobliteration of the incompetent perforator veins and the third  
stage – transplantation of mesenchymal stem cells into muscles along the perimeter of  
radiation-induced ulcer. 

Conclusions. This tactic contributes to the long-lasting and sustained positive clinical effect and 
rapid healing of radiation-induced ulcer. 
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Due to their unique optical and electrical properties, chalcogenide glass thin films (ChGF) are 
exceptionally promising materials for IR photonics, non-linear optics, all-optical switching, 
micro(nano)-lithography, and phase-change memory devices. ChGF are suitable for most of these 
applications because of the extraordinary photo-induced effects caused by modification of electronic 
and/or atomic structure under irradiation. However, some of applications such as non-linear optical 
waveguides require low optical dispersion at high light intensities in the infrared. In this work, both 
metastable and transient photoinduced changes of optical transmission at the fundamental 
absorption edge region are compared for thermally evaporated and spin coated chalcogenide glass 
thin films. In-situ kinetics of metastable photobleaching and transient photodarkening as well as 
following light-off relaxations in As- and Ge-based thin films were studied and fitted with the 
stretched exponential function. Dependences of the kinetic parameters on conditions of irradiations 
are analyzed. It was found that for band gap light the photoresponse is much weaker for the spin-
coated films. However, high energy light radiation causes significant changes of near-surface 
structure of both types of thin films, independently on the preparation method. Mechanism of 
photoinduced structural relaxation is proposed based on Raman microscopy data. 
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The montmorillonite as a 2:1 smectite type clay has two tetrahedral sheets of silica sandwiching 
the alumina octahedral sheet. The particles of this mineral are plate-shaped with the thickness of 
0.96 nm and an average diameter about 1 μm. This type of clay (K10) is using to improve the 
characteristics of different materials in the fields of catalysis, food additives, polymers, sorbents, etc. 
In this study thermally activated montmorillonite (DK10) was used because the thermal treatment 
alters its properties. The degree of activation was determined using specific surface measurement 
(Sear’s method). The specific surface area (SSA) of K10 was 119 m2/g but after the thermal treatmant 
it was 317.4 m2/g. The effect of UV-irradiation on the thermal stability of a urea-formaldehide resin 
(UF) nanocomposites based on DTK10 was assessed. For this purpose UF nanocomposites were 
synthesized and irradiated using UV light at two wavelengths l (254 and 366 nm). Characterization of 
nanocomposites with modified and not modified clay was performed using XRD, FTIR, and TG/DTA 
analysis. The peaks at 2q values of 26.74, 26.6, 26.54, 26.6 originate from quartz in sample DTK10, 
non-irradiated UF/DTK10 and UV-irradiated sample at l=254 nm and l= 366nm, respectively. From 
the IR spectra it was assessed that intensity of the carboxyl group at 1630 cm−1 decreased with UV-
irradiation in modified nanocomposite. The aliphatic stretch band about 2956 cm−1 and –C–O band 
at 1130 cm−1 also decreases due to the formation of hydrogen bonds with the hydroxyl groups on the 
DTK10 surface. Based on thermogravimetric measurements it was estimated that before and after 
UV-irradiation modified UF/DTK10 nanocomposites have almost identical temperature intervals in 
which degradation processes are occurred. The total mass loss for non-irradiated and irradiated 
UF/DTK10 was 60.18, 55.26 and 58.6%, respectively. 
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Purpose of work. In medicine, X-ray remote control tables are widely used, which are universal 
X-ray diagnostic systems for the performing of radiographic, fluoroscopic and tomographic studies. 
However, they are bulky and expensive. 

In recent years, cone beam tomographs have become increasingly used in clinical practice, which 
can expand the diagnostic capabilities of X-ray diagnostics. However, these are specialized X-ray 
machine on which radiography and fluoroscopy cannot be performed. 

The aim of the work was to create a compact universal X-ray diagnostic system with advanced 
diagnostic capabilities, on which you can perform radiography, fluoroscopy and cone beam 
tomography. 

Materials and methods. The pilot unit included high-frequency X-ray generator with pulse-
fluoro mode, a universal x-ray stand with a fixed distance “source-detector” of 100 cm and rotation 
“source-detector” console with motor control, an x-ray tube with a rotating anode, a table of a patient 
that can be rotated 90 degrees, X-ray tube with rotating anode, dynamic digital receptor (DDR) with 
43x36 cm field of view and 3700x2400 matrix, as well as a workstation with back projection method 
image reconstruction software. X-ray test target was used to assess the spatial resolution of the 
experimental assembly. Several animals were examined. 

Results. In radiography mode it was received images of examined subjects with 360х432 mm 
field of view and with pixel size 117х150 micron. In fluoroscopy mode with image size 216х160 mm 
pixel size was 350х300 micron. Image frequency varied within 6 to 20 per second. In tomography 
mode the console ‘source-detector’ rotated during 30 seconds around the examined subject by  
210 degrees, thereafter in four minutes 3D images of examined subjects were recovered using 
ultrafast CT volume recovery algorithms. Tomography zone diameter made up to 300 mm. Voxel size 
didn’t exceed 500 microns. 

Conclusions. The pilot unit that was investigated in this work allows performing X-ray, 
fluoroscopy and tomography studies and can be used as universal digital X-ray diagnostic system. 
Currently, it is already used in veterinary clinics. After conducting clinical trials, it may be used in 
medicine. 
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An accelerator based neutron source has been proposed and developed for boron neutron capture 
therapy (BNCT) and other applications at the Budker Institute of Nuclear Physics. The neutron 
source comprises a Vacuum Insulated Tandem Accelerator, a lithium target, and a neutron beam 
shaping assembly. The proton beam energy can be varied within a range of 0.6 MeV – 2.3 MeV 
keeping a high-energy stability 0.1 %. The beam current can also be varied in a wide range from  
0.3 mA to 10 mA with high current stability (0.4 %). The accelerator is also capable of generating a 
deuteron beam. The neutron source served as a prototype for a facility created for Neuboron Xiamen 
BNCT Center (Xiamen, Fujian, China), one of the first six BNCT clinics in the world. 

A proton beam was used for in situ observation of blisters growth in metals and for study their 
effect on the neutron yield from the lithium layer. 

In the device, neutron flux with yield up to 2 1012 s-1 is generated as a result of the 7Li(p,n)7Be 
reaction. A beam shaping assemblies with magnesium fluoride moderator or a plexiglas moderator 
are applied to convert this flux into a beam of epithermal neutrons with characteristics suitable for 
clinical testing of BNCT. A beam of monoenergetic neutrons with an energy variable from 10 keV to 
100 keV is obtained with kinematic collimation. This beam is suitable for calibrating a dark matter 
detector and is planned to be used for boron imaging by prompt gamma-ray spectroscopy. Fast 
neutron flux is obtained as a result of the 7Li(d,n) reaction. This beam is used in studies of activation 
of B4C ceramics and SS 316L-ITER grade steel by fast neutrons. It is planned to use the fast neutron 
flux for radiation tests of fibers of the laser calorimeter calibration system of the  
CMS electromagnetic detector developed for the High-Luminosity Large Hadron Collider in CERN. 

A flux of 478 keV photons is produced in the 7Li(p,p’g)7Li reaction. This beam is used for in situ 
measuring the thickness of a lithium layer and for measurement of the high-LET particles dose. 

It can be concluded that the device has a wide range of applications including BNCT, material 
science, characterization of neutron detectors, detailed study of the neutronless fusion 11B(p,a)aa 
reaction, etc. 
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Currently, X-ray detectors have a place in medical radiography and medical diagnostics. Array 
semiconductor detectors are already being developed to replace conventional X-ray films [1]. 
Perovskite CH3NH3PbI3 has a successful combination of properties - a fast photoresponse and a large 
X-ray photon absorption cross section due to the presence of heavy lead and iodine atoms in its 
composition. superior charge carrier lifetime, tunable bandgap and low temperature fabrication 
process. In particular, the possibility of creating solid-state X-ray detectors using single-crystal 
perovskites CH3NH3PbI3, CH(NH2)2PbI3, treated with iodine CH3NH3PbBr3, was demonstrated [2]. 

In this work, based on perovskite CH3NH3PbI3, homogeneous functional structures of the 
glass/ITO/TiO2/CH3NH3PbI3 type were obtained for solid-state X-ray detectors in the form of thin 
films; their structure and elemental composition were studied by XRD, XRD, RBS, and EDS, 
respectively. 

In view of the high spatial homogeneity of the films obtained, the latter can be considered as 
elements for an X-ray detector. 
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Aim. The aim of this work is presentation of the preliminary results of the therapy of NETs with 
90Y DOTA TATE. 

Patients and methods. The therapy was applied in 15 patients with various NETs, after 
discovering high tumor uptake during scintigraphy with somatostatin analogues. 

The therapy was performed with 2-4.5 GBq 90Y DOTA TATE per patient per one cycle, in the slow 
infusion in the physiological liquid (150 ml/15 min). Between the cycles, there was a time delay of  
6-8 weeks. Before the therapy, patients received the infusion of amino acids. 

Results. Analysis of the “bremsstrahlung” images showed uptake of the radiopharmaceutical in 
the liver, but the most of the activity was observed in the regions of the “hot spots”  
(planar T/B= 1.70± 0.9, SPECT T/B=2.9 +/- 0.8) registered with previous 99mTc Tektrotyd and/or 
111In Octreoscan images. 

After the therapy, progressive disease (PD - 2 with neuroendocrine pancreatic carcinoma with 
liver mets and 2 with NET of unknown origin) occurred in four patients. In the majority of patients, 
stable disease (SD) was registered (one with bronchial carcinoid and liver mets, one with pancreatic 
gastrinoma, one with NET of unknown origin and liver lung and bone mets, two with neuroendocrine 
pancreatic carcinomas with liver mets, one with NET of unknown origin with liver mets, one with 
lung neuroendocrine carcinoma with liver and bone mets, one with NET of unknown origin with 
bone and skin metastases), and in three partial remission (PR – coecal carcinoid with liver mets and 
2 with NET of unknown origin with liver mets). Up to now, there were no major clinical side-effects 
of hepatic function. Transient pancytopenia occurred in two patients, and impairment of kidney 
function in one. 

Conclusion. Treatment with 90Y DOTA TATE is feasible for the management of patients with 
inoperable or disseminated NETs. 
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The purpose of the work. Over the past 5 years, the number of x-ray units in the country has 
decreased by one thousand. The number of radiologists is reduced by almost 200 people annually. 

Today, for one radiologist in the country there are 4 units of X-ray equipment. Almost half a 
million people in the country receive new housing annually and move away from X-ray units. 
However, road conditions do not allow the patient to be quickly delivered to the X-ray room, even on 
short distances. 

Therefore, the urgent task is to find ways to increase the availability and effectiveness of 
radiodiagnosis. 

Materials and methods. The paper summarizes the experience gained during the last three 
years of introducing new technological and organizational measures aimed at improving the 
effectiveness of radiodiagnosis, in particular, the use of light-weight digital radiodiagnostic 
complexes, radiodiagnostic complexes with the mode of tomosynthesis and teleradiology. 

Results. The introduction into clinical practice of light-weight digital radiodiagnostic complexes 
on the basis of ward x-ray equipment, for which it is sufficient to have a room for storage and 
operation, allowed us to bring the radiodiagnosis closer to the patients at the expense of equipping 
them with primary care centers. In addition, such equipment has become financially available for 
radiologists, entrepreneurs, who also place their offices near family-owned outpatient clinics and 
primary care centers. 

In the municipal consultative-diagnostic center, where there is no radiologist, teleradiology is 
implemented: diagnostic images are sent to him via the Internet. This reduces the time for family 
doctors to obtain X-ray results by 2-24 hours. 

At the end of 2017, a digital X-ray diagnostic complex with a mode of tomosynthesis was 
established at the Kyiv clinical base of the Center for X-ray Technologies of the Association of 
Radiologists of Ukraine and the experience of its use was analyzed within two years. In two years,  
321 studies were performed to clarify the information obtained by radiography. In 68 cases (21.2%), 
the previous diagnosis made after radiography was withdrawn, in 99 cases (30.8%) the diagnosis was 
confirmed and in 154 cases (48%) additional data on the detected pathology were obtained. The use 
of tomosynthesis made it possible to greatly reduce the number of referrals of patients for computed 
and magnetic resonance imaging. After receiving positive results of the test use of tomosynthesis in 
Kyiv at the end of 2019, an X-ray diagnostic complex with the mode of tomosynthesis was purchased 
for each municipal consultative-diagnostic center. 

Taking into account the annual reduction in the number of doctors in the country, teleradiology is 
gradually being introduced, i.e. remote processing of diagnostic images from several x-ray machines 
by one radiologist. This allows you to optimize workloads for staff, make use of second thoughts in 
difficult cases, and compensate for staff shortages. 

Conclusions. Installation of light-weight digital radiodiagnostic complexes in or near primary 
care centers, use of equipment with the mode of tomosynthesis and teleradiology in the X-ray units 
allows us to bring the high-quality radiodiagnosis closer to the population and make it more effective. 
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Background. Temporomandibular disorders (TMD) are a heterogeneous group of diseases 
involving temporomandibular joint (TMJ) and related muscles, characterized by pain, joint 
movement alterations and articular sounds. Lateral pterygoid muscle (LPM) is a masticatory muscle, 
one of the main depressors of lower jaw. It has two heads: one inserts on the articular disc and 
fibrous capsule of TMJ and the other on the mandibular condyle. Visualization of the LPM using 
magnetic resonance imaging (MRI) enables evaluation of the insertion, presence of partial or 
complete tear, hypertrophy, atrophy of the muscle and the presence of contracture. 

Methods. Fibers of LPM upper head may enter the anterior-medial part of the disc directly and 
participate in kinematics of TMJ. During contraction, upper head of LPM pushes the disc forward 
(protraction) and limits the posterior movement of the disc (retraction). Although the importance of 
LPM for the function of the disc is clear, the exact role of LPM insertion in TMDs is not yet explained. 
MRI is a powerful tool for the evaluation of TMJ changes, able to depict in detail anatomic relations 
of LPM to the adjacent structures. 

Results. Insertion of the LPM upper head has been evaluated in order to explain the presence of 
the anterior disc dislocation in TMD; however, most studies failed to prove significant correlations 
between this insertion and disc dislocation. 
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Introduction. Intestinal obstruction is a condition in which intestine is obstructed because of 
any mechanical or non-mechanical reasons. It accounts for 20% of all surgical admissions for acute 
abdomen. Computed tomography (CT) is currently the exam of choice for bowel obstruction because 
has higher specificity in reporting the etiology, site and grade of obstruction, and the presence of 
bowel ischemia, affecting the surgical decision. 

Objective: To determine the sensitivity and specificity of contrast-enchased CT for diagnosing 
the small and large bowel obstruction. 

Materials and methods. This is prospective study which includes 100 patients diagnosed with 
bowel obstruction in the period from January 2016 to July 2020 in the University Clinic for Surgery 
Disease St.Naum Ohridski Skopje. All of the patients were with clinic presentation of acute abdomen, 
primary conventional X- ray on abdomen was done and bowel distention with developed air-fluid 
levels was found. This was an indication for CT so the reason for bowel obstruction to be found as 
well as the level, site and grade of obstruction.76 from 100 patients underwent operative treatment 
whereas 14 patients were treated conservatively and with nasogastric tube decompression. Тhe 
results of surgical treatment in resolving intestinal obstruction and the finding for etiology were 
taken as the gold standard in evaluating the accuracy of CT in detecting the causes of intestinal 
obstruction. 

Results. This study included a 100 patients aged from 44 to 81 years.55 from the patients were 
male and 45 female .60 from the patients had small bowel obstruction and 30 patents had large 
bowel obstruction, whereas in 10 patients there was bowel obstruction on the small and large 
intestine in the same time. In 39 patients small bowel obstruction was caused by adhesive bends and 
in that case CT scan made prediction for that reason made on exclusion. In two cases ileus was as a 
result of pseudomembranous colitis, one as small bowel obstruction and one was small and large 
bowel obstruction. There were 3 patients with acute diverticulitis on sigmoid part of the colon. In one 
case it was small bowel obstruction and in two patients there were small and secondary large bowel 
obstruction. One case was presented with peritoneal carcinomatosis as a reason for bowel 
obstruction. Seven from the patients with bowel obstruction were with intestinal ischemia as a result 
of mesenteric thrombosis. Five of them were only with small bowel obstruction a two were with small 
primary and then developed large bowel obstruction.11 patients presented with bowel obstruction as 
a result of herniation. In two patients complications from Morbus Chron were the reason for small 
bowel obstruction. There were 30 patients present with large bowel obstruction. The main cause of it 
in 24 patients was neoinfiltrative process in the wall of the bowel. In 6 patients the reason for large 
bowel obstruction was sigmoid volvulus. 

Conclusion. This study is a clear indication of the importance of contrasts enhanced CT in the 
evaluation of intestinal obstruction. High accuracy in detecting the etiology of intestinal obstruction 
makes it the most important diagnostic method for adequate resolution of intestinal obstruction. 

https://doi.org/10.21175/rad.abstr.book.2021.17.4


 

111 

High-frequency ultrasound scanning in eyelids assessment 

Tatiana Kiseleva1, Yulia Stepanova2, Natalya Guseva1, Ksenya Lugovkina1 

1 Helmholtz National Medical Research Center of Eye Diseases, Moscow, Russia 
2 A.V. Vishnevsky National Medical Research Center of Surgery, Moscow, Russia 

https://doi.org/10.21175/rad.abstr.book.2021.17.5 

The development and search of possible non-invasive examinations of eyelids and periorbital area 
are currently in progress. These techniques are essential and accurate methods in differential 
diagnosis of neoplastic, tumor-like processes and inflammatory diseases of eyelids. 

Purpose: to study the normal ultrasound image of anatomical structures of eyelids using  
high-frequency ultrasound scanning. 

Materials and methods. We observed 48 healthy volunteers (96 eyes) aged from 17 to  
46 years. 

Ultrasound methods which included high-frequency grayscale B-scan, color Doppler imaging 
(CDI) and ultrasonic density measurement or echodensitometry (ED) of eyelids and periorbital 
tissues were performed on the Voluson diagnostic system (GE Healthcare) using linear transducer  
SP 10-16 MHz with the high resolution zoom function. Echographic anatomy of eyelid layers,  
i.e. skin, orbicularis oculi muscle, tarsus, and orbital fat, was described in detail. Depth and 
ultrasonic density values for all layers were provided. 

Results. Considering anatomical data and echographic features of different tissues of eyelids we 
determined the ultrasound image of eyelid structures and the mean indices of the thickness of eyelid 
layers in the middle line on longitudinal and transversal scans. The thickness of upper eyelid was 
2.90±0.2 mm, skin with subcutaneous tissue – 0.98±0.17 mm, orbicularis oculi muscle  
-0.76±0.1 mm, tarsal plate with conjunctiva – 1.09±0.15 mm. Results of lower eyelid examination 
were the following: thickness of eyelid – 3.30±0.24 mm, skin with subcutaneous tissue  
-1.12±0.16 mm, orbicularis oculi muscle – 0.98±0.14 mm, tarsal plate with conjunctiva  
-1.19±0.17mm. ED assessment of eyelid showed follow indices: epidermis – 99.7±22 c.u.; papillary 
dermis layer – 61.6±18.7c.u.; reticular layer of derma – 69.1±21 c.u.; orbicularis oculi muscle  
-41.6±17 c.u.; tarsal plate – 97.2±22 c.u. Echographic image of eyelids was lamellar. Epidermis, 
reticular layer of derma and orbital fat, tarsal plate with conjunctiva were hyperechoic. Papillary layer 
and orbicularis oculi muscle were hypoechoic. There was no statistically significant difference 
between ultrasonic density indices of the upper eyelid layers and the lower ones (p>0.05).  
CDI demonstrated vessels with arterial blood flow waveform between anterior and posterior lamella 
of eyelid. 

Conclusions. Based on echographic detailed identification of normal anatomic features of eyelid 
structures, complex ultrasound examination including high frequency B-scan, ED and CDI can be 
used successfully in clinical practice. We suggest performing a high frequency ultrasound scanning of 
eyelids prior to reconstructive and plastic surgery in order to facilitate the choice of surgical tactics. 
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Subject. This study discusses the use of shear wave elastography in evaluation of age-related 
atrophic processes in muscle tissue in the lower third of face in women of different age. 

Objective: To explore the possibility of using sonoelastography in the study of age-related 
changes in elasticity of muscle tissue of the lower third of the face in women, correlating with 
atrophic processes. 

Materials and methods. 45 women divided into three equal groups by age (20-30, 30-40 and 
40-60 years old) were involved in the study. The division into groups is necessary to estimate the 
differences in the parameters of elasticity depending on age. Elasticity of muscle tissue in the area of 
buccinator muscle was assessed using shear wave elastography with linear probe. The results were 
statistically processed and evaluated in terms of practical application. 

Results. There was a statistically significant decrease in the elasticity of muscle tissue in the 
lower third of the face, associated with the processes of age-related atrophy (the average value of the 
stiffness of the muscle in vertical position: group 1 - 10.58±1.78 kPa, group 2 - 8.09±1 kPa, group  
3-5.8±1.24 kPa). There were almost no differences in elasticity while changing the position from 
vertical to horizontal in the older age group (group 3). It is associated with progressive age-related 
changes in the tissues and is clearly displayed by ultrasound examination (stiffness of the muscle in 
group 3 in vertical position - 5.8±1.24 kPa, in horizontal - 5.44±1.21 kPa). 

Conclusion. Using sonoelastography it is possible to display atrophic processes in facial muscle 
tissue. It may be helpful in the future in preoperative diagnosis and choosing the optimal method of 
correction. Sonoelastography is a promising method for assessing age-related changes in soft tissues 
in plastic surgery, aesthetic medicine and cosmetology. Further studies for the application of this 
method are required and may lead to its implementation in routine practice in this field of medicine. 
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Treatment of patients with cancer of a solitary kidney: an organ-sparing approach is preferable, 
but doesn’t always comply with the oncological radicalism. The technique of extracorporeal renal 
resection (ECRR) followed by autologous transplantation was developed to preserve renal function in 
patients with obligatory indications for organ-preserving treatment. 

Purpose: to evaluate the results of ECRR with orthotopic replantation of renal vessels in 
conditions of pharmaco-cold ischemia in renal cell carcinoma (RCC); to determine the possibilities 
and the role of radiology diagnostic at the stages of surgery. 

Materials and methods. The study included 20 patients treated with RCC in 2013-20 (average 
age 59.5±8 years). Men prevailed (70%). Multiple primary metachronous cancer occurred in  
14 (70%) cases, multiple primary synchronous cancer – in 2 (10%), previous nephrureterectomy was 
performed in connection with benign kidney diseases (primary contracted kidney,  
hydronephrosis) – in 2 (10%), a congenital single kidney was in 2 (10%) patients. Previously 
underwent surgery on a single kidney for a malignant neoplasm of the same etiology for which  
4 (20%) patients are being treated in this hospitalization. All of the patients underwent US and MSCT 
at the preoperative stage, in 7 cases MRI. Morphological verification of the lesions: clear cell RCC - 18 
(90%) cases, papillary RCC - 1 (5%); B-cell lymphoma - 1 (5%). 

Results. Staging according to the TNM system: pT1a-T3vN0-2M0-1G1-3, of which the tumor 
size exceeded 7 cm in 10 (50%) patients, distant metastases were in 8 (40%) cases. Reno-caval tumor 
thrombus was detected in 3 patients. 

The average duration of cold ischemia was 102.6±42.7 min. Bloodloss - 613±300.1 ml. 
Intraoperative US was performed at the stages of surgery. In 3 cases, ECRR was performed 
simultaneously with thrombectomy and resection of the inferior vena cava for reno-caval tumor 
thrombus. In 4 cases, renal vessel replacement was performed. There were no intraoperative 
complications. 

All patients underwent US- monitoring on the 1st, 3rd and 5th days after surgery, more often and 
further as needed. Laboratory control of indicators was carried out. Postoperative  
complications ≥ grade II according to Clavien-Dindo classification were observed in 9 (45%) patients: 
II - 1 (5%), IIIa - 4 (20%), IVa - 4 (20%). Complications of IVa degree were characterized by the 
development of acute renal injury, which required renal replacement therapy. 

The follow-up period (US, MSCT) was 19-85 months (53.3±17.2). Tumor progression occurred in 
3 (15%) cases. One patient died due to the progression of the tumor process 20 months after the 
operation. 

Conclusion. Radiology diagnostic methods make it possible to control all the stages of ECRR of 
a single kidney under conditions of pharmaco-cold ischemia with orthotopic replantation of renal 
vessels. The results obtained are satisfactory, which indicates the advisability of further development 
of organ-saving treatment. 
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Breast cancer accounts for the largest number of malignancies in women worldwide. The 
diagnostic outcome of conventional X-ray imaging relies heavily on relative attenuation differences in 
nearby tissues. Since the contrast difference between cancerous and glandular tissues is often not 
evident, the diagnosis is mainly based on morphological characteristics. Recently, advanced imaging 
techniques were being developed making the extraction of quantitative information a feasible task. 
We aim to exploit a technique of spectral decomposition to quantify the difference in chemical 
composition between healthy and malignant dense tissues. 

Our very first study, based on the tissue-equivalent custom-made phantom, showed promising 
results in extracting an effective atomic number and density from multi-energy CT images. Although 
being very useful in mimicking the attenuation properties of breast tissues, plastic inserts fail to 
reproduce the valid local inhomogeneity observable in organic tissues. In this communication the 
first attempt to quantitatively describe breast mastectomy samples was reported. Imaging was 
performed at Elettra, the Italian synchrotron facility, using monochromatic beams of several energies 
in the breast CT energy range (22-38 keV). With help of a radiologist, the regions of interest for 
quantitative evaluation were selected. Three samples were processed by a spectral decomposition 
algorithm, resulting in composition maps in terms of a selected pair of basis materials. Using a 
dedicated mathematical procedure, we managed to decouple the information about the material 
density and its chemical composition. Finally, a calibration allowed us to retrieve the effective atomic 
number and density associated with each reconstructed voxel. 

The range of effective atomic numbers among the plastics matched the slight differences among 
tissue regions within the breast mastectomies. The region-based decomposition procedure is an 
important intermediate step toward the application of the method to the full sample volume. The 
presence of structural noise, coming from the intrinsic variability of the tissue region was observed. 
However, its presence did not affect the overall stability of our decomposition method. The procedure 
allowed an accurate discrimination of the chemical composition of considered anatomical regions. 

The decoupling of the information about the chemical composition allows very accurate 
discrimination of similar tissues composing the breast, opening the possibility of significant 
contributions to a breast cancer diagnosis. 
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Introduction. Decreased or missing sense of smell is a current problem which is a result of 
various causes and diseases. The identification of these causes leading to dysfunction of the olfactory 
analyzer is carried out by applying various research methods (smell tests; MRI, rhinomanometry, 
etc.). 

Material and methods. Thirty-six patients with impaired sense of smell were studied. Smell 
tests, MRI with Siemens Magnetom Essenza 1.5 Tesla and other methods were used. 

Results. MRI in all patients revealed thickening of the mucosa in the area of the nasal conchae, 
and the anterior and posterior ethmoidal cells. In some patients, similar changes have been observed 
in the frontal and maxillary sinuses, manifested by intermediate and high signal intensity findings in 
the T2w sequences. 

Conclusions. MRI findings are nonspecific. Although MRI cannot differentiate changes and 
deliver specific information, the findings obtained by this method in patients with impaired sense of 
smell can be used for orientating ENT specialists to diagnose the causes of peripheral damage to the 
olfactory analyzer. 

Keywords: MRI, impaired sense of smell, smell test 
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Introduction. Despite the regulations governing the provision of aesthetic non-surgical medical 
services, the number of patients affected by the augmentation of vaseline oil into soft tissues to 
correct the shape of organs and soft tissues has increased. 

Objective: development of an algorithm for radiological examination of patients at the stages of 
surgical correction of the consequences of the augmentation with vaseline oil into soft tissues for 
aesthetic purposes. 

Materials and methods. In a retrospective study, the results of the examination and surgical 
treatment of 17 women were evaluated. The patients were treated at various times with the 
consequences of the augmentation with vaseline oil in mammary glands, buttocks and shins. There 
were 11(64.7%) patients with vaseline oil introduced into one region, into two regions 5 (29.4%), and 
1(5.9%) into three regions. The migration of vaseline oil to adjacent anatomical areas was observed in 
13 out of 17(76.5%) patients. All patients underwent US, MSCT, and/or MRI at the stages of surgical 
treatment. 

Results. Multiple-stages ( from 1 to 8) surgical treatment was performed and in addition to 
excision of tissues affected by fibrosis and oleogranulomas, also reconstructive surgeries to restore 
the volume and contours of the organs were performed. Overall, 51 surgical interventions were 
performed. 

MSCT and MRI studies can identify oleogranulomas and determine the volume of soft tissue 
damage. If it’s possible to choose the method of radiology, preference should be given to MRI, it’s 
carried out without radiation exposure and the introduction of a contrast agent and allows you to 
determine the full volume of soft tissue damage, as well as the presence of fibrous tissue, in the mode 
without fat suppression. 

US is the easiest to perform, however, an effective method for diagnosing complications after soft 
tissues augmentation. And it’s effective when searching for individual fat fragments during surgery 
and evaluating the intervention area around the perimeter. 

In the postoperative period, US revealed limited fluid accumulations ranging in size from 12 to 
36x57 mm. Only in 6 cases during 51 interventions, it was considered appropriate to evacuate the 
contents under US-control. Good and satisfactory results were obtained in 6 patients (MRI data and 
visual effect), and interventions, mainly of a reconstructive nature, are expected in 11 patients. 

Conclusion. The difficulties and multi-stage surgical treatment in patients after soft tissue 
augmentation with vaseline oil are associated with a large volume of tissue damage with a violation of 
their trophic function, the migration of vaseline oil to adjacent anatomical areas, the inability to 
eliminate the lesion and simultaneous reconstruction. MRI makes it possible to determine the extent 
of the lesion at all stages of surgical treatment, US is an important pre/intraoperative navigation 
during surgical treatment, and also allows postoperative management of patients. 
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Exposing cancer tissue to ionizing radiation is a commonly used method in cancer treatment. The 
radiation dose to be given to the tumor is determined by using planning systems. During the 
verification of the dose, passive dosimeters with atomic numbers close to the tissue, such as  
TLD-100, are generally used in addition to the active dosimeters. In this study, the applicability of 
using commercial dosimeters; namely BeO (Thermolox 995), LiF:Mg,Ti (TLD-100), Li2B4O7:Cu,In, 
Li2B4O7:Mn (TLD-800), MgB4O7:Dy,Na with effective atomic numbers close to the soft tissue and 
CaF2:Dy (TLD-200), Al2O3:C (TLD-500) with effective atomic numbers close to the bone tissue for 
dose measurement in radiotherapy have been investigated. For this purpose, the 
thermoluminescence (TL) dosimeters were irradiated between 0.5 Gy and 50 Gy in a Varian Trilogy 
linear accelerator system using 6 MV X-rays. The TL dosimeters were placed between the water 
equivalent phantoms and the phantom thickness above the TL dosimeters was adjusted to 1.6 cm, 
which is the build-up point for 6 MV X-rays. An irradiation field of 10x10 cm2 was opened and source 
to skin distance was adjusted to 100 cm. TL readouts were performed by using Harshaw 3500 TLD 
reader between 50°C and 350°C at a heating rate of 10°C/s. The evaluations were made using the 
total area of the glow curves. Then, the radiation dose response curves were obtained and the 
linearity of the curves was examined. As seen, Li2B4O7: Cu, In and Li2B4O7: Mn (TLD-800) between 
0.5 Gy to 50 Gy had linear dose response curves. In the other dosimeters, linear dose responses up to 
4 Gy and supralinearity behaviours above 4 Gy were observed. To conclude, the investigated lithium 
tetraborate dosimeters, Li2B4O7: Cu, In and Li2B4O7: Mn (TLD-800), can preferably be used 
compared to the well-known TLD-100 dosimeter for dose measurement in radiotherapy due to their 
linearity in a wide dose range and high TL sensitivity. 

 

https://doi.org/10.21175/rad.abstr.book.2021.18.1


 

118 

The FOOT experiment – Light nuclei fragmentation measurements 

Matteo Franchini 

University of Bologna, Bologna, Italy 

https://doi.org/10.21175/rad.abstr.book.2021.18.2 

Effects of nuclear fragmentation in particle therapy are still an open issue. Nuclear interactions in 
the beam entrance channel produce fragments with high Relative Biological Efficiency (RBE), whose 
contribution to the unwanted damage is hard to evaluate. Accurate data on fragmentation cross 
sections of carbon and oxygen up to energies of about 400 Mev/A, are needed to improve the  
RBE models and the clinical treatment plans. Similarly, in an energy range up to 700 MeV/A, precise 
fragmentation cross section data would be of great importance in order to optimise the design of the 
shielding of spaceships, especially in view of long distance space travels (i.e. Mars human missions) 
where radio-protection issues are of utmost importance. 

Currently under construction, the FOOT (FragmentatiOn Of Target) detector is designed to 
measure fragmentation cross sections in a beam energy range of 50-700 MeV/A with about 5% 
uncertainty, eventually taking advantage of an inverse-kinematic approach for proton-nucleus 
interaction. Target fragmentation will be measured by inverse Lorentz boost on carbon and oxygen 
beams fragmentation on polyethylene (C2H4) and graphite (C) targets. 

The FOOT layout includes a start counter that provides the trigger signal and the start of the 
Time-Of-Flight (TOF) measurement when crossed by a primary particle. A drift chamber placed 
before the target provides the exact direction of the incoming particle, while three sets of silicon pixel 
and strip detectors plus a two-magnets system allow a precise tracking of nuclear fragments via a 
Kaman filter algorithm. A thin double layer of plastic scintillator bars provide the stop-time of the 
TOF system and the measurement of dE/dx, needed for fragment charge identification. The last 
detector element, a BGO calorimeter, provide the particle kinetic energy measurement. In dedicated 
runs, an emulsion spectrometer will be inserted after the target to measure the production of low  
Z fragments that wouldn’t cross the whole spectrometer. 

A partial setup of the FOOT detector ( including the start counter, beam-monitor, scintillator and 
vertex detector elements) has been assembled and tested using both protons, Carbon and Oxygen 
ions both at CNAO and GSI in an energy range of [60−400] MeV/u in order to study its response in a 
wide range of operation. The main results obtained in these data takings will be presented. The 
calibration data collected allowed to reach, and often improve, the expected performance on TOF and 
fragment identification. Preliminary evaluation on fragments yield will be discussed. The foreseen 
measurement campaign for this and next year will be also presented. 
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Background. Measurement of radiopharmaceutical activity in patient’s blood and urine is the 
starting point in all dosimetric assessments in nuclear medicine. This is the most reliable way to 
determinate the rate of elimination of unbound residual radioactivity in the patient’s body. Peptide 
Receptor Radionuclide Therapy (PRRT) is a targeted molecular radionuclide therapy administered to 
patients with neuroendocrine tumors (NET). It is applied in several cycles and isotopes 90Y, 177Lu or a 
combination. 

Materials and methods. Measurement of blood and urine samples is most reliable in liquid 
scintillation beta counter, due to its very high measurement efficiency, which in our case during 
calibration was 90.34%. A beta counter (LSC-Liquid Scintillation Counter) Rack Beta Wallac (LKB, 
Finland) was used and blood and urine samples were measured in 5 patients who received 5.55 GBq 
90Y-DOTATOC and 5 patients who received 5.55 GBq 177Lu-DOTATOC. Blood was sampled at the 
time of application of therapy, as well as 1 h, 2 h, 3 h and 24 h after completion of 
radiopharmaceutical administration. Urine was sampled by patients at the time of urination and 
recorded the time of urination and the volume of urine. 

Results. In all patients, there were significant variations in measured blood and urine activities 
depending on tumor size and location. The highest activities in both blood and urine were recorded 
in the first samples. In the blood, immediately after the completion of the application of 
radiopharmaceuticals, values were measured in the range of 6.31% of the applied activity to 67.47%, 
on average 29.31%. While in urine, depending on the moment of urination, these values ranged from 
3% of the applied activity, in a patient who urinated immediately after radiopharmaceutical 
administration to 29% in a patient who urinated 4 hours after completion of application, on average 
23.64%. There were no significant differences depending on the isotopes used. 

Conclusion. Peptides have very fast biokinetics and in a very short time there is a transport of 
radiolabeled peptides from the blood to the tumor tissue, where they remain bound and contribute to 
the desired therapeutic effect. 
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We will present the proof-of-concept of WIDMApp (Wearable Individual Dose Monitoring 
Apparatus), a multi-channel detector and data processing system, aimed at allowing an accurate 
determination of absorbed dose per organ in Molecular Radiotherapy (MRT). The precise estimation 
of dose absorbed by the target and healthy organs is essential to increase therapeutic effectiveness, 
optimize the treatment planning and establish dose-effect relationships for tumor and normal 
tissues. Moreover, the European regulations (EU Directive 59/2013) considers mandatory treatment 
planning and verification in all patients’ exposures for radiotherapeutic purposes, including MRT. 
Finally, WIDMApp will strongly reduce the need of nuclear medicine imaging systems reducing the 
need of resources of nuclear medicine departments (i.e., technology, uptime and human resources) to 
perform individualized biokinetics studies. 

To perform the feasibility study, we used the male anthropomorphic MIRD phantom to develop a 
Monte Carlo simulation of a 131I thyroid treatment. The simulation provides the Time dependent 
Counts Curves (TCC) that would have been measured by seven WIDMApp-like sensors placed and 
oriented to face each one of 5 emitting organs plus two thyroid lobes. The WIDMApp data analysis 
tool is then applied on this simulated data set to perform the deconvolution of the TCC and to 
reconstruct the Time-Activity Curves (TAC) of each organ. Deviations of the reconstructed TAC 
parameters from their actual values are studied as a function of the initial conditions used to 
initialize the data analysis algorithm and as a function of the fluctuation of the TCC data points. 

The study demonstrates that it is possible, at least in the simple simulated scenario, to infer the 
organ cumulated activity by measuring the TCC recorded by few detectors placed in selected position 
over the patient body. The accuracy on the cumulated activity of 5% is measured even with a 20% 
error on the TCC data points and a variation of 50% on the initial guess on the deconvolution 
algorithm parameters. The possibility to perform in-vivo sampling more frequently than 
conventional biokinetics studies would increase the number of time-points and so the accuracy in 
TAC estimations. 
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The awareness for radiation protection rose among the medical community and public authorities 
after the publishing the European Basic Safety Standards (EU-BSS) in 2014. Austria, as other EU 
Member states implemented the European Basic Safety Standards (EU-BSS) and translated it into 
the Austrian Medical Radiation Protection Law (Medizinischestrahlenschutzverordnung). 

According to the Austrian Medical Radiation Protection Law, the patient dose should be part of 
the radiological report for each patient. 

The problem arises when we think of a term “dose”. It is very general term and physicists talk 
about Air Kerma Dose, Equivalent Dose, organ Dose etc, medical personnel and patients speak about 
risk. 

We need trained personnel, who can translate the risk from each radiological exam for each 
patient using one quantity. 

Is the effective dose the most convenient parameter we can use to communicate risk? 

This aim of this study is to try to find the answer, which value shall we report in the future. 

For reporting purposes, we have to take into consideration two types of health effects from 
radiation: stochastic and deterministic. 

Stochastic effects are connected with the risk of cancer, and deterministic effects are related 
directly to the absorbed radiation dose and the severity of the effect increases as the dose increases. 

Effective dose was introduced in 1977 by ICRP, as a parameter that reflects the risk of a 
nonuniform radiation exposure in terms of a whole-body exposure. Effective dose represents a 
weighted combination of organ and tissue doses for a defined set of radiosensitive organs and tissues. 
The sum of these weighting factors is always equal to 1.0. Calculating effective dose requires 
estimating doses to each of the specified organs or tissues. The concept of effective dose allows 
comparison between examinations of different techniques (such as CT vs fluoroscopy vs nuclear 
medicine cardiac examinations). Effective dose can be also used for informing judgments on 
justification, and establishing constraints for careers and volunteers in medical research. Where 
doses from the same technique are being compared, measurable quantities are preferred. 

However, the medical community must realise that an effective dose estimate represents a 
generic estimate of risk from a given procedure to a generic model of the human body. It doesn’t 
represent a risk to any individual patient. Effective dose should not be used for epidemiologic studies 
or the estimation of population risks due to the inherent uncertainties and oversimplifications 
involved. For epidemiologic studies or individual risk estimates, modeling of doses to specific tissues 
and organs in an individual, taking into account that individual’s body size and shape, must be 
performed to estimate the various organ and tissue doses. 
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The interest of the radiation oncology community in the application of FLASH radiotherapy is 
constantly growing. In FLASH therapy the prescribed dose is deliveries to the entire treatment 
volume in a very short time interval. Early preclinical data show that these extremely high doses rates 
provide significant sparing of healthy tissue compared to conventional radiation therapy without 
reducing cancer cell damage. This sparked also an interest in proton and hadron therapy community 

The aim of this work is to investigate the possibilities of studying the FLASH effect with heavy 
charged particles on available particle accelerators. The accelerators should be able to deliver high 
dose for a very short time to investigate FLASH, but also should be able to deliver the same dose for 
longer time interval in order to reproduce the conditions during the standard therapy. The number of 
available accelerators in the World satisfying the above requirements is limited. Two accelerators are 
considered in the study - LINAC-4 at CERN and NUCLOTRON in Dubna. 

To achieve the objectives of the work, numerous radio-dosimetric MC simulations were 
performed using GEANT4 and FLUKA. Initially, a set of simulations of a water phantom placed in 
the path of a wide beam of charged particles was performed. The design beam parameters of LINAC-
4 and NUCLOTRON are used as an input for the simulations. The results of this initial set of 
simulations served to estimate qualitatively and quantitatively the radiological dose in the aqueous 
phantom in terms of FLASH effect requirements. After an assessment of the simulation results a new 
set of simulations has been performed where a detailed phantom composed by a vessel with 
appropriate dimensions and a cuvette to place in-vitro cell culture has been simulated. The volume 
and position of the cuvette has been optimised in such a way that the dose in it is maximal, 
homogeneous, and measurable by a radio-biological method. 

The results of the simulations convince us that it is possible to study the FLASH effect with 
protons on the LINAC-4 accelerators at CERN and carbon ions on NUCLOTRON at JINR (Dubna). 

Keywords: FLASH effect, Heavy charged particles, CERN, JINR, Dubna, GEANT4, FLUKA 
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Dosimetry audit is one of the major element of quality assurance in radiotherapy. IAEA (The 
International Atomic Energy Agency), and WHO (The World Health Organization), for a number of 
years, have been active in the efforts to enhance the quality and effectiveness of radiotherapy all over 
the world. Most of the audit methods are designed to be carried out on classical linear accelerators. 
At present, there is no commonly accepted and used scheme of dosimetry audit for such 
unconventional accelerators as the CyberKnife. 

The aim of this study is a proposal for the dosimetry audit scheme for the CyberKnife system. For 
this purpose, an anthropomorphic phantom SHANE by CIRS, designed for comprehensive testing of 
radiotherapy quality was used. The Phantom has inbuilt anatomical structures in the head and neck 
region which enables the verification of the patient position with the use of the 6D-Skull procedure, 
one of the techniques used for this purpose on the CyberKnife accelerator. The phantom also has 
inserts for placing the ionization chamber and dosimetric film. 

In order to verify the dosimetric and geometric parameters of the whole process of radiotherapy, 
a tomography of the SHANE phantom was performed. Five different PTVs (Planning Target Volume) 
of different volumes were drawn on the CT images (target volumes approximately 88cm3, 44cm3, 
15cm3, 7cm3, 1.5cm3). For these target volumes, the treatment plans were prepared with the 
MultiPlan Ver. 4.6.1. system. The FIXED collimator system was used. In each plan number of 
collimators and their size were adapted to the contour of the PTV. Doses were calculated using the 
RayTracing algorithm. Each plan was verified with a QA (Quality Assurance) plan for slab phantom, 
according to the standard protocol used in the clinic. In case of the positive result of the QA test 
(acceptable dose difference up to 5%), the dose was measured with TM31010 Semiflex 0,125 cm3 

ionization chamber (irradiation time ranged between 27 and 68 minutes). 

The percentage differences between the dose measured in the SHANE phantom and calculated 
with the TPS were: 4.29%, -1.42%, -0.7%, 1.37%, -1.88% (for PTV: 88cm3, 44 cm3, 15 cm3, 7cm3, 
1.5cm3, respectively), were found to meet the criteria adapted in our center. Analyzing various 
methods of dosimetric audits for small fields to be found in the literature (percentage difference in 
the range 3 – 5%) we are of the opinion that the proposed dosimetric audit of the CyberKnife system, 
using SHANE phantom, is a correct and acceptable method of the verification of the process of 
radiotherapy. 
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One of the advantages of Image-guided radiotherapy (IGRT) is the opportunity to use it to correct 
patient set-up errors. The information about x, y, z translations as well as roll, pitch and yaw 
rotations is received after set-up verification. Unfortunately, most machines are equipped with 
couches that do not allow correcting roll and pitch rotations. This results in shifts of the CTV points. 
Substantial shifts occur at a distance of about 10cm from the rotation axis. Fifteen patients with 
prostate cancer treated with VMAT technique had daily cone beam CT scans (CBCT scans) prior to 
treatment delivery (420 CBCTs in total). Dose distributions were calculated for maximal value of 
rotation. The dose coverage of planning target volume (PTV) and the dose delivered to the pelvic 
bones were analysed. The differences in the delivered dose depend on the sign and value of the 
uncorrected rotations. 
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Purpose. Contrast-enhanced spectral mammography is a method where the contrast media is 
introduced in the blood circulatory system of the patient and the accumulation of the contrast agent 
is exploited to detect cancerous cells. Female breasts differ in size and elemental composition; thus x-
ray technicians must be confident that the obtained image after the injecting of the tracer is of very 
good quality. An important factor in this procedure is the clinical apparatus, which needs both 
regular quality control and well defined clinical protocols. Physical phantoms for contrast-enhanced 
mammography are currently under constructions and thus not widely available. A preliminary step in 
the design of such physical phantom is the design of a computational prototype with characteristics 
closed to the characteristics of the real patient breast tissues. The purpose of this study is the design 
and evaluation of computational breast phantoms for contrast-enhanced spectral mammography. 

Materials and Methods. Three different computational phantoms for contrast-enhanced 
spectral mammography were designed with the use of an in-house developed radiology 
computational tool. The first phantom has a semi cylindrical shape with a radius of 50 mm and 
height of 45 mm, made from polymethyl methacrylate (PMMA). Six iodinated inserts with a radius of 
10 mm and different heights are inserted inside the PMMA container. The second phantom is a 
PMMA parallelepiped with a base dimensions of 203 mm x 152 mm and a thickness of 25 mm. In this 
PMMA container, six iodinated inserts are modelled with radius of 9.5 mm and heights which vary 
from 0.5 mm to 20 mm. The third phantom is heterogenous breast phantom which is replica of the 
first one with included heterogeneous background in the form of spheres with different diameters. 
The iodinated inserts were modelled from Omnipauque for all the models. Each phantom was 
subjected to two simulated x-ray radiographs: one with an energy below the K-edge of the  
iodine – 20keV and one with an energy above the K-edge – 34 keV. The images were processed to a 
recombined iodine image. 

Results. The obtained contrast-enhanced images of the three computational phantoms showed 
excellent suppression of the surrounding background tissue, while bringing in focus the iodinated 
test objects. Compared to the low-energy images of the phantoms, the simulated spectral images 
demonstrated improved object contrast improvement. The simulations with the inhomogeneous 
model revealed that the heterogeneous background has been successively depressed while improving 
the visibility of the iodine inserts 

Conclusions. The heterogenous breast phantom might be used as a reference tool for 
information about the needed iodine concentration to be inserted during the procedure to obtain 
significant enhancement in the suspicious area. Current work includes the construction of the 
physical breast phantoms and their thorough evaluation. 

Keywords: Breast computational phantom, contrast-enhanced spectral mammography, iodine 
concentration, modelling, simulation 
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Supernumerary teeth are defined as an increased number of teeth, more than 20 teeth in primary 
or more than 32 in permanent dentition and can be found in almost any region of the dental arch. 
Our study presents a case of a missing central incisor due to the presence of excessive teeth. A 12-
year-old boy reports to the Department of Dentistry due to lack of a permanent maxillary right 
central incisor. Based on clinical and radiographic examination, a diagnosis of multiple mesiodens 
was obstructed, as the main cause of impaction of a permanent central incisor. Extraction of the 
residual root of the primary incisor and removal of the lobe was accessed, and further extraction of 
supernumerary teeth and surgical exposure of the central incisor, which allowed the lock to be placed 
on the central incisor in the same act during surgery. Mesiodens is the most common type of 
supernumerary teeth that often causes numerous abnormalities in the dental arch. Use of CBCT 
secure detailed examinations and evaluations of supernumerary teeth, local dental and bone 
structure which are very beneficial in diagnosis and treatment planning and preventing 
complications which may occur. 
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Introduction. Orbital mucoceles are cysts which are filled with mucous fluid that cannot 
naturally drain from the nose. Most common arising from the ethmoid or frontal sinuses they grow 
and slowly cause mass effect of the adjacent orbital tissues. 

Case report. This is a case of 46 years old patient who present with symptoms of exophthalmos 
and pain in the right eye, in a period of one year. After ophthalmology examination he was send for 
magnetic resonance imaging (MRI) of the orbital cavity to be done. MRI was done in standard T1 and 
T2 waited images and waited images after contrast administration. In the right orbital cavity next to 
the ethmoidal cellules, oval homogenous tumor formation with the diameter of 26mm was found. 
This formation was with signal characteristics of solid tumor, and was localized in the extraconal 
space. There was no invasion of the optic nerve or other conal eye structures, but there was mass 
effect of the medial rectus muscle with the displacement of all conal structures lateral. Also computer 
tomography (CT) scan was preformed, as additional investigation but no microcalcifications were 
found, and the density of solid tissue was confirmed. Neurosurgery with Misonix ultrasonic knife was 
performed and encapsulated cystic formation was found and send to pathohistology verification with 
the result for mucocele. 

Conclusion. This is an interesting case of atypical presentation of sinus mucocele which can 
mimic benign orbital cavity tumor mass and MRI diagnosis of mucocele in orbital cavity should be 
considered especially when communication with nearby sinus can be predicted on the images. In 
spite of being benign, the expansive nature of mucocele may cause paranasal sinuses bone erosion by 
compression and consequential bone resorption, leading to compromise of adjacent structures. Early 
diagnosis is essentially for adequate treatment. 
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Background. Ovarian cancer is a leading cause of death amongst women. The extreme 
hormonal stimulation plays an important role for the cancerous development if there is an existing 
predisposition. 

Introduction. In-vitro fertilization procedures (IVF) are a part of the assisted reproductive 
technologies (ART). Factors that may increase the risk of development of ovarian cancer are, but are 
not limited to, genetic mutations, lack of pregnancy, hormone replacement therapy in menopause, 
oral contraceptives and inherited mutations in the BRCA-1 and BRCA-2 genes. 

Case report. A 45-year-old woman with no family history of cancer, with almost diminished 
ovarian reserve started IVF procedures. The doses of the hormone medications that were  
used – Merional and Cetrotide, do not exceed the recommended values. The subsequent IVF attempt 
was successful and the patient had a normal pregnancy and delivery. 

Three months later, during a gynecological ultrasound examination, formations were found as 
follows: 30.5 mm in the right ovary and 20 mm in the left ovary - unilocular cysts. Tumor markers 
indicated slightly higher level of ROMA - 12.36%, Ca-125 - 37.34, HE4 - 61.8. Therapy with Dufaston 
was prescribed with the assumption that the ovarian cysts indicate Luteinized unruptured follicle 
(LUF) syndrome. 

After another 3 months, during a gynecological ultrasound examination it was established that 
the formations persisted: in the right ovary - 49 mm, in the left ovary - 15 mm. 

Half a year later, ultrasound diagnostics revealed a formation measuring 25 cm/15 cm. The tumor 
markers indicated as follows: Ca-125 - 38.54, HE4 - 106.3. A total hysterectomy with bilateral tumor 
adnexectomy was performed. During the surgery two formations were found - one originating from 
the right ovary with dimensions 25 cm/25 cm, and a solid formation 5 cm/5 cm from the left ovary. 
Histological examination confirmed the diagnosis: malignant mixed Müllerian tumor. 

Discussion. There are known cases of cystic and malignant formations in the ovaries, as well as 
ovarian hyper stimulation syndrome, after IVF procedures due to the usage of ovulation stimulating 
drugs. There is a theory that hyper stimulation with the purpose of provoking repeated ovulations 
lead to malignant transformation of the ovarian parenchyma. 

Conclusion. Each IVF procedure needs to be tailored to the individual patient with regards to 
the specific health conditions. It is a necessity for a detailed medical history of inherited oncological 
diseases to be established, as well as for genetic testing of BRCA-1 and BRCA-2 mutations to be 
performed. The strict and regular disease control is important if pathological changes are confirmed. 
It is a mandatory condition for implementing a good clinical practice. 

Keywords: Ovarian cancer, in-vitro fertilization, ovarian hyper stimulation, forensic medical 
malpractice 
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Introduction. Low-intensity laser radiation is widely used in therapy. In the infrared region, the 
photon energy is only sufficient to increase the vibrational energy of biological molecules, resulting in 
an increase in temperature. Visible light induces physico-chemical processes, which are divided into 
primary (light) and secondary (dark). The primary processes are excitation of the electronic state of 
molecules, ionisation (photoelectric effect) and decomposition into ions or radicals. The Grotkus-
Dreiner rule, the Bunsen-Rosko rule, the Stark-Einstein law and the phenomenon of intermolecular 
energy migration are valid for these processes. In addition, it is the optical range of radiation whose 
quantum energy is sufficient for the transition of oxygen molecules from the triplet state to the 
excited singlet state. The occurrence of singlet oxygen promotes the formation of reactive oxygen 
species, which induces free-radical processes. 

Purpose: To carry out a comparative analysis of the contribution of various physical processes in 
the formation of the action of laser radiation of the optical range in the methods of therapy. 

To analyse the role of changes in water properties when exposed to laser radiation in the 
development of biological effects. 

Materials and methods. Water is known to be present in large quantities in biological tissues. 
There is a developed system of hydrogen bonds of water, which arise spontaneously under certain 
conditions. Under the action of electromagnetic fields this system of bonds changes, which leads to 
changes in the structure and properties of water itself. The effect of low-intensity laser radiation on 
the properties of water and substances dissolved in it has been investigated by spectral methods. 

Results.  

1. analysis of changes in water absorption spectra shows that laser irradiation affects the 
hydrogen bonding system of water; 

2. changes in the properties of water under low-intensity laser radiation enhances the effects of 
tryptophan fluorescence quenching; 

3. changes in the spectral properties of whey albumin aromatic amino acid residues when 
dissolved in pre-irradiated water can be estimated as being related to a change in the macromolecule 
and to the transition from the native state to the molten globule state; 

4. pre-irradiation of water affects the interaction of human serum albumin with a fluorescent 
probe. 

Conclusion. The interaction of laser radiation with biosystems is complex, multidimensional, 
and multifaceted, which can manifest itself because of changes in the structure and properties of 
water. 

Keywords: Laser radiation, water, effect, optical range, biological system 
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The research group for application in molecular, biomedical and material science at ELI 
Beamlines needs to control the delay of synchronized laser beams down to femtosecond precision. 
The aim of this student project was to apply interferometry in femtosecond delay line stage tests for 
atomic, molecular, and optical sciences and for coherent diffractive imaging. For this purpose, a 
Michelson Interferometer was built using ELI in-house resources. Using a beam splitter, a laser beam 
was split into two arms and then recollected to create an interference pattern. This pattern was 
detected by a fast 2GHz Thorlabs photodiode, DET025A/M, with a 400-1000 nm sensitivity range 
and rise/fall times of 150 ps, in order to calibrate a femtosecond delay line stage. The Aerotech 
PRO190SL/SLE was used as the translation linear stage. This stage served as the main component of 
the delay line tests. Further, Attocube sensors based on the Fabry-Perot Interferometer technique 
were added to the set-up to improve the precision and reliability of the calibration method. The 
advantages, disadvantages and limits of this method as well as lessons learned will be discussed from 
both an educational and scientific point of view. 

https://doi.org/10.21175/rad.abstr.book.2021.20.2
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In the last decades, the exposure to radiofrequency (RF) radiation emitted by wireless devices has 
increased in the human environment, whereupon has raised concerns about its health effects. The 
International Agency for Research on Cancer classifies RF radiation as “possible carcinogenic” 
(Group 2B), and the ultraviolet (UV) radiation as “carcinogenic” (Group 1) respectively. Here, we 
investigated these two radiations in combination. We tested whether consecutive exposures of UV 
radiation and WiFi field have any effect on human keratinocytes. The cells were exposed to 1 SED UV 
irradiation (as first exposure), which was followed immediately by a 24-hour of 20 min switched 
ON/OFF intermittent 2450 MHz RF exposure with 4 W/kg, as consecutive exposure. Genotoxic 
evaluation was carried out by classical in vitro methods (Alkaline Comet Assay, Cytokinesis-block 
Micronucleus Assay, γH2AX Assay). Comet Assay assessment showed that RF radiation did not 
induce any additional effect to the damage caused by UV radiation. A slight but not significant 
increase of the genotoxic damage was assessed by Micronucleus and γH2AX Assay. Overall, we found 
no conclusive and coherent evidence for the induction of DNA damages, but in some cases we 
reported slight tendency of the adverse effect of WiFi irradiation. Comparative studies like our 
approach of consecutive exposure to UV and RF may be important in the future, concerning the 
upcoming 5G and 6G technologies, where the radiation will be absorbed mainly in the skin. This 
study was carried out as part of the SKIN-RF project, funded by ANSES. 

https://doi.org/10.21175/rad.abstr.book.2021.20.3


 

132 

The effect of intermediate frequency 
electromagnetic field at 22 kHz on human fibroblast cells in vitro 

Bertalan Pintér1, Zsófia Szilágyi1, Erika Szabó1,  
Györgyi Kubinyi1, Yves Le Drean2, György Thuróczy1 

1 National Public Health Center, Department of Radiobiology and Radiohygiene, Non-ionizing Radiation 
Unit, Budapest, Hungary 
2 Université de Rennes I, Institut de Recherche sur la Santé, l’Environnement et le Travail, Rennes, France 

https://doi.org/10.21175/rad.abstr.book.2021.20.4 

There are a number of household appliances that use the IF range, such as induction cookers, 
compact fluorescent lamps, anti-theft devices, which are commonly installed in areas accessible to 
people. The number of devices using inverter technology (air condition systems, refrigerator etc.) 
have also grown significantly in recent years producing IF electromagnetic exposure. So far only a 
limited number of studies have examined the possible genotoxic effect of IF, therefore 
comprehensive research in this topic is important. The aim of this study was to examine whether 
Intermediate Frequency (IF) Electromagnetic Field (EMF) has any effect on DNA of human 
fibroblast cells in vitro. This study is focused on the possible genotoxic effect of IF-EMF in itself on 
human fibroblast cells. The possible adaptive response induced by IF radiation was also investigated. 
The phenomena of adaptive response was first described in connection with ionizing radiation, where 
a relative low dose of treatment induces a kind of adaptation (as resistance) against a subsequent 
higher dose of treatment. During our experiments human fibroblast cells were exposed to 22 kHz, 
100 mT IF radiation (as adaptive dose) for 24 hours and 4 hours later were challenged by 2.5 Gy  
X-ray ionizing radiation. Evaluation of the possible DNA damage was performed by Fpg-modified 
alkaline comet assay. Data were analysed with Comet Assay IV software. This is an ongoing 
experiment; evaluation of the data is still in progress and the final results will be presented at the 
meeting. This study was carried out as part of the FiGe project, funded by ANSES. 
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The problem of general public electromagnetic safety due to 5G communication systems 
implementation is important. 

In order to study the possible adverse effects of electromagnetic fields (EMF) emitted by 5G 
mobile communication systems, there were carried out comparative assessment of 2-4G (3 frequency 
bands) and 5G (3 frequency bands) EMF multifrequency chronic biological effects. Experiments were 
carried out in 180 Wistar male rats divided into three groups: 2 exposed (250 µW/cm2 power 
density) and 1 sham exposed; 24h/day exposure, 4 months and 1 month post exposure. 
Neuroendocrine system (corticosterone and ACTH content in the peripheral blood serum) and rat’s 
research activity parameters were evaluated after 1; 2; 3; 4 months of exposure and 1-month 
postexposure (12 animals in each group every time). 

Rats exposed to EMF corresponding to 2-4G observed corticosterone secretion significant 
elevation after the 2nd and 3rd months of exposure, with tendency to increase after 1st and 4th 
months of exposure and decrease after 1 month after. In group exposed to 5G EMF, significant 
corticosterone content increase was founded after 1st month of exposure and 1 month postexposure 
period, with tendency to increase after 2nd month of exposure. ACTH content in of rat’ blood serum 
during the exposure period did not differ significantly from control values, with tendency to 
significant decrease after the 3rd month of 2-4G EMF exposure, while after 3 months of 5G EMF 
exposure there was ACTH content tendency to increase only, replaced by decrease after 4 months of 
exposure, remaining 1 month after the end of exposure. 

The revealed corticosteroid secretion wave-form changes, manifested in immediate increase with 
followed depression of corticosteroid response to normal or subnormal values and secondary 
hormonal secretion increase indicate hypothalamic-pituitary-adrenal system stress reaction to EMF 
more expressed in case of 2-4G EMF chronic exposure. 

The results showed rats oriented research activity (open field test) wave-form changes, indicating 
that EMF in frequency spectrum corresponding to 2-4G exposure causes sufficiently evident 
excitatory effect after 1 month of exposure, which, with continued exposure up to 4 months replaced 
by inhibitory effect, and after the end of exposure again leads to an increase in activity, which most 
likely indicates that the used EMF parameters lie above the threshold of the central nervous system 
sensitivity and approach the threshold of adverse effects. 5G frequency range EMF exposure caused 
similar, but less severity changes of rats’ research activity. 

https://doi.org/10.21175/rad.abstr.book.2021.20.5
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The interaction of laser radiation with drug solutions can be resonant, leading to molecular 
modifications and generation of photoproducts, or unresonant, having a mechanical effect. 

We employed the unresonant effect of laser radiation to design a laser-assisted device for 
emulsion generation. For this, the wavelength of laser radiation was chosen according to the 
absorbance spectra of the two immiscible solutions so the effect of laser radiation on emulsions to be 
of mechanical nature. 

The drug emulsions were generated with a double syringe system, mixing a drug (e.g., sodium 
tetradecyl sulphate - STS, Vancomycin) in water solution with an oily phase. The system allows to set 
mixing speed and number of mixing cycles. The generated emulsion was then exposed to laser 
radiation [1]. The unirradiated and irradiated samples were analyzed through optical microscopy, 
dynamic light scattering (DLS), surface tension analysis, UV-Vis reflectance spectroscopy, FTIR and 
Raman spectroscopy. 

Optical microscopy analysis and mean hydrodynamic diameters measured through DLS showed 
that droplets are smaller after exposing the emulsion to laser radiation (141.8 nm after irradiation, in 
comparison with 269.5 nm before exposure, in the case of STS emulsions). Zeta potential measured 
before and after irradiation of emulsions, as well as surface tension measured with the pendant drop 
technique, demonstrated that irradiated emulsions are more stable than the unirradiated ones [1]. 
FTIR analyses of emulsions allowed the identification of vibrational bands specific to each of the 
immiscible components, further providing a real-time evaluation of the emulsion’s destabilization. 
Raman spectroscopy enabled the characterization of the modifications at the molecular level, through 
identification of the corresponding vibrations from the functional groups of emulsion components. 
The difference between the UV–Vis–NIR reflectance spectra of the unirradiated and irradiated 
emulsions (correlated with previous measurements) showed that the physical characteristics of the 
emulsions changed during exposure to laser radiation. The increase in the reflectance signal suggests 
that the dimensions of the droplets decreased, leading to an emulsion with better time stability [2]. 
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Radiation effects are a main research theme in the context of cancer therapy that involves 
studying the rapidly diving tumour cell lines. Recently developed particle therapy started to gain 
terrain in the treatment of some brain cancers due to its improved control of the irradiation area. 
Anyhow, adverse effects cannot be neglect, since several studies from the field of space radiobiology 
linked neurodegeneration with exposure to particle radiation in the head area. Moreover, the  
non-dividing neural cells appear to show particular sensitivity to protons exposure compared to  
X irradiation linked to radiation characteristics (higher LET). 

Our aim here was to analyse proton radiation effects on DNA damage response and cellular 
death/survival in a differentiated neuronal model. 

Human neuroblastoma cell line SH-SY5Y was differentiated to a neuronal phenotype using a 
protocol based on addition of all-trans retinoic acid for 7 days and validated by immunofluorescence 
staining of specific markers (b-III-tubulin and tyrosine hydroxylase). Cells were irradiated using the 
proton beam line of a TR19 Cyclotron (IFIN-HH) with doses of 2-10 Gy. The viability was evaluated 
using the MTT assay and by cell counting in a hemocytometer. Immunofluorescence and Western 
Blot assay were used for assessing DNA damage response through visualisation of proteins 
specifically involved in pathways of DNA repair: 53BP1, gH2AX, RAD51, Ku70. 

Results. The protocol of cellular differentiation lead to increased percentage of b-III-tubulin and 
TH positive cells, change of cellular morphology, and decrease of cellular proliferation. The  
dose-response curve was established for protons irradiation at several time-point following exposure 
(24h, 48h, 72h). The dose of 2 Gy of proton irradiation, corresponding to a reduction of cellular 
viability to about 80% of control, was selected for further studies concerning DNA damage response. 
Number of DNA repair foci highly increased shortly after irradiation (3h), with a time-dependent 
decrease. However, even at longer time-points following irradiation (24 hours ) DNA repair is not 
complete. Expression of several proteins associated with pathways of DNA damage signalling were 
found to be increased following proton irradiation in neuronal differentiated cells. 

Perspective. While the study represents an evaluation of DNA damage mechanism in 
differentiated cells, we must acknowledge the fact that our model is not composed exclusively of fully 
differentiated mature neurons. A future microscopy and/or flowcytometric analysis will be used in 
order to distinguish specific DNA repair mechanism in dependence to cellular phenotype. 

Acknowledgments: The study was supported by Romanian Ministry of Research National  
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proton-induced neurodegeneration”. 
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Calculation of neutron flux at the irradiation positions of a neutron activation system is essential 
for material irradiations. This study aims to investigate the determination of neutron flux 
distribution and the absorbed dose rates in a 252Cf irradiator. GATE simulation toolkit was used to 
estimate the neutron flux distribution and the absorbed dose rates for various moderators such as 
paraffin, light water, heavy water, and graphite. The simulation work was done to carry out the 
moderation of 252Cf neutron source at various distances from the neutron source position in the 
specified moderator sphere. The flux and the dose rate of heavy water and paraffin at different 
distances from the neutron source were also obtained for thermal, epithermal, and fast neutron 
cases. 
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One of the most interesting topics in nuclear astrophysics is related to nucleosynthesis of the 
elements beyond iron, which are mainly produced via neutron-capture reactions. The neutron 
capture cross section data are the fundamental ingredient for the calculation of the stellar reaction 
rates and thus the possibility of reproducing the observed abundance of the elements in the Universe. 
The Maxwellian-Averaged Cross Section (MACS) is the quantity needed for the calculation of the 
stellar reaction rate. A direct measurement of the MACS, under certain conditions, can be performed 
by neutron activation analysis (NAA) providing a neutron beam with the stellar spectrum, i.e. a 
Maxwell-Boltzmann Neutron Spectrum (MBNS). Previous to perform any MACS measurement, 
neutron spectrum determination is mandatory, and this is the purpose of this work. A new method to 
convert the temporal neutron spectrum to an energy spectrum was implemented. Monte Carlo 
simulations using MCNPX were performed for the implementation of the conversion method, and 
also for comparison with experimental data found in the literature. Preliminary results of an 
experimental measurement will be reported in the talk. 
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In the framework of the ENTER_BNCT project (INFN-Italy), a directional neutron spectrometer, 
tailored for BNCT beams QA/QC measurements, has been designed and constructed. 

This device, which arises from the optimization of previously developed single moderator 
spectrometers, condenses the functionality of a Bonner Spheres Spectrometer into a single 
moderator, embedding multiple thermal neutron detectors. 

The geometry of the spectrometer has been optimized through MCNP6 simulations and consists 
in a cylindrical collimator followed by a cylindrical core which contains, along his axis, 6 silicon 
detectors made sensitive to thermal neutrons through a 6LiF deposited layer. The position of the 
detector has been studied in order to optimize the spectrometer response in the epithermal range. As 
the internal thermal neutron sensors are simultaneously acquired, the instrument is suited to operate 
as a real-time neutron spectrometer. 

The simulation model of the spectrometer has been experimentally verified by exposing the 
prototype in the reference neutron field of 241 Am-Be of the Politecnico di Milano. The count rate in 
the spectrometer internal detectors, as calculated from the simulation model, coincided with the 
experimental ones within about ±2%, confirming the high degree of accuracy of the simulation 
model. The results are shown in this communication together with aspects related to the future use of 
the device in therapeutic neutron beams. 
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At the moment, FLNP is practicing some types of nuclear-physical methods of matter elemental 
analysis, such as neutron-activation analysis with irradiation of samples directly in the “hot” zone of 
the reactor, X-ray fluorescence, activation on thermal neutrons with instant registration. 

The work of the “Accelerator EG-5” group was carried out on the theoretical justification and 
feasibility of developing a new method for the laboratory neutron activation analysis using fast 
neutron with instantaneous gamma rays on the electrostatic particle accelerator. 

The method of obtaining a neutron flux is not new and is well studied. The neutron flux density 
when using a gas target an energy of the order of 4-5 MeV is 4*107 cm2/sec. with. When using a solid 
target, a flux of 1*109 cm2/sec can be achieved with an energy of 10-14 MeV. 

FNAA complements existing methods of elemental analysis with work with the determination of 
light particlesisotopes, combining all the advantages of the described methods, such as: completely 
indestructible sample, simple sample preparation, as well as an extremely low degree of activation 
with the possibility of further work with the material. 

Acknowledgments: The study was performed in the scope of the Poland-JINR and the RO-JINR Projects 
within the framework of themes FLNP JINR: 04-4-1140-2020/2022, 04-4-1143-2021/2025 and 03-4-1128-
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Aim/Introduction. It is fact that production of capsules which contains high activity 131I is 
important, but dangerous activity of our colleagues such as physicists, chemists, physico-chemists, 
pharmacists, technicians, etc..., who works in this kind of industry. They can be exposed to high level 
of radiation exposure doses during manual preparation of capsules with high activities of 131I. There 
are just few commercial solutions for automatic capsule filling, but those devices are very expensive 
or unavailable in our country. We tried to develop and produce our own automatic system for this 
purpose. Goal of this paper is to present and shortly describe function of our system dedicated to 
automatic capsules filling with high activities of 131I. 

Materials and Methods. Our system consists of PC controlled device which is dedicated to 
precise dosage of 131I solution and filling of capsules with different amounts of radioiodine activities, 
which are previously defined. Whole device is located into dedicated chamber, shielded by lead 
bricks. We use two CCD cameras to remotely surveillance whole process. Known fact that solution 
volume in microliters closely correlates with activity in mCi, which is basic principle of our system. 
First step in the whole process is precise filling of known volume of 131I solution into syringe. Next 
step is filling-out needed volume (i.e. activity) in the capsule and closing it with appropriate cap. In 
order to avoid possible contamination, because of 131I is volatile, we decided to use two capsules. 
One smaller capsule filled with absorber which is inside one bigger capsule which cap will cover small 
hole which remains after filling of first capsule. Next step is measurement of 131I activity in the filled 
capsule using dose calibrator and printing it value on the self-adhesive label. Final step is transport of 
capsule to lead container and covering it with appropriate cover. Whole process is automated, 
controlled by PC, which is equipped by appropriate software developed using Delphia program 
language. 

Results. Our system enables to avoid unnecessary radiation exposure of personnel as well as to 
avoid errors caused by subjective or objective reasons. Mistakes are often possible when capsules 
filling with high activities of 131I are not automated process, but а manual activity of personnel. 

Conclusion. Based on our preliminary testing and routine usage of this system, we can conclude 
that system could be useful tool in production of capsules filled with high activities of radioiodine 131I. 
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47Sc is one of the proposed theragnostic radionuclides which have emissions that allow low-dose 
pre-therapy imaging, as well as higher dose therapy (T1/2 = 3.35 days, Eβavg = 162 keV, Eγ = 159 keV,  
Iγ = 68.4%). Production of 47Sc by neutron capture via 47Ti(n,p)47Sc requires high energy neutron flux 
(En > 1 MeV) while 46Ca(n,γ) 47Ca (47Ca-47Sc generator) reaction requires a costly enriched  
46Ca target. Cyclotron production methods via 48Ti(p,2p)47Sc, 51V(p,3p2n)47Sc and natCa(p,2n)47Sc 
lead to coproduction of 46Sc (T1/2 = 83.79 days) and 48Sc (T1/2 = 43.67 hours). An alternative method 
for 47Sc production is the use of linear electron accelerators. We discuss photonuclear production of 
47Sc at the bremsstrahlung end-point energies of 30 and 40 MeV. We performed irradiation of  
natTi targets at the linear electron accelerator of the A.I. Alikhanian National Science Laboratory 
(Yerevan, Armenia). The natTi were irradiated by bremsstrahlung photons for an hour. The specific 
activity of 47Sc at the end of bombardment was measured. The yield of 47Sc was  
446(1338) kBq/(μA h g) at Egmax = 30(40) MeV, respectively. Fraction of the main impurities 46Sc and 
48Sc at the end of bombardment was 1.3(1.09)% and 9.1(11.9)% of 47Sc radioactivity, respectively. It is 
possible to produce an impurity free 47Sc with this method by using an enriched 48Ti target and 
keeping the beam energy lower than 48Ti(γ,pn)46Sc reaction threshold (22.1 MeV). 
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Use of the same conjugate in both diagnostics and radionuclide therapy is promising for nuclear 
medicine. However, it requires compounds with radiometals with emission appropriate for both 
therapy and diagnostics (i.e. 64Cu) or chelators which form stable complexes with different metal 
ions. In this way macrocyclic ligands are of high interest as a part of radiopharmaceutical. Copper 
isotopes are very intensively investigated to apply in PET, SPECT, and β--therapy. At the same time, 
zinc radiopharmaceuticals are very poorly studied despite the nuclear physical characteristics of 
some zinc isotopes suitable for diagnostics. Bismuth isotopes 212Bi and 213Bi are effective for targeted 
alpha-therapy. In this work we studied the stability (including complexation constants, stability in 
serum and in vivo biodistribution) of copper, zinc and bismuth complexes with three azacrown 
ethers containing 5 (L1 and L2) and 6 (L3) heteroatoms in macrocycle. 

Labeled complexes were prepared with 64Cu, 65Zn and 207Bi. Stability constants for the complexes 
with L1, L2 and L3 were determined by potentiometric titration. Labeling yield was determined using 
TLC with gamma-spectrometry. For in vitro tests complexes solutions were added to fetal bovine 
serum and incubated at 37 °C; then at the fixed time points proteins were precipitated by ethanol and 
the radioactivity of supernatant was measured and compared with initial sample. For in vivo 
experiments normal male mice were used; complexes or blank solutions were injected 
intraperitoneally, and after 1 or 6 hours after injection the mice were euthanized, major organs and 
tissues were collected and measured by gamma-spectrometry. 

High labeling yields (more than 90%) for the studied complexes were at ligands concentration of 
1·10-4 – 1·10-3 M. Despite of higher stability constants copper complexes were unstable in serum 
while ZnL2 and ZnL3 didn’t show transchelation of 65Zn by proteins. BiL2 and BiL3 were moderately 
stable in serum. In vivo studies showed that complexes ZnL2 and ZnL3 demonstrate high stability in 
organism. In vivo stability of BiL3 was demonstrated, however BiL2 was completely unstable in 
organism despite of the same complexation constant and in vitro behavior. Thus, L2 and L3 are 
promising as bifunctional chelators for radiopharmaceuticals with 62Zn and 213Bi. 
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The Quality Control (QC) measurements for non-imaging intraoperative gamma probe are based 
on procedures described in the standards publication NU-3-2004 published by the US National 
Electrical Manufacturers Association. The standard applies for probes equipped with both 
scintillation detectors: thallium-doped sodium iodide NaI(Tl), thallium-doped caesium iodide 
CsI(Tl), and semiconductor detectors such as cadmium telluride (CdTe), cadmium zinc telluride 
(CdZnTe ) and mercuring iodine(HgI2). To evaluate the quality control of non-imaging intraoperative 
gamma probe, we measured and discussed the following parameters: overall sensitivity (cps/kBq), 

spatial resolution (FWHM of PSF, mm), both: radial and lateral, energy resolution (100×∆E/Eᵧ) and 
signal to noise ratio SNR. Radial resolution is the width of the measurement cone where the radiation 
is detected at a defined distance. Lateral spatial resolution is the capability to accurately localize the 
position of a target source and to separate two adjacent sources. Energy resolution is the capacity of 
the gamma detection system to discriminate between radiations of different energies. The signal to 
noise ratio relates to the ability of the probe to discriminate the signal arising from the target with 
respect to the noise represented by the background radiation within the surrounding tissue. Results 
are compared with those reported in literature. The following QC procedures should be performed 
regularly to ensure that the non-imaging intraoperative gamma probe is functioning safely and 
within the manufacturers’ specifications. 

Keywords: Non-imaging intraoperative gamma probe, quality control, semiconductor detectors 
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The possibilities for diagnostic and therapy of oncological diseases are based on the accumulation 
of radionuclides in the affected tissues. Nanoparticles can be considered as a platform for combined 
radiopharmaceuticals both for diagnostic and therapy. Due to their small size, nanoparticles can 
deliver the radionuclide closer to the tumor cell nucleus what can reduce harmful effect of ionizing 
radiation on healthy tissues. The radionuclide can be bound to the surface of the nanoparticles by 
surface modification using bifunctional chelators which binds to the nanoparticle and quickly binds 
the metal into a stable complex. 

The properties of magnetic nanoparticles make it possible to use them both in diagnostics as a 
contrast for MRI and magneto-mechanical therapy. Strontium hexaferrite nanoparticles are one of 
the few hard magnetic materials on the basis of which biocompatible stable colloidal solutions can be 
obtained. 

In this work, conjugates of nanoparticles of strontium hexaferrite coated with silicon dioxide (the 
plate-like shape of nanoparticles with an average diameter of 40 nm) and azacrown ether L with six 
nitrogen atoms in a macrocycle were obtained by chemical surface modification. 

Modified strontium hexaferrite nanoparticles were analyzed by IR and Raman spectrometry. 
Confirmation of the modification of the surface of nanoparticles at each stage were also studied by a 
series of ζ-potentials measurements at different pH values in the range from 2 to 11 (I = 0.01M) and 
determination of the isoelectric point by dynamic light scattering. It was shown that the modification 
of the particles surface with amino groups leads to a shift of the isoelectric point to the region of 
higher pH values, while the modification of nanoparticles by the ligand shifts it to the region of lower 
pH values. It was demonstrated by competitive liquid extraction that the resulting conjugates form a 
stable complex with 207Bi3+ at bismuth concentrations of 10-9M and particle concentrations of 10-3 g/l. 
Furthermore, the labeled nanoparticle-ligand-radionuclide structure was investigated for their 
stability in biologically significant media by thin layer chromatography. Thus, conjugates of 
strontium hexaferrite nanoparticles and azacrown ether L can be further studied as a potential 
component of radiopharmaceutical for theranostics. 
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Platinum-based drugs are widely used in chemotherapy for the treatment of various 
malignancies. It is crucial to know how these biomolecules spread in the body and assess the 
individual response to the treatment conducted. Diagnostic platinum radioisotopes such as 191Pt, 
195mPt, 197Pt, attached to a drug would allow us to carry out molecular imaging. It was mentioned that 
the high yield of 195mPt Auger electrons (33 electrons per decay) makes this radioisotope a suitable 
candidate for theranostics [1]. 

There are reactor and accelerator methods to produce 195mPt, which include enriched 194Pt 
irradiation at a nuclear reactor, and enriched 192Os bombardment by α-particles. The neutron cross 
section for the reaction 194Pt(n,g)195mPt is 0.09 b and leads to the product with a carrier and thus low 
specific activity. Reaction 192Os(a,n)195mPt provides specific activity by two orders of magnitude 
higher compared to the reactor production but the yield and cross section being 3.7 mb is much 
lower. 

Therefore, conventional methods are currently unable to provide enough specific activity to meet 
demands for radionuclide therapy, so it is relevant to continue research on 195mPt production 
possibilities. 

In this work, two novel promising methods are addressed: neutron irradiation of iridium 
enriched in 193Ir and photonuclear production based on natural platinum irradiation. 

The first method of iridium irradiation is based on the reaction 193Ir(n,γ)194Ir(n,γ)195mIr β-→195mPt. 
In order to make conclusion on the perspectives of this method it is crucial to know cross sections of 
all the reactions involved. So the aim of this work was to determine previously unknown parameters 
of the reaction 194Ir(n,γ)195mIr. Two targets of enriched iridium with and without Cd cladding 
respectively were irradiated for 17 days at the reactor IBR-2. Because of the enormous radiation 
background, one had to separate the product 195mPt from iridium bulk radiochemically. The targets 
were processed separately, the procedure included electrochemical dissolution followed by 
separation by extraction chromatography on TEVA of no-carrier-added platinum from 
macroamounts of iridium. Then based on the radioactivity of 195mPt in both targets and using  
Cd difference technique to separate resonance neutrons effect from thermal neutrons one we found 
that production on thermal neutrons is almost negligible and estimated for the first time cross 
section on resonance neutrons of the reaction 194Ir(n,γ)195mIr to be 2940. 

The second method of photonuclear production involved irradiating a mixture of cisplatin and 
cryptomelane. The latter served as a recoil nuclei collector; therefore, a higher specific activity was 
achieved due to the Szilard-Chalmers effect. 
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In nuclear medical diagnostics, the security risk correspond with 99mTc / 99Mo generator 
(activities in range 10-43 GBq) and calibration phantoms, 137Cs, 68Ge, 57Co etc. (up to 1 GBq). These 
are the second and primary third category sources, by both relevant approaches to categorization 
(activity coefficient or application). Due to the low risk, from a security point of view, relevant issues 
have not been addressed in the literature by now. On the other hand, the hospital environment is 
favorable for potential sabotage, and such activities, if successful, would, at the very least, lead to the 
cancellation of the clinical program and unwanted attention and image in the media. Therefore, 
(and) with the dedication of authors, taking into account the definition of an incident by the 
International Atomic Energy Agency, a new national legislation envisages security plan writing for a 
nuclear medicine facility. The imperative that is imposed is to achieve defense in depth and balanced 
protection, with relatively small investment, to ensure adequate interaction with the police in order 
to respond promptly, as well as to internally raise the level of safety culture. 
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The development and trial of radiopharmaceuticals based on radionuclides with high linear 
energy transfer and short range in tissue (alpha-particles or Auger-electrons emitters) on the one 
hand, and highly specific delivery molecules on the other, is an essential step towards personalized 
medicine in the field of cancer treatment. Ac-225 (T1/2 = 9.9 days) and its decay product Bi-213  
(46 min.) are proven to be promising for radiotherapy. More than 500 patients were treated with 
radiopharmaceuticals containing these radionuclides (up to 2018). 

A crucial problem of Ac-225 and Bi-213 wide applications is their low availability. The generator 
method of Ac-225 production from Th-229 cannot satisfy the needs of even ongoing clinical trials. A 
prospective method of producing 225Ac (more than 1 Ci for a 10-day run) by irradiation of natural 
thorium with medium-energy protons followed by chemical isolation has been developed at the 
Institute for Nuclear Research of the Russian Academy of Sciences (INR RAS). Ac-225 with a small 
(~0.2%) impurity of Ac-227, which also forms under the irradiation, is appropriate as a mother 
radionuclide for Ac-225/Bi-213 generator. 

The literature describes generator systems Ac-225/Bi-213 based on both ion exchange and 
extraction chromatographic resins (Actinide Resin; UTEVA Resin, Triskem Int.). The initial activity 
of Ac-225 has been so far limited by the capabilities of production as well as the radiation resistance 
of the sorbents used in the generator. 

The most studied is the Ac-225/Bi-213 generator based on a cation exchange resin of the type AG 
MP-50 (BioRad), and clinical tests are carried out using such generators. Systems of so-called 
multicolumn selective inversion generators (MSIG) were developed at PNNL, USA. Significant 
drawbacks of the existing generators are that they are designed for a radiochemically pure parent 
radionuclide with initial activity below 100 mCi. 

Two unique Ac-225/Bi-213 generators have been developed in INR RAS. The first  
one – termoxide inverse generator (TIG) – is based on a modified inorganic sorbent made from 
annealed zirconium and yttrium oxides [1]. The other one named “Afrabis” is a two-column generator 
where Ac-225 is firmly retained by Actinide Resin on the first column, and Bi-213 is accumulated and 
concentrated due to the separation and decay of the short-lived Fr-221 on the second column with AG 
MP-50 resin [2]. These generator systems demonstrate high radiation resistance, express production 
of Bi-213, and reliability. 
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Currently the importance and scope of radionuclide diagnostics procedures increases which leads 
to a higher demand in medical radionuclides production. The main diagnostics radionuclide for 
radiopharmaceutical production is 99mTc due to a mild monoenergetic gamma radiation (140 keV) 
and a short half-life period (6 h) which allows to perform diagnostics with a lower patient radiation 
dose. That is why exploration of different accelerator techniques to produce aimed radionuclide 
appears to be perspective. 99mTc is usually obtained from the decay of 99Mo which is first produced at 
a nuclear facility and then used for the production of isotopic generator 99Mo/99mTc. Photonuclear 
reaction 100Mo(γ,n)99Mo as well as production of 99Mo/99mTc generator was earlier investigated by 
our co-author A. V. Sabelnikov [1]. This method provides carrier free 99mTc with activities high 
enough for large scale production and is preferable with respect to the chemical purity of the 
radionuclide of interest. 

The important task of our experiment was to demonstrate potential of a position sensitive 
semiconductor pixel detector Timepix with a sensor of 2 mm CdTe for conducting SPECT imaging as 
a new approach for better resolved diagnostics [2]. For this goal we implemented 99mTc produced by 
irradiation of enriched 100Mo at the electron accelerator MT-25 in FLNR JINR. The powder of 
100MoO3 was irradiated for 6 days at 10.5 mkA current by 23 MeV bremsstrahlung. After the 
irradiation we dissolved 100MoO3 in 2 M NaOH and used this solution to make an isotope generator 
of 99mTc. Isotope generator was prepared using a known technique [3] that we optimised to better 
suit the conditions of our experiment. Based on the activity of molybdenum solution after the 
irradiation we calculated the yield of 99Mo to be 583 Bq/(mkA·mg·h). 99mTc was later used to prepare 
samples to test the Timepix detector. The results will be shown at the conference. 
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In the last 20 years, a great deal of evidence has proved that the number of abusive people has 
increased. Therefore, it is necessary to develop new monitoring procedures that can determine  
short-term consumption of drugs, as well as a long-term one. 

The aim of our research was to prove the possibility of utilizing hair for establishing long-term 
consumption (weeks/months) of drugs. All experiments were performed using Agouti Guinea pigs 
with different types of natural hair colour. The extracts obtained from the hair samples were analyzed 
by applying Gas Chromatography with mass-selective detection method. 

All laboratory animals were kept in the experimental biological clinic (vivarium) that met the 
requirements of international laboratory rules (Good Laboratory Practice, GLP). Guinea pigs were 
divided into two separate groups and each group was fed a water solution of phenobarbital and 
diphenhydramine (the concentration of the solution corresponded with the maximum daily dose for 
humans). Then, after 6-months of consuming the aforementioned substances, the feeding of guinea 
pigs was stopped, and their urine was collected for a duration of two weeks. According to the results, 
phenobarbital was determined in the urine samples up to 11 days after the last consumption, and 
diphenhydramine up to 4 days after. 

The guinea pigs’ hair was collected 6 weeks after ending their consumption of the solution. The 
hair gathered (3 cm) was then divided into two segments – the root and the end of the strands  
(1.5 cm each). All segments were destroyed separately by applying enzymatic hydrolysis methods 
developed by the authors as follows: a solution of each enzyme (0.5 mg/ml; phosphatic buffer,  
pH 7.4) – trypsin, chymotrypsin and chymopsin – and a solution of papain enzyme (0.5 mg/ml; 
acetic buffer, pH4.7). These were blended with the hair samples (0.4 g) and maintained for three 
hours at 37 оС twice. The total time of hydrolysis was 6 hours. The methods of acidic and alkali 
hydrolysis were used at the same time as the enzymatic ones to enable an effective comparison 
between the two. Phenobarbital and diphenhydramine were isolated from the hydrolysates by liquid-
liquid extraction (at selective pH). 

The methods of acidic and alkali hydrolysis were ineffective for the retrospective analysis 
application since the amount of substances were 2-3 times less in comparison with the results of the 
enzymatic ones. Moreover, the RSD (%) of acidic and alkali hydrolysis methods did not meet the 
necessary requirements. 

The developed methods of enzymatic hydrolysis allowed to establish the fact of long-term drugs’ 
consumption. In fact, phenobarbital was isolated more from the root segments, whereas 
diphenhydramine was mainly extracted from the end segments. Thus, these methods presented their 
effectiveness and applicability for the retrospective analysis of various natural hair colour samples to 
prove long-term drug usage. 
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Relevance. The majority of people in low-income countries are currently unable to pay adequate 
attention to their health. In particular, this is due to the accessibility of the necessary specialist in the 
area of residence, difficulties in finding and purchasing of necessary medicines. Integration of 
telepharmacy services will improve accessibility and quality of health care services. 

Purpose: To justify the possibility of introducing elements of telepharmacy in low-income 
countries, using Ukraine as an example. 

Results. Currently, telepharmacy in Ukraine is practically non-existent, only some of its 
components, such as telephone counselling. In other countries, however, the so-called “telephone 
pharmacy” has long been in operation as a way of delivering pharmaceutical products and services 
via telecommunications. In this way, patients can receive their medicines and other pharmaceutical 
products without leaving a place where they can easily obtain these services. There are services that 
deliver medicines to remote locations as well as labelling them for use. These services are mainly 
provided by retail pharmacies, but can also be provided by nursing homes, hospitals and other health 
care facilities. Telepharmacy is also used by pharmacies not only to provide pharmaceutical services, 
but also for training, education, and management services. 

The introduction of vending machines can be considered as an element of telepharmacy in low-
income countries. Two main types have been considered in the paper: machines that have the 
possibility to contact a pharmacist, machines that only dispense medicines. 

When the dispensers are of the closed type (the machines are built into buildings and are 
protected as much as possible), prescription medicines can be sold. Their main function is to 
facilitate the work of pharmacists in selling medicines for chronic diseases, where the additional 
consultation of a pharmacist is not required. In this case, the patient can receive the same medication 
using his code or other identifier at any convenient time for him, without standing in queues. Such 
machines can hold up to 70 different types of medicines. 

Other vending machines can be placed indoors or outdoors to sell over-the-counter medicines 
and medical products. Such vending machines can be placed in remote and inaccessible towns and 
villages, as well as in airports, train stations and other crowded places. This is applicable when it is 
not feasible to maintain a pharmacist, pay rent for premises and incur other costs. 

Conclusion. The results of these studies have demonstrated the feasibility and necessity of 
introducing self-service facilities in low-income countries to improve access to pharmaceutical 
services for people living in remote areas. 
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53 commercial names of paracetamol drugs are circulated on the Russian pharmaceutical market. 
They are exposed in 10 dosage forms: granules for preparation of a suspension for oral 
administration, infusion solution, solution for oral administration, syrup, rectal suppositories, 
suspension for oral administration, tablets, film-coated tablets, soluble tablets, effervescent tablets. 
Variety and affordability have determined the choice of paracetamol preparations for assessing the 
capabilities of Raman spectroscopy in the pharmaceutical analysis [1]. 

Comparative evaluation of the substance’s Raman spectra and the investigated paracetamol 
preparations showed characteristic intense bands in the terahertz range (5-250 cm-1). In our 
opinion, their similarity is resulting from the presence of paracetamol as the main component. The 
other spectral regions have significant differences which can be caused by excipients and fillers. 

The spectra of paracetamol solution for parenteral use and paracetamol syrup recorded by a 
similar method [2] showed their lack of information, since the water in their composition masks the 
spectral pattern due to intense fluorescence. 

The reproducibility of the Raman spectra was studied at the position of 5 maxima of analytical 
signals (85.8 ± 2; 391.3 ± 2; 858.2 ± 2; 1169.3 ± 2; 1655.2 ± 2) cm-1 on four substances of 
paracetamol produced by different manufacturers at exposure time to laser radiation 20, 60 and 120 
seconds. It was found that the best reproducibility is observed in the middle spectral range for any 
duration of analysis, and the shape of the spectral signals did not change at the same duration of 
exposure to laser radiation both in each series and between series. The maximum deviation in the 
position of the spectrum maxima of 1.13% indicates a good reproducibility of the analytical method 
[3]. 

Our investigation has shown the capability of identifying pharmaceutical substances and 
paracetamol solid dosage forms by the method of Raman spectroscopy. 
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One of the priority directions in the development of modern medicines is a search for highly 
effective drugs with a wide spectrum of pharmacological action and low toxicity. Naturally occurring 
substances, genistein in particular, are of great interest. Experimental and clinical studies have 
demonstrated that genistein has radioprotective properties. The possibility of creating a medicine 
based on it as addition to radiation therapy of tumors has been shown [1]. The use of certified 
reference materials (CRMs) ensures metrological traceability and comparability of analysis results. 
However, development, registration and practical application of CRMs face problems such as the lack 
of a unified understanding of the term CRM in various regulatory acts of the Russian Federation, the 
diversity of the classification of CRMs. Translation of existing in European Pharmacopoeia (EP), 
United States Pharmacopoeia (USP), International Pharmacopoeia, and ISO Guide 30:2015 
international terms refer to CRM into Russian gives several parallel terms. The aim of our study is 
development of the CRM and regulatory documentation for synthetic genistein to ensure quality 
assurance of medicines. Natural genistein is an isoflavone derived from plants of the legume 
(Fabaceae). A comparative analysis of natural genistein and synthetic genistein was carried out. In 
the course of the study, quality attributes of synthetic genistein were determined: characteristics, 
solubility, identification (color reactions, UV spectrophotometry and IR spectroscopy), melting point, 
specific absorbance [2]. The study of samples by gas chromatography with mass selective detection 
showed the peaks of the same type for the molecular ion (trimethylsilyl derivative) with m/z 486.2, 
the base peak 471.1 and the splinter peaks of ions 73.0, 207.0, 228.0, 281.0, 399.1. Automatic 
processing using a specialized library “NIST08.L” using the AMDIS program showed that the studied 
mass spectra with a probability of at least 90% coincided with the spectrum of 5,7,4´-tri 
(trimethylsilyl) genistein [3]. Thus, the creation of CRMs for synthetic genistein will ensure the 
quality of drugs and dietary supplements containing this substance and will be more widely used in 
medicine. 
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Stimuli responsive hydrogels based on poly(olygoether methacrylates) (POEGMAs) obtained by 
Radiation Induced Crosslinking Polymerization (RICP) are regarded as promising biomaterials for 
storage, transport and release of low-molecule substances. Due to biomedical applications, like drug 
delivery systems, the radiation-induced methods of synthesis offering simultaneous product 
sterilization are extremely desired to prepare such materials. The process of controlled release is 
induced by thermally generated Volume Phase Transition, that is a consequence of instable balance 
between polymer and water. The polymer network collapse and water with low-molecule substance is 
released to external environment. When considering POEGMA hydrogels as transport and release 
systems, diffusion processes in the hydrogel matrix are very important. 

This project is focused on an influence of POEGMAs structure and radiation dose used for RICP 
process, and as a consequence polymer concentration for diffusion in hydrogel matrix. POEGMA 
hydrogels were prepared by RICP and after cleaning swollen by fluorescent dye solvent for free 
diffusion studies or by ibuprofen sodium salt solvent for release studies. Free diffusion was studied 
with Fluorescence Correlation Spectroscopy, whereas release was observed by HPLC. Obtained 
results show that structure of polymer (length of side groups) impacts on diffusion processes. Free 
diffusion and kinetic of release may be adjusted by dose of radiation used for RICP. It is also good to 
point out that radiation dose shifts the balance between polymer network and low molecule 
substance in the hydrogel matrix. 
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Chitosan (CS) is a chitin derivative and it is the second most common polysaccharide after 
cellulose. Its qualities are non-toxicity, biodegradability, antibacterial activity, ability to form 
complexes, etc. 

Currently, there are many works describing the useful properties of CS, including as an acceptor 
or solution for stabilizing metal nanoparticles (NP). In this work, attention is paid to the reduction of 
silver ions using an aqueous solution of low molecular weight CS with a molecular weight of 11 kDa 
(CS-11) and 48 kDa (CS-48) with a degree of deacetylation of 3% (Bioprogress, Russia). The process 
of obtaining nanosilver particles was carried out by photo- and X-ray exposure to the systems in the 
presence of oxygen. It is shown that the Ag-NPs size is 2040 nm under X-ray exposure to the  
CS / Ag + system. 

The work revealed the antioxidant properties of an aqueous chitosan solution due to the 
interception of the hydroxyl radical. In this work, the relative rate constant of the interaction of  
CS with OH radicals was determined by the method of competing reactions using terephthalic acid. It 
has been shown that the molecular weight of CS affects its reactivity in the reaction with a hydroxyl 
radical; the higher the molecular weight, the higher it is. When studying the CS system with silver 
ions in water, it was shown that the relative rate constant of the СS-11 / Ag+ reactions with the  
OH radical is 2 times higher than the rate constant of the CS-48 / Ag + . 
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Protoporphyrin IX (PPIX) is a well-known photosensitiser with great potential for use in 
photodynamic therapy (PDT). However, PPIX is a highly hydrophobic and cannot be dissolved in 
water which represents an environment suitable for PDT applications. So liposomes  
(as multilamellar or unilamellar phospholipidic submicroscopic vesicles) allow the incorporation of 
lipophilic and hydrophilic drugs such as PPIX in their matrix with potential for the delivery of 
various bioactive molecules used for therapeutic applications. Because of that it can be very 
important to investigate how PPIX incorporated inside the liposomes lipid bilayers influences lipid 
peroxidation (LP) - process applied in various fields in medicine - PDT and pharmacy. The most 
prominent and currently used assay for detection and recording of LP is the spectrophotometric 
thiobarbituric acid-malondialdehyde test (TBA-MDA). 

PPIX-loaded liposomes were prepared using dry PPIX-lipid film method and extrusion through 
filters with 100 nm pores to obtain SUV (small unilamellar vesicles) liposomes. Lipid peroxidation 
was initiated by photosensitization reaction of PPIX-SUV system with continual UV-A and UV-B 
irradiation. The formation of the LP product malon-aldehyde (MDA), was measured 
spectrophotometrically (TBA-MDA test). UV-A and UV-B irradiation treatments of PPIX-SUV 
mixtures (with or without the photosensitizer PPIX) was performed in cylindrical photochemical 
reactor with emission maximum at 350 and 300 nm, with 10 symmetrically placed Hg-lamps and the 
corresponding flux at 12.9 Wm-2 and 15 Wm-2, respectively. 

The continual UV-A and UV-B irradiation of PPIX-SUV complex resulted in lipid peroxidation 
process - continuous increase in absorbance band responsible for LP product. Lipid peroxidation 
process obeys first-order kinetics. The calculated rate constants of LP products growth are 0.0105 
min-1 and 0.0439 min-1 for UV-A and UV-B irradiation, respectively. Lipid peroxidation process was 
not observed in the samples without photosensitizer, or samples with photosensitizer kept in dark. 
The results are in accordance with the known fact that UV-B irradiation is more energetic in 
comparison with UV-A and due to that photosensitiser PPIX in SUV liposomes is more excited 
causing faster lipid peroxidation process. Further, it is shown that PPIX-SUV complex is a stable with 
PDT potential, and photosensitiser can express oxidative potential. 
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Thallium bromide (TlBr) is a compound semiconductor characterized with high gamma-ray 
absorption, wide band-gap energy, low melting point. In this study, press mold method was used for 
crystalizing TlBr from a starting powder material for the first time. TlBr powder with nominal purity 
of 99.99 % was loaded into a metallic mold made from stainless steel (SUS316) and sandwiched 
between plates made from ELMAX. After pressing the materials up to 50 kN at around 1 Pa, the 
materials were heated up to around 400 OC for 20 min. and cooled by turning off a furnace. Size of 
TlBr crystals molded in this procedure were around 20 mm x 20 mm x 2 mm. Planar type TlBr 
detectors were fabricated from the TlBr crystals. Detector performance has been evaluated by testing 
gamma-ray energy spectral response. 
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For radiological surveying application, neutron detectors require shielding to minimize 
contributions from sources outside the area of interest. When taking radiation measurements using it 
is often useful to have a MCNP simulation by which to benchmark the results. To best model a 
detector’s response to incident radiation, a detailed MCNP geometry must be developed to account 
for the different types of interactions that occur within the detector materials. In this research, MCNP 
models for a 10B/ZnS(Ag) neutron detector were developed and tested against experimental counts 
recorded from two PuBe (plutonium-beryllium) sources. Using data from these experiments as well 
as information obtained directly from the detector’s manufacturer (Bridgepoint Instruments, 
Austin), two models for this type of detector were developed-- both of which returned values within 
7% of the experimental data. 
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Gamma-ray spectrometry is one of the most effective ways to determine the activity of 239Pu. 
However, often high backgrounds in complex spectra with low amounts of 239Pu can increase 
detection limits. The effectiveness of the use of gamma-gamma spectrometry in the characterization 
of 239Pu has been initiated. The gamma-gamma system was set up with a 60Co source positioned 
equidistant between the two detectors, which were at 180o to each other using the digital PIXIE XIA 
system. Spectra were generated at various detector to source distances, then the net area counts from 
each spectrum were used at the 60Co 1173 keV energy peak to create graphs for both single and 
coincidence gammas for the 1173 and 1332 keV energy peaks. Measurements were taken at 2 cm and 
4 cm and found that the ratio 2 cm:4 cm for singles was 2.03, whereas the ratio for coincidence was 
3.91. This clearly shows that the distance between gamma ray spectrometers has a much bigger effort 
in counting statistics for the gamma-gamma coincidence detectors than a single detector. In addition, 
background radiation measurements were taken without any shielding around the system. And it was 
demonstrated that the background radiation to be virtually negligible, meaning gamma-gamma 
spectroscopy can still be very effective without requiring the usual lead shielding. Other 
measurements were taken to assure Poisson statistics were attained in the digital system. Preliminary 
measurements revealed very low detection limits for the measurement of 239Pu. 
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The SIDDHARTA-2 Collaboration is going to perform for the first time the precision X-ray 
spectroscopy measurement of the kaonic deuterium transition from the 2p to 1s level, at the DAΦNE 
Collider of the LNF-INFN. Besides its high scientific outcome in the nuclear physics field, the new 
Silicon Drift Detectors (SDD) systems specially developed by the SIDDHARTA-2 Collaboration for 
this project represents a significant improvement in the field of X-ray detectors, thanks to their 
excellent spectroscopic performance even when exposed to the high radiation environment of the 
particle colliders. We shall present the results of the detailed characterizations of these new SDDs 
together with its dedicated front end electronics in laboratory and on the DAΦNE collider, together 
with the updated SIDDHARTA-2 activities. 
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Efficiency calibration of the HPGe detector is an important task in the field of gamma 
spectrometry, providing possibility of quantitative determination of radionuclide activity within 
different samples. Besides the influence of sample geometry and matrix, the effects of true 
coincidence summing of gamma quanta should be taken into account. In this work we calibrated 
large-volume HPGe detector by certified cylindrical source in contact geometry, containing the 
following radionuclides of known activity: Eu-152, Y-88, Ce-139, Co-60, Cd-109, Sn-113, Co-57, Cs-
137, and Am-241. The obtained detection efficiency curve covered energy region of 60 keV–1850 keV. 
In the second step, EFFTRAN software was used for determination of true coincidence summing 
correction factors, leading to the modified efficiency curve. The relative differences between 
uncorrected and corrected efficiency values were found. The most prominent discrepancy was found 
for Eu-152: up to 40%. These results showed that this kind of efficiency curve corrections should not 
be neglected in gamma spectrometry measurements. In addition, Monte-Carlo simulations of the 
radioactive decay of above-cited radionuclides were performed in order to obtain and compare 
detection efficiency curve without taking into account coincidence summing. Furthermore, by 
choosing the pure gamma-rays emitted from corresponding radionuclides, the true coincidence 
summing effects were considered, thus the simulated and experimental curve were analyzed and 
compared in this case as well. 
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A simple radiation monitor which incorporates a Geiger counter and silicon detectors was 
designed and tested for radiation measurements on Turkish space rockets. The device houses two 
large area silicon PIN detectors, each with 4 quadrants produced in Turkey by TÜBİTAK BİLGEM 
UEKAE YİTAL laboratories, vertically aligned inside a thin aluminum shielding, separated by 3 PCBs 
as degraders, to perform coincidence logic and energy discrimination. Each quadrant is amplified 
separately to reduce the noise on readout cards designed by METU IVMER which generate logical 
signals per layer, which are then coincided in a 7.8ns time window by an FPGA. The prototype also 
incorporates a Geiger tube sensitive to electrons and gammas to compare the counts of particles 
outside the box measured during the test period. The I-V and C-V characterization of the PIN diodes, 
as well as detailed calibration of the readout electronics were performed. The device was tested at the 
METU-DBL proton beamline with 15 and 30 MeV proton beams as well as radioactive alpha and beta 
sources and shown to be sensitive to different particle species. The dynamic range, which has been 
demonstrated up to 1.3*10^6 p/cm2/s lays the foundation for a robust radiation measurement with 
more detector and degrader layers for a larger energy range on a satellite over the South Atlantic 
Anomaly as well as the van Allen belts. 
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One of the most widely exploited methods for radiation detection and dosimetry is those based on 
luminescence phenomena. Among them, the most important for practical applications of ionizing 
radiation monitoring is the thermoluminescence technique. For this sense, various materials have 
been submitted under investigation as radiation detectors. High quality inorganic halide perovskite 
brings an opportunity for ideal electronic radiation detection due to its large carrier mobility, 
lifetime, and heavy atoms. Here, we report on the GdAlO3 perovskite powders synthesized using the 
coprecipitation method. The surface morphology of undoped GdAlO3 NPs have been analyzed using 
SEM images. SEM images were obtained for different calcination temperature. These images 
manifested that clusters are formed on the surface in large number by spherical particles but the 
most are formed by irregular forms. It is observed that the particles are highly agglomerated due to 
the high surface interaction between the nanoparticles. The X-ray diffraction (XRD) studies show 
that the synthesized powders can be indexed to nearly single-phase orthorhombic GdAlO3. The TL 
characteristics following 90Sr/90Y beta irradiation were studied. The TL intensity response of the 
synthesized samples are recorded for an irradiation at 11.1 Gy dose using beta radiation with heating 
rate 15°C/s. TL intensity is found to depend on the calcination temperature. The highest TL response 
was observed for powders submitted at 1500°C. TL glow curve beta irradiated showed four peaks 
centered at 98, 141, 245, and 306°C respectively. The two lower temperature peaks lose information 
during 24 hours, remaining the rest of the two peaks to study dosimetric properties. TL dose 
responses of the phosphors to beta doses from 1.1 up to 44 Gy showed fairly linear behavior. The 
kinetic parameters of the GdAlO3 samples were estimated by the free glow curve deconvolution, the 
curve fitting, and the peak shape methods. The results indicate that these phosphors can be 
considered to be promising as good candidates as a beta radiation detector. 
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Introduction. Light-Dependent Resistors (LDRs) are widely used as visible light detectors, due 
to its low cost and high sensitivity. In our previous works, it was experimentally tested that some 
LDR devices exhibit a promising performance as dose rate sensors, employing a digital multimeter or 
a clinical electrometer as reader units. In this work, a clinical electrometer was used to study the  
LDR radiation response dependence with the angle of incidence. 

Materials and methods. LDR devices NSL-19M51 (Luna Optoelectronics, USA) and  
VT43N2 (Excelitas Technologies, USA) were characterized for 6 MV photon beams produced by an 
Artiste linear accelerator (Siemens, Germany). LDRs were connected to a PC Electrometer (Sun 
Nuclear, USA) placed inside the treatment room. LDRs were painted with black nail polish in order 
to reduce the effect of environmental illumination and fixed inside a cylinder phantom. The gantry 
was turned from 0 to 2π rad in steps of π/6 rad. A CC13 chamber (IBA, Germany) was employed as 
reference chamber. 

Results and conclusions. LDRs were first studied with different bias voltages between 30 and 
150 V. A higher sensitivity when high voltages were applied was observed. Therefore, a voltage of  
150 V was chosen to monitor the angular dependence. Dose rate was calculated from both, the 
average current in the flat region during irradiation and the ratio between the time integral of the 
current when it was higher than three times the standard deviation of the base-line current and the 
irradiation time. To characterize the angular dependence, the devices were irradiated with a dose rate 
of 285 cGy/min, obtaining a detector response variation up to 25% for both devices. The high 
sensitivity and the low price of LDRs make them a promising candidate for low cost dose 
measurements. It is important to carry out a complete physical characterization before studying its 
clinical use. 
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Introduction. The main application of photodiodes is to measure visible, ultraviolet or infrared 
light intensity. However, some authors have reported their use as dose rate sensor for X-ray photon 
beams (M. Andjelkovic et al., Radiation Measurements 75, 2015). Our research group previously 
developed a reader unit for MOSFET dosimeters that used the parasitic diode of DMOS transistors to 
apply a thermal compensation (M.A. Carvajal et al., Sensors and Actuators A 249, 2016). This 
compensation method measures the silicon temperature, not the room temperature, without external 
temperature sensors. 

Due to the strong dependence of the photocurrent produced by photodiodes with temperature, 
base line will be strongly affected by the temperature in dose rate and absorbed dose measurements. 
Consequently, a thermal compensation during dose reading should be mandatory for accurate dose 
measurement by photodiodes as affordable skin dosimeter. In the present work, a thermal 
characterization of the photodiode BPW34S (Vishay Siliconix, USA) has been carried out. In 
addition, a new reader unit has been designed to implement this additional thermal compensation 
technique. 

Experimental setup. A preliminary study has been done with five samples of the BPW34S 
photodiode. The semiconductor analyser B1500 (Agilent Technologies, Santa Clara, CA, USA) was 
used for devices biasing at VR = 10 V and to measure the dark current. Temperature sweeps from  
10 to 50 ºC were conducted with a climatic chamber VCL4006 (Vötsch Industrietechnik, Balingen-
Frommern, Germany). 

System design. In order to measure the internal temperature of the photodiode, a sink current 
source with a LM334 (Texas Instruments, Dallas, TX, USA) has been added to the reader unit. The 
working principle for thermal compensation is as follows: after dose measurement, the photodiode 
used as sensor is disconnected from both bias voltage source and current to voltage converter and 
connected between ground and sink current source. Then, the forward biased photodiode has a direct 
voltage drop proportional to temperature, typical of p-n junctions. 

Results and conclusions. In the preliminary study, an exponential dependence was found, 
resulting in an average dark current at 25 ºC of (17 ± 3) nA.. The designed reader unit will be tested 
to measure the temperature of the photodiode used as dose measurement sensor during an 
irradiation session. This would allow applying the temperature compensation algorithm to obtain an 
accurate dose rate and absorbed dose measurements minimizing the thermal uncertainty without 
requiring additional temperature sensors. 
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Radiation processing is commonly used in a variety of sectors, from sterilization to polymer 
processing and nanotechnology. According to the application, dose rate values from Gy/h up to 
MGy/h can be applied. Although a number of passive dosimetry techniques have been established, 
very few or no direct-reading dosemeters are available for the very high dose rates encountered in 
this field. In the framework of ENEA-INFN (Italy) collaboration, a test campaign was organised to 
evaluate the performance of semiconductor-based gamma detectors as active dosemeters for 
radiation processing. Gamma detectors based on Silicon, Silicon Carbide and GaAsP substrates were 
manufactured at the LEMRAP Laboratory (INFN Frascati) and tested at the ENEA Calliope 60Co 
gamma irradiator (ENEA Casaccia) at dose rates up to few kGy/h. This communication reports the 
results of the tests focusing on sensitivity, radiation resistance and scalability to multi-dosemeter 
systems. 
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Review of the thermoluminescent (TL) characteristics of praseodymium doped lanthanum 
aluminate exited by higth-energy electron beams is reported. LaAlO3:Pr3+ powders samples were 
prepared using modified Pechinis’s method. The formations of the obtained samples were confirmed 
by an X-ray diffraction patterns. TL glow curve and dosimetric characteristics of LaAlO3:Pr3+ powder 
samples were investigated under electron beam irradiation effects. All TL measurements were made 
using a Harshaw TL reader 3500. TL glow curves were obtained using a constant heating rate 10 °C/s 
from 100°C temperature up to 400°C in a nitrogen atmosphere. Powders were irradiated using a 
linear accelerator, model Clinac IX. Dosimetry characteristics of the samples were found to be weakly 
dependent on the electron beam energy. The effect of electron beam dose rate was reported. 
Experimental results of TL dosimetric characteristics of the powder samples appear to have potential 
application for electron dose measurements. The technique is low cost, faster and produces well very 
homogeneous particles TL materials that can be used for electron checking. 

Keywords: Lanthanum aluminates, electron dosimetry, thermoluminescence, synthesis 
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Environmental disasters and growth of nuclear power contribute to increasing levels of radiation 
pollution in the biosphere. Major impacts concern development, fertility, and survivorship in diverse 
species. Subtle impacts are less appreciated even though they may have profound effects on 
individuals and populations. Here, we examined radiation impacts on male crickets, Acheta 
domesticus (L.) (Orthoptera: Gryllidae), specific to wing development. Alterations in global wing 
morphology are detectable, but this is a flightless species. However, mating success of males is highly 
dependent on specialized courtship songs generated by structures associated with the opposing 
forewings. Such signals identify males as both conspecific and ‘attractive/fit’ mates. Highly 
specialized structures found on male forewings include the chord, harp, mirror, plectrum, and file. 
These work in concert to generate the species-specific male courtship song. Even slight alterations in 
wing morphology can alter these signals, and variation may also vary acoustic signals among 
populations. Here, we analyze the impacts of early-life radiation exposure (0–10 Gy) on male 
forewing shape and size using morphometric analysis. A canonical variate analysis (CVA) illustrated 
that wing shape was significantly altered in a dose-dependent basis: 10 Gy (P<0.0001), 7 Gy 
(P<0.0001), and 2 Gy (P = 0.0001). Principal component (PC) analysis as well as the CVA indicated 
that most variation in wing structure was associated with the mirror, one of the two main resonating 
regions on the forewing. Analysis of centroid size found significant reductions with 7 and 10 Gy 
radiation exposures. Significant radiation-induced increases in fluctuating asymmetry were also 
detected, with fluctuating asymmetry values increasing with dose. Due to the known specialized 
nature of song-producing structures and its association with both courtship songs and mating, it is 
likely that the alterations observed in shape and size will have larger impacts on male reproductive 
success. We are currently quantifying this and analyzing recordings of song structure to detect and 
characterize specific alterations by radiation. 
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Parental preconceptional exposure is considered as one of the potential risk factors for malignant 
neoplasms in offspring. Mayak Production Association (Mayak PA) is the first nuclear cycle 
enterprise in Russia. The cohort of Mayak PA workers includes about 25% of female workers who is 
one of the few world resources to estimate such risks directly.  

Aim: assessment of cancer risk among the offspring of female Mayak workers exposed to long-
term occupational radiation exposure prior to conception.  

Methods. A retrospective epidemiological analysis was performed in a cohort of offspring born 
in 1949-1990 that contained 2061 children from 1404 female Mayak workers. Mothers of 1145 
children had accumulated doses of preconception external gamma-exposure to the ovaries (Study 
group); the remaining 916 children were regarded as internal control (Control group) as the offspring 
of female Mayak workers that were not exposed to preconception irradiation of gonads. The vital 
status and cancer incidence in the offspring were followed up to 31.12.2018. The number of person-
years of follow up in the cohort made 67740 years. An analysis of the structure and crude rates of 
cancer incidence were carried out. The relative risk (RR) and the excess relative risk (ERR) to a dose 
unit of external gamma-exposure with a 95% confidence interval were calculated using the AMFIT 
module of the EPICURE software.  

Results. The range of maternal doses of preconception external gamma-exposure to the ovaries 
varied greatly: maximum dose in male offspring reached 2955 mGy and 4076 mGy in female 
offspring. A total of 92 cancer cases were registered in 1949-2018 among offspring of female Mayak 
workers. Average age of the observed cohort is 32 years for men and 33 years for women. Significant 
increase of cancers was indicated after the offspring had reached the age of 50 years. The 
malignancies of digestive organs and breast were registered most often in the study group. Among 
offspring of control group we had indicated a significant increase of brain tumors in male offspring 
and of the malignancies of corpus uteri among female offspring. Calculation of RR of cancers in the 
offspring of the study group showed no significant difference from the control group for all 
malignancies, for solid cancers separately, and for other most frequent cancers. RR in dose categories 
below 25 mGy and 140-450 mGy was the highest but was not statistically significant. Assessment of 
ERR coefficients in relation to maternal accumulated absorbed dose of preconception external 
gamma radiation to the ovaries had revealed no statistically significant increase of cancer incidence 
in study group.  

Conclusion. We did not find any response to preconceptional prolonged external gamma-
exposure to the gonads in female Mayak workers of risk of malignancies in their offspring. However, 
the observed cohort of the offspring has relatively young average age, which requires continued 
monitoring. 
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Multidisciplinary European Low Dose Initiative (MELODI) stressed out the importance of 
research in low-dose exposed human populations, particularly to assess cancer risks in occupational 
settings. Interventional radiology teams operate in proximity to low-dose ionizing radiation sources. 
Recent studies showed increased risks of brain malignancies that are associated with occupational 
radiation exposure. The advance in applied technology and procedures, as well as better dosimetry, 
decreased absorbed doses, however the number of interventions increased dramatically. Since the 
cytogenetic methods are proven to have cancer risk predictive potential, the aim of the study was to 
assess cytogenetic changes in interventional radiology team and to relate them with occupational 
effective doses. 

We recruited volunteers employed at interventional teams from Zagreb hospitals (N=24, 6 female 
and 18 male) on average 41±10 years old, and 11±11 years exposed to occupational radiation. To 
minimize impacts of possible confounders, we matched control, unexposed group for number of 
volunteers, sex, age, BMI, and smoking status. The readouts from volunteers’ personal 
thermoluminiscent dosimeters showed no one reached limits set by legislation, and the average 
annual effective dose ranged 0 – 13.87 mSv. As for the biomarkers of DNA damage, we observed 
1.38-fold increase in nuclear buds frequency and 1.1-fold increase in comet assay’s tail length and 
both of them reached statistical significance (p<0.05). We also detected significant positive 
correlation of micronucleus frequency with and the length of occupational exposure. 

Taken together, we managed to detect molecular and structural changes in occupationally 
exposed groups, with quite high inter-individual variability of the results. Further studies are needed 
in order to improve occupational safety of populations exposed to low-dose radiation while 
acknowledging ALARA principles. 
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Future long-term space missions will focus to the solar system exploration with the Moon and 
Mars as the leading goals. Lunar and Martian missions will be characterized by extended durations 
and by radiation concerns. The cultivation of higher plants will provide fresh food and bio-active 
molecules to the crew members, actively contributing to their psychological well-being. 

Efforts to figure out how plants might perform predictably upon extraterrestrial environment 
and, possibly, to support life in the confined and unhealthy environment of a space outpost, are 
needed. 

Although the effects of cosmic radiation on plant growth, development and reproduction are 
reported in literature, these results have been mostly obtained upon seed irradiation. 

Here, two tomato (Solanum lycorpesicum cv. MicroTom) lines engineered for the constitutive 
bioaccumulation of anthocyanins (very valuable for their nutritional and anti-oxidant properties), 
were used. We firstly characterized the antioxidant properties of engineered fruits upon ex-vivo high 
dose radiation (i.e. 2 kGy at Calliope 60Co gamma irradiation facility, Casaccia R. C. Rome, Italy). 
Engineered fruits were endowed with free radicals scavenging activity and lower accumulation of 
reactive oxygen species with respect to wild types, as demonstrated by Electron Spin Resonance 
Spectroscopy (ESR). Moreover, luminescence analysis showed decreased protein folding damage 
compared to wild type. 

Gamma radiation was also used to study the biological and metabolic dose-response effect of in 
vivo experiments at either 0 Gy, 0.5 Gy (dose rate: 6 Gy/h), 5 Gy or 30 Gy (dose rate: 60 Gy/h) on 
both engineered and wild type plants. These conditions were applied to tomato plants onto two 
developmental stages: 30 and 60 days after sowing. Biometric analysis (height, leaf area, number of 
leaves, number of flowers, number of fruits, fruit weight, fruit diameter, number of seeds) were 
performed at one-week intervals, starting from the day before irradiation. To determine the effect of 
radiation on anthocyanins, flavonols and chlorophyll content, fluorometric non-destructive analyses 
were conducted. The effects of treatments on photosynthetic maximum photochemical efficiency 
(Fv/Fm) and quantum yield electron transport (Y_Fm) were also evaluated, revealing that plants 
maintained a healthy status of the photosynthetic apparatus. 

The results obtained allowed to figure out the best candidate for ‘agro-space’ applications within 
the genotypes studied giving an indication that bioengineering of plants through the manipulation of 
metabolic pathways can be a promising approach to generate varieties for space cultivation. 
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Rila Mountain is the highest mountain on the Balkan Peninsula and is characterized with specific 
microclimate. It has been revealed that with the increase of the altitude, the differences in 
environmental conditions change at a great extent. In mountain conditions plants have to cope with 
combined environmental factors such as altitude, temperature, prolonged UV irradiation, and etc. 

The aim of this study is to assess if different altitudes could led to changes in pigment content in 
wild growing species. Five wild species, characteristic of the ecosystems in Rila Mountain: Fragaria 
vesca L. (Rosaceae), Myosotis sylvatica Ehrh. (Boraginaceae), Achillea millefolium L. (Asteraceae), 
Epilobium angustifolium L. (Onagraceae) and Dactylis glomerata L. (Poaceae) were used as plant 
material. Plants were collected from three different altitudes (Sofia-595 m; Rila Mountain-1500 m 
a.s.l. and 1782 m a.s.l.) in July-August in growing season of 2020. Sofia was chosen as control 
altitude. Pigment content was applied as endpoint. Our data showed that the levels of total 
chlorophylls, chl. a, chl. b and total carotenoids for plants growing at 1500 m a.s.l. were lower or 
similar to those measured at Sofia altitude for F. vesca, M. sylvatica, A. millefolium,  
E. angustifolium and D. glomerata L. Higher levels of total chlorophylls, chl. a, chl. b and total 
carotenoids in comparison with those at the lowest altitude (Sofia) were obtained for genotype  
D. glomerata growing at 1782 m a.s.l. There is no change in chlorophyll a/b ratio detected in plants 
at 1500 m a.s.l. altitude and 1782 m a.s.l. in five investigated species. Genotype variability in the 
response between wild plant species was found in different altitudes. Based on our data it could be 
suggested that probably the five wild genotypes have different adaptive strategies at studied altitudes 
measured as pigment content. On the other hand no change in the chlorophyll a/b ratio could be an 
indication that altitudes have no permanent damage on the leaf photochemical system at this time of 
the year. It is known that chlorophyll content in plants is an indicator of their response to the habitat, 
weather, anthropogenic conditions. Because of the fact that in mountain conditions the effect of 
altitude is combined with other abiotic factors and that pigment content is very variable depending 
on many factors further studies are needed for better understanding of the mechanisms of 
interaction between factors and plant response. 

Keywords: Photosynthetic pigments, altitude, wild plant species 
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The space colonization Era has just begun and in the near future the first colonies will rise on the 
Moon with the ambition of reaching Mars. The colonization of space will depend on the ability to 
provide fresh and healthy foods for the crew members, with minimal re-supply from Earth. This 
result can be achieved through Bioregenerative Life Support Systems (BLSS) in which plants and 
microorganisms could be used to produce oxygen and also food, and to treat human and vegetable 
waste. The efficient development of plants in space is constrained by different factors  
(i.e., microgravity, ionizing radiation, etc.) that are recognized to deeply influence organism’s growth 
at molecular, morpho-structural and physiological levels. 

Studies on the effects of space environment on plants growth and development have already been 
carried out, but there is a lack of information about the cumulative effects of the different stresses on 
plant physiology particularly at the seedling level (i.e., ionizing radiation and microgravity together). 
It is well known that resistance to environmental factors of plant seeds is stronger due to structural 
and metabolic traits compared with organs at different life stages and, since the most harmful 
moment of plant development is represented by the seed to seedling transition, we have chosen 
microgreens to study the effect of different stress combinations. 

Microgreens are fast-harvesting vegetables able to accumulate high concentration of 
phytochemicals such as antioxidants and vitamins, and we study them as a model food production 
system inside a space colony that would help astronauts face the problems of life in extreme 
environments. 

The ongoing activities are conducted inside the “Calliope” 60Co gamma irradiation facility  
(ENEA “Casaccia”, Rome, Italy) with microgreens growing inside a confined controlled environment 
on a 2D clinostat to simulate microgravity and chronic and acute exposure of seeds and seedlings to 
gamma rays. To monitor the combined effects of both stressors, morphometric and non-destructive 
analysis (Fluorometric, Thermal, visible light imaging) will be conducted during the cultivation 
process. Preliminary results of the cumulative stress effects on microgreens plants will be reported. 
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Background. Vast territories of Ukraine were exposed to radioactive contamination as a result 
of the Chernobyl disaster. About 400 thousand children still live there. The long-term studies have 
shown a high incidence of obstructive lung disorders throughout the period after the Chernobyl 
disaster in children-residents of Cs137 contaminated territories. However, the pathophysiological 
mechanisms of these biomedical effects remain completely unclear. In recent years, more and more 
publications have appeared pointing to the link of some polymorphic variants of  
glutathione-S-transferase genes with the onset the bronchial hyperreactivity in children under the 
impact of hazardous environmental factors. 

Aim. Establishing the possible role of glutathione-S-transferase M1 (GSTM1), P1 (GSTP1), and  
T1 (GSTT1) gene polymorphisms in the development of the bronchial hyperreactivity in children 
residing at radioactively contaminated territories was the research objective. 

Materials and methods. School age children-residents of radioactively contaminated areas 
(RCA), without clinical signs of respiratory pathology were examined. Molecular genetic studies were 
carried out by polymerase chain reaction (PCR) and restriction fragment length polymorphism 
(RFLP) for further analysis. The GSTT1, GSTM1 gene deletion polymorphism was investigated using 
multiplex PCR. PCR and PCR-RFLP analyses were performed in the study of the GSTP1 gene  
A313G polymorphism. The ventilation lung capacity was examined by the computer spirometry 
method according to the analysis of “the flow–volume” loop. The pharmacologic inhalation test with 
bronchodilator drug, affecting the β2-adrenergic lung receptors was used to detect the early changes 
in the ventilation lung capacity – the bronchial hyperreactivity. Studies were conducted in children 
(n=145) living in settlements with a soil contamination density by Cs137 from 185 to 555 kBq/m2. The 
control group included children (n=126) living in the “clean” territories. The age of children was  
10-17 years old. 

Results. It was found that in children of the main group the bronchial hyperreactivity were 
revealed more often than in the control group (p <0.01). Molecular genetic studies have shown a 
significantly higher incidence of the GSTM1 gene deletion genotype and the GSTP1 gene  
A313G polymorphism in subgroup of children-residents of Cs137 contaminated territories having got 
the bronchial hyperreactivity than either in children no having the bronchial hyperreactivity or in 
children in the control group (p <0.05). There was no statistically significant difference in the 
incidence of GSTT1 gene deletion polymorphism in all subgroups of children. 

Conclusion. Thus, in children living in conditions of environmental contamination by Cs137 the 
bronchial hyperreactivity are detected more often in the presence of GSTM1 gene deletion genotype 
and the GSTP1 gene A313G polymorphism. 
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Introduction. Proton exchange membranes (PEMs) like Nafion® and other membrane 
materials are commonly tested for fuel cell applications. PEMs can be operated under harsh 
environments such as nuclear facilities that may lead to deterioration of material endurance. For 
example, oxidation may play an important role on the radiation induced degradation of Nafion® and 
release of fluorine products of radiolysis (1). Sulfonated poly-ether-ether ketone (SPEEK) containing 
non-fluorinated aromatic backbone is promising candidate for the applications under harsh 
environments (2). 

The aim of this study was to evaluate the influences of electron beam irradiation on the 
mechanical and thermomechanical properties of Nafion® and SPEEK membranes. 

Methods. Nafion® and laboratory made SPEEK membranes with a high degree of sulfonation 
were irradiated by accelerated electrons at a dose range of 50-500 kGy. The tensile tests, dynamic 
mechanical analysis (DMA) and differential scanning calorimetry (DSC) were used to characterize 
change of PEM material properties depending on the dose of irradiation. 

Results. Preliminary analysis of the irradiated PEM samples by infra-red spectroscopy and their 
water solutions by ion chromatography indicated high differences in susceptibility to radiation of two 
PEMs– the Nafion® indicated oxidation and release of fluoride and sulfate anions with increase of 
the dose comparing to less pronounced changes in the structure of SPEEK membrane. The tensile 
tests at room temperature and DMA analysis, a notable reduction of mechanical properties (tensile 
strength, strain, storage modulus) was determined in the case of Nafion® due to the radiation 
induced oxidation and chain scission. The increase of the radiation dose affected improvements of 
the DMA characteristics of SPEEK. The study of thermal transitions including glass transition of 
SPEEK also confirmed that radiation mainly possessed little effect on the thermomechanical 
behavior as compared to that of negative effect on Nafion®. From the DSC data it was determined 
that Nafion® exhibited an endothermic peak of the first heating assigned to molecular 
rearrangements inside the polar clusters of the polymer. A gradual decrease from 167 to 139°C was 
determined with increase of the radiation dose from 50 to 500 kGy associated with radiation induced 
chain scission. There was not determined notable effect of the radiation dose on the first heating 
transformations of the SPEEK with exception of determined shift of endothermic peak from 102 to 
110°C with increase of dose associated with the cluster changes due to the moisture content. As shift 
of the SPEEK glass transition temperature from 209 to 215 °C was indicated at 500 kGy during the 
comparison of secondary heating cycle. That may be due to the induced transformation of 
macromolecular arrangements. 

Conclusion. This study provides evidence of radiation induced degradation of Nafion® structure 
at irradiation doses exceeding 100 kGy. For comparison, SPEEK membrane presented rather high 
stability and improvement of mechanical properties at irradiation doses up to 250 kGy. 
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Beryllium is a key nuclear fusion reactor material intended as a neutron multiplicator as well as a 
plasma-facing material. Beryllium has multiple advantages; however, it can pose risks associated 
with the release of fusion fuels and toxic beryllium compound dust formation under extreme 
conditions such as loss of vacuum (LOVA) and loss of coolant (LOCA) accidents. Thermal analysis 
methods can be used to evaluate the processes beryllium could undergo in LOVA/LOCA conditions. 

Neutron irradiated beryllium pebbles (diameter ~1mm, mass ~ 1mg), as well as non-irradiated 
pebbles of the same size and grade, were selected for investigation. Both types of pebbles were 
thermally treated in SEIKO EXSTAR 6300 thermogravimetric/differential thermal analyzer in dry 
(relative humidity <5%) and humid (>95%) airflow conditions (12L/h) up to 1548K, 10K/min. The 
surface microstructure analysis was performed with Hitachi S-4800 scanning electron microscope 
with EDS system Bruker XFlash Quad 5040 123eV. 

Results distinctly show the profound effect of relative humidity and neutron irradiation-induced 
defects on the rate of oxidation, oxidation starting temperature, phase change, and melting 
temperature of beryllium pebbles. The thermal treatment results in a substantial mass and volume 
increase of the pebbles and the creation of an extremely finely structured surface. Elevated humidity 
and neutron irradiation achieve a significant combined effect to produce the largest mass and volume 
increase. 

Results obtained herein this study are to be implemented in nuclear fusion device safety solution 
development as well as LOVA/LOCA impact assessment on fusion fuel release. 
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X-ray induced structural and magnetic transitions in solids are in focus of this talk. Depending on 
the dose absorbed, an irradiation with a femtosecond X-ray pulse can trigger an ultrafast electronic 
or structural transition in solid materials. In magnetic materials, an X-ray triggered ultrafast 
demagnetization can also occur. In this talk, selected study cases for these transitions are presented. 
Dedicated theoretical modeling reveals complex multistage evolution of the irradiated systems, 
confirmed by experimental measurements performed at FERMI and at other XFEL facilities. 
Challenges remaining for the modeling and quest for further improvements of the necessary 
diagnostics tools are discussed. 
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Studies of uranium miners provide a substantial epidemiologic basis for the health risk 
estimation due to radon exposure. The German uranium miners cohort is one of the largest cohort 
studies of uranium miners who have been occupationally exposed to radon; the cohort includes 
58,974 males accumulating over 2 million person years at risk (follow-up period 1946-2013). 
Exposure to radon progeny was retrospectively assessed for all cohort members based on an 
extensive job-exposure matrix (JEM) and individual detailed job histories. Although the individual 
exposure estimates are well-grounded, they may involve potential uncertainties. Current research 
addresses the possible impact of exposure uncertainties on health risk estimates within the German 
uranium miners cohort. 

We will focus on the following aspects: 1. Identification of sources of potential uncertainties in the 
two-stage exposure assessment procedure; 2. Overview on our strategy to account for exposure 
uncertainties in risk estimation. 

Exposure assessment in the German uranium miners’ cohort can be roughly divided into two 
steps. First, the JEM was derived by experts’ estimations as well as by contemporary area 
measurements of radon progeny and contains the annual mean exposure to radon progeny for each 
occupational subgroup of the cohort (depending on mining facility, work place and job). In the 
second step, the individual exposure to radon progeny of a uranium miner was estimated by linkage 
of the exposure value of the assigned occupational subgroup with the individual job history. 

The two-stage exposure assessment may be subject to potential uncertainties at each stage. 
Generalization error may arise from the generalization of exposure measurements in the first step 
and assignment error may occur from the assignment of the values from the JEM to individual 
miners. In both stages, further uncertainties may exist, including parameter uncertainties, transfer 
errors, documentation errors, experts’ evaluation errors and procedural measurement errors, which 
are referred to as estimation errors. 

A Bayesian hierarchical approach is currently developed to account for exposure uncertainties in 
health risk estimation. In addition to the quantification of uncertainties, the measurement error 
model plays a central role for this approach and is discussed here. The measurement error model 
describes the estimation procedure for individual exposure including the corresponding 
uncertainties. We will present the measurement error model for the German uranium miners cohort, 
which was developed based on the exposure assessment procedure of the cohort. 

These findings represent groundwork towards the estimation of lung cancer risk depending on 
radon exposure taking measurement error into account. 
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Terrestrial radiation originates from natural radio-nuclides present in soils, rocks, air, and water. 
For all the living beings, the major source of radiation exposure is natural radioactivity in their living 
environment. Higher levels of radioactivity levels are harmful to human health. 

Bathalegoda area lies between longitudes 80.10190 East and latitudes 7.59950 North. The area 
located in the North western province, Kurunegala, Sri Lanka. Superficial soil samples from twenty-
one locations from Bathalegoda area were analysed by gamma spectrometry. Top 2cm of soil was 
scraped off from a 1m2 area and 1kg of soil samples were taken and the samples were immediately 
brought to the laboratory for analysis. Samples were homogenized by hand mixing and allowed them 
to air dry and then oven dried for 24hours. 2 mm mesh was used to separate the gravel from soil. A 
sub sample from the weighed fine fraction were filled into a specific container and kept for 21 days to 
achieve secular equilibrium .The activity concentrations of radionuclides were measured using a 
Hyper Pure Germanium (HPGe) detector installed at the Gamma spectroscopy laboratory 
(17025:2017 accredited laboratory from 2006), Life Sciences Division of the Sri Lanka Atomic Energy 
Board, with the relative efficiency of 30% and the resolution of 2.20 KeV at the gamma energy of 
1332.5 KeV of 60Co. Each sample was counted for 72,000 seconds. The ISOCS/LabSOCS software 
calibration method was used for efficiency calibration. Soil 6 was used as a reference material for 
detector calibration. The spectra were analysed by using the Genie 2000 software. 

The median activity concentrations (range) of 232 Th, 40K, 226Ra & 210Pb were 46.9Bq/kg  
(30.6-67.5), 1028.6Bq/kg (882.9-1213.0), 16.5Bq/kg (11.8-20.8), and 27.9 Bq/kg (19.8-44.3) 
respectively. Activity concentration of 232Th was higher than the world average of 30 Bq/kg and the 
activity concentration of 40K was higher than the world average of 400Bq/kg. All the soil samples 
from Bathalegoda area showed the radium equivalent activity below 370Bq/kg(NEA) and it was 
ranged from 130.8-192.5Bq/kg. Criteria formula was less than 1 in all the soil samples. Median 
Activity Utilization Index (AUI) in the area was below the recommended limit indicating that the 
dose levels in the soil samples were safe for the environment. The median external hazardous index 
(Hex) in Bathalegoda area was below the recommended limit of 1 and the annual effective dose was 
within the safe limit of 1mSv/y. Soil from this area is safe for human health. 
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During neutron activation analysis (NAA), if the material being analyzed is partially composed of 
a lanthanide content optimization of rare-earth analyses is crucial. To enhance these procedures a 
database was created to help assess the likelihood that a certain lanthanide isotope and gamma ray is 
indeed the best one to be determined by NAA. First, the most common isotopes through the (n,γ) 
reaction of each element was determined, along with the strongest and most abundant gamma rays 
to be used, and a chart was formulated with their relevant properties. A weighting factor was 
constructed based on seven characteristics of the properties of the lanthanides: thermal cross section, 
resonance integral, natural abundance of the element itself, half-life of the activation product, the 
branching ratio, the Igamma(relative) value, and relative detector efficiency of the photon spanning 
from 80 – 1596 keV. The seven individual characteristics were then added together and divided by 
the total possible value to get their total weighting factor. In addition, the application of gamma- 
gamma coincidence and Compton suppression was also evaluated to determine which radionuclides 
may be better evaluated. 
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Aim and background. This work aims at presenting the first radiometric characterization of 
the non-self-shielded Scanditronix MC17 medical positive ions cyclotron of the National Cancer 
Institute of Milano, conceived for producing 11C and 18F for PET. This study allowed to carry out one 
of the very first decommissioning of a medical cyclotron in Italy. 

Constituent metals of the cyclotron, the walls of the vault and all the auxiliary structures inside 
(pumps, water and gas pipes) have been exposed for 20 years to intense and mixed radiation fields 
mainly given by fast neutrons (energy up to about 10 MeV) produced by the 17 MeV 18O(p,n)18F 
nuclear reaction. Metals inside the acceleration chamber were exposed also to direct and scattered 
proton beam. The consequent activation, not crucial during normal machine operation, became a 
fundamental issue to face for a safe management of the accelerator decommissioning. 

For this reason, after the cyclotron definitive shutdown, a qualitative and quantitative 
characterization of the radioactivity concentration of its main components was performed to define 
and optimize decommissioning. 

Materials and methods. Several representative samples of different compositions (bolts, 
screws, slabs, connectors) were removed from the external surface and from acceleration chamber. 
The experimental characterization involved high resolution gamma spectrometry by means of the 
ISOCS detector (In-situ Object Counting System, Mirion Technologies). This was followed by Monte 
Carlo simulations performed with the FLUKA code, in order to compare experimental and simulated 
results. 

Results. This study highlighted the presence of long-lived isotopes, in particular 60Co, 54Mn and 
65Zn, whose activity concentration was always above the reference clearance levels, equal to 0.1 Bg g-1 
(IAEA RS-G-1.7, 2004). These values resulted to be strongly dependent on the material composition 
and on the position with respect to the cyclotron target, leading to very different time scenarios. 
Components with low amount of Nickel showed the predominance of 54Mn, produced by the 
54Fe(n,p) reaction, whose relatively short half-life of 0.86 y allows to bring the activity concentration 
below the clearance levels in few years. On the contrary, on materials with non-negligible Nickel 
content, the major contribution is due to the 60Ni(n,p)60Co reaction (60Co half-life 5.28 y), which 
keeps the activity concentration above the clearance levels for tens of years. Very different activity 
concentration levels were measured, even for similar components, especially for samples removed 
from the acceleration chamber. This is due to the strong dependence of the activation on the primary 
beam trajectory and on the spatial distribution of beam losses, which produce a large amount of 65Zn 
from the 65Cu(p,n) reaction. 
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The deep understanding of the interaction between ionizing radiation and soft tissue is of primary 
importance for radiation therapy and in particular, hadron therapy. These cancer treatments exploit 
beams of intense energy to cause severe damage in the DNA of malignant cells and inactivate them. It 
is recognized that the observable radiobiological effects of ionizing radiations are strongly correlated 
to the clustering of damages in micrometer- and nanometer-sized subcellular structures, hence to the 
particle track structure. The characteristic properties of track structure are directly measurable 
nowadays with bulky experimental apparata, which cannot be easily operated in a clinical 
environment. With this in mind, an avalanche-confinement Tissue Equivalent Proportional Counter 
(TEPC) was constructed to simulate biological target sites of size down to 25 nm. This range of 
operation offers the means to perform a direct comparison between microdosimetric spectra and 
track-nanodosimetric distributions. 

A study on experimental gains of the filling gas of the detector has been conducted aiming at 
verifying the agreement with theoretical gains evaluated through different models. The TEPC was 
irradiated with an isotopic 244Cm alpha source at different impact parameters (i.e. distances between 
its center and the trajectory of the primary particle) showing that, once calibrated, it is capable of 
assessing a nanodosimetric cluster size distribution for some tenths of nanometers in simulated size. 
Several Monte Carlo simulations have been performed, showing a good agreement with experimental 
results. Moreover, the behavior of nanodosimetric distributions as certain parameters and conditions 
vary was studied. 

Finally, cluster size distributions produced by 244Cm alpha particles were simultaneously 
measured with the Startrack nanodosimeter (INFN-Laboratori Nazionali di Legnaro, Italy) and with 
the avalanche confinement TEPC. The comparison of pairwise measurements shows an excellent 
agreement when the signals from the TEPC are processed in order to include the reduced detection 
efficiency and the dead time of the Startrack detector. This result suggests a minor influence of the 
gas-avalanche stochastics on the measured distributions and encourages the use of proportional 
counters for the experimental characterization of therapeutic hadron beams at the nanometer level. 
Further measurements with different light ions are ongoing to confirm this finding. A direct and 
systematic comparison between nanometric-domain microdosimetric distributions and track-
nanodosimetric measurements will allow investigating the feasibility of using the nano-
microdosimetric spectrum to derive track-structure quantities at the nanometer level (for instance 
the mean cluster size M1 and the cumulative distributions F1, F2 and F3) which have been observed 
to correlate strongly with the radiation damage. 
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Purpose/Objective. Based on CBCT images we noticed that for postmastectomy patients there 
are several different problems with the reproducibility of bolus positioning (E. Dąbrowska, et al., 
Investigation of reproducibility of bolus position based on kV CBCT imaging, Radiotherapy & 
Oncology, Journal of the European Society for Radiotherapy and Oncology, Volume 123, Supplement 
1, 2017), especially air gap occurrence. This study aimed to determine the influence of air gaps 
between bolus and phantom on dose distribution in the build-up region for X6 MV. The novelty of 
the work is using a different density of boluses fabricated with the 3D printer. 

Materials and Methods. Depth dose measurements were performed for X6 MV 10x10 cm2 
open field, generated with Varian CL 2300 C/D. The measurements were carried out with the Markus 
plane-parallel ionization chamber (PTW) (0.055 cm3 volume), connected to Unidos (PTW) 
electrometer. As a 1 cm thick beam spoilers we used 3D-printed thermoplastic polyurethane (TPU) 
cuboids filled with 5%, 10%, 15% and 20% honeycomb structure (thickness of 0.5 g/cm2, 0.17 g/cm2, 
0.22 g/cm2). To generate air gap we used homemade styrofoam frames. Measurements were 
performed at a physical depth of 1, 5, 10, and 15 mm for all beam spoilers without air gap and with 10, 
20, 30, and 40 mm air gaps, at constant 90 cm SSD. 

Results. The results of measurements will be presented on graphs. The beam spoilers increased 
the dose in the build-up region. The bigger is spoiler filling the larger is surface dose. The same 
dependence was present irrespective of air gap size. Regardless of spoiler percentage filling with 
honeycomb structure, the larger air gap size the smaller dose was on 1 mm depth. 

Conclusions. The influence of beam spoiler filling and air gap on dose distribution in the build-
up region for X6 MV was investigated. Beam spoiler increased the dose in the build-up region. The 
larger thickness of the beam spoiler (larger filling) the larger influence on the build-up dose. The 
occurrence of air gaps lowers the surface dose. However, the influence of the air gap in the range of 
10 - 40 mm is small. For bolus with the density of 0.22 g/cm2 (filling 15% and 20%) regardless of air 
gap size the dose on 1 mm depth was always larger than 95% of the maximum dose. 
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In nuclear physics, phosphor-sandwich (phoswich) (PW) type detector systems can measure 
more than one type of radiation at the same time. In addition to the use of these detectors in low-
activity environmental radiation measurements, these detectors, which are made with three or two 
layers, are also used in medical imaging, nuclear power plants, and environmental safety after 
nuclear accidents. Being able to measure more than one type of radiation at the same time, this type 
of detector system is also used to separate gamma radiations in different energy ranges as in large 
detector systems such as PARIS. It is necessary to obtain the total gamma efficiency curve for the 
calibration of the wide range of use of the PW type detector systems. It can be determined in four 
different methods, such as experimental, empirical, analytical, and Monte Carlo (M.C) simulation. In 
this study, the efficiency values and the fitting parameters were found out by modeling the phoswich 
detector system, including cylindrical NaI(Tl) and CaF2 (Eu) scintillations, in the Geant4 based GATE 
simulation program. The total gamma efficiency of the Phoswich detector system has been obtained 
for point and disc-shaped radioactive sources that emit photons isotropically at different energies 
from 50 keV to 3000 keV. In addition, these results were compared with the results in the literature 
and it was observed that the results were compatible with each other. 
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The method for deriving counting rate equations in coincidence summing of gamma and X-rays 
that we have developed has made it much easier to obtain the results as well as the measurement 
process itself. This method allows us to determine the activity of a radioactive source directly without 
calibration of the detector and also to simultaneously to determine the efficiency of detection. We 
have successfully applied the method to the radionuclide with a simpler decay scheme such as 139Ce, 
57Co, 133Ba. The application of this method to the 152Eu as a radionuclide with a much more complex 
decay scheme has also been equally successful. We are applying the method to 235U and 231Th and the 
preliminary results show that it is possible to apply this method to these radionuclides as well. 

https://doi.org/10.21175/rad.abstr.book.2021.28.6


 

185 

Measurements of natural background radiation in 
the underground laboratories of the BSUIN and EUL projects 

Katarzyna Szkliniarz, Kinga Polaczek-Grelik, Agata Walencik-Łata, Jan Kisiel 

University of Silesia in Katowice, August Chełkowski Institute of Physics, Katowice, Poland 

https://doi.org/10.21175/rad.abstr.book.2021.28.7 

Natural radioactivity surrounds us everywhere. However, there are places where there is or 
maybe less of it. These are underground facilities, laboratories, research & educational mines and 
test-sites bring. Such sites are used, among other things, for scientific research but can also provide 
unique environments for various businesses, production of thermal energy, or facilitating food 
production. To increase access to underground laboratories (ULs) operating in the Baltic Sea region 
and facilitate their service offer, the BSUIN (Baltic Sea Underground Innovation Network) project 
was created, involving 6 underground laboratories operating in the Baltic States. This project was 
completed in 2020 but is still being continued as the EUL (Empowering Underground Laboratories 
Network Usage) project. One of the activities of both projects is the characterization of the natural 
background radiation of the ULs participating in them. Natural radioactivity tests were carried out in 
selected underground locations and included: (a) in-situ gamma-ray measurements using gamma 
spectrometry and semiconductor high purity germanium detector (HPGe), (b) measurements of 
radon concentration in the air with the use of RAD7 detector, (c) as well as laboratory measurements 
of rock and water samples taken from the tested underground locations with the use of alpha ⁄ beta 
and gamma spectrometry techniques. 

During the presentation, the results of measurements of natural background radiation in several 
ULs will be discussed. 
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Gamma ray spectrometry with high purity germanium (HPGe) detector is one of the most widely 
used methods for environmental samples measurements. It is basically a non-destructive method 
and usually there is no need for the extensive sample preparation. True coincidence summing effect 
has a significant effect in gamma ray spectrometry analysis, especially in low source-to-detector 
geometry. Many authors have paid attention to this problem mainly by analyzing and determining 
coincidence summing correction factors for artificial radionuclides. However, the effect of true 
coincidence summing can significantly affect the result obtained by gamma ray spectrometry of 
environmental samples. Therefore, special attention should be paid to the determination of 
correction factors for coincidence summing of radionuclides from natural series (uranium, thorium 
and actinium series). 

Coincidence summing correction factors can be determined in several manners. Application of 
appropriate software packages is one of the most common. Software packages EFFTRAN and 
GESPECOR are among the most used ones. These software are based on Monte Carlo simulation. 
EFFTRAN is efficiency transfer code with semiempirical approach, whereas GESPECOR is dedicated 
code specifically tailored to solve most of the problems concerning gamma spectrometric 
measurements. The values of the correction factors depend on the detector geometry as well as the 
relevant data related to analyzed sample. The geometry of the detector implies the parameters of the 
detector itself (crystal dimensions, thickness of the dead layer, the thickness of the detector window). 
On the other hand, the relevant data related to analyzed sample includes dimensions of the container 
in which the sample is packed, sample density, chemical composition. 

The aim of this work is to compare coincidence summing factors obtained by using EFFTRAN 
and GESPEOR software in the case of p-type semiconductor HPGe detector with 30 % relative 
efficiency. All coincidence summing correction factors were calculated for soil sample in the 
cylindrical geometry and for radionuclides which are usually analyzed for environmental samples: 

• for the uranium series: 214Pb for energies 295.22 keV and 351.93 keV; 214Bi for energies 
609.32 keV, 1120.29 keV and 1764.54 keV;234mPa for energies 766.36 keV and 1001.03 keV. 

• for the thorium series: 212Pb for energies 238.63 keV and 300.09 keV; 208Tl for energy 
583.19 keV; 212Bi for energy 727.33 keV; 228Ac for energies 911.2 keV and 968.97 keV. 

• for the actinium series: 235U for energies 143.76 keV, 163.33 keV, 185.71 keV and 205.31 keV. 

The obtained values of the correction factors for coincidence summing showed a good agreement 
between these two software packages. Mutual deviations between correction factors calculated by 
using EFFTRAN and GESPECOR software were within ± 3 %. 
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The REX source is a versatile irradiation machine employed for experimental campaigns in 
different research fields thanks to its customizable radiation beam. 

The system is based on a linear electron accelerator and a removable head containing an electron 
to X-ray converter with its collimator. 

The machine and the irradiation chamber were manufactured and commissioned at ENEA 
Frascati Research Center. 

Some of the REX applications we performed are related to irradiation of biological systems, 
development of in-beam monitoring devices, test of beam monitors, material radiation damage 
studies and cultural heritage. Experiments are carried out for specimen treatment with as by 
electrons as by X-rays. 

Alanine-ESR and other secondary dosimetric systems have been applied to control the intensity 
of both electron and X-ray beams and a preliminary calibration with the absolute Fricke solution has 
been performed at the ENEA Calliope gamma irradiation facility. 

The characterization of the two radiation qualities produced by REX source in the current 
operating configuration is presented in this work. 
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Sampling and measurement of radioactive deposition (fallout) plays an important role in 
environmental radiation monitoring. It provides information on the existing environmental 
radioactive contamination levels and detects any changes in the activity concentrations of 
radionuclides deposited on the ground, and consequently enables the assessment and execution of 
actions for the protection of public. By its joint monitoring with airborne concentrations by active 
sampling and prevailing meteorological conditions, the movement of radionuclides through the 
environmental compartments, following a discharge to the atmosphere, can also be investigated. 

To ensure the adequate fulfillment of the above objectives, the precision of the radioactive 
deposition measurements has been examined in a series of experiments over several years, the 
obtained results will be summarized in this work. We experimentally quantified the uncertainty 
arising from the deposition sampling process and evaluated its relation to the uncertainty associated 
to the analytical measurement, the gamma spectrometric analysis. Key sources of the uncertainty of 
the measurement process were identified which should be the target of reduction in order to enhance 
the overall performance of the method. 

As part of the environmental radiological monitoring system operated in the KFKI Campus in 
Budapest, the sampling of deposition is carried out at 4 compound measurement stations using 
identical stainless steel collectors with a surface area of 0.2 m2. Routine sampling frequency varies 
from weekly to monthly periods at the different stations. In addition to the existing samplers for 
combined sampling of the total deposition, some of which are located at the same measurement 
station for parallel collection, we also installed a collector capable of separate sampling of wet and 
dry deposition on the site. These measurements facilitated the examination of the deposition 
processes, furthermore, the validation of dry and wet deposition models and model parameters (dry 
deposition velocity and scavenging coefficient). 

https://doi.org/10.21175/rad.abstr.book.2021.28.10


 

189 

Monte Carlo simulation methods for gamma-ray metrology 

Ciprian Cosar1, Aurelian Luca2, Catalin Matei3, Maria Sahagia4 

1 University of Bucharest, Faculty of Physics, Horia Hulubei National Institute for R&D in Physics and 
Nuclear Engineering (IFIN-HH), Bucharest, Romania 
2 Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH), Bucharest, 
Magurele, Romania 
3 IFIN-HH / Extreme Light Infrastructure Nuclear Physics, (ELI-NP), Bucharest Magurele, Romania 
4 Faculty of Physics, University of Bucharest, Magurele, Ilfov, Romania; Horia Hulubei National Institute for 
R&D in Physics and Nuclear Engineering (IFIN-HH), Bucharest Magurele, Romania 

https://doi.org/10.21175/rad.abstr.book.2021.28.11 

Gamma-ray metrology at energies above the 3 MeV threshold is novel and difficult task to 
undertake, mainly because there are few available radioisotopes emitting gamma-rays from 3 MeV up 
to 5 MeV and no known radioisotopes available for energies higher than 5 MeV. We are presenting 
our results using 3 different sources in secular equilibrium and one used as a standard source. 

Another important characteristic for gamma-ray metrology is the detector material, which needs 
to be carefully chosen, as high efficiency and high-resolution are needed in order to perform accurate 
measurements of these radiations. 

The Monte Carlo simulation methods are well known and established by now and are being used 
to solve various problems, to compare theoretical and experimental results and to support a wide 
range of activity standardization techniques such as those used in gamma-ray metrology. 

Here, we propose new Monte Carlo simulation methods and guides to support and improve 
gamma-ray metrology at interval energies from 60 keV up to the 3 MeV, based on comparisons with 
published efficiency and resolution data for High Purity Germanium Detectors (HPGe) (M. C. Lépy 
et. al., Appl. Radiat. Isot. 154 (2019) 108850). This type of semiconductor detector is well known for 
gamma-ray spectrometry and was selected because it has a high resolution for the energy ranges of 
the gamma-rays emitted by selected radionuclides. 

For a better representation, the code MCNP was chosen, since it has been used for a long time 
and is well understood by now, and it is validated for various topics in nuclear physics and 
engineering. 

For the present work, sources of 152Eu, 226Ra and daughters in secular equilibrium, 232Th 
(Thorium Ore) and daughters in secular equilibrium, and (238U+235U+234U) (Natural (not 
enriched) Uranium Ore) and daughters in secular equilibrium, as well as the corresponding gamma-
ray spectra recorded with a predefined HPGe detector characteristics 
(http://www.lnhb.fr/icrm_gs_wg/icrm_gs_wg_benchmarks/) were generated/simulated with the 
help of SuperSYNTH interface software for MCNP and of the code MCNP Version 6.2. The detection 
efficiency and the coincidence summing corrections corresponding to the gamma-rays from all 
spectra generated were determined using the FitzPeaks software (for 186.21 keV (226Ra) no 
coincidence summing corrections are necessary). 

The outcome of the methods employed here can be adapted further ahead to characterize all types 
of detectors in a wide energy range of the gamma-rays. The final goal is to be able to characterize 
detectors resolution and efficiency for gamma-rays with energies of 10 MeV to 20 MeV. 
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Introduction. The aim of present study was to develop the method of measuring the  
RF electromagnetic field and exposure patterns of fixed outdoor RF sources by a drone system. 
Previous study was taken in 2018 about the feasibility of this method. The easily available drone 
systems today may support using them in the measurements of several environmental exposure 
patterns. Our trial was to use the drone system to perform RF exposure measurements in the vicinity 
of 5G base station. Another aim was to check how to use a lightweight personal exposimeter and a 
spectrum analyzer in the study. 

Methods. In September 2020 environmental RF exposure around a base station was 
investigated during a series of flights by RF field meters attached to a drone. It was strong enough to 
carry the following two devices: 

1. Narda SRM-3006 spectrum analyzer (Narda-STS, New York, USA) with a Narda 3502/01 
Three-axis Antenna. 

2. ExpoM-RF Personal RF Exposure Meter (Fields at Work GmbH, Zurich, Switzerland). 

The drone was to fly from 3 m to 36 m above ground level in three distinct columns around a 
rooftop mounted base station. At the investigated base station a 5G base station was deployed at  
3.6 GHz band (FR1) beyond other 2G-4G base stations. A test mobile device nearby was forced to 
communicate with the base station continuously. We choose vertical columns for each of the flights. 
The distance of the columns from the base station was 80 m, 60 m and 40 m respectively. The height 
of the first measurement point was 3 m above ground level, and after then the drone stopped at every 
3 m up to 36 m. 

Results. Because the drone communicates with the remote control and the driver by Wi-Fi 
technology, we measured relatively high electric field strength values at ISM 2.4 GHz band. That’s 
why it is recommended to exclude from the evaluation the recordings of Wi-Fi band. 

The results shows that during a flight, raising from the ground level the electric field strength in 
Mobile 3.5 GHz band was increasing then at the top levels it started to decrease. This may be caused 
by the main beam of the base station, which is downwards from the base station (at the roof of the 
building) in the direction of ground. With the rising the drone approaches the main beam, and after 
moving away from it. Comparing flights with each other we can see that the electric field strength at 
this band is increasing and the position of the peak depends on the distance presumably due to the 
radiation pattern of the beam. 
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Ionizing radiations can cause external or internal exposure to the human body. The internal 
exposure is typically determined in two steps. In the first step the actual activity present in the body 
is determined by direct or indirect monitoring methods. By direct measurements, the activity in the 
whole or part of the human body can be determined (in-vivo). In the second step the intake value and 
the associated committed dose can be estimated on the basis of measured data and considering 
necessary assumptions on exposure conditions (time and route of intake, chemical form etc.). In case 
of the in-vivo measurement the low activity of the human body, the non-standard geometry and the 
limited measurement times considerably increase the measurement uncertainty. Thyroid 
measurements are also influenced by various parameters such as the age of the patient, the shape of 
thyroid, position of the thyroid inside the human body, the detector distance from the body surface, 
the distribution of the activity within the organ. Physical phantoms can be used for efficiency 
calibration of the measurement system. 

After efficiency calibration of the thyroid counter with physical phantoms, efficiency calibration 
was performed by numerical methods to optimize the measurements. In order to take into account 
uncertainties introduced by these factors in the estimation of dose attributed to different radioactive 
isotopes of iodine, numerical simulations based on Monte Carlo photon transport techniques were 
performed, detector response and corresponding detection efficiencies were calculated. During our 
studies uncertainties due to differences in the distance of the thyroid from neck surface (0.6-2.2 cm), 
different size and shape of thyroid (e.g. variant thyroid shapes of children, teenagers and adults) and 
the detector distance from the body surface (4-12 cm) were analysed. All these factors affect the 
accuracy of dose estimation as well. The computed uncertainties due to various parameters should be 
taken into account while estimating the activity of iodine isotopes in the thyroid. 
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Increasing the shelf life of food products while maintaining their quality is a task of current 
interest directly related to the most important aspects of life and health of people around the world. 
Therefore, it is necessary to constantly develop and improve existing food processing methods. 
Irradiation of products with beams of accelerated electrons is one of the most effective treatment 
methods. To ensure the appropriate quality of irradiated products, it is important to carefully 
monitor the absorbed radiation dose throughout the entire volume of products, since an uneven 
distribution of the absorbed dose can lead to undesirable changes in the physical, chemical, and 
organoleptic characteristics of the product. 

The purpose of the research carried out at Moscow State University (MSU) in collaboration with 
the D.V. Skobeltsyn Scientific Research Institute of Nuclear Physics, is to study the effect of ionizing 
radiation on biological objects and develop methods for enhancing the efficiency of radiation 
processing. 

It is proposed to use aluminum modifier plates of various thicknesses installed between the 
irradiated object and the accelerated electron beam to increase the degree of irradiation 
homogeneity. 

A phantom of PETG plastic was made for experimental verification of the method, consisting of 
50 2.5 mm thick plates allowing for the placement of dosimetric films in 0.5 mm deep grooves. 

A series of irradiation treatment sessions were carried out on the phantom with and without the 
addition of 1 mm, 2 mm, and 3 mm thick aluminum modifier plates. An industrial continuous 
electron accelerator UELR-10-15-S-1 was chosen as a source of ionizing radiation, operating on a 
mode with maximum effective processing energy of 9.5 MeV and a surface dose of 35 kGy. 

The experimentally obtained values of the absorbed dose depending on the depth in layers of 
cubic phantoms made of PETG plastic (after beam processing) demonstrated that the addition of a  
2 mm thick aluminum plate leads to an increase in the degree of irradiation homogeneity (the ratio of 
the dose on the phantom’s surface to the maximum absorbed dose in the phantom’s volume) from 
0.864 to 0.963. 

This work clearly shows that it is possible to use aluminum modifier plates to increase the 
homogeneity of the absorbed dose distribution over the depth of the irradiated object during 
processing with accelerated electrons. 
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The greatest contribution to the formation of internal radiation dose due to the consumption of 
drinking water is made by natural radionuclides 222 Rn, 226Ra, 238U. The content of radionuclides in 
natural waters varies in a wide range. The WHO recommends taking measures to reduce the 
radioactivity of drinking water. Monitoring of drinking water supply in potentially radon hazardous 
areas is an important and urgent problem. 

Assessment of drinking water quality by radiation safety parameters is carried out by specific 
gross alpha and beta activity according to the requirements of the main regulatory documents. The 
currently used methods for measuring ∑α in water require a long-term sample preparation, while 
allowing no more than 2-4 samples to be analyzed simultaneously. 

In this work, the methodology of monitoring studies in potentially radon-hazardous areas is 
developed, the advantage of which is to obtain reliable information on the assessment of ∑α of 
sources of drinking water supply of the population simultaneously a large number of samples, which 
significantly reduces the economic costs of conducting research. 

The purpose of this work is the monitoring of drinking water supply sources of the population in 
potentially radon-hazardous areas according to the parameter of specific ∑α. 

The method is based on the measurement of specific ∑α by dipping tracked nitrocellulose 
detectors of LR-115-2 type into water samples, with the addition of stabilizing solutions. The 
detectors are incubated in the water samples for the time necessary for the detector to form a 
statistically significant number of tracks. The detectors are chemically etched after exposure. The 
number of tracks on the detectors is determined by electrospark breakdown. Based on the number of 
tracks, the specific ∑α of the samples is calculated. 

Studies in this work were aimed at determining the chemical resistance of the film material  
LR-115-2 in distilled water, in different concentrations of acids HCl, HNO3, C6H8O7, for their possible 
use as stabilizing additives for water samples. The registration characteristics of the track detector 
were studied. It was found that the film material LR-115-2 is chemically stable when held in distilled 
water, 0.2M C6H8O7, 0.1M HCl for a long time. Studies have shown the fundamental possibility of 
using film detectors of LR-115-2 type to measure the specific ∑α of natural waters in the submerged 
version of the measurements. At exposure time of 10 days and 30 days the minimal detectable ∑α of 
water sample is 0.013 and 0.0043 Bq/ml respectively. Using a track method with a submersible 
detector for measuring alpha activity of natural waters requires a technical design of the 
measurement process that provides the ability to measure a small volume of liquid (0.1-10 ml), 
obtained by methods of concentrating radionuclides from a large volume sample. 
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Electron paramagnetic resonance (EPR) spectroscopy has proved to be a very effective method of 
investigation of free radicals created in materials during irradiation with high energy radiation. In the 
years sucrose has been studied for a long time as a dosimeter in radiation accident and in high-dose 
dosimetry by using different analytical techniques. The sucrose is a tissues equivalent material and it 
is involved in the DNA structure. That is why it is important to study its radiation properties. In the 
last years sucrose was considered as one of the most promising radiation sensitive materials (RSM) 
for EPR dosimetry as an alternative material of alanine. It is know that there is a saturation of dose 
response of irradiated sucrose Solid State/Electron Paramagnetic Resonance (SS/EPR) dosimeters at 
doses higher than 10 kGy. One of the possibilities to dissolve this problem is adding of internal 
standard Mn2+ magnetically diluted in MgO to the RSM. However no many laboratories have such 
kind of standard and it is not easy to be prepared. Therefore the aim of the present work is to achieve 
a linear dose response of the cylindrical dosimeters at possible the widest interval of doses, only 
through change their diameter and height and without to use an internal standard. In view of this it 
has been researched cylindrical sucrose dosimeters with different sizes (diameters 2, 3 and 4 mm and 
heights 5, 10 and 14 mm). From the obtained results have been found that with decreased of the 
diameter of the dosimeters from 4 to 2 mm the intensity of the EPR signal became linearly depended 
from the absorbed dose radiation in the dose range 1-50 kGy. In the dosimeters with diameters 3 and 
4 mm a weak saturation of the dose response curves at higher doses have been observed. This 
confirms our previous claim that the saturation is due to simultaneously impact of the deeper 
penetration of the samples in the electric field in the EPR cavity and of the irradiation with high dose 
gamma rays. The increased of the height of the dosimeters from 5 to 14 mm aims to increase the 
sensitivity and to some extent to compensate the loss of sensitivity due to the smaller diameter. 
Charcoal samples with the same shape for comparison have been prepared. 
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This work presents how the internal alpha and beta dose rates in quartz grains obtained from 
sandy sediments impacts luminescence dating. In order to determine the internal dose rates, the 
innovative μDose systems were used. 

Our findings clearly indicate and confirm that etched quartz grains contain radioactive isotopes, 
hence the assumption that the only source of radioactivity is radioisotopes from outside is an 
erroneous approximation. 

Presented results show that the internal radioactivity has a relevant influence on determining the 
age of the tested samples. Ignoring the internal alpha and beta components during the total dose rate 
assessing can overestimate the luminescence age. The internal dose rate to total dose rate ratio in our 
measurements often exceeds 10%. This means that the correction for internal dose rates should 
always be applied, otherwise the final dose rates will be underestimated, and the final results 
overestimated. 
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Radon is a radioactive, naturally occurring, chemically inert gas that is present in water as a result 
of natural processes, such as decay of its parent nuclide 226Ra and dissolution from the surrounding 
geological environment. Beside radon, other naturally-occurring gases can be present in water, such 
as carbon dioxide (CO2) and hydrogen sulfide (H2S). When measuring radon activities in water using 
RAD7, these gases are collected by the built-in air pump and entering the internal cell of the device. 
In this study, thirty spring water samples were subjected to radon measurements using two methods, 
Liquid Scintillation Counting (LSC) and RAD7 device. After performing the measurements, the 
resulted values showed a lack of similarity, RAD7 activities being significantly lower, and therefore 
suggesting an inverse correlation with the gas content of the samples. The aim of the present study is 
to investigate the effect of two gases, hydrogen sulfide and carbon dioxide, on the RAD7 radon 
measurements in water. In this regard, CO2 concentrations between 0.649 g/l and 5.19 g/l were 
generated in water samples containing 222Rn activities ranging from 23.4 ± 0.9 Bq/l to 6.7 ± 0.9 Bq/l, 
after which the samples were measured with the RAD7 device and the results compared to the initial 
values of the samples. The same procedure was followed for hydrogen sulfide concentrations of  
0.125 mg/l to 3 mg/l. In both cases, a major impact on the radon measured activity was observed, 
which decreased with 24.5% for a concentration of 1.29 g/l CO2 in water, and up to 57% for 5.19 g/l 
CO2. For hydrogen sulfide, the radon measured values decreased with 42.5% for concentrations as 
low as 0.5 mg/l, culminating in a reduction of 86.9% for 3 mg/l H2S. The explanation for the 
obtained results can be found in Po-218 neutralization processes which are reducing the electrostatic 
efficiency of the silicon detector system. To eliminate the interferences of these gases on RAD7 radon 
measurements in water, a sample preparation method was developed for the precipitation and 
deposition of CO2 using Ca(OH )2, respectively for H2S using Pb(NO3)2. This procedure, if applied 
prior to the RAD7 measurements, leads to the removal of the effect of carbon dioxide and hydrogen 
sulfide on RAD7 radon measured activities. 
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The sum-peak method is a technique for measuring the absolute activity of gamma cascade 
emitting sources with a single gamma spectrometer. The effects of angular correlations and random 
coincidences, if not taken into account, can significantly reduce the accuracy of the method. However, 
we show that Monte Carlo simulations can reproduce the spectral data including pile-up events 
without using Poisson distribution with a sufficient quality to perform the required corrections. The 
new method for forming the count rate equations and performing Monte Carlo simulations leads to a 
generalized formula for the sumpeak method, including random coincidences of any order. 
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Radiation sources can be natural and man-made. Undetected radiation in real-time can cause 
many problems which are related to the general health conditions of the whole environment. That is 
one of the reasons why real-time radiation monitoring has an essential role in the detection of 
dangerously high levels of radiation. This paper provides a proposal of a radiation monitoring system 
including sensor, gateway and IoT Cloud design. Also, the radiation measurement results from  
real-life scenarios will be shown. 

Keywords: Radiation monitoring, beta, gamma, X-ray, IoT Cloud, radiation measurement 
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Phosphogypsum is a waste that is generated in the production of fertilizers and is very similar to 
the natural gypsum, thus its use in the construction industry is possible. It usually contains an 
increased concentration of 226Ra in its composition. The paper presents the results of measuring the 
radon emanation coefficients for phosphogypsum, natural gypsum and a mixture of natural gypsum 
and phosphogypsum (50%), that could be potentially used for the production of gypsum boards that 
are widely applied in construction. Using the method of gamma spectrometry the concentration of 
226Ra in the samples was determined, while the concentration of emanated radon from the samples 
was measured in the specially constructed chambers of different volumes (1.5 l, 2.5 l, 4.25 l, and 30 l), 
using active radon monitors RAD7 (Durridge Company) and RTM1688-2 (Sarad GmbH). Radon 
emanation measurements were performed for about 100 cycles of 1 h, after which the emanation 
curve was fit and the equilibrium concentration of radon activity after one month was theoretically 
estimated. The effect of chamber volumes on the obtained values of the radon emanation coefficient 
was investigated. On the basis of the obtained emanation coefficients, it is concluded that these 
values are strongly dependent on the volume of the measuring chamber and that they increase with 
expanding the chamber volume. Therefore, it is recommended to use larger volumes of measuring 
chambers when determining the emanation coefficient for phosphogypsum or natural gypsum. In 
this way, the real conditions in rooms that are potentially constructed of such materials are better 
represented, while at the same time the existing effect is neglected. 
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The choice of radiopharmaceutical for visualization of the thyroid gland is conditioned by: the 
degree of its concentration in the thyroid; the need for low irradiation of both the gland and the 
whole body; the emission of sufficiently high gamma radiation for increased detection efficiency; 
suspected pathology; procureability and cost, as well as the doctor’s preference. Currently, nuclear 
medicine uses Tc-99m. Tc-99m pertechnetate has the following physical and radiobiological benefits: 
- emits 140 keV gamma radiation, allowing to obtain good quality images; - produces low irradiation 
of the thyroid (0.3 rad / mCi) and of the whole body (0.011-0.018 rad / mCi); - even allows the 
repetition of the scintigraphy after a short period of time, due to T1/2 less than 6h; - makes it 
possible to visualize the thyroid after about 20 minutes, without undergoing the process of 
organification in the gland (iodine enters the cell and participates in cell metabolism producing 
thyroid hormones, while 99m Tc only sticks to the cell surface); - the dose used 1-10 mCi for Tc-99m. 

Thyroid nodules are a very common problem in adults [1]. Their prevalence increases with age 
and for this reason the thyroid scintigraphy is a technique that allows the evaluation of the functional 
characteristics [2]. In this study, a clinical trial with two different thyroid disorders were preferred, 
one patient with toxic thyroid nodule in the right lobe, the second patient was with left thyroid 
nodule agenesis. The radiopharmaceutical chosen for performing scintigraphy was pertechnetate Tc-
99m, and was administered intravenously. After waiting for 20 minutes, the patient was placed on 
the table of the scintigraphy device with his head bent on his back, so that the area of the thyroid 
lodge is under the detector as central as possible. To assess the position and size of the thyroid on the 
image from the previous incidence, mark the upper edge of the sternum, the collarbones, the upper 
edge of the thyroid cartilage and the lateral edges of the neck. When using the scintillation chamber, 
it is preferable that each image obtained should contain 200,000 pulses. 

In conclusion, it was found that total lobe suppression, in patients with the toxic thyroid nodule, 
would certainly happen if the toxic nodule had accumulated much more radioactivity than the 
normal lobe. Also, covering the toxic nodule with lead plate may allow the observation of 
radioactivity in the suppressed lobe. 
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Purpose. A recent initiative was launched for establishing the South-East European 
International Institute for Sustainable Technologies (SEEIIST) which will provide a cutting-edge 
hadron radiotherapy treatment and research institute for treating cancer patients with Hadron 
Therapy (HT). To justify the initiative for building the SEEIIST facility, a study was conducted to 
estimate the number of cancer patients from the SEE region that would be eligible for HT. 

Methods and materials. Two different methods for projecting the future annual cancer 
incidence have been applied: (a) using the Globocan model of the IARC@WHO which employs 
country’s demographic factors, and (b) averaging the crude incidence data of three SEE countries 
with available national cancer registries, using a linear regression model of combined incidence per 
100,000, and applying it to the entire SEE region. Cancer epidemiology data were collected and 
studied by using the countries’ cancer datasheets from the World Health Organization (WHO.) The 
top 10 cancers were presented for the SEE region. Studies of other countries were used to develop a 
primordial model for estimating the number of SEE patients that could be treated most successfully 
with HT upon SEEIIST commissioning in 2030. 

Results. A model was developed to estimate the number of eligible patients for HT from SEE. It 
is estimated that 2900-3200 patients per year would be eligible for HT in the new SEEIIST facility in 
2030. 

Conclusion. After commissioning, SEEIIST will initially treat approximately 400 patients/year, 
progressing towards 1000. Creation of SEEIIST dedicated patient selection criteria will be both 
necessary and highly challenging. 
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The ISOL (Isotope Separation On Line) technique is today established as one of the primary 
techniques for the production of high intensity and high quality radioactive beams. The main 
reaction channels used for the production of radioactive isotopes (spallation, fragmentation and 
fission) produce, for a given amount of the desired isotope, many orders of magnitude of different 
radioactive isotopes. Due to residual activity generated by the interactions of the primary beam, by 
activation due to the intense neutron fields and by deposition of the produced radioactive ions inside 
the magnetic separators and beam line elements, an ISOL facility in operation becomes an intense 
radioactive source. As a consequence, the biological hazard imposes severe radiological safety 
challenges to the design, operation, ordinary and extraordinary maintenance of such facilities. In this 
respect, one of the most challenging component is the ion source complex, where part of the 
fragments produced in the target is ionized and subsequently extracted. In particular, the ion 
extraction electrode sub-component has the crucial function of extracting radioactive ions from the 
ion source volume by means of an intense electric field providing also the first acceleration to the 
extracted beam. The radioactive contamination of this sub-component is studied, by means of the 
FLUKA Monte Carlo code, in the case of the SPES (Selective Production of Exotic Species) facility, in 
advanced construction phase at INFN-LNL (Istituto Nazionale di Fisica Nucleare, Laboratori 
Nazionali di Legnaro), Padua, Italy. The developed model includes: the isotope production by the 
interactions of a 40 MeV energy proton beam on a 238UCx target; the selection of the produced 
radioactive isotopes able to stick on the ion extraction electrode tip during one year of operation of 
the facility; the time evolution of the implanted isotopes during the operation period as well as 
appropriate cooling periods before maintenance interventions; the evaluation of the ambient dose 
equivalent rate generated by the contamination of the ion extraction electrode. Basing on these 
results, the possibility of manual interventions for maintenance and emergency versus the use of a 
remote handling system is discussed with reference to the ALARA principle. An automatic system 
designed and realized at LNL for the ion extraction electrode tip replacement is shortly described. 
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Various molecules possess structures consisting of the heterocyclic rings containing oxygen 
atoms. These substances often play a significant role in many different fields of chemistry, medicine, 
and biology. Due to a specific atomic composition and bond arrangement, many of these molecules 
retain unique electronic properties, which may be probed by diverse spectroscopic techniques, 
including those utilizing synchrotron radiation. In particular, the photoelectron-photoion 
coincidence (PEPICO) technique provides detailed information about the presence of specific bonds, 
the reactivity of these molecules, as well as their electronic structure and decomposition mechanisms. 

In the present communication, we present results on the dissociative photo-double-ionization of 
the six-membered heterocyclic molecules containing oxygen, namely 3,4-dihydro-2H-pyran  
(DHP, C5H8O) and tetrahydro-2H-pyran (THP, C5H10O). Both molecules exhibit a wide spectrum of 
targets and broad biological, chemical, and engineering activities. For example, the reaction of 
alcohols and DHP gives 2-tetrahydropyranyl ethers usually used as protecting groups in organic 
synthesis. A tetrahydropyran ring system is the core of pyranose sugars, such as glucose as well as 
anthracyclines, a class of antitumor agents that induce, among other things, indirect damage to DNA 
via reactions involving reactive oxygen species. The experiments were carried out at the Gas Phase 
Photoemission beamline at the Elettra-Sincrotrone radiation facility exploiting the VUV excitation 
and the ion time-of-flight spectrometry combined with the PEPICO technique. The dissociative 
processes where only one electron is released are quite well known. However, double ionization is a 
more complex mechanism producing the doubly charged parent ion after two correlated electrons' 
emission. These doubly charged ions are usually very reactive, short-living objects that easily 
dissociate into the ionic fragments via many-body fragmentation pathways. The present experimental 
study aims at elucidating the mechanisms of these dissociation channels in DHP and THP. In 
particular, we show how the character of the bond arrangement in DHP and THP influences the 
generation of two- and three-body charge separation reactions occurring at the lowest energies. 
C5H8O has a non-aromatic ring with five carbon atoms and one oxygen atom. It contains one double 
bond. By removing the double bond by two more hydrogen atoms, we get a saturated six-membered 
ring of tetrahydro-2H-pyran. The analysis reveals that this small change in the bond rearrangement 
makes available a distinct stabilization of the DHP ring compared to the THP structure, featuring the 
activation of a two-body fragmentation pathway with competition to a three-body breakup. 
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The development of civilization has a significant impact on the lifestyle and environment in which 
we live. Increased life pace, too many obligations, stress, processed foods, and environmental 
pollution enhance cancer occurrence [1]. Therefore, there is a growing interest in various cancer 
treatments. One of the oncological cure methods is radiotherapy, which damages the tumour cells 
using ionizing radiation. This radiation's interaction with biological material produces structural and 
chemical modifications in the DNA helix. The impact of the primary photons and the secondary 
particles (electrons, free radicals, ions) produced along the photon tracks cause DNA damage by 
bond ruptures. They all generate many alterations to the carcinogenic cells that may lose the ability 
to replicate and consequently further die. 

Therefore, it is essential to explore the processes leading to the fragmentation of DNA 
components and their analogues to characterize the underlying mechanisms. In this perspective, we 
present the fragmentation of the gas-phase 3,4-dihydro-2H-pyran (C5H8O) heterocyclic ether whose 
ring is the base of compounds found in living organisms and also is used in the synthesis of anti-
cancer drugs [2,3]. Electron impact ionization and ionic fragmentation of C5H8O molecules were 
measured in the energy range from ionization threshold up to 70 eV using electron mass 
spectrometer. The cation mass spectra, ionization, and ionic fragmentation efficiencies were 
determined over this energy range. Well-resolved mass peaks were detected in the mass range 10–90 
amu and assigned to corresponding ionic molecular fragments. Appearance energies of selected ionic 
fragments were also determined. We will compare these results to the mass spectra recorded in the 
VUV photon-induced ionization and fragmentation of 3,4-dihydro-2H-pyran. Possible ionic 
fragmentation processes will also be discussed. 
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The GaP, GaAsP, and InGaN LEDs can be successfully used as model objects for studying the 
effect of accelerated particles on charge transfer processes in objects with the p-n junction, radiative 
recombination, and radiation resistance. 

The GaP output LEDs doped with N (green) and Zn,O (red), GaAs1-хPх - orange (х = 0.45) and 
yellow (х = 0.85), InGaN (blue) and irradiated with electrons with Е = 2МеV, F = 1015÷1016сm-2 have 
been studied. 

On the current-voltage characteristics (CVC) at low temperatures (90-77 К) in GaP and GaAsP 
LEDs, arise of negative differential resistance (NDR) of the S-type [1], in the case of GaP is N-type 
has been revealed. 

The arise of S-similarity in GaP diodes can be caused by the structural features of the C- band; the 
formation of the N-region is associated with tunneling transitions of carriers of the band-defect-band 
type. The detected area of NDR in the GaAsP solid solution is due to the presence of the GaP 
component. 

Electron irradiation leads to the increase in the DR of the LEDs under study and to a decrease in 
the reverse currents. 

A breakdown section arises on the CVC of GaP diodes at significant reverse voltages (U = 15÷20 
V); as the sample temperature rises, it shifts to the region of lower voltages, indicating the 
predominance of the tunneling breakdown mechanism. 

The value of the coefficient of the imperfection of GaP LEDs within the currents of 10-7÷10-4А is in 
the range of n = 1.6 ÷ 1.7 which indicates the predominance of the tunnel-recombination component 
of the full current. 

By controlling the voltage change depending on the annealing temperature (Tanneal) at a constant 
current through the GaP sample, the U(Tanneal) curve can be divided into stages 20 ÷ 100°С and 160 ÷ 
300 °С. The emergence of the first stage can be interpreted as a process of decay of unstable defect 
formations localized near large-scale structural disturbances, such as dislocations or dislocation 
networks. Annealing in the range of 150 ÷ 350°С, where the diffuse fluxes VP and VGa coincide, is the 
main one in terms of the scale of restoration of the CVC of the irradiated samples. 

The temperature dependence of the bandgap of the GaAsP solid solution is well described by the 
Varshni equation for AIIIBV semiconductor compounds has been shown. 

The irradiation of GaAsP LEDs leads to the expansion of the spectral lines due to the action of 
fields of structural defects of radiation origin and a decrease in the glow intensity has been revealed. 
Compared to GaP diodes GaAsP LEDs are radiation-resistant their average radiation damage 
coefficient of the lifetime is close to 1.2 · 10-10 cm2s-1 and for GaP is 8 · 10-8 cm2s-1. 

Irradiation of InGaN LEDs with quantum wells causes a monotonic decreasing in the radiation 
intensity as a result of interbarrier tunneling of current carriers. 

 
References 
[1] G. Gaydar et al. Superlat and Microstr. 104 (2017) 316. 

https://doi.org/10.21175/rad.abstr.book.2021.30.4


 

206 

The application of voxel and ORNL phantoms to 
the internal and external dosimetry 

Dragana Krstic1, Dragoslav Nikezic1,2,  
Ana Krstic3, Milena Zivkovic1, Marija Jeremic4 

1 University of Kragujevac, Faculty of Science, Kragujevac, Serbia 
2 The State University, Novi Pazar, Serbia 
3 KVARK doo, Kragujevac, Serbia 
4 Clinical Center Kragujevac, Kragujevac, Serbia 

https://doi.org/10.21175/rad.abstr.book.2021.30.5 

The present study is based on application of mathematical and adult voxel models to the internal 
and external dosimetry. The ORNL is mathematical phantom developed at the Oak Ridge National 
Laboratory which consists of three main sections: an elliptical cylinder is a trunk; a circular cylinder 
and an elliptical cylinder capped by half an ellipsoid are neck and head and two truncated circular 
cones representing the legs. All organs of ORNL phantom were represented by simplified 
mathematical equations and inequalities. External shapes of organs were represented with planes, 
spheres, cylinders, cones, ellipsoids, elliptical cylinders, tori and combinations of these geometrical 
bodies. 

ICRP Publication 110 describes the development of the adult voxel phantoms of the Reference 
Computational Male (RCP-AM) and Reference Computational Female (RCP-AF).Voxel models are 
constructed from computed tomographic (CT) or magnetic resonance imaging (MRI) data of real 
human body. From these data, voxel phantoms were segmented and then adjusted to the reference 
values. 

Both types of phantoms were used in internal and external dosimetry. 

The well-known MNCP6 Monte Carlo Neutron Particle code was performed for particle transport 
from the sources to the individual target organs of phantoms. 

The great differences were found between ORNL-type and voxel models, due to the larger 
distance between ORNL phantom organs than in the real case, and due to simplified organ shapes. 
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In the last period, the alpha-induced luminescence of air was proposed to be utilized for remote 
detection of alpha emitting from radioactive waste sources or for rapid radon detection. 

The aim of this study is to investigate the possibility to discriminate between the 
radioluminescence signal and Cherenkov photons due to the simultaneous presence of alpha and 
beta sources in the same container. 

Alpha particles induce radioluminescence when absorbed in air. The photons are emitted in the 
near ultraviolet region by nitrogen molecules excited by secondary electrons. The accurate knowledge 
of the radioluminescence yield is of the utmost importance for novel radiation detection applications 
utilizing this effect. 

On the other hand, the energetic electrons from the beta spectra can produce Cherenkov radiation 
in air in the same wavelengths as the photons emitted by deexcitation of nitrogen molecules. 

When alpha and beta emitting radionuclides are simultaneously present in the sample, the 
detector must be able to discriminate between these contributions. 

We determine the number of photons produced per unit area (photon flux) by deexcitation of 
nitrogen molecules and also the number of photons in the same wavelength range produced by beta 
particles when passing through air. Monte Carlo method is used to simulate the experimental setup 
and to calculate the sensitivity of the detector as a function of the activities of alpha and beta sources, 
of the energies of the emitted radiations, of the distances between detector and sources, and also of 
the sensitivities of the detector in different spectral ranges. 
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Purpose. The profile describes the data collection procedure and the sources of information for 
the Ozyorsk Computed Tomography Cohort study (OCTC study) designed to assess the low-dose 
effects of exposure to ionizing radiation due to computed tomography (CT) in population living 
within 10 km from the “Mayak” Production Association – the 1st nuclear weapon production complex 
in the former USSR. 

Materials and methods. The main data source for the OCTC study is the “CT Register” 
database which currently contains 26,626 records of Ozyorsk district residents exposed to diagnostic 
CT. The data have been retrospectively collected from five clinical hospitals located in Chelyabinsk 
region of the Russian Federation. The cohort data were linked to the local Cancer registry of Ozyorsk 
to obtain information on cancer incidence, and to the Mayak Worker Cohort data to obtain 
information on occupational exposure to protracted gamma- and alpha- ionizing radiation. The vital 
status and the cause of death have been derived from Ozyorsk clinical hospital no.71 and from the 
local death causes registry. The medical and dosimetric data as well as the information on main 
cancer risk factors have been detailed in the profile. 

Results. 16,624 patients of both sexes at the age from 0 to 99 exposed to diagnostic radiation 
due to CT examinations during the period from 1993 to 2019 have been included in the cohort. The 
maximum number of CT examinations per patient reached up to 29 while 67.9% of persons were 
single-time examined. The individual radiation dose burden to the end of follow-up reached up to 
150 mSv. 347 patients (2.1%) had been exposed to additional internal radiation due to PET/CT. 25% 
of the cohort were the MPA staff occupationally exposed to ionizing radiation. 

To the end of follow-up, 2,842 cancer cases had been accumulated in the cohort with 31.6% of 
cases diagnosed after the date of the 1st CT with 2.8% of second cancer cases. Vital status has been 
established for 60.1% of patients, and 30.3% of the study cohort had died to the end of follow-up with 
registered cause of death. 

Discussion. The OCTC study cohort has several weak points related to possible loss information 
on individuals examined outside Chelyabinsk region, and those who had migrated from Ozyorsk as 
well. The vital status has not yet been established for about 40% of individuals. 14.2 % of the cases 
had died during the 1st year of follow-up. The radiation dose absorbed in the organs due to CT has not 
been yet calculated as of the end of the follow-up. 

Conclusions. The OCTC cohort offers information on the main medical, dosimetric, 
demographic and occupational factors for the population of Ozyorsk district. The data can be used for 
an epidemiological study of late effects of exposure to low doses of diagnostic radiation. 
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This work presents the results obtained in intercomparison measurements performed with 
various radon monitors types. The results presented are important from the point of view of choosing 
the best suitable monitor when monitoring the radon concentration in the outdoor environment, in 
such way to obtain the most reliable data. This work is in tight connection with the activities involved 
within traceRadon project that is aiming to develop the use of a radon transfer standard monitor to 
increase the metrological capacity of radon monitoring networks. Properties such as environmental 
parameters, activity levels, stability, accuracy, achieved uncertainty and portability for the field 
application of the commercially available radon monitors were considered to construct a matrix that 
will also be used to identify the required parameters for a transfer standard for the traceable 
calibration of atmospheric radon monitors according to IEC 61577. The purpose of this paper is to 
summarize the current state of conceptualization of such a transfer standard in environmental radon 
monitoring. 

In the intercomparison test three laboratories have participated with four devices portable 
atmospheric radon measurement systems: 1346 model PYLON AB-5, manufactured by Pylon 
Electronics Inc. Canada - Lab. SALMROM (IFIN-HH); 1367 - Pylon System - Lab. LGABG - ICSI 
Ramnicu Valcea; 1292 - Pylon System and a System AlphaGuard - Lab. DMDR (IFIN-HH). The 
results showed the variation of radon activity concentration as function of temperature and relative 
humidity. The recorded ranges of the radon activity concentration for the measurements performed 
with AlphaGuard and Pylon monitors did not show a clear dependency on temperature and relative 
humidity. In the case of Radon Scout monitor, the temperature variation had an influence on the data 
measured. Another important aspect regarding the results of the measurements is the fact that the 
AlphaGuard data from one hour to another are less scattered than for the Radon Scout at 
concentrations above 300 Bq/m3 the hourly difference being higher than 20%. The data shows that 
after 40 h the radon activity concentration in the room with ventilation off, reached a steady-state, 
with an average value of 410 Bq/m3. 

Another important aspect when testing the radon monitors is related to the measurement 
uncertainties. For radon activity concentrations above 200 Bq/m3 for a 10 min. measurement the 
uncertainty (for k=1) is about 20 % for the AlphaGuard monitor. The corresponding measurement 
uncertainty of Pylon monitor is in the order of 17 % (with k=1) for a 10 min measurement, while for 
Radon Scout monitor this is also 20%, but for a 1h measurement (k=1). In all cases, the total 
uncertainty is limited by the sensitivity uncertainty and the statistical uncertainty component due to 
the background counts recorded by the monitor. 
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The increasing clinical use of low-energy photon and electron sources (below few tens of keV) has 
raised concerns on the adequacy of the existing approximation of an energy-independent 
radiobiological effectiveness. In this work, the variation of the quality factor (Q) and relative 
biological effectiveness (RBE) of electrons over the low-medium energy range (0.1 keV – 1 MeV) is 
examined using several microdosimetry-based Monte Carlo methodologies with input data obtained 
from Geant4-DNA track-structure simulations. The sensitivity of the results to the different 
methodologies, Geant4-DNA physics models, and target sizes is examined. Calculations of Q and 
RBE are based on the ICRU Report 40 recommendations, the Kellerer-Hahn approximation, the site 
version of the theory of dual radiation action (TDRA), the microdosimetric kinetic model (MKM) of 
cell survival, and the calculated yield of DNA double strand breaks (DSB). The stochastic energy 
deposition spectra needed as input in the above approaches have been calculated for nanometer 
spherical volumes using the different electron physics models of Geant4-DNA. Results are 
normalized at 100 keV electrons which is here considered the reference radiation. It is shown that in 
the energy range ~50 keV-1 MeV, the calculated Q and RBE are approximately unity (to within 1-2%) 
irrespective of the methodology, Geant4-DNA physics model, and target size. At lower energies,  
Q and RBE become energy-dependent reaching a maximum value of ~1.5-2.5 between ~200-700 eV. 
The detailed variation of Q and RBE at low energies depends mostly upon the adopted methodology 
and target size, and less so upon the Geant4-DNA physics model. Overall, the DSB yield predicts the 
highest RBE values (with RBEmax≈2.5 ) whereas the MKM the lowest RBE values (with 
RBEmax≈1.5 ). The ICRU Report 40, Kellerer-Hahn, and TDRA methods are in excellent agreement 
(to within 1-2%) over the whole energy range predicting a Qmax≈2 . In conclusion, the 
approximation Q=RBE=1 was found to be valid only above ~50 keV whereas at lower energies both  
Q and RBE become strongly energy-dependent. It is envisioned that the present work will contribute 
towards establishing robust methodologies to determine theoretically the energy-dependence of 
radiation quality of individual electrons which may then be used in subsequent calculations involving 
practical electron and photon radiation sources. 
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The aim of the present work was to evaluate whether the DNA protective potential of 
Clinopodium vulgare L. extract is related to changes in the repair capacity of Saccharomyces 
cerevisiae. Single and combined treatment with 10, 100 and 1000 µg/ml plant extract and zeocin was 
performed on two yeast strains – haploid and diploid one. The role of incubation conditions and 
repair capacity were studied based on double-strand breaks induction in DNA. 

The results revealed that both strains did not differ in their DNA susceptibility measured as 
primary induced DSB levels. Differences were obtained in the repair capacity and the role of the 
incubation conditions was established. 

New evidence is provided that the diploid strain D7ts1 possesses better-expressed repair capacity 
than the haploid strain 551. The combined treatment with Clinopodium vulgare L. extract at 
concentrations’ range 10-1000 µg/ml and Zeocin protects the yeast DNA from double-strand breaks. 
When incubation is performed on ice the repair processes are impeded but not fully blocked. Such a 
study confirms that the difference in the repair capacity of the cells could be one of the possible 
mechanisms, participating in the resistance formed against different DNA damaging factors. 
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Interventional cardiology (IC) procedures, during which live images are acquired, involve 
exposure to x-rays. The use of fluoroscopy in IC can cause high radiation doses to patients and 
operators because of the prolonged duration of x-ray exposure. Artificial Intelligence (AI) is a family 
of operations using advanced mathematical algorithms that have allowed for the enhancement of 
cognitive output. AI tools have different goals as well as prediction of the system, classification and 
regression of the problems, and enhancement of clinical decisions. In the present work, the artificial 
intelligence tools in the interventional cardiology lab are being implemented. The application of AI in 
our interventional cardiology (IC) room can be divided into 3 main branches, virtual and physical, 
imaging decision, and abnormalities detection. Notwithstanding, the virtual and physical branch is 
best represented for robotic interventional procedures, in our case, we can generate some very 
powerful data for protocol optimization and quality control, by being able to actually integrate the 
information about the radiation dose, contrast injection, and image quality. Results can be predicted 
outcomes for future interventional procedures. Imaging decision, clinical decision support systems 
with computing data are under development and include self-learning systems using ML and DL in 
order to improve IC procedures, besides help us find dose variations in IC procedures attributed to 
the acquisition imaging mode (CINE) and cardiologist’s experience. Abnormalities detection – more 
recent advances have given rise to superior algorithms that learn through direct navigation of data to 
“recognize” some human error findings. AI has been utilized in the practice to analyzing of ESAK 
measurements for patients undergoing diagnostic and therapeutic interventional procedures, 
considering variables such as the anatomy of the patient (height, weight, gender, BMI, age), the 
complexity of the procedure, radiological parameters as well as cardiologist’s expertise. The 
implementation of AI tools in IC suggested reduction variability and improve the quality, safety, and 
efficiency of care around radiation dose management. Besides, our findings were used to assist  
IC staff to be able to visualize and navigate procedures more safely and efficiently with significantly 
less radiation dose exposure. 
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This project’s primary purpose is to use computational modeling in Python to determine limits on 
radiation exposure when performing neutron activation analysis (NAA) on samples. In typical 
laboratories, radioactive sources are usually composed of one to two isotopes to only a few. These 
sources are well understood and characterized, which leads to safe handling procedures and dose 
limits. However, in NAA laboratories, samples tend to be made up of many isotopes, which usually 
cannot be anticipated readily. NAA samples’ complexity leads to little or no guidance and exposure 
limits on how to handle the samples safely. This work aims to develop a deterministic method of 
calculating doses from these samples. Creating a deterministic method to model radiation transport 
from NAA samples is important as stochastic methods such as Monte Carlo N-Particle (MCNP) are 
computationally expensive to run and require variance reduction techniques. In this work, we 
utilized standard reference materials (SRM) from the National Institute of Standards and Technology 
(NIST) to model the most commonly irradiated samples at an NAA laboratory. The percentage by 
mass and neutron cross-section values for common isotopes found within the SRM samples were 
determined. Next, each isotope activity level in the SRM samples was calculated in Becquerels (Bq) 
for a given irradiation time and neutron flux. The radiation dose can then be determined as a 
function of time after irradiation. The next step in the experiment will be to model the human hand 
to calculate safe handling dose limits. To do this, we will model a cross-section of the human hand, 
including tissue and bones composed of the International Commission on Radiological Protection 
(ICRP) and the International Commission on Radiation Units and Measurements (ICRU) standards. 
The results will then be compared to MCNP Monte Carlo simulations to validate the deterministic 
method developed in this work. 
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Nanomedicine utilizes the remarkable properties of nanomaterials for the diagnosis, treatment, 
and prevention of disease. Many nanomaterials have robust antioxidative properties, potentially 
functioning as strong scavengers of reactive oxygen species (ROS). Conversely, some nanomaterials 
to promote the generation of reactive oxygen species, which may precipitate the onset of oxidative 
stress, a state that is thought to contribute to the development of a variety of adverse conditions. In 
our previous papers, we reported on biological activity of rare-earth orthovanadate nanoparticles and 
cerium oxide (pro-/antioxidant properties, effects on bioenergy processes in cell mitochondria, 
selective accumulation in cell nuclei, etc.) that makes such redox nanomaterials very prospective for 
biomedical applications and requires deep understanding the mechanisms of their redox  
activity [1-4]. 

In this work, we report on the effectiveness of CeO2-x and Gd0.9Eu0.1VO4 nanoparticles in 
radioprotection in model animals during radiation exposure. Nanoparticles were injected per os by 
two different schemes – once and during 15 days. For the 15-days scheme of Gd0.9Eu0.1VO4 
nanoparticles injection during 30 days of observation the survival of animals irradiated with a dose of 
6.0 Gy was 100 %; for ceria it was 90 % for CeO2-x nanoparticles. In addition to the analysis of the  
30-day survivability, different signs of acute radiation sickness were monitored, such as a ruffled fur 
(a common indicator for the state of the body), bloating, diarrhea, swelling of mouth and eyes. It was 
revealed that 7.0 Gy radiation dose is lethal. For an irradiation by 7.0 Gy the signs of acute radiation 
sickness did not differ from those of the controls. 

These results can serve as a motivation to consider inorganic nanoparticles as the basis for new 
drugs possessing by radioprotective effect. In general, the radioprotective effect of considered 
nanoparticles corresponds to, and even possibly exceeds the level of protection provided by 
conventionally used organic radioprotectors. 
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The European regulation on ionizing radiation is mainly laid down in the COUNCIL DIRECTIVE 
2013/59/EURATOM. This Directive implements the basic safety standards for the protection of the 
health of workers and the general public against the dangers arising from exposure to ionizing 
radiation. 

Reliable and quality-assured metrology is the basis for fulfilling the legal tasks defined in the 
EURATOM regulations. To avoid difficulties in practice, the implementation of regulations always 
needs to consider the metrological implications. To overcome these, the consortium of the EMPIR 
project 19NET03 supportBSS[1] is currently planning to develop a joint and sustainable European 
metrology network underpinning radiation protection regulation. This is urgently needed as a single 
point of contact to overcome all metrological gaps and to add further needs to radiation protection 
metrology. The final aim of the network is a harmonized, sustainable, coordinated and specialized 
infrastructure to meet the demands expressed in the COUNCIL DIRECTIVE 2013/59/EURATOM 
and the EURATOM Treaty. 

Such a metrology network under the umbrella of EURAMET is currently in the founding phase. 
One important task in the preparation of this network is to identify and to analyse the gaps in the 
metrological services as well as the research needs related to the services and the stakeholders. 

The metrological gaps identified up to now exist in 8 areas of interest: 

1. Activity standards, 
2. Reference fields where the complexity arises due to the new radiation practices and new 

technological developments, for instance pulsed fields in medical, industrial and technical 
applications, 

3. Are new operational quantities in radiation protection needed? 
4. Measuring devices for radiation protection in medical or industry applications of ionizing 

radiation, i.e. especially suitable for pulsed radiation, 
5. Measuring devices for environmental monitoring, i.e. capable of nuclide specific dose 

determination, 
6. Type testing: harmonization of national requirements with international standards (IEC and 

ISO) and radiation protection legislation 
7. Harmonized handling, transmission, storage and availability of measurement data, 
8. Education and training needs. 

This list summarizes the results of the scientific stakeholder workshop and is meant to open a 
continuous and constructive dialogue on the identified stakeholder needs and gaps in metrology. 
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When X-ray energy above 8 MV is used, photoneutrons are generated by the photonuclear 
reaction, which activates the components of linear accelerator (LINAC). Measurement and analysis is 
important procedure while disposing of the LINAC or replacing the components. But in Korea, 
radioactive material management standards are not clear, making it difficult to safely manage of 
radioactive materials. 

Herein, we investigated the management status of radioactive wastes in domestic medical 
LINACs. A survey was conducted on 53 radiation oncology departments to understand the status of 
radioactive materials management from medical LINACs. For some questions, duplicate responses 
were allowed. 

48 institutions responded among the 53 institutions. Of the responded 48 institutions,  
23 responded that they had experience in disposing of LINACs and components, 16 of them disposing 
of the entire of LINAC, and 18 of them responding that they had partially disposed of the parts of the 
LINAC. 12 organizations responded that they used a survey meter to evaluate radio-activation. The 
other 10 organizations did not perform the measurement, and one organization responded that the 
measurement was performed using the HPGe detector. There were 18 organizations that responded 
that the information on the management and treatment of radioactive waste in the LINAC was in the 
radiation safety management regulations, and 8 of them responded that they had procedures and 
standards. Most of the institutions which have an experience of disposing of LINAC found that they 
don’t have a specific procedure or guideline. Also, since the disposal criteria did not exist, the 
radioactive material from LINAC was either stored within the institution or collected by the 
manufacturer. 

Results suggest that most domestic institutions did not have the regulations for disposing 
radioactive waste from LINAC or the management procedures and standards were unclear. For the 
safe management of medical LINACs, it is necessary to establish safety management regulations. In 
Korea, the standards for disposal, such as radiation or dose limits, are required. A system for 
clearance when disposing at a medical institution should be prepared and further study is to lay the 
foundation for radioactive waste management from medical LINACs. 

 

https://doi.org/10.21175/rad.abstr.book.2021.31.9


 

217 

Case study with CARC software for verifying compliance with 
atmospheric release criteria of nuclear installations 

Csilla Rudas, Tamás Pázmándi 

Centre for Energy Research, Budapest, Hungary 

https://doi.org/10.21175/rad.abstr.book.2021.31.10 

A new software titled Calculating Atmospheric Release Criteria (CARC) has been developed in 
recent years for the verification of compliance with atmospheric release criteria of nuclear 
installations. The method implemented in the software was developed in response to the articles 
about preventing the release of radioactive material from nuclear facilities published in the Council 
Directive 2014/87/Euratom. The main objective of the developed software was to produce a simple 
and quick tool to use in deterministic safety assessments of nuclear facilities. The software is capable 
of taking into account site specific parameters, a large number of meteorological scenarios and 
calculates various percentiles of the resulting dose quantities. 

In this work, a case study was conducted with a hypothetical atmospheric release from a nuclear 
power plant to show the practical application of the method and the software. The source term 
applies to Design Extension Conditions and was taken from literature and for the meteorological 
conditions, real measurement data from a weather station collected over a period of 5 years was used. 
The 95th percentile of the effective dose containing exposure pathways of cloudshine, groundshine 
and inhalation was evaluated. Results were compared with the corresponding safety criteria for 
Design Extension Conditions. 
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In-situ characterisation of strontium-90 contamination in groundwater at nuclear 
decommissioning sites would represent a novel and cost-saving technology for the nuclear industry. 
This research considers the application of semiconductor detectors for in-situ detection where the 
device is placed in groundwater boreholes for monitoring. Monte Carlo simulations were used to 
model this scenario and the potential performance of such detectors and their sensitivity to 
strontium-90 and yttrium-90·. The limit of detection for a cadmium telluride sensor upon exposure 
to strontium-90 decay in groundwater was calculated as 323 Bq/L after a 1 hour measurement and 
66 Bq/L after a 24 hour measurement. This performance is less sensitive than widely adopted 
methods of liquid scintillation, but results can be achieved in a much smaller time frame – days as 
opposed to weeks. 
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The results of the post-irradiation fading of whole body dosemeters based on two TLD-100TM 
(Thermo Scientific™ Harshaw™, USA) detectors are presented. The dosemeters are regularly used by 
accredited individual monitoring service (IMS) at Vinca Institute of Nuclear Science (VINS), 
Belgrade, Serbia. The testing of post-irradiation fading was carried out according to International 
Electrotechnical Commission (IEC) 62387:2020 standard. The irradiations are done in S-Cs137 field 
at secondary standard dosimetry laboratory (SSDL) at VINS, according to International Organization 
for Standardization document ISO 4037-3:2019. The chosen reference personal dose equivalent 
value was 3 mSv. The research was carried out in the period from October 2020 to February 2021, 
and it lasted 128 days. The frequency of irradiations was approximately 7 days, while 3 periods 
between irradiations were longer than 10 days, due to COVID-19 pandemic. The irradiations were 
performed at different dates; thus, all dose readouts were done on the same day to prevent influence 
of reader’s instabilities. The irradiated dosemeters were stored at the same room where the average 
temperature was nearly 20°C. There were 14 groups with 6 dosemeters for irradiation and 2 
dosemeters for natural background radiation level correction. The reader was Harshaw TLD™ Model 
6600 Plus Automated Reader (Thermo Fisher Scientific, USA). The whole glow curve was used for 
dose estimation (all of 200 channels). The time as influence quantity was considered to be of type F, 
thus the range of relative response was limiting factor in the analysis. The results showed that the 
maximum measurement time tmax is 72 days for deep dose (Hp(10)) detector, and 85 days for shallow 
dose (Hp(0.07)) detector. Thus, the standard’s requirement is satisfied, as it is required minimum of 
30 days. The relative response range for all of the 14 groups was from 0.82 to 1.14 and from 0.83 to 
1.17, for deep and shallow dose, respectively. The research has limitation as the irradiations were 
organized aligned to COVID-19 working schedule. One of the consequences of this timetable is lack of 
7 days’ time point, thus the values from 16 days’ time point was used as referential. 
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In the case of a mass-casualty radiological or nuclear (R/N) event, the grouping of individuals 
into those requiring medical care and those who were not affected during the accident is urgent. 
Often, the people involved do not own a professional dosimeter and therefore the dose assessment 
relies on fortuitous dosimeters [1]. 

This study focuses on the possibility of using costal sand as a fortuitous dosimeter in a R/N 
emergency. A significant number of papers regarding the optically stimulated luminescence (OSL) 
response of dating of sediments [2] has been published, but none on the application proposed in this 
work. Advantages of using a portable OSL reader are the rapidity of the measurement, the 
undemanding sample preparation and the user friendliness of the instrument. 

The signals obtained from irradiated (1 Gy) and unirradited sand were acquired right after 
irradiation and compared for three different light stimulations (infrared, blue light and both 
combined). Moreover, the signal of the irradiated sample was recorded 24 h after irradiation to study 
the signal stability. Results indicated that it is possible to differentiate between unirradiated sand and 
the one irradiated with 1 Gy. Moreover, the signal appears to be stable 24 h after the irradiation 
(changes withing 1SD). Therefore, the obtained results, along with the advantages of the instrument, 
suggest that this method could be convenient for a fast categorization of civilians in a R/N accident. 
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Radiation exposure poses a significant threat to human health, especially the hematopoietic 
system. Hematopoietic injury is one of the major manifestations of acute radiation syndrome 
following total body irradiation (TBI). The doses greater than 1 Gy induce bone marrow (BM) cell 
injury and BM suppression is also the main symptom in the clinic under radiotherapy. Protection 
and/or mitigation of hematopoietic system from radiation injury is an important goal in the 
development of medical countermeasure agents. In this study the effectiveness of S-heteryl modified 
cysteamine (S-HMC) as a novel agent in enhancing hematopoietic reconstitution in rats following a 
lethal dose of irradiation was investigated. 

Methods. The white female rats, 160-180 g, were used. All animal studies were conducted 
following the international principles of the “European Convention for the protection of vertebrate 
animals used for experimental and other scientific purposes” (Strasbourg, 1998) and the Law of 
Ukraine “On protection against the rude treatment” (Kyiv, 2006). The rats were total body irradiated 
(TBI) on CLINAC (6 MeV) at a dose of 7.0 Gy with a dose rate of 0.76 Gy/min. S-HMC was 
administrated intraperitoneal (i.p.) at a dose of 150 mg/kg in 30 min before irradiation. A 
haematology analyzer RT-7600 (Rayto, China) was used for the peripheral blood cell count. The 
clonogenic function of mesenchymal stromal cells (MSCs) in BM was assayed by counting colony-
forming unit (CFU) in vitro. Hematoxylin and eosin staining was used for BM analysis. The 
myelokaryocytes apoptosis was determinate with acridine orange (AO). The BM cellularity was 
counted by standard calculation in Goryaev’s chamber. 

Results. Compared with the TBI group, administration of S-HMC mitigated radiation-induced 
lethality. S-HMC improved TBI-induced skewed the ratios of early and differentiated elements of 
granulocytic, lymphoid and erythroid lineages in BM and accelerated hematopoietic self-renewal and 
regeneration. Recovery of granulocyto-, lympho- and erythropoiesis was in shorter terms and it 
prevented the BM pool depletion. It was increased the total myelokaryocytes number by 2.2 times on 
day 3 and normalization of this parameter on day 7 after irradiation. Under in vitro culture 
conditions survival of a greater number (2.7 times) of the clonogenic BM MSCs was determined.  
S-HMC administration led to enhanced recovery of peripheral blood cell counts and mitigated  
TBI-induced myelosuppression due to myelokaryocytes apoptosis decreasing. Thus, efforts to reduce 
apoptosis of myelokaryocytes not only helped to attenuate TBI-induced BM depletion, but also 
relieve TBI-induced BM injury in the hematopoietic system. 

Conclusion. This study suggests that S-HMC could be used as a potentially effective agent to 
protect the hematopoietic system against TBI-induced bone marrow suppression. 
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On 11 March 2011, Japan was struck by a massive earthquake, which initiated a tsunami caused 
significant devastation and led to a severe accident at the Fukushima Daiichi Nuclear Power Plant. 
Post-accident analyses have verified that the radiation and radioactivity released from the accident 
has not produced such devastating direct impact on human health as previous reports and 
evaluations suggested. However, the accident severely affected health and well-being of more than 
150 000 people living in surrounding areas including some early deaths as a result of evacuations 
from the afflicted area. While there have not been any death cases due to the nuclear accident alone, 
there were a number of deaths and other health problems mainly due to the lack of health care or 
medicines, stress-related complications, and other causes not related to radiation exposure. 

The paper is trying to assess the consequences of the Fukushima accident realistically and to 
interpret the resulting exposure and radioactive contamination in relation and comparing them to 
the natural background as to both radiation level and natural radioactive concentration in the 
environment as well as exposures normally received by professionals handling radiation sources in 
accordance with international radiation protection standards. Unfortunately, this accident has been 
extensively exaggerated and misused by various anti-nuclear organizations opposing the peaceful use 
of nuclear energy. 
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Objective. The aim of the work is to assess the psychophysiological adaptation of two patients 
with severe degree ARS and ARS of moderate severity and acute leukemia affected in the Chernobyl 
accident according to the characteristics of their individual mental adaptation and stages of the 
hematological syndrome (22 and 30 years of observation). 

Materials and Methods. Two patients were examined, former employees of the Chernobyl 
emergency shift. One of them acted as an engineer (Yu.A.P., 1961), the second - the deputy head of 
the turbine shop (D.R.I, 1950). They are 04/26/1986 were subjected to acute external relatively 
uniform gamma-beta irradiation due to the Chernobyl accident. Yu.A.P. he received Acute Radiation 
Sickness of the III degree of severity, multiple radiation burns of the I – II degree (40%) and the  
III – IV degree (15%) of the body surface. D.R.I. - ARS II severity and oropharyngeal syndrome  
I degree. The radiation dose, according to the cytogenetic study, was 4.3 Gy (Yu.A.P.) and 3.4 Gy 
(D.R.I.). Education in both is higher. Disabled persons of group II were with 100% disability. 
Married, in families of 1 and 2 children, children were born before the Chernobyl accident, were at 
the age of 2 and 7-10 years. Yu.A.P. in January 2007 he was diagnosed with chronic myeloid 
leukemia PH-positive in the acceleration phase. At D.R.I. - in June 2016 AML, transformation of 
myelodysplastic syndrome (MDS). Despite ongoing therapy, the death of Yu.A.P. came in November 
2008, in D.R.I. in March 2017. Psychophysiological examination was conducted in 1999, 2001, 2016, 
i.e. 13, 15 and 30 years after the Chernobyl accident. Psychophysiological research was carried out 
using the method of MMPI, Cattell, Raven test, sensorimotor reactions of the automated program-
methodical complex "Expert", designed to study the personality characteristics of a person, cognitive 
and intellectual personality traits 22 and 30 years after the radiation accident in dynamics. 

Results. A clinical and psychophysiological assessment of the personality and the actual mental 
state made it possible to determine the following two types of impairment of psychophysiological 
adaptation: the type of asthenic depression and the demonstrative type of impairment of 
psychophysiological adaptation. 

Conclusion. Psychophysiological assessment of personality and actual mental state determined 
individual personality traits in two patients in the form of asthenic depression with depressive-
hypochondriac tendencies in one and a demonstrative type of violation of psychophysiological 
adaptation with pronounced hypochondria and a tendency to anxiety-depressive type of behavior in 
the other who had ARS, local radiation injuries of severe and extremely severe and acute leukemia 
after 22 and 30 years after the Chernobyl NPP accident. 
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Revealing the possible influence of brain irradiation on the Prometheus proton device and the 
Novak electron accelerator (gamma radiation) on the behavior and learning ability of female Wistar 
rats, as well as on the course and outcome of their pregnancy. 

In the experiment, 42 female and 21 male Wistar rats were used. At the first stage of the 
experiment, females were irradiated once in the brain area at a dose of 3 Gy on the Prometheus 
proton complex (proton energy 165 MeV) and the Novak electron accelerator (dose rate  
0.2 Gy / min). Control females were subjected to sham irradiation under conditions similar to those 
of the experimental animals. 

To assess the effect of proton and gamma radiation on the learning ability of laboratory animals 1, 
3, and 14 days after irradiation, their cognitive (memory) brain functions were assessed according to 
the ability to develop and reproduce the conditioned active avoidance reflex (ACAI). To assess the 
motor and orientation-exploratory activity, the rats were tested in the "Open Field". In the course of 
the next stage of the experiment, the analysis of the effects induced by radiation was carried out in 
terms of embryonic toxicity: the level of pre- and post-implantation mortality of embryos was 
determined, as well as a set of criteria characterizing the course of pregnancy and childbirth in 
females. 

Irradiation at the Prometheus proton device and at the Novak electron accelerator at a dose of  
3 Gy does not cause statistically significant differences from control animals both in learning speed 
and in indicators characterizing the cognitive functions of the brain, short-term and long-term 
memory. According to all indicators of the behavior of rats in the "Open Field", rats from the 
experimental groups did not differ from the control animals. The only thing that can be noted is the 
change in the number of bowel movements (an indicator of emotionality). This difference turned out 
to be statistically insignificant; however, an upward trend was observed in the irradiated rats. 
Embryogenesis in females of the experimental groups proceeds without statistically significant 
deviations from the norm and from the indicators of the control group. The total number of viable 
fetuses does not differ from similar control indicators. Also, pregnancy and childbirth in females of 
the experimental groups proceeds normally, not differing from the course of pregnancy in females of 
the control group. 

Irradiation of the brain of female rats on the Prometheus proton device and on the Novak 
electron accelerator at a dose of 3 Gy does not significantly differ from control animals in terms of 
learning rate, indicators of short-term and long-term memory, as well as in terms of behavior of rats 
under moderate stress condition situations. It was also possible to establish that local irradiation of 
the brain at a dose of 3 Gy does not have a statistically significant effect on the course and outcome of 
pregnancy in irradiated females. 
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The effectiveness of radiotherapy for oncological diseases can be increased by inhibiting cell 
regeneration after exposure to ionizing radiation. Densely ionizing radiation has the greatest 
damaging power since high linear energy transfer of this radiation leads to extensive cell damage and 
inhibition of their recovery. To enhance such recovery chemical inhibitors can be used. This study 
aimed to estimate the mechanism of cell recovery after exposure to densely ionizing radiation and 
copper sulfate. 

Cell recovery after consequence action of alpha radiation (4.1 MeV) and copper sulfate  
(0.02 mg/ml) was investigated by the cells clonogenic activity test. Diploid Saccharomyces 
cerevisiae yeast cells wild type XS800 in the stationary growth phase were used. To study the kinetics 
of cell recovery, the exposed cells were kept in a non-nutrient medium at 30° C at various time 
intervals up to 60 hours. 

Data on cells ability to recover after densely ionizing radiation either in a non-nutrient medium or 
in a medium containing CuSO4 were used to estimate the share of unrepaired radiation lesions. The 
limiting value of this parameter, i.e. an irreversible component is equal to 0.56 under the action of 
only densely ionizing radiation, and 0.72 after the combined action of radiation and copper sulfate. 
This means that in the presence of this chemical agent, the share of radiation lesions from which the 
cells could not recover (72%), increased compared to the condition without copper sulfate (56%). It 
also has been estimated that the share of repaired radiation lesions exponentially decreases with 
recovery time and does not depend on the presence of a chemical radiosensitizer. The rate of cell 
recovery (β) was 0.04 min-1. That means that the increase in the radiosensitivity of the cell is due to a 
slight increase in the proportion of irreversibly damaged cells, while the process of post-radiation 
recovery remained unchanged (β = const). 

The mechanism of cell recovery inhibition by copper sulfate after exposure to densely ionizing 
radiation is not associated with inhibition of the recovery process itself but occurs due to an increase 
in the number of unrepairable lesions. 
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Introduction. Under the action of ionizing radiation, atoms or molecules are ionized or excited. 
While charged particles move in media at a speed exceeding the phase velocity of light, the  
Vavilov – Cherenkov effect occurs. Thus, the effect of high-energy ionizing radiation can actually be 
represented as a combined effect of ionization and excitations. This phenomenon is used in 
luminescent Cherenkov imaging, as well as for visualizing the surface organs of patients treated with 
beta-minus radiopharmaceuticals. The biological effect of the Vavilov-Cherenkov radiation is 
practically not studied. The purpose of this study was to determine the participation of the excitation 
of molecules in the biological action of ionizing radiation. 

Materials and methods. The excitation of molecules was modeled using a short-wave UV light 
(254 nm). Diploid yeast cells of Saccharomyces cerevisiae were exposed to various types of radiation: 
UVC (254 nm), α- particles (4.1 MeV) and γ- ray (1.33 MeV). Chemical substances: cystamine, 
cysteamine and cysteine, known for their radioprotective properties against ionizing radiation. Test: 
clonogenic assay. 

Results. A search was made for a chemical that modifies the effect of both ionizing radiation and 
UV light equally well. Such a chemical substance turned out to be cystamine, which has protective 
properties to both types of radiation. Quantitative assessment of the cystamine Dose-Modifying 
Factor is as follows: α- particles = 1.0, γ- ray = 1.8 and UV light = 1.9. Dose-Modifying Factor under 
the action of γ-ray and UV light are statistically identical. The reason for the sensibility of cystamine 
to UV light is explained by the fact that the most sensibility to short-wave UV light are disulfide 
bridges (-S-S-), which are broken when a photon of light is absorbed. This disulfide bridge is 
contained in the cystamine molecule. So, the cystamine molecules in the solution can compete for 
photons of light with the amino acids that make up the cells, contributing to their protection. If we 
adhere to the hypothesis that the effect of ionizing radiation is a combination of the effects of 
ionization and excitation of molecules, and UV light only from their excitation, then we can assume 
that the protective effect of cystamine is aimed more at protecting cells from the inhibitory effect of 
excitations caused by UV component of ionizing radiation. 

Conclusions. The presented opportunity to equally affect the sensitivity of cells to damage 
caused by both UV light and gamma rays, confirmed our assumption about a more significant 
participation of the excitation of atoms and molecules in the biological action of ionizing radiation. 
The first results are obtained, requiring extension. 
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Introduction. One of the main problems of radiotherapy is the lack of selectivity in the 
absorption of radiation energy by tumor cells due to the similar energy-absorbing properties of tumor 
and healthy tissues. An increase in the absorbed dose can be achieved by administering or delivering 
substances to tumor cells with a significantly larger radiation absorption cross-section than in normal 
cells. These are chemical elements with a high atomic number Z, more than 52 (I, Gd, Au, Pt, etc.). 
Due to the greater probability of interaction of such elements with radiation, it is possible to achieve 
a local increase in the absorbed dose in the area of accumulation of a substance with a high atomic 
number. The resulting secondary short-range radiation localizes the energy release near these 
elements and affects only nearby biological structures. 

The aim of the research is to study the genotoxic effect of γ-irradiation on tumor cells of human 
lung carcinoma A 549 in the presence of gold nanoparticles. 

Materials and methods. Human lung carcinoma cells A549 were cultured under standard 
conditions. Gold nanoparticles (Au/PEG6000/W 200/20 nm) were added to the culture medium  
24 hours before irradiation at a concentration of 0.1; 2.5; 5; 10; 15; 30 µg/ml. Before irradiation, the 
medium with nanoparticles was removed, the cells were washed twice of PBS and a fresh medium 
was added. The cells were exposed to 60Co γ-radiation at a dose of 2 Gy. The genotoxic effect of gold 
nanoparticles (GNP) was studied by a cytokinesis-blocking micronucleus test (CBMN). 

Results. The number of micronucleus in A549 cells cultured in the presence of GNP in the 
concentration of 0.1-30 µg/ml is at the control level. There is an increase in the number of 
micronucleus under γ-irradiation of cells treated with GNP at a dose of 2 Gy compared to untreated 
cells. The GNP concentration of 15 µg/ml is optimal for increasing the efficiency of γ-irradiation at a 
dose of 2 Gy for cells A549. The proliferation index (CBPI) was calculated for cells exposed to  
γ-radiation at a dose of 2 Gy for two groups of cells, untreated and treated with GNP. The 
proliferation index within each group is approximately the same. However, in cells irradiated in the 
presence of GNP, the proliferation index is lower than in untreated cells. At a concentration of 0.1, 
2.5, 5, 10 µg/ml, the cytostatic effect of GNP does not significantly differ from the control samples 
(irradiation of 2 Gy without GNP). The tendency to increase cytostatic activity is observed at 
concentrations of 15 and 30 µg/ml in combination with γ irradiation. 

Conclusions. GNP in combination with γ-irradiation enhances the genotoxic effect on the tumor 
cells A549. The frequency of micronucleus increases and the proliferative index decreases in cells 
irradiated together with GNP. 
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Carbon-12 ion therapy is the most effective and accurate method of radiotherapy for deep-seated 
and radioresistant tumors. A significant advantage of this therapy is the penetration of the beam of 
accelerated 12C ions to the required depth with maximum damage to the tumor cells. At the end of the 
run, the carbon ions experience a sharp deceleration, transferring most of the energy to the absorbed 
substance (Bragg peak). Thus, there is a selective effect on the deep-located tumor. 

It is known that the combined effect of ionizing radiation and medicinal antitumor drugs 
increases the radiosensitivity of tumor cells. As a result, it is relevant to research the combined effect 
of ionizing radiation and antitumor agents. Due to the wide spectrum of action against many types of 
tumors, we chose doxorubicin as a chemotherapy drug. The cytotoxic effect of doxorubicin is to 
suppress the synthesis of DNA and RNA mainly in the S-phase due to the formation of free radicals. 
In the case of some tumors, it is possible to develop resistance to the drug. The solution to this 
problem can be a combination of different methods of therapy, which is used to increase the 
radiosensitivity of tumor cells in the treatment of resistant forms of malignant neoplasms of various 
localizations. 

The purpose of our scientific research is to research the nature of the combined effect of ionizing 
radiation of accelerated 12C ions with the antitumor agent doxorubicin on malignant cells of various 
origins. 

The object of the study was three tumor cell cultures: MCF-7 (human breast duct 
adenocarcinoma), Hela (cervical cancer), and HUH-7 (hepatocarcinoma). 

The procedure of irradiation of cell cultures was carried out on the U-70 carbon ion accelerator 
(Institute of high energy physics, Protvino). The work identified three groups of research:  
Group 1-irradiation of tumor cells with carbon-12 ions in the Bragg peak at doses of 1, 2, 4 Gy;  
group 2-incubation of cell cultures with doxorubicin at a concentration of 0.004 mg/ml;  
group 3-combined action of doxorubicin and ionizing radiation. 

The integral indicator of the loss of clonogenic activity and death by cells in our study was  
chosen - the doubling time of cell cultures. 

It is shown that the value of the doubling time in the combined action of agents on Hela and 
MCF-7 tumor cells is higher than the theoretically expected index of additive addition of effects, 
which indicates an increased radiosensitivity of tumor cells to ionizing radiation after the action of an 
antitumor drug. This effect may be due to the short generation time combined with high cell death. 
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On 14 June 2011, a serious radiation accident occurred in an industrial irradiation facility, 
containing 60Co sources with very high activity. The accident resulted in the exposure of five persons 
to acute high-dose and whole-body external irradiation. The purpose of this study was to examine the 
frequency of dicentrics and rings (dic+r) over time after a real case of accidental exposure. 

Materials and Methods. Conventional chromosomal aberration analysis was performed by 
scoring dic+r in peripheral blood lymphocytes from three of the victims. The course of unstable 
chromosomal frequency (dic+r) was analysed at four time-points after the first examination. Only 
metaphases with complete number of 46 chromosomes were analyzed. 

Results. The results show that unstable chromosomal aberrations declined during the research 
period. One year after exposure, the dic+r frequencies decreased to 41-65% of their initial levels and 
still showed dose dependence. For the person with the highest dose – 5.6 Gy (4.94 – 6.25) the 
frequency of aberrations fell faster as a function of time and four years post-irradiation it was 
reduced with 95%. For the subjects who had been exposed to lower doses –3.37 Gy (2.85 – 3.89) and 
2.47 Gy (2.04 – 2.9), the elimination course was slower. Although we observed gradual 
disappearance in the frequency of unstable chromosomal aberrations, at the end of the studied 
period it was several times higher than the control level, found in Bulgarian population. 

Conclusions. The follow-up study extending over four years revealed a reduction in the 
frequencies of dic+r in lymphocytes from three victims, accidentally exposed to 60Co. The kinetic 
attenuating frequency of unstable chromosomal aberrations with the time seems to depend on the 
dose received by the individual. 
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Proteasome is a multicatalytic enzyme complex that is responsible for decomposition of damaged 
or improperly folded proteins and is crucial for cell cycle, cell survival and other important cellular 
processes. Curcumin is known to have strong antioxidant, anti-inflammatory and anti-tumor effects 
and can be used as radioprotector. There is evidence that curcumin can inhibit NF-κB transcriptional 
pathway and affect, in this way, inflammatory pathways through proteasome-dependent proteolytic 
degradation. 

The aim of this study is to analyze proteasome activity with fluorescent substrate  
N-succinyl-Leu-Leu-Val-Tyr-7-amino-4-ethylcoumarin (Suc-LLVY-AMC) in peripheral blood 
mononuclear cells after incubation with different concentrations of curcumin (0; 0.5; 10; 20 and  
100 µg/ml) and γ- irradiation of cells with different doses (0; 0.05; 0.5; 1 and 2 Gy) in three donors. 

We found significant differences in proteasome activity between the three donors. In vitro 
irradiation with doses ranging from 0.05 Gy to 1 Gy γ-rays in curcumin-untreated cells of the first 
donor show inhibition of proteasome activity in varying degrees. There is also concentration 
dependent increase in the proteasome activity in the cells that are non-irradiated or irradiated with 
low doses (0.05 and 0.5 Gy). The effect of ionizing radiation on proteasome activity in curcumin-
untreated cells from the second donor shows that at doses of 0.5 Gy and 1 Gy the activity of the 
proteasome is slightly increased, while at doses of 0.05 Gy and 2 Gy there is suppression. Treatment 
of the cells with 100 µg/ml curcumin shows decrease of proteasome activity regardless of the dose. In 
the peripheral blood mononuclear cells of the third donor, we didn’t observe significant changes in 
proteasome activity. We can conclude that radiation and/or curcumin induced changes in 
proteasome activity can be very different in individuals. 
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Aim. Fluoroscopic X-ray imaging is progressively used in routine noninvasive medical 
procedures such as vertebroplasty. There is still no consensus among researchers on the long-term 
effects of low-dose irradiation (<100mGy) considering the factor of a possible increase in stable 
chromosomal aberrations in the human cell which are recognized as potentially carcinogenic. The 
aim of this study is to evaluate the change in genomic frequency of translocations (GF) in the genetic 
material in peripheral blood mononuclear cells – lymphocytes of patients exposed to low-dose X-ray 
irradiation during vertebroplasty. 

Methods. Peripheral blood samples were acquired immediately before and after the medical 
intervention from 20 patients of whom 15 women and 5 men within the range of 60-91 years old. The 
average cumulative dose received was 25.49±20.26mGy. Blood samples were cultured following 
dicentrics assay protocol and three-colored FISH was applied for 2 microscopic slides for each 
patient. The fluorescent analysis was carried out on 32 378 cells in total and GF was calculated 
according to Loucas et al. equation for whole-genome equivalency. Statistical analysis for correlation 
was performed. 

Results. The calculated average genomic frequency of translocations in peripheral blood 
mononuclear cells analyzed from 20 patients undergoing vertebroplasty medical procedure was 
0.008±0.010 before and 0.018±0.020 after the intervention. In 65% of all cases (13 patients), there 
was an average increase in GF by nearly twofold. In 3 cases there was no change and in 4 cases there 
was a decrease in GF. No significant correlation was found between age, genomic frequency of 
translocations, and cumulative dose (p>0.050). 

Conclusion. After analyzing blood samples from 20 patients undergoing vertebroplasty we 
found an average increase in the genomic frequency of translocations by nearly twofold in 65% of all 
cases (13 of all the patients). This preliminary research shows a tendency for an increase in stable 
chromosomal aberrations in peripheral blood mononuclear cells after low-dose X-ray irradiation 
during a routine medical procedure. Because of the small group of subjects and the limited amount of 
data more patients undergoing noninvasive fluoroscopically guided interventions need to be included 
in this research. 
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Background. The cells are highly sensitive to ionizing radiation (IR). Radiation exposure causes 
double strand breaks (DSBs) in DNA. DSBs can remain non-repaired or misrepaired by cell repair 
system, that results in either loss or rearrangement of genetic information, cell death or malignant 
transformation. On the other hand, IR is widely used in medical diagnostics, cancer therapy and also 
has additional industrial applications. The scientific interest is focused on radioprotectors that could 
limit the deleterious effect of IR. Curcumin is a natural compound of turmeric Curcuma longa. It 
could be a potential radioprotective agent because of its high antioxidant activity and ability to 
neutralize the free active oxygen radicals resulting from various mutagenic factors, particularly IR. 

Aim. The aim of present study is to evaluate curcumin effect on cellular DNA after in vitro 
exposure to γ-rays. In response of DNA damage, histone protein γ-H2AX becomes phosphorylated 
and attracts other reparative proteins forming ‘foci’ at the sites of DSBs. Our interest is directed on 
γ-H2AX immunolocalization for assessment of DSBs. We are also focused on stable chromosomal 
aberrations such as translocations that appear as a consequence of misrepaired DSBs. They are 
related with increased cancer risk and could be found in dividing cells many years after irradiation. 
Thus, curcumin effect on both DSBs and chromosomal translocations frequency has been 
investigated. 

Methods. Human peripheral blood samples were pre-treated with different concentrations of 
curcumin (0.5 µg/ml; 10 µg/ml; 20 µg/ml and 100 µg/ml). Thereafter they were exposed to  
60Co γ-rays using various irradiation doses (0.05 Gy; 0.5 Gy; 1 Gy and 2 Gy). DSBs were analyzed in 
isolated lymphocytes through sensitive γ-H2AX/53BP1 foci assay. Curcumin effect on stable 
translocations after irradiation was studied by tri-colored FISH. Аbout 30 000 cells totally for both 
methods were examined manually using fluorescent microscopy. 

Results: Curcumin pre-treatment leads to significant lower γ-H2AX/53BP1 foci appearance 
compared to untreated lymphocytes, after exposure to γ-rays regardless of dose used. Decreased 
number of radiation-induced γ-H2AX foci respectively DSBs has been found at all curcumin 
concentrations. Curcumin pre-treatment also reduced translocations frequency in irradiated cells. 
The reduction of total translocations frequency at 1Gy irradiation and 10 µg/ml curcumin is 42%. We 
found that at 2Gy irradiation, the most protective concentration is 5 µg/ml curcumin. In this case, the 
number of translocations dropped almost twofold compared to curcumin non-treated cells. 

Conclusion. The present in vitro study shows that curcumin reduces both γ-H2AX/53BP1 foci 
and translocations occurrence in peripheral blood lymphocytes, after exposure to γ-rays. Our results 
support the understanding about radioprotective effect of curcumin on cellular DNA. More 
experiments are needed to make a general conclusion. 
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Proton therapy is a highly effective method of radiation therapy. The proton Bragg peak allows 
conformal irradiation of tumors including the deep-seated ones. At the same time, the radiation dose 
to the surrounding tissues is much lower. 

The biological effect of low-LET radiation may be non-linear dose-dependent in the range of 
0.05-1 Gy, and shows the phenomena of hypersensitivity and induced radioresistance (HRS and 
IRR). It was demonstrated by cell survival and induction of chromosome aberrations for X-rays and 
gamma radiation, but contradictory results were obtained for protons with different LET. It is 
important to study the HRS/IRR effects of protons because, with multi-field proton irradiation, 
healthy tissues are irradiated at doses below 1 Gy per fraction. Direct extrapolation of the biological 
effect from higher doses can lead to errors in predicting damage to normal tissues. 

The research aim was to investigate the cytogenetic effects of scanning beam protons in 
mammalian cells at doses up to 1 Gy. 

Chinese hamster ovary cells (CHO-K1) and fibrosarcoma cells (B14-150) in the stationary growth 
stage were used. Scanning proton beam (ø 4–7 mm) was produced using the “Prometheus” proton 
accelerator (“Protom” Ltd.). The proton energy was 83 MeV (LET ~2 keV/μm) under the 
experimental conditions. Cell monolayers were irradiated at the Bragg curve plateau. After 
irradiation, cells were removed from the growth surface with a trypsin solution, were reseeded in 
fresh medium, and were incubated during 24 hours at 37 °C in an atmosphere of 5 per cent CO2. 
Slides of first mitosis metaphases were prepared using standard procedures. All types of structural 
chromosomal aberrations visible by Giemsa staining were scored. 

The dose-response curves for the total frequency of chromosome aberrations in CHO-K1 and  
B14-150 cells under the scanning proton beam irradiation were similar. They show HRS regions with 
sharp effect increase at 0.1–0.15 Gy, IRR plateaus at dose ranges from 0.1 to 0.3 Gy for B14-150 cells 
and from 0.1 to 0.5 Gy for CHO-K1 cells, and finally the curves turn into linear-quadratic ones. 
Analogous data patterns were obtained for the frequency of dicentrics and deletions (acentric 
fragments). 

Thus, we established the irregular shape of the dose curves with the HRS and IRR regions for 
protons by the induction of chromosome aberrations both in normal (CHO-K1) and tumor (B14-150) 
cells. The effect is similar to those observed for different cell types exposed to low-LET radiations at 
low doses. 
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Carbon ion therapy is a promising treatment for patients with malignant neoplasms. The first 
center of ion radiotherapy in Russia is currently being developed and created based on the  
U-70 accelerator at the Institute of High Energy Physics (Protvino). Since 2014, physical, dosimetric, 
and radiobiological experiments have been carried out at a carbon ions beam extracted from U-70. 
The study aim was to determine the relative biological efficiency (RBE) of carbon ions at different 
positions of the spread-out Bragg peak (SOBP) of the beam where the LET is close to that of the 
therapeutic beams. 

Chinese hamster B14-150 fibrosarcoma cells in the stationary phase growth of culture were used. 
Cell monolayers were irradiated at the proximal regions, central and distal edge of a 30 mm SOBP. 
Doses were 0.5, 1, 1.5 and 2 Gy. The dose-average LETd for each irradiation position were calculated 
using Geant4. RBE was determined by the induction of chromosome aberrations (CA). Metaphase 
chromosomes were stained with Giemsa solution. The frequency and type of chromosome 
aberrations were analyzed by examining at least 200 cells for each radiation dose. 

Dose-response curves for the induction of chromosome aberrations by carbons were linear for all 
exposure positions. Terminal deletions and exchange type aberrations (dicentrics, centric rings) 
make the major contribution to the CA frequency, 60-65% and 20-25%, respectively. The RBEs 
determined at 1 CA per cell were 1.4 for the proximal edge (37-41 keV/μm), 1.8 for the SOBP center 
(53-55 keV/μm) and 2.7 for the distal edge (91-107 keV/μm). The RBEs for the effect corresponding 
to 2 Gy of 60Co gamma radiation were 2.4, 3.1, and 4.3 Gy. Thus, even low doses of ions have a 
significant damaging effect. 
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Laser-driven accelerators allow to generate ultrashort (from femto- to picoseconds) high peak 
dose-rate (up to tens of GGy/s) accelerated particle beams. However, the radiobiological effects of 
ultrashort pulsed irradiation are still poorly studied. The aim of this work was to compare the 
formation and elimination of γH2AX and 53BP1 foci (well known markers for DNA double-strand 
breaks (DSBs)) in Hela cells exposed to ultrashort pulsed electron beams generated by Advanced 
Research Electron Accelerator Laboratory (AREAL) accelerator (electron energy 3.6 MeV, pulse 
duration 450 fs, pulse repetition rates 2 or 20 Hz) and quasi-continuous radiation generated by 
Varian accelerator (electron energy 4 MeV) at doses of 250–1000 mGy. Additionally, a study on the 
dose–response relationships of changes in the number of residual γH2AX foci in HeLa and  
A549 cells 24 h after irradiation at doses of 500–10,000 mGy were performed. We found no 
statistically significant differences in γH2AX and 53BP1 foci yields at 1 h after exposure to 2 Hz 
ultrashort pulse vs. quasi-continuous radiations. In contrast, 20 Hz ultrashort pulse irradiation 
resulted in 1.27-fold higher foci yields as compared to the quasi-continuous one. After 24 h of pulse 
irradiation at doses of 500–10,000 mGy the number of residual γH2AX foci in Hela and A549 cells 
was 1.7–2.9 times higher compared to that of quasi-continuous irradiation. Overall, the obtained 
results suggest the slower repair rate for DSBs induced by ultrashort pulse irradiation in comparison 
to DSBs induced by quasi-continuous irradiation. 

Acknowledgments: This research was funded by the Russian Science Foundation, grant no. 19-14-00151. 

https://doi.org/10.21175/rad.abstr.book.2021.32.13


 

236 

Blood and buccal micronuclei as biomarkers in monitoring of 
children exposed to diagnostic radiation in clinical settings 

Goran Gajski1, Mirta Milić1, Marko Gerić1, Marijana Nodilo2,  
Željka Knežević2, Natko Beck3, Vera Garaj-Vrhovac1, Saveta Miljanić2,  

Mariá Ranogajec-Komor2, Đurđica Milković4 

1 Institute for Medical Research and Occupational Health, Zagreb, Croatia 
2 Ruđer Bošković Institute, Zagreb, Croatia 
3 University Hospital “Sveti Duh”, Zagreb, Croatia 
4 Srebrnjak Children's Hospital, Zagreb, Croatia 

https://doi.org/10.21175/rad.abstr.book.2021.32.14 

It has been postulated that micronuclei frequency is related to the increasing presence of 
carcinogens. The lymphocyte micronucleus cytome (L-MN Cyt) assay has become one of the best-
validated methods for measuring chromosome damage; however, the buccal micronucleus cytome 
(B-MN Cyt) assay has been gaining more attention in recent years, especially as it is minimally 
invasive, hence more appropriate for children biomonitoring. As children might be more sensitive to 
radiation, there is a need for constant biomonitoring of young populations receiving X-ray diagnostic 
examinations. Therefore, we aimed to evaluate the effects of diagnostic chest and sinus X-ray 
exposure on lymphocytes and buccal cells using both MN Cyt assays. Additionally, doses were 
measured using thermoluminescence and radiophotoluminescent dosimetry systems and were in 
satisfactory agreement. Using L-MN Cyt assay, it was shown that the mean number of micronuclei, 
nucleoplasmic bridges and nuclear buds were significantly higher after the diagnostic procedure. 
Furthermore, the B-MN Cyt assay was done in order to evaluate DNA damaging, replicative, 
cytostatic, and cell death effects. Micronuclei as well as other biomarkers of DNA damage (nuclear 
buds and so-called “broken eggs”) and genomic instability (normal basal cells, normal differentiated 
cells, binucleated cells, cells with condensed chromatin, pyknotic cells, cells with karyorrhectic 
chromatin and karyolitic cells) were analysed. The only significant increase was noted in cells with 
condensed chromatin, indicating more cells undergoing early stages of apoptosis. It should be 
pointed out that interindividual differences existed for each monitored child in both assays. Based on 
our results, MN Cyt assay could be very useful in acute events where children are exposed to 
genotoxic agents from physical sources. Besides, B-MN Cyt assay could be used for monitoring 
genetic damage in children who are often exposed to diagnostic procedures, as it is a minimally 
invasive method of sample collection. 
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Cancer yearly increase is connected also with radiotherapy increase, and younger patients such as 
children are also not spared from the yearly cancer and radiotherapy increase. To ease their pain and 
to make them comfortable during the radiotherapy, and also the lower the number of the dose 
treatment, by precise localization of the treatment, sometimes it is necessary to use the volatile 
anaesthetics as part of general anaesthesia. In past, those anaesthetics were considered safe, but 
there are new findings demonstrating that this is not always true. We decided to use the most used 
VA and to examine in vivo on animal model whether there is synergistic effect in combined exposure 
to isoflurane and to exposure to 1 or 2 Gy of ionizing radiation, usually used in fractioned 
radiotherapy. Using healthy Swiss male albino mice 60 days old, cca. 25 grams of body weight, we 
exposed them for 2 hours to 1.7% of inhaled isoflurane mixture with oxygen and air and afterwards 
some of them were also exposed to 1 or 2 Gy of ionizing radiation and were sacrificed immediately 
after exposure, 2, 6 and 24 hours from the exposure. We had 5 animals per group and radiation 
source was cobalt, with the dose rate of 1.88 Gy/minute on the Theratron Phoenix teletherapy unit, 

Atomic Energy Ltd., in at the Clinical Hospital ʺSveti Duhʺ, Zagreb, Croatia. Study was approved by 
Ethical Committee of the Faculty of Science (University of Zagreb, Croatia) and was designed in 
accordance with the relevant Croatian guidelines: The Animal Protection Act (NN 102/17.) and the 
Ordinance on the protection of animals used for scientific purposes (NN 55/13; 39/17). We measured 
primary DNA damage level using alkaline comet assay, well established method for in vivo 
genotoxicity assessment according to OECD guidelines on 200 comets per each time point and 
treatment. DNA damage was assessed using fluorescence microscope Olympus BX 40 connected with 
CCD camera with Comet Assay IV software and with parameters of tail length, tail intensity and tail 
moment. We took blood samples and liver samples for the alkaline comet assay. The results 
demonstrated that both single exposure to isoflurane and ionising radiation caused significantly 
higher DNA damage levels when compared to the control samples, with isoflurane and 1 Gy ionizing 
radiation having similar levels, while 2 Gy exposure caused the highest DNA damage levels. 
Surprisingly, combined exposure of isoflurane and ionizing radiation caused lower levels of DNA 
damage when compare to only radiated samples. These findings implicate that isoflurane can cause 
protective effect and cause lower level of DNA damage and should be used in radiotherapy. The 
mechanism by which isoflurane caused this effect is probably adaptive response, by activating DNA 
repair mechanisms and the levels of scavengers of reactive free oxygen radicals, covering on that way 
both types of which IR exposure can cause DNA damage effects (indirect and direct IR effect on 
DNA). 
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Patient immobilization by general volatile anaesthesia (VA) during medical radiology treatment is 
sometimes necessary and thus far it has had quite an annual increase. With ionizing radiation 
exposure there will be for sure some level of DNA damage since IR is a well-known genotoxic and 
cytotoxic agent, although the doses used are maintained at the minimum, with good localization in 
order to spare as much as possible healthy tissue and organs that do not need to be exposed. 
Recently, there is a growing number of studies demonstrating that volatile anaesthetics can cause 
also DNA damage effect in patients, and in occupationally exposed personnel. Since there are no 
studies on IR and VA combined effects, we decided to use animal model and check whether there are 
elevated levels of DNA damage after combined exposure by mimicking the real conditions of 
exposure during the radio-treatment using animal model of Swiss albino mice. Healthy mice were 
anaesthetized by inhaling 2.4% halothane mixture with oxygen and air for 2 hours and then were 
exposed to either 1 or 2 Gy of ionizing radiation (60Co source, Theratron Phoenix teletherapy unit, 

Atomic Energy Ltd., in at the Clinical Hospital ʺSveti Duhʺ, 1.88Gy/min doze rate). With 5 animals 
per group, there were groups exposed only to halothane, only to radiation of 1 or 2 Gy and to 
combined exposure of halothane and 1 Gy or 2 Gy radiation, and there were groups examined 
immediately after exposure, 2, 6 and 24 hours after the exposure. Blood was taken from the tail 
immediately after the exposure, and liver after sacrifice of the animal. Study was approved by Ethical 
Committee of the Faculty of Science (University of Zagreb, Croatia) and was designed in accordance 
with the relevant Croatian guidelines: The Animal Protection Act (NN 102/17.) and the Ordinance on 
the protection of animals used for scientific purposes (NN 55/13; 39/17). Single cell samples were 
prepared for the alkaline comet assay, and DNA damage was assessed with the Comet Assay IV 
software. The results performed in duplicate slide, in total od 200 comets per each point, 
demonstrated that both halothane and IR demonstrated elevated levels of DNA damage, and that 
combined treatment caused synergistic effect that increased with the dose of radiation and was not 
repaired not even after 24 hours from the exposure. These data are confirming the concern about 
safety of combined VA and IR exposure, and calling for further investigation on the safety and proper 
use of the type of the anaesthetic necessary used during radiotherapy. 
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Nowadays, it has become a common practice to use ionizing radiation during justified diagnostic 
and therapeutic medical procedures. The ionizing radiation exposure can induce endothelial 
activation, dysfunction, reactive oxygen species formation, blood brain barrier permeability elevation 
and tight junction morphology changes [1,2]. The neuro-oncology specialists intend to develop a 
controlled method to disrupt the BBB in strategic places in the brain or tumor bed before the 
administration of chemotherapeutics in order to increase their distribution and efficacy. Thus, a 
complex characterization of the brain microvasculature after irradiation is imposed. 

The main objective of our study is to understand how accelerated proton beams affect the brain 
microvascular endothelial cells functionality. We obtained preliminary results after low energy 
accelerated proton irradiation (<10 MeV) regarding the cytotoxic, genotoxic and functional effects 
upon an in vitro model of murine cerebral microvasculature (bEnd.3 cell line, ATCC). One beam line 
of a TR19 cyclotron was adapted to irradiate cell cultures in controlled conditions. We exposed the 
cell cultures to various doses in the range 0-10 Gy, the dose rate being of 1 Gy/min. After irradiation, 
the cellular capacity of proliferation and surviving in stress-induced conditions were tested using 
clonogenic assay method. Also, to assess the ionizing radiation-induced DNA damage, we measured 
the expression of micronuclei and g- H2AX foci. It is questionable the cellular functionality after 
irradiation and thus calcium ions dynamics was observed at different time intervals post-irradiation. 
As results, we observed a significant modification of the measured parameters with increasing the 
dose and the LET (linear energy transfer) values. 

Our study presents preliminary results for genotoxicity and cytotoxicity after proton irradiation 
which will contribute to our on-going study regarding the post-irradiation functional changes in 
endothelial cells. Considering that bEnd.3 is a popular cell line used for BBB model, our data are 
valuable in understanding the barrier behavior in oxidative stress conditions. 

Keywords: Blood-brain barrier, proton irradiation, calcium, bEnd.3 cells 
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The aim of the study: to compare methods for assessing the effect of chronic internal radiation 
exposure from incorporated 90Sr and 137Cs on the veining of common reed leaves “Phragmites 
australis (Cav.) Trin. ex Steud”. 

During 2012-2013 and 2017-2019, changes in the veining of common reed leaves in ecosystems of 
six reservoirs with different levels of radionuclide contamination were studied in the Chornobyl 
Exclusion Zone. In the selected 28 samples of common reed leaves by beta spectrometry measured 
the concentration of 90Sr and 137Cs, with a total uncertainty of measurements (u), not more than 18%. 
According to the measurement results, the dose of internal irradiation relative to the weight of raw 
plants was calculated. In freshly selected reed leaves, the veining was photographed in transmitted 
light: by the photographic method - with the help of a scanner and a digital camera, by the method of 
microscopy at 30 times magnification. 1100 leaf samples were examined by scanning and 
photography, and 412 by microscopy. Statistical analysis of measurement results by the Monte Carlo 
method. 

The median value of the internal irradiation of reed leaves at the observation sites was:  
for 90Sr - 0.016 for 137Cs - 0.093, at u = 94 and 77%, respectively. 

Correlation analysis by the Spearman method of sampling the dose load for 90Sr on the one hand 
and samples of the number of veins per centimeter obtained by photomethod and microscopy 
showed a close relationship with coefficients of 0.9 and 0.7, respectively. The same parameter with 
the width of the veins by photomethod and microscopy showed the inverse of the mean strength and 
a close relationship with the coefficients -0.6 and -0.8, respectively; with fractal dimension of veining 
by the method of microscopy - the average strength of the ligament with a factor of 0.6.  
No correlation with 90Sr or 137Cs was found with the fractal dimension of veining by the 
photomethod. 

Correlation analysis of pairs of samples obtained by photography and microscopy showed the 
parameters of the number of veins per centimeter and the width of the veins of close and medium 
strength relationship with coefficients of 0.5 and 0.7, respectively. Samples of both named veining 
parameters also have the same medians and types of statistical distribution. There is no connection 
between the values of the fractal dimension of the veins obtained by both methods. The total 
uncertainty in the measurement of veining is mainly influenced by: hardware inaccuracies of the 
means of survey, inhomogeneity of veining and damage to the leaf blade. In the photomethod, the 
total uncertainty for these parameters averages 18%, in microscopy - up to 7%. Thus, the data 
obtained by microscopy are more reliable, because when photographing and scanning the leaves of 
reeds, the result is significantly affected by factors not related to veining, such as dechromation and 
necrosis of the leaves. 
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Background. 64-Cu has been lately demonstrated to be a valuable theranostic agent in solid 
tumors, combining imagistic and therapeutical properties. Nevertheless, there is an urgent need to 
describe the molecular background underlining the action mechanisms of 64-Cu for further 
identifying candidate molecular targets aimed at improving the therapeutical outcome as well as the 
toxicological profile of 64-Cu. 

Aim. To identify in vitro using a transcriptomic approach the response of normal and tumor cells 
to 64-Cu, with a particular focus on hypoxia signaling and redox responses. 

Method. Human colon carcinoma HCT116 cells and human BJ fibroblasts (ATCC) were treated 
with 20 MBq 64-CuCl2. Adherent cells were harvested in TRIzol at 24 h for gene expression studies 
performed by qRT-PCR using an array of 84 stress genes (Stress and toxicity pathway finder, Qiagen) 
and GAPDH / ACTB as housekeeping genes (RefFinder analysis). Only genes with a fold of change 
(treated versus non-treated) > 1.7 were considered for interpretation. 

Results. Treatment of cells with 20 MBq 64-Cu drastically reduced the number of viable cells in 
culture, both tumor and normal cells, HCT116 tumor cells being slightly more sensitive to the 
treatment than normal fibroblasts. The genotoxic stress inflicted by 64-Cu in vitro was highlighted by 
the up-regulation of CDKN1A and DDB2. Both adherent viable HCT116 and BJ cells had at 24 h a 
gene expression profile characterized by marked hypoxia signaling evidenced by up-regulation of the 
HMOX1, SERPINE1, SLC2A1 and VEGFA genes. The hypoxia-related genes ADM, EPO and MMP9 
were found distinctively over-expressed only in tumor HCT116 cells. A molecular fingerprint of 
antioxidant response was detected in HCT116 tumor cells (up-regulated GSR, HMOX1 and PRDX1), 
with the HMOX1 gene at the crossroad of hypoxia and redox signaling. Meanwhile, FTH1 and NQ01 
were distinctively over-expressed in BJ fibroblasts. This antioxidant signature of the transcription 
factor NRF2 points out that 64-Cu induces an oxidative stress against which both tumor and normal 
cells are reacting with common and distinctive molecular tools. 

Conclusion. In vitro exposure of human normal and tumor cells to 64-Cu triggers was shown to 
trigger genotoxic stress accompanied by hypoxia and oxidative stress in HCT116 colon carcinoma 
cells and normal BJ fibroblast, with distinctive patterns of gene expression in normal and tumor 
cells. Pharmacologic modulation of these signaling pathways may enhance the therapeutic effect of 
64-Cu in tumors or could protect normal cells against the deleterious effect radiotoxicity of64-Cu. 
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Main system of cell protection includes DNA reparation, cell cycle control and apoptosis, 
antioxidant and immune systems. It is known that human population is genetically heterogeneous 
that is why the efficiency of work of the systems that maintain the genome integrity may differ greatly 
from person to person. It means that the response to radiation exposure and individual 
radiosensitivity may depend not only on sex, age and health status, but also on genetic peculiarities of 
a particular human being. 

This study involved investigation of the connection between SNP genes that regulate reparation, 
apoptosis, cell cycle, antioxidant and immune systems (28 polymorphic regions) and risk of 
malignant neoplasms development. Expression of mRNA of ATM, TP53, MDM2, CDKN1A, BAX, 
BCL-2, XPC, OGG1, STAT3, GATA3, MAPK8, NF-kB1 and PADI4 genes was also studied in 
chronically exposed individuals. 

Evaluation SNP studies were performed in 632 chronically exposed members of the Techa River 
Cohort for whom the dose to RBM had been reconstructed using TRDS 2016. The association of SNP 
with the risk of malignant neoplasm development was investigated in 248 patients (median exposure 
dose to RBM was 0.87 Gy, dose range 0.002-4.6 Gy) with various types of solid cancers in the past 
history: breast cancer (49 people); skin cancer (46 people); GIT cancer (45 people); uterus cancer 
and cancer of ovaries (32 people); lung cancer (26 people). Comparison group consisted of  
384 people without cancer (median exposure dose to RBM was 0.86 Gy, dose range 0.001-4.2 Gy). 
Gene transcription activity was studied in 163 people (median exposure dose to RBM was 0.72, dose 
range 0.08-3.51 Gy). Comparison group consisted of 146 people residing in the same settlements 
with cumulative dose to RBM less than 7 cGy. 

The preformed study revealed the connection between polymorphic region rs1952133 of the 
OGG1 gene, rs2279744 of the MDM gene, rs2279115 of the BCL2 gene, rs361525 of the TNFα gene 
and rs1050450 of the GPX1 gene and increased risk of cancer development; and association between 
polymorphic region rs13312840 of the NBS1 gene and rs1801270 of the CDKN1A gene with decreased 
risk of cancer development. 

The most pronounced changes of the transcriptome in exposed persons were noted in genes that 
regulate apoptosis of BCL-2, BAX, NF-kB1 and PADI4. 

The genes that we have studied play the key role in the system of cell protection from radiation 
exposure. Radiation-induced changes in the transcription activity as well as the presence of tumor-
associated allelic variants of genes may impede effective work of protective mechanisms of a cell, 
which in its turn results in the development of late effects of radiation exposure. 
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Ionizing radiation induces complex cellular effects in targeted cells as well as neighbouring 
“bystander” cells which have received signals produced by irradiated cells. Characterising both direct 
and non-targeted bystander effects might improve the overall outcome of radiation exposure which 
could have implications in radiotherapy and radioprotection. 

In this study, we focused on analysing direct and bystander cellular effects of proton irradiation of 
chondrosarcoma cells. Chondrosarcoma is resistant towards conventional chemo-/radiotherapy and 
can be un-operable. Charged particle radiotherapy is now a good alternative for chondrosarcoma. 
The advantages of this method include higher specificity (given by its specific Bragg pick) and 
increased biological efficacy (due to the high LET). 

Two different chondrosarcoma cell lines (SW1353 and L835) were irradiated with protons at 
doses in the range 0.1-2 Gy. To study the bystander phenomena we used a medium transfer protocol. 
The bystander supernatant containing signals emitted by proton irradiated chondrosarcoma cells, 
was transferred to non-irradiated bystander normal chondrocyte (T/C-28a2) and endothelial (EA.hy) 
cells. Cell survival and DNA damage were assessed in directly irradiated chondrosarcoma cells and in 
bystander chondrocytes and endothelial cells. 

A dose dependent direct effect was observed in chondrosarcoma cells while the bystander cells 
showed a less pronounced effect then directly irradiated cells. Our results showed that proton-
irradiated chondrosarcoma cells have the ability to release stress factors inducing bystander 
responses in the non-irradiated surrounding chondrocyte or endothelial cells. 
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75 years have passed since the atomic bombings of Hiroshima and Nagasaki. The use of a weapon 
was contemplated to assure decrease of the cost of American lives. Two types of bombs were 
developed. Little Boy: gun-type weapon that used Uranium-235 and Fat Man: implosion-type that 
used Plutonium. On July 26, 1945, Allied leaders issued the Potsdam Declaration, as an ultimatum 
stating that without surrender, the Allies would attack Japan, resulting in the complete destruction of 
the Japanese armed forces and the utter devastation of the Japanese homeland. The Declaration was 
rejected. On August 6, 1945, The Little Boy was dropped on Hiroshima and on August 9, 1945, Fat 
Man was dropped over Nagasaki. The Pacific War ended on August 15, 1945. The bombing caused 
Japan surrender, thereby preventing casualties that an invasion of Japan would have involved. 
Opposing belief is that the bombings are fundamentally immoral, and counted as war crimes, and 
state terrorism. Concerning the ethical and legal justification for them, they have been the subject of 
debate. 
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Introduction. It is becoming increasingly clear that radiation-induced bystander effects (RIBE), 
as a consequence of intercellular signaling, contribute significantly to the biological response to 
radiation exposure. The role of extracellular vesicles (EVs) in RIBE was extensively studied in the last 
decade, although most of these studies were done in vitro. Here we report an in vivo bystander 
model using C57BL/6 suitable to investigate the role of bone marrow-derived EVs in mediating acute 
and chronic systemic radiation-induced bystander effects. In this study we focused on the capacity of 
EVs to induce changes in the bone marrow stem cells and progenitors after the in vivo transfer from 
irradiated to naive mice. 

Methods. Male C57Bl/6 mice were exposed using 0; 0.1; 0.25 and 2 Gy X-ray doses. Mice were 
sacrificed 4 or 24 hours or 3 month after the irradiation, bone marrow and spleen as well as the EVs 
from bone marrow were isolated. The EVs were injected into the tail vein of non-irradiated mice 
(bystanders) and the bystander bone marrow and spleen were isolated 4 or 24 hours or 3 month after 
injection. The effects of EVs on the bone marrow cells of these bystander mice were compared to 
radiation effects in the directly irradiated animals. Apoptosis, senescence and stem / progenitor cell 
frequencies were measured by multicolor flow cytometry. 

Results. The role of EVs in transmitting radiation effects was confirmed in the bystander mice. 

EVs 4 or 24 hours after irradiation. As an acute effect we detected increased rate of 
apoptosis in the stem cell and progenitor populations 4 hours after injection of EVs isolated from 
exposed mice. Migratory stem cells were detected in the spleen 24 hours after injection of EVs. The 
composition of hematopoietic stem cells has changed significantly due to the decrease in multipotent 
progenitor population 24 hours after injection of EVs as well as moderately 3 months after. The 
identified chronic effects were the increased senescence frequencies and the decrease in cell number 
of lymphoid- and myeloid progenitors 3 months after injection of EVs. 

EVs 3 months after irradiation. Interestingly, these EVs did not affect bystander animals. 
Neither did they induce apoptosis, migration, cell number or phenotypical changes. 

Conclusion. We show here that the injection of EVs from irradiated mice after 4 or 24 hours is 
able to mediate acute and chronic changes in the bone marrow of non-irradiated mice, however EVs 
isolated 3 months after irradiation are lost this ability. This study sheds light on possible mechanisms 
of radiation-induced bystander damage in the bone marrow. 
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The investigations of cytogenetic effects in lymphocytes of cancer patients induced by radiation 
therapy lead to the better understanding the mechanisms of cytogenetic damage formation in 
patients’ normal tissues. Fractionated partial body irradiation is complicated radiation scenario and 
additional mutagen influence when chemotherapy is a part of the treatment required auxiliary 
approaches for study design. 

The aim was to develop and test in vivo and ex vivo study design for assessment the effect of 
previous chemotherapy on the character of radiation- and chemical-induced cytogenetic effects 
during radiation therapy. 

Cytogenetic analysis was performed in lymphocytes of 10 patients with lung cancer and with head 
and neck cancer who undergoing chemotherapy followed by radiation treatment. Blood sampling was 
done during megavolt radiotherapy course on linear accelerator: before radiotherapy and at the end 
of radiation therapy course. Dose per fraction was 1.8 – 2 Gy for both tumor localizations. The part of 
blood samples taken before treatment was irradiated at the doses 1 Gy and 2 Gy. Both conventional 
and G2-assay were applied for ex vivo studies and conventional chromosome aberrations test was 
used for in vivo studies. 

The increase of radiation-induced chromosome aberrations from the beginning to the end of 
radiotherapy course in patients with lung cancer and less pronounced enhancement for the patients 
with head and neck tumors was demonstrated. 

Against the background of the absence of a clearly noticeable effect of chemotherapeutic 
treatment on the frequency of radiation-nonspecific chromatid type damages during radiotherapy 
course a dependence of these parameters on the tumor localizations was observed. 

The informativeness of ex vivo irradiation in study design varied depending on the dose and 
cytogenetic tests applied. The peculiarities of conventional and G2-assays in the evaluation of 
cytogenetic effects in cancer patients will be discussed. 

The data obtained are necessary for correct assessment of the impact of therapeutic irradiation on 
the chromosomal level. 
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Numerous radiochemical procedures have been developed and published to measure Sr-90 in 
environmental and food samples but not many for nuclear waste. The standard method is a series of 
precipitation steps with a separation of Sr and Ca using fuming nitric acid [1]. It is fast and does not 
require complex material but implies the handling of fuming nitric acid, highly harmful. Since the 
1990s, the extraction chromatrographic resin developed by Eichrom [2], called Sr-resin®, has been 
widely applied for the separation of Sr-90. Despite the number of advantages, the implementation of 
separation column can be time-consuming and pre-treatments are necessary. Therefore, difficulties 
are still encountered to characterize Sr-90 in some matrices, particularly nuclear wastes. For this 
purpose, an in-depth understanding of them is necessary. 

A large number of publications mentioned Sr and Ca separation using precipitation with nitric 
acid, but the mechanism and the experimental conditions applied are not clearly outlined. 
Discrepancies are observed between publications as some articles recommend fuming nitric acid [3] 
when others demonstrate that concentrated acid is sufficient for precipitation [4]. 

The presentation will describe the Design Of Experiment (DOE) theory used to prove the 
efficiency of nitric acid at 69% instead of fuming nitric acid. DOE enabled to identify the influent 
factors just by performing a limited number of experiments and optimize them by response surface 
methodology. It will be compared to a second strategy of optimization using speciation. The 
difficulties to implement speciation calculations with high ionic strengths will be highlighted. The use 
of speciation modeling helped to determine the behavior of the analytes and the involved interfering 
species during the reactions. These two approaches provided optimal experimental conditions to 
separate efficiently Sr from Ca in various radioactive wastes. 
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The amount of accumulated alkaline HLW is significantly less than that of acidic ones, but their 
processing is a very difficult technological task due to the extremely high content of salts of non-
radioactive elements. To date, “Mayak” Production Association stores more than 18 000 m3 of 
alkaline HLW, generated during the implementation of the Atomic Project of the USSR. This waste 
contains up to 6 mol/L of sodium and aluminum salts and more than 1 Ci/L of long-lived 
radionuclides: principally 137Сs, 90Sr and transuranium elements. Recovery of 99.8% of radionuclides 
from alkaline HLW will make it possible to transfer them to the category of low-level waste and 
significantly simplify their final disposal. 

Hydroxycalix[n]arenes with high chemical and radiation resistance are promising extractants for 
the long-lived radionuclides recovery from alkaline media. We studied the regularities of 137Cs, 90Sr 
and 241Am extraction from alkaline media with p-alkylcalix[n]arenes (n = 4, 6, 8). All investigated 
calix[4]arenes are very poorly soluble in hydrocarbon diluents. Calix[8]arenes with isononyl 
substituents at the lower rim are highly soluble in organic diluents, but cesium is poorly extracted. 
The optimal combination of high extraction ability towards cesium and good solubility in a paraffin 
diluent demonstrated p-isononylcalix[6]arene. The effect of the aqueous and organic phases 
composition on the efficiency of 137Сs extraction was studied. It has been shown that the main factor 
affecting the efficiency of radionuclides extraction is the pH of the aqueous phase: the maximum is 
observed at pH 12 ÷ 14. 

During static tests on real alkaline HLW of the “Mayak” PA, high purification factors were 
achieved: 15 000 for 137Сs and beta-emitting and 100 for alpha-emitting radionuclides, which allows 
us to transfer this waste to the low-level category, which permits its cementation and surface burial. 

The principal technological flowsheet of alkaline HLW extraction processing has been developed, 
including only extraction and striping blocks, without extract washing and recycle solvent 
regeneration. 

Countercurrent flowsheet test using 16-stage of settling mixers extractors (10 extraction and 6 
stripping stages) with pulsating phase mixing and simulated alkaline HLW was performed. During 
105 hours of test, the setup worked stably; there were no formation of precipitates, poorly separated 
emulsions or mutual phase entrainment. HLW purification factor for 137Сs and beta-emitting 
radionuclides of about 500 and a 10-fold concentration of 137Сs in a strip product were achieved. 

The test results confirm the principal possibility of using the solvent based on p-
isononylcalix[6]arene for the processing of “Mayak” PA alkaline HLW. 
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A major problem of nuclear power chemical engineering is the management of high-level wastes 
(HLW), which are formed during the reprocessing of spent nuclear fuel. It was proposed to extract 
long-lived radionuclides from HLW with their subsequent fractionation and transmutation in special 
reactors with high neutron fluxes. This strategy will reduce the economic and environmental pressure 
at the stage of HLW disposal, but the question of choosing the chemical and technological procedures 
for the implementation of this approach remains open. Over the past 40 years, a large number of 
extractants have been studied. In particular, many investigations were devoted to establishing 
“structure-extraction properties” relationship though there is still no single theory explaining 
complexation efficiency or selectivity covering significant series of ligands. 

This study presents a new approach for in silico modeling of the Am(III)/Eu(III) extraction 
efficiency. We developed a hybrid method for studying the conformational behavior of small organic 
molecules in solution. We also did not include any calculations for metal complexes, as they can be a 
major source of calculation errors. Moreover, we used relatively simple computational methods and 
minimized human influence on the result. Finally, we performed extraction experiments with 12 
phosphine oxides and 3 monoamides as extractants. The obtained theoretical results showed 
agreement with the experimental ones. 

The study revealed the predominance of preorganization and solvation effects over electrostatic 
ones as the driving force behind the efficiency of ligand extraction, so we suggested to use the sum of 
preorganization and solvation energies as a value to assess the efficiency of complexation in the 
target solvent. Thus, the conformational mobility of the ligand, which depends on the nature of the 
ligand and its substituents, plays a key role in the efficiency of extraction. We can also conclude that 
the absence of any correlation between the calculated energies and selectivity is evidence that the 
origin of selectivity is in a direct interaction between the metal cation and the extractant. The 
proposed method of modelling provides a simple approach to testing of the extraction efficiency (not 
selectivity) of new extractants and requires only a 2D structure of an organic molecule and can be 
useful at the pre-synthetic stage of new ligands, which leads to minimization of both computational 
and experimental costs. 
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Yttrium-90 (T1/2= 64 hours, Eβmax = 2.28 MeV) is of great interest for the analysis of strontium-90 
(T1/2 = 28.8 years) in natural samples, since it is its daughter decay product. It is also a therapeutic 
radioisotope due to its pure β−-particle emission, so the problem of yttrium extraction is more urgent 
than ever. 

Usually, one can recover yttrium-90 from nitric acid media with crown ethers and D2EHPA  
(di-2-ethyl-hexyl-phosphoric acid) as extractants. However, the pair yttrium-90 - strontium-90 can 
be separated in carbonate media as well. In our work we examined our method of 90Y/90Sr separation 
in alkaline carbonate media. We used 8-HQ (8-hydroxyquinoline), PAN (pyridylazonaphthol),  
PAR (pyridylazoresorcinol) and chromotropic acid as potential yttrium extractants, but only 8-HQ 
demonstrated sufficient extraction ability towards to yttrium under these conditions. 

Preliminary experiments on yttrium oxides dissolution kinetics showed thatin 1 M Na2CO3, K2CO3 
and (NH4)2CO3 solutions the solubility was 1.7, 0.9, 2.8 g/L with dissolution rate of 0.21, 0.26,  
0.24 g∙m2/s, respectively, in 2 M Na2CO3, K2CO3 and (NH4)2CO3 solutions the solubility these values 
were 4.9, 1.4, 8.2 g/L and dissolution rate of 0.43, 0.46, 0.62 g∙m2/s, respectively. 

Based on the high yttrium oxide solubility, we studied yttrium extraction from Na2CO3, K2CO3 
and (NH4)2CO3 with 8-HQ. Butyl acetate and 2-nitrotoluene were used as diluents. K2CO3 possess 
highest distribution ratio (D), followed by Na2CO3, but a third phase formation was observed for 
(NH4)2CO3 solution. The system “0.01 M 8-HQ in organic diluent - 0.001 M yttrium in 0.5 M K2CO3 
aqueous solution” was chosen for extraction experiments. The distribution ratio logarithm was  
2.60 and 2.03 for 2-nitrotoluene and butyl acetate, respectively. The main trend of yttrium extraction 
dependence on pH shows the increase at pH ~ 10 (8-HQ pKa is 9.9) with maximum at pH = 13 in  
2-nitrotoluene and pH = 13.5 in butyl acetate. When the organic phase was completely saturated with 
yttrium a correlation between yttrium and 8-HQ reached 4.1 in 2-nitrotolueneand 4.2 in butyl 
acetate. 

Experimental results allow to consider extraction systems, based on 8-HQ, as perspective 
solution for yttrium recovery from alkaline carbonate media. 
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The study of the interphase distribution of a large number of target and impurity components of 
highly radioactive wastes is a necessary and very laborious stage in the development of new 
extraction systems. We have developed an express method for determining the distribution ratios of 
metals using inductively coupled plasma mass spectrometry (ICP-MS). A feature of the proposed 
method is the joint extraction of trace amounts of all studied metals, followed by direct ICP-MS 
analysis of equilibrium aqueous and organic phases. 

We used the developed express method when studying a new extraction system designed for the 
processes of cesium-137 and strontium-90 separation from high-level waste (HLW) after spent 
nuclear fuel processing. The growing interest in such processes is due to the implementation of the 
“Balanced NFC” concept in Russia. This concept implies the isolation, solidification, and separate 
handling of cesium-strontium fraction management. There is also a growing commercial demand for 
the strontium-90 radioisotope. 

The studied extraction systems consisted of known crown ethers (CE): 4,4’(5’)-di-tert-butyl-
dibenzo-18-crown-6 (DtBuDB18C6) and 4,4’(5’)-di-tert-butyl-dicyclohexyl-18-crown-6 
(DtBuDCH18C6) in new fluorinated diluents: bis-tetrafluoropropyl carbonate (BK-1= 2,2,3,3-
tetrafluoropropan-1-ol carbonate) and bis-tetrafluoropropyl formal (FN-1 = 1,1,2,2,8,8,9,9-
octafluoro-4,6-dioxanonane). Extraction was carried out from aqueous solutions containing 0.1 - 5.0 
M HNO3 and 5 – 70 mg/L of each of the 28 metals present in most HLW. After special preparation of 
equilibrium aqueous and organic phases, the concentrations of metals were determined by ICP-MS 
analyzer (Agilent Technologies 7900). 

The studies have shown that among the stable components of HLW, the lead cation demonstrates 
the highest coextraction with radionuclides. None of the studied extraction mixtures extracted Na, 
Cr, Ni, Co, Fe, Mn, Eu, Y, Zr, Mo, Pd from nitric acid media. In the series of studied crown ethers, the 
minimum selectivity is observed for DtBuDCH18C6 (Pb, Ba, Ag, K are coextracted with strontium). 
Benzo-substituted DtBuDB18C6 possesses higher selectivity: only rubidium is noticeably co-
extracted with cesium. Crown ethers extraction systems, based on formal FN-1 exhibit higher 
selectivity. We observed that most of the studied metals have maximum extraction at 0.5 to 2 M 
HNO3. Only lead is well extracted even from very dilute nitric acid, i.e. its reextraction with water is 
impossible and requires chelating agent solutions. 

The studies performed have confirmed the possibility of simultaneous determination of 
distribution ratios of a large number of metals using ICP-MS according to our express method. 
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Computational and, in particular, chemistry is an especially convenient tool in radiochemistry 
due to the possibility to reduce the number of required experiments and, thereby, reduce the dose 
absorbed by personnel. On the other hand, the usage of quantum chemical methods is limited in 
radiochemistry due to relativistic effects, the multiconfigurational character of the wavefunction of 
heavy elements or just limited computational resources. Density functional theory (DFT) seems to be 
an example of an efficient balance between accuracy and computational time. The problem of DFT 
approaches is their semiempirical and interpolation character, defined by data used for functional 
parameters fitting. Here we would like to propose an investigation aimed at developing new 
functional, designed especially for f-elements computations. 

The design process is based on three main stages: collecting a reference database, developing a 
fitting algorithm and finally fitting the target functional. During the investigation, we collected a 
database with geometries and electron structures of actinide compounds calculated by a robust ab 
initio method. The database contains 104 compounds including single atoms from Ac to Cf and the 
most probable ionic forms. Each compound is presented in a single directory. The compound 
directory contains information about the structure in the struct.xyz file; energy (in kcal/mol), charge 
and multiplicity in the ecm.dat text file, and molecular orbitals in the Molden format. 

The developed fitting approach is based on a Bayesian optimization with stochastic subsampling. 
The algorithm allows considering the “history” of fitting steps, reduces the computation time for each 
step, and avoids overfitting. While general testing the effectiveness of the approach, we showed an 
example of training specialized DFT functionals that are superior to the popular ones. 

As a result, we used the database and the developed method to “retrain” popular PBE0 functional 
and increase its accuracy nearly twice relatively to the original one. The obtained accuracy (in terms 
of gas-phase geometry and thermodynamics of gas-phase reactions) appeared to be comparable with 
the experimental one. 
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Deep purification of uranium from impurities of all fission products (FPs) is an important task in 
the spent nuclear fuel (SNF) reprocessing technology. In recent decades, there has been an increase 
in worldwide interest in developing alternative non-acidic hydro-chemical approaches for the SNF 
processing. In most of these approaches, the transition from nitric acid media to carbonate or 
carbonate-alkaline media is contemplated. One of the options for SNF reprocessing in carbonate 
media is CARBEX (CARbonate extraction) process in which it is proposed to use of solvent extraction 
technique for separation and purification of uranium/plutonium from FPs impurities. The solvent 
extraction stage in the CARBEX process with usage of methyltrioctylammonium (MTOA) carbonate 
as an extractant, involves two successive cycles: (i) extraction/partial purification of U/Pu from 
impurities and (ii) deep purification of U/Pu from impurities. 

Carrying out modeling of multistage solvent extraction process on a laboratory cascade in various 
options and in extraction/washing/stripping mode, allowed to reach values of uranium purification 
factors from impurities of some FPs surrogates (Mo, Cs, Sr, Sn, Ba, Al, Cr, Cu, Sb, Re, Te, Mn, Zr, 
REEs) and also from sodium at value level 105-106. The obtained results are close to those of the 
industrial PUREX technology. 

On the basis of the carried out studies, a scheme of solvent extraction reprocessing of 
multicomponent carbonate solutions containing of FPs surrogates was developed and optimized. 
This scheme showed a high efficiency of the solvent extraction technique for fractionating of the 
fission products in the CARBEX process. 
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Oxidative dissolution is the key stage of uranium oxide spent nuclear fuel (SNF) reprocessing 
technology in carbonate media. The ability to quickly and completely dissolve the main component of 
the SNF matrix - UO2 in sodium or ammonium carbonate solutions in the presence of hydrogen 
peroxide at room temperature made it possible to substantiate carbonate media as an alternative to 
nitric acid media in the SNF reprocessing technology. As a preliminary stage, it is proposed to carry 
out voloxidation (volumetric oxidation) before SNF oxidative dissolution stage. One of the tasks of 
voloxidation is the conversion of UO2 into U3O8, as well as the removal of volatile and gaseous fission 
products. The voloxidation temperature, depending on the task, can vary from 480 to 1200°C. 

The kinetic study of the oxidative dissolution of U3O8 samples (obtained in the various 
temperature at the range 480-1200°C) in solutions Na2CO3/NaHCO3 - H2O2 made it possible to 
establish a correlation between the treatment temperature of U3O8 (the specific surface area of the 
oxide powder sample) and the process rate. 

The study of the dynamics of the oxidation/reduction potential (ORP) change and the 
determination of a correlation between the ORP value and the dissolution rate of U3O8 for various 
carbonate systems and conditions made it possible to select the most effective modes of the process 
at which the maximum rate and completeness of the U3O8 dissolution are achieved. 

The use of sodium percarbonate (Na2CO3∙1.5H2O2) as an alternative carbonate and oxidizing 
reagent for dissolution of U3O8 can be justified and does not reduce the efficiency of the process. At 
the same time, in the presence of sodium peroxide (Na2O2), the oxidative dissolution rate of U3O8 is 
significantly reduced due to secondary (indirect) chemical processes. 

The general kinetic and chemical regularities of U3O8 oxidative dissolution process in carbonate, 
bicarbonate and carbonate-alkali media established in the research can be of scientific and practical 
importance in the field of spent nuclear fuel reprocessing and high-level radioactive waste 
management. 
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An automated process for the production and purification of copper radioisotopes produced by 
irradiating solid targets in a variable energy (14-19 MeV) cyclotron has been validated, using a 
commercially available automated solid target system comprising modules for electrodeposition, 
pneumatic transfer, irradiation, dissolving and purification. The initial process-script was modified 
as result of the local set-up and particularities. 

Copper, as a natural bioelement in the human body, incorporated into a variety of proteins, is 
involved in key biological processes based on its redox properties. Its trafficking, accumulation and 
clearance are tightly controlled in normal health but often disturbed in disease states. These 
mechanisms can be exploited for both imaging and therapy, based on several radioisotopes of copper 
which are of certain medical interest. Some of them emit positrons: Cu-60 (93%), half-life 23.6 min; 
Cu-61 (93%) half-life 3.3 h; Cu-62 (98%) but only 9.76 min half-life; Cu-64 (19%) half-life 12.8 h.  
Cu-64, Cu-66 and Cu-67 have therapeutic emissions. They can be obtained by the protons beam of a 
variable, medium energy cyclotron (14 - 19 MeV) by 60Ni(p,n), 61Ni(p,n), 63Cu(p,2n)62Zn(EC)62Cu, 
64Ni(p,n), 68Zn(p,an), 68Zn(p,2p) and 70Zn(p,a) respectively. 

Copper-64 has several unique attributes: a complex decay scheme, with electron capture, beta-
emission and positron emission branches; the positron emission has a low energy allowing high 
resolution images and there are no abundant gamma emissions that impair the imaging properties; 
the combination of positron, beta- and of high LET Auger electrons emissions imparts a high local 
radiation dose at the cellular level making it suitable for targeted radionuclide therapy, with high 
cytotoxic potency if the radionuclide is located within or close to cell nuclei. 

A reliable process for production of 64Cu by nuclear reaction 64Ni(p,n), with low metallic 
impurities and of high specific activity, for biomedical application, is described. The process involves 
the plating of enriched 64Ni (99.5%) on the target, pneumatic transfer to the irradiation station, 
mounted on a slope-down proton beam, irradiation at 14 MeV (degraded with an Al foil), at 70 µA, 
and uses automated module based on ion exchange chromatography to purify the resulted copper-64 
chloride. The amount of enriched material on target was 40–50 mg, resulting in a total radioactivity 
greater than 15 GBq, with specific activity up to 6 GBq/µmoL. The copper isotopes were separated 
from the nickel via ion exchange chromatography using dedicated single-use disposable kit and the 
radioisotopic purity was assessed by gamma spectroscopy. The process is to be translated for 
production of Cu-61, by 61Ni(p,n)61Cu nuclear reaction at 14.7 MeV proton beam, and is intended to 
be further adapted for the production of the other copper radioisotopes of medical interest. 
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Introduction. The increasing number of nuclear medicine procedures employing radiolabelled 
targeting agents demand the use of radioisotopes with longer half-lives (usually within hours and 
days). 

Such radioisotope is 89Zr, which is an emergent radioisotope with potential use in the field of PET 
imaging. Its decay properties (t1/2 = 78.41 h, EC = 76.6%, β+ = 22.3%, Emax(β+) = 897 keV, Eave.(β+) = 
396.9 keV, Rave.(β+) = 1.18 mm, Eγ = 908.97 keV, Iγ = 100%) make it suitable for the design of novel 
radiotracers, such as nanoparticules and monoclonal antibodies (mAb). Therefore, many 89Zr-
radiolabelled PET agents are currently under development, in different stages, aiming to obtain 
better targeting agents for various types of cancer. 

This work presents our experience in the field of production of 89Zr at TR-19 cyclotron and further 
radiochemical processing to obtain pharmaceutical grade 89Zr-oxalate. 

Methods. 89Zr was obtained by irradiation of natY foils (99.9%, Alpha Aesar) at TR-19 cyclotron 
by natY(p,n)89Zr nuclear reaction with following parameters: I=25 μA; t=4h. The protons were 
extracted at 14.2 MeV and degraded for optimal cross-section to 12.7 MeV when reaching the target, 
by using a pure aluminium degrader. After irradiation, the target was dissolved using 2M HCl 
followed by light heating (60˚C) until the solution became clear. The obtained 89ZrCl4 solution was 
passed on a ZR1-R10-S cartridge (Triskem) were zirconium ions were trapped. The recovery of 
zirconium was carried out with 0.5 M oxalic acid. Quality control of the final product was carried out. 
Irradiation yield, radiolabelling yield, pH, radiochemical purity and radionuclide purity were 
assessed. 

Results. Using the semi-automated solid target system, 1.28 GBq 89ZrCl4 were obtained, while 
with the fully-automated solid target system, 2.7 GBq. The yield after irradiation and processing the 
target using fully-automated solid target system was 71.8%. The radiochemical purity, assessed by 
radio-HPLC, was higher than 99% after purification. 

Conclusions. The characteristics of the [89Zr]ZrCl4 solution meet the requirements for the 
biomolecules radiolabelling (antibodies) and comply to the translation to radiopharmaceutical 
production line, aiming to develop new generation of PET agents for preclinical testing and clinical 
trials. 
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Relatively high stability of new superheavy elements with atomic numbers 113-118, as well as new 
long-lived isotopes of elements 104-112, recently discovered at Flerov Laboratory of Nuclear 
Reactions, present unique possibilities to study chemical properties of transactinide elements which 
completes 7th period of the D.I. Mendeleev’s Periodic System. The main focus is to compare the 
transactinide elements properties with the properties of their light homologues in the groups of the 
Periodic Table and thus test the influence of relativistic effects on the law of periodicity of chemical 
properties in the field of superheavy elements. 

Results of recently performed experiments at FLNR on the chemical identification of 288Mc, based 
on liquid-phase separations of its decay product 268Db, and the results of pioneering gas-phase 
experiments on the chemistry of elements Cn, Nh and Fl are summarized in my talk. Detailed studies 
will be continued at the new accelerator complex SuperHeavy Element Factory at FLNR at 
significantly higher statistical level. The basis for future study of the chemical properties of SHE, 
including new elements 115-118, will be new gas-filled separator for radiochemical research. Research 
in this field is interdisciplinary and the potential of new research facilities will only be realized if they 
are accompanied by theoretical research and model experiments with homologues, the developments 
of new accelerator targets and beams, new setups and radiochemical laboratories. 
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Multinucleon transfer reactions are one of several accelerating methods to produce neutron-rich 
isotopes heavier einsteinium [1]. Predictable half-lives of new isotopes of actinides after Es are low 
and we need to improve classical technique based on cation-exchange chromatography with 
ammonium α-hydroxyisobutyrate (α-HIB) solution as an eluent [2] for separation of actinide (III) 
series. However, the activity of producing isotopes is different and positions of elements such as Md, 
No, Lr are bad-known on chromatogram. New technique is required to be highly sensitive and 
effective for actinide separation and to allow making quick separation and predicting positions of Md, 
No and Lr. 

Having used equation of mass transfer equation and numerical methods, we improved this 
technique and determined distribution coefficients, heights of theoretical plates and influence of 
equal concentration of α -HIB on distribution coefficients. To choose likelihood chromatogram we 
used minimum of chi-square criterium. 
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Parkinson’s disease is a common neurodegenerative disease that affects about 6 million people 
worldwide. Last decades, the identification and purification of natural compounds obtained from 
medical plants with radiolabeled by radioisotopes such as Tc-99m, I-125, and I-131 have been of great 
importance in the diagnosis of the disease. One of these medicinal plants is Centella Asiatica  
(Gotu Kola). This plant includes saponins. Saponins have anti-inflammatory, antimicrobial, 
antioxidant, analgesic and neuron protective effects on the body. Madecassoside (MA) is also a 
saponin obtained from Centella Asiatica. It has a pharmacological effect on the central nervous 
system as neuron protective properties, especially on the dopaminergic cells in the brain Substantia 
Nigra Pars Compacta (SNc) and Stratium regions. Blood-Brain Barrier (BBB) plays an important role 
in the drug transport mechanism in the brain. Particularly in drug delivery mechanisms using 
nanoparticles (NPs) increasing the likelihood of the active substance reaching the brain. In the 
literature, biodegradable polyester NPs such as poly-lactic-co-glycolic acid (PLGA) have been widely 
used in the last thirty years because of their controlled biodegradability, excellent biocompatibility, 
high safety, to be one of the few biodegradable synthetic polymers and biomechanical applications. 
The current study was carried out in order to determine the in vitro potential of encapsulated 
radiolabeled compounds of plant origin which can be used in the diagnosis of Parkinson’s disease. In 
the experimental steps, MA and Levodopa were conjugated. Levodopa (L-DOPA) compound is 
already used in the diagnosis and treatment of the disease as a commercial drug. Conjugation yield 
and purity analyses were performed by Thin-layer chromatography (TLC), High-performance liquid 
chromatography (HPLC), Fourier-transform infrared spectroscopy (FTIR), Proton nuclear 
magnetic resonance (1H-NMR), and Liquid chromatography–mass spectrometry (LC-MS) analyses. 
MA and MA-L-DOPA compounds were encapsulated with PLGA. The analyses of encapsulated 
compounds (MA-PLGA and MA-L-DOPA-PLGA) were performed by Dynamic light scattering  
(DLS) and Scanning Electron Microscopy (SEM) analyses. MA, MA-L-DOPA, MA-PLGA, and  
MA-L-DOPA-PLGA compounds were radiolabeled with Tc-99m. Radiolabeling yields, stability and 
lipophilicity studies of compounds were performed by using Thin-layer Radio chromatography 
(TLRC), High-performance liquid Radio chromatography (HPLRC), methods. Experimental results 
show that MA (% 94.04 ± 1.60, n=3), MA-L-DOPA (%99.35 ± 0.37, n=3), MA-PLGA (%99.20 ± 0.34, 
n=3) and MA-L-DOPA-PLGA (%99.71 ± 0.17, n=3) compounds can be radiolabeled with Tc-99m. In 
in vitro studies, cytotoxicity and cell incorporation of PLGA encapsulated MA and MA-L-DOPA 
molecules and Tc-99m radiolabeled encapsulated compounds were performed on human 
neuroblastoma (SH-SY5Y) and rat pheochromocytoma (PC12) cell lines. Increased concentrations of 
MA, MA-L-DOPA, MA-PLGA, and MA-L-DOPA-PLGA compounds have been determined to increase 
their cytotoxicity on the SH-SY5Y cell line. The increase binding value of the conjugation product 
(99mTc-MA-L-DOPA) and encapsulated compounds (99mTc-MA-PLGA and 99mTc-MA-L-DOPA-PLGA) 
on both cell lines (SH-SY5Y and PC-12) are promising as the 99mTc-MA-L-DOPA and encapsulated 
compounds which is a plant-derived agent for the diagnosis of the disease. As a result, it was 
concluded that the potential use of 99mTc-MA and 99mTc-MA-L-DOPA and encapsulated radiolabeled 
compounds in the diagnosis of Parkinson’s disease must be supported by more extensive in vitro and 
in vivo experimental animal model studies. 
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Introduction. The East Ural Radioactive Trace (EURT) is a result of the explosion at the 
“Mayak” Production Association in September 1957 (the Kyshtym accident). The majority of the Scots 
pine stands near the epicenter of the accident died in 1958–1959. Currently, we have found several 
small pine-birch stands with pine trees that are over 70 years old. When estimating radiation effects 
on tree-ring formations, one should consider the influence of the weather-climatic conditions, as the 
climate synchronizes the dynamics of tree growth. The aim of this study is to evaluate the response of 
the radial growth of pines that survived the Kyshtym accident and have been growing in sites with 
different levels of soil contaminations by 90Sr; moreover we compared the effect of high doses of 
radiation with the influence of extreme climatic events. 

Materials and methods. We used the model proposed by F. Tikhomirov and G. Romanov 
(1993) for assessing the dose loads received by the EURT pines in the initial period after the accident 
in which the density of soil contamination by 90Sr was used as a predictor. The Scots pine cores were 
analyzed employing dendrochronological methods to detect the effects of climate and ionizing 
radiation on the annual growth of trees. Tree-ring chronologies were studied for two control and 
three impact sites with different levels of radioactive contamination. 

Results. Hydrothermal conditions of the growth period have the main influence on the value of 
the Scots pine radial growth both in zone EURT and in adjacent background areas. Acute radiation 
exposure in the first years after the Kyshtym accident significantly reduced radial growth in trees in 
two contaminated sites, where initial contamination levels of 90Sr measured 3.7–26.6 MBq m–2; 
synchrony of the chronologies from the contaminated and control sites were disturbed. The reaction 
of the trees’ radial growth to acute radiation was delayed by two years after accident; it was clearly 
manifested in 1959-1965. Effect of radiation was comparable to the effect of droughts, which are the 
main extreme climatic event in this region. Background radial growth values were reached within  
7–8 years after accident and in the subsequent period, all chronologies have been highly 
synchronous. The severity and duration of radiation effects on radial growth of trees was 
considerably dependent on the dose received in the “acute period”. The morphological structure of 
stands had a significant impact on the response of pine growth to acute radiation exposure in EURT. 
The young trees were sheltered by the forest canopy from radioactive aerosols and were able to 
survive the accident even with the high density of radioactive contamination. 

Conclusion. The results of analysis shown that the radial growth of Scots pine trees in the EURT 
zone has been limited by both climate and ionizing radiation. The effect of acute irradiation on the 
radial growth of trees was comparable to the effects of droughts or exceeded their. 
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The long-term dynamics of 137Cs specific activity in the organism of benthos-eating (bream, roach, 
silver bream, tench) and carnivorous (pike, pike-perch) fish of the Kiev water reservoir for  
1986–2020 was analyzed. 

Before the accident at the Chernobyl nuclear power plant on April 26, 1986, the 137Cs activity in 
the fish of the Dnieper water reservoirs was 1-3 Bq/kg, and 40-50 days after the accident it made, on 
average, 1590 Bq/kg in benthos and 160 Bq/kg in the predatory fish. The accumulation levels of 137Cs 
in benthos-eating fish decreased to 10 Bq/kg during the period June 1986-2021. The specific activity 
of 137Cs in the body of predators had been increasing until 1988 and reached an average of 1300 
Bq/kg, though it decreased to 20 Bq/kg during the period from 1988 to 2021. 

Exponential relationship can describe the decrease in the content of the radionuclide in fish. In 
this case, the rate of decrease in the specific activity is inversely proportional to the period during 
which the specific activity decreases by half. Calculations showed that the rate of decrease in the 
specific activity of 137Cs in the organism of benthos-eating and carnivorous fish did not differ 
significantly and amounted to 0.13 ± 0.01 year-1 for the entire post-accident period. However, three 
periods with different parameters of changes in the 137Сs content in fish can be distinguished in the 
research. The highest rate of 137Сs decrease was observed in non-predatory fish during 1986-1991 – it 
amounted 0.37 ± 0.12 year-1, in 1991-2001 this value decreased by 2.5 times. In 2001-2020 the rate of 
137Сs decrease in non-predatory fish (0.043 ± 0.008 year-1) was 9 times less than during the first  
5 years after the accident. In predatory fish species, the highest rate of 137Сs decrease was observed in 
the period 1988-1993 and made 0.20 ± 0.04 year-1, in 1993-2002 the rate of 137Сs decline decreased 
by 25%. In the period from 2002 to 2020, the rate of 137Cs specific activity decrease in predatory fish 
species was 0.082 ± 0.008 year-1. 

Analysis of the long-term dynamics of 137Cs specific activity in fish from the Kiev water reservoir 
suggests the rate of the radionuclide content decrease in the populations slows down in the course of 
time. 

The results obtained are essential in predictive assessment of the ichthyofauna radioactive 
contamination. 
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Beryllium-7 (7Be) is a radionuclide of cosmogenic origin. It is formed in the atmosphere as the 
result of the spallation of nitrogen and oxygen nuclei by cosmic ray flux. The scientific interest in this 
radionuclide is due to the possibility of its use as a tracer of physical processes occurring in the 
atmosphere on time scales from synoptic to seasonal. In particular, it finds application in studies of 
vertical exchange in the troposphere, in the exchange between the stratosphere and the troposphere, 
in estimating the resident time of atmospheric aerosols in the troposphere and stratosphere, etc. 
Atmospheric precipitations are one of the main factors controlling the temporal variability of 7Be on 
synoptic time scales. This study aims to obtain quantitative estimates of the influence of rainfall on 
the temporal variability of atmospheric 7Be activity concentration. 

The data for this study were obtained in the city of Sevastopol, Russia during the period  
2011-2016. Aerosol samples were taken daily using a high-performance air filtration unit (525 m3 h-1) 
on the Petryanov FPP-15-1.5 fiber filter. The radionuclide activity on aerosols was determined using a 
low-background gamma-spectrometer with a NaI(Tl) scintillation detector. The data on 
meteorological parameters were obtained by an automatic meteorological station located near the 
aerosols sampling site. 

During the study period, the 7Be activity concentration in individual samples varied from 0.2 to 
10.2 mBq m-3 with a mean value of 3.5 ± 1.7 mBq m-3. Increased values of the concentration of  
7Be were typical for the spring-summer period, decreased for the winter. When analyzing the effect of 
rainfall, only those precipitation cases were considered, the duration of which did not exceed one day. 
It was found that precipitation leads to a decrease in the daily values of 7Be by an average of 60%. On 
average, the radionuclide activity concentration on atmospheric aerosols after precipitation was 
restored to its before-precipitation levels in two days. The daily activity concentration values increase 
on average to 60% of their before-precipitation levels on the first day and to 84%.on the second one. 
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Bismuth-214 (214Bi) is a daughter product of the decay of radon-222 (222Rn). It is one of the main 
radionuclides that form the natural gamma background of the surface atmosphere. This study aims 
to obtain quantitative estimates of the influence of meteorological parameters on the temporal 
variability of atmospheric 214Bi activity concentration. 

The data for this study were obtained in the city of Sevastopol, Russia. Aerosol samples were 
taken daily using a high-performance air filtration unit (525 m3 h-1) on the Petryanov FPP-15-1.5 fiber 
filter. The radionuclide activity on aerosols was determined using a low-background gamma-
spectrometer with a NaI(Tl) scintillation detector. The reported activity concentration values 
correspond to the period of 9–11 AM local time zone (UTC +3). The data on meteorological 
parameters (air temperature, atmospheric pressure, relative humidity, total precipitation) were 
obtained by an automatic meteorological station located near the aerosols sampling site. The data on 
the zonal component of wind speed, the meridional component of wind speed, solar radiation flux to 
the Earth’s surface, cloudiness, the height of the cloud bottom, 0-7 cm soil layer temperature and 
moisture content, atmospheric boundary layer height, upward heat flux, downward UV radiation flux 
to the surface were taken from ERA5 reanalysis. 

For the period 2007–2020, the 214Bi activity concentration varied in the range from 0.1 to  
11.4 Bq m-3 and averaged 2.7 ± 1.5 Bq m-3. The coefficient of variation is 54% and indicates significant 
variability in 214Bi activity concentration over the study period. Relatively increased values of 214Bi 
were typical for the period July-October (3.1–3.5 Bq m-3), relatively low values for the period 
December-April (2.1–2.2 Bq m-3). 

The relationship between changes in the 214Bi activity concentration on atmospheric aerosols and 
the number of parameters listed above was investigated. From the results of the correlation analysis, 
it follows that soil moisture, which determines the input of 222Rn into the atmosphere, is the 
dominant factor of temporal variability of 214Bi at mesoscale, synoptical, monthly, seasonal and yearly 
time scales. On a seasonal time scale, a significant role is also played origin of air masses (continental 
or marine) arriving in the region under study, which is reflected by the presence of a strong 
statistically significant correlation with the meridional component of wind speed. The intensity of 
vertical exchange in the troposphere plays an important role on the synoptic time scale. This is 
indicated by the presence of statistically significant correlations with air temperature, solar radiation 
flux and the height of the atmospheric boundary layer. Air humidity, which determines the rate of 
coagulation and removal of atmospheric aerosol from the atmosphere, is essential on the mesoscale 
time scale. 
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Nowadays, the isolation of radioactive waste (RW) from the biosphere is one of the main 
problems of nuclear industry. Following the requirements of radiation safety geological isolation of 
RW requires a multi-barrier safety system, and natural clays are considered to be one of the most 
promising components. Bentonite clays, whose properties are provided by the presence of smectite 
group minerals, are considered to be the most promising material. A lot of works are devoted to 
radionuclides interaction with bentonite clays and their components. 

In this work, Cs interaction with various aluminosilicates (smectite, kaolinite, illite, and zeolite) 
was compared. During this study we performed experiments with natural bentonite clays of different 
deposits: previously non-widely studied deposits from Russia (Khakassia, Dash-Salakhinskiy, 
Zyryanskiy) and Kazakhstan (Dinosaur) as well as widely studied samples MX-80 (USA), KunipiaF 
(Japan), FEBEX (Spain). The cesium sorption was studied in a wide range of concentrations  
(10-14-10-2 M) and pH (2-10). 

During the study significant differences in cesium behavior on the various samples were 
observed. Differences in sorption were especially evident at trace concentrations of cesium. Decrease 
in cesium sorption in the row illite-montmorillonite~zeolite-kaolinite in the whole range of studied 
concentrations was observed. Despite differences in structure, similar sorption dependencies were 
obtained for samples MX-80 and zeolite. For some bentonites (FEBEX, Zyryanskiy, Dinosaur, Dash-
Salakhinskiy, and Khakassia deposits), 2 plateaus on sorption isotherms can be observed, which 
indicates the existence of different sorption sites. MX-80 and KunipiaF have a similar mineral 
composition, but only one sorption site can be found, and the sorption values are significantly lower. 
Significant differences were also observed for cesium sorption on samples Khakassia and Dinosaur 
that have similar mineral composition. Thus, the significant difference in Cs sorption on bentonite 
samples with similar composition should be noted. This may be due to the influence of the fine 
structure of the sample. The correlation between sorption of trace cesium concentrations and the clay 
layer charge distribution was revealed. 

The data obtained allowed us to carry out modeling that adequately describes the sorption of 
cesium on a large set of aluminosilicates in various conditions. 
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Radioactive iodine isotope 129I, which poses a significant threat due to its long half-life and 
organotropism, is immobilized into radioactive waste (RW) in potentially mobile anionic I- and IO3

- 
forms. Engineering barriers that prevent migration of radionuclides from RW repositories are 
supposed to be constructed from compacted bentonite clays, that have high water-proof and cation 
exchange properties, but do not uptake anions. Addition of sorbent based on silver compounds that 
have high iodine uptake properties to the engineering barrier will protect the environment from 
radioactive iodine and retain performance characteristics of bentonites. The first step in obtaining of 
silver-containing sorbent is deposition of metallic silver onto the surface of a material. Silver can 
subsequently transferred to another chemical form, e.g. oxidized to Ag2O, which captures anionic and 
organic iodine species effectively. 

The aim of this work is to compare behavior of reaction of silver application and its durability on 
bentonite and silica aerogel in order to choose the framework material for silver-containing sorbent. 

Both bentonite and silica aerogel have high specific surface areas, are cheap, available and 
chemically inactive and that makes them advantageous for modification. Our technique for silver 
application is based on reduction of silver ammine complex by formaldehyde evolving upon HMTA 
thermal hydrolysis and allows to apply silver uniformly and quantitatively onto materials with high 
surface area. For determination of durability of silver the silver-containing material was treated with 
nitric acid solutions of various concentrations in various condition and the percent of dissolved silver 
was determined. 

Deposition of silver onto silica aerogel was found to demand less time than deposition of silver 
onto bentonite because silica aerogel hydrates during 2 hours while bentonite swells during 24 hours. 
The silver reduction reaction itself completes within 18 hours in both cases. The dissolution 
experiments conducted in the most severe conditions showed high durability of applied silver: 6M 
nitric acid can remove 87% of silver applied on silica aerogel in 3 hours and 89% of silver applied on 
bentonite in 48 hours. Structural features of materials cause different time necessary for both 
application and removal of silver: silica aerogel has porous structure which absorbs water easily while 
layered structure of bentonite swells more slowly. 

Thus, the developed technique allows to apply silver on both bentonite and silica aerogel 
effectively and ensures high durability of silver. That allows to transfer applied silver in form of oxide 
and to obtain sorbents for localization of iodine-containing anionic RW in nuclear waste repositories. 

https://doi.org/10.21175/rad.abstr.book.2021.34.6


 

266 

Comparison of sampling and 
measurement methods for atmospheric 14C activity 

Damir Borković, Ines Krajcar Bronić, Andreja Sironić, Jadranka Barešić 

Ruđer Bošković Institute, Zagreb, Croatia 

https://doi.org/10.21175/rad.abstr.book.2021.34.7 

Radiocarbon (14C) is both the cosmogenic and anthropogenic isotope. Anthropogenic 14C is 
produced (1) in atmospheric nuclear bomb tests, and (2) in various nuclear facilities. The bomb-
produced 14C has been globally distributed across the planet and can be considered as a new-natural 
level (clean-air sites). Furthermore, combustion of fossil fuels that do not contain 14C causes increase 
of atmospheric CO2 concentration and consequently depletion of local 14C levels. Naturally produced 
CO2 and that formed by fossil fuel combustion are characterized by different content of the stable 
isotope 13C (d13C values). Therefore, the carbon isotopes (13C and 14C) of the atmospheric CO2 can 
indicate sources of CO2 at each location, if it is far from nuclear facilities. 

14C activity in the atmospheric CO2 in Zagreb, Croatia, has been monitored since 1985. Recently 
we started monitoring at several other locations with the aim of determining influence of fossil fuel 
combustion on atmospheric 14C activity and d13C values at clean-air sites and urban sites supposing 
that the urban sites are affected by fossil fuel uses. 

A static sampling method has been used for monitoring 14C activity – concentrated NaOH is 
exposed in a tray for 3-4 weeks. The method is simple and requires neither electric power nor any 
control, so it can be used at remote sites. However, the method introduces large isotope fractionation 
in 13C due to high alkalinity of NaOH. Thus, it cannot be applied for monitoring 13C. For the new 
monitoring program we would like to have a method that can simultaneously deliver both δ13C and 
14C activity data. 

A dynamic method of continuous CO2 collection on NaOH (3M) with a constant air-flow requires 
source of electricity for pumping and heating, and occasional control of sampler performances. 
Control of air flow velocity and temperature enables determination of the absorbed CO2 amount. 
Both static and dynamic sampling methods give an average 14C activity over the sampling period. The 
amount of collected sample allows benzene synthesis for liquid scintillation spectrometry (LSC-B) 
that requires about 4 g of carbon. We also developed an instant sampling of atmospheric air in 10-L 
bags. However, the amount of CO2 is enough for measurement by accelerator mass spectrometry 
(AMS) that requires about 2 mg of carbon. 

Comparison of LSC-B and AMS measurement methods resulted in good agreement of 14C 
activities for samples collected by the static method. The 14C activity of the instant sample revealed 
comparable results with the samples collected by the static method indicating that the two sampling 
methods could be combined. d13C values of samples collected by the dynamic method showed no 
fractionation in 13C and comparable 14C activities with the static method. Instant samples can provide 
simultaneously 14C activity and d13C values. All 14C activity and d13C data will be used to differentiate 
carbon of global origin and carbon from local fossil fuel combustion. 
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The specialized enterprise for radioactive waste management UE “Ekores” (hereinafter – 
“Ekores”) is located 2 km away from Minsk city and was founded in 1963 to store radioactive waste 
(hereinafter – RW) resulted from the activities of the research reactor of the former Nuclear Energy 
Institute of the Academy of Sciences of the BSSR. 

The existing capacities of “Ekores” will ensure storage of RW generated in organizations of the 
Republic up to about 2030. However, further storage of RW in the old mothballed and being 
decommissioned near-surface storage facilities “Ekores” of the “Radon” type may cause a 
deterioration of the radioecological situation in the region. 

In 2019 in order to determine the objective level of radiation and environmental safety, as well as 
obtain initial data for the development of a RW extraction project Stock company “Logistics Center of 
NFC” (Russian Federation) together with Stock company “PDC UGR”, Limited liability company  
AP “KVARK”, FSUE “RADON” (Russian Federation) carried out works on a comprehensive 
engineering and radiation research (hereinafter – CERR) of mothballed and being decommissioned 
“Ekores” storage facilities. 

The state scientific institution “JIPNR – Sosny” of NAS of Belarus carried out scientific and 
methodological support of the mentioned activities on CERR. 

The recommended option for the decommissioning of “Ekores” is the option of its deferred 
dismantling, which assumes that there are deviations from the design solutions and the requirements 
of regulatory legal acts, while the RW storage is in a satisfactory condition and will ensure the 
radiation safety of the population and the environment in short term. 

This paper proposes a conceptual technological scheme for organizing decommissioning of 
mothballed “Ekores” storage facilities, provides conceptual design solutions for the extraction of the 
RW from the storage cells, gives recommendations for sorting, conditioning and packaging of the 
recovered RW, identifies measures to ensure radiation safety of the personnel involved in the work. A 
set of recommended measures for strengthening, replacing and repairing engineering structures and 
equipping “Ekores” storage facilities, as well as improving the radiation monitoring system, ensuring 
radiation safety of the population and the environment in the medium term, is presented. 

After carrying out a set of measures for the extraction, identification and inventory of solid RW 
and spent sources of ionizing radiation, there is a potential possibility to use the structures of the 
decommissioned storage facilities again as a RW storage facility for the orderly storage of RW and 
spent sources of ionizing radiation in containers until they are sent for placement at the RW final 
disposal facility. 

The proposed conceptual solutions will serve as the basis for the development of the concept for 
the decommissioning of “Ekores”. 
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Introduction. The studies were carried out in 2010–2020 on the territory of the East Ural 
radioactive trace (EURT), formed in 1957 as a result of an accident at the “Mayak Production 
Association”. Currently 90Sr is main pollutant. Forest ecosystems are mainly represented by 
secondary birch and mixed forests. Purpose of the study: to study the patterns of 90Sr accumulation 
by woody plants (Pinus sylvestris and Betula pendula), which have been growing in the gradient of 
radioactive contamination for more than 60 years. 

Materials and methods. We have selected test sites in automorphic territories located at a 
distance of 5–30 km from the epicenter of the accident. The soil contamination density decreased 
with distance from 70 to 0.4 MBq/m2. Control plots (0.002 MBq/m2) were selected outside the 
EURT area. Few Scots pine stands were found in the head part of the EURT only in areas where the 
soil contamination density does not exceed 10 MBq/m2. We took samples of soils and aboveground 
organs of trees: leaves (needles), small branches 1–5 years old, large branches 5+ years old, trunk 
(wood, bark). The 90Sr content in soil and plant samples was determined by the radiochemical 
method. The beta activity of the preparations was measured on a UMF-2000 radiometer (Russia) 
with a lower detection limit of 0.2 Bq. 

Results. Concentration of 90Sr in air-dry matter and plant ash increased with increasing soil 
contamination density in accordance with the power function. Evaluation of 90Sr accumulation in 
various organs of pine and birch growing on the territory of EURT showed that the radionuclide 
concentrations decrease in the following order: bark> needles (leaves)> small branches> large 
branches> wood. With an increase in the soil contamination density by 90Sr (from background values 
to 70 MBq/m2), the aggregated transfer factors for aboveground organs of P. sylvestris decreased 
from 1⸳10-2 to 1⸳10-4, and for B. pendula, from 5⸳10-2 to 5⸳10-5. Similar results were obtained by us 
earlier for herbaceous plants, mosses and lichens. 

Conclusion. White birch accumulates 90Sr in larger quantities than Scots pine. The 
concentrations of 90Sr in air-dry matter and plant ash were increased with increasing soil 
contamination density in accordance with the exponential dependence. 
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With the recent catastrophes the world had experienced through severe radiation exposures from 
Chernobyl and Fukushima to name a few, it became a major concern to understand the effects of 
fallout radionuclides on us and our ecosystem. Several countries all over the world have collected 
transfer factor (TF) data which are key pre-requisites to develop a radioecological database for their 
region, and produce environmental impact assessment models. With the absence of relevant 
published data and the recent installation of the Barakah NPP in the UAE, there is a necessity for 
such a database. Since there is no standard protocol for studying soil-to-plant TF values in UAE, an 
extensive pilot root uptake experiment was conducted to study the transfer of anthropogenic nuclides 
in local vegetables from the soil. In addition to inhalation and external radiation, one of the major 
radionuclide pathways to humans is via ingestion of plant and animal matter. This TF depends on 
several parameters such as local climate, type of nuclides, and soil and plant characteristics. Factors 
such as soil types, vegetative seasons, local biodiversity, agricultural and pastoral practices, and local 
dietary habits were considered. For the soil, Torripsamments, a red sandy desert soil with high 
mineral content was used with bio-compost due to its high availability for local farmers and low 
salinity as compared to the 9 other great soil groups in UAE. Tomatoes, cucumbers, and eggplants 
were grown outdoors. These plants were decided as they are some of the most locally produced 
vegetable crops in UAE. The control group was watered daily with deionized water and the 
experimental group with spiking solutions of stable isotopes, Sr-88 and Cs-133, respectively, for a 
period of 20 weeks. The stable isotopes simulate the long-lived fallout radionuclides, Sr-90 and Cs-
137, which are assumed to exhibit the same transfer kinetics. Fertilizers were added throughout the 
study as per local agricultural practices. The ratio of isotopic concentrations in the 
vegetables/leaves/stem/roots to the soil will give us the required TF values. Larger scale farm 
experiments with radionuclides will be undertaken in the future using this established protocol. 
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The main route of introduction of radioactive substances into the body of animals occurs through 
animal feed. Over 70% of natural and artificial radionuclides enter the body through ingestion. 
Radioactive substances thus introduced are actively involved in the metabolism of animals and lead 
to a range of health disorders, and are deposited in critical organs and tissues. In this way, indirect 
contamination of products and raw materials of animal origin occurs and through them, endangers 
human health. In today’s global pollution environment, the radiation protection of animal feeds is 
imperative in safeguarding animal health. This paper presents the results of measurements and 
methods for the early detection and control of the presence of natural radionuclides (238U and 40K) in 
animal feed, through the implementation of continuous RH monitoring and measures under regular 
conditions. Radiation-hygiene monitoring under regular conditions should be performed in 
accordance with the Rulebook on the limits of radionuclide content in drinking water, foodstuffs, 
animal feed, medicines (Official Gazette of RS 36/18). In the period from 2016-2020, a total of  
263 samples of animal feed with its additives were tested. All samples were in accordance with the 
rulebook. Out of this number, only 40 samples were with higher activity levels of 238U but still within 
the limits allowed by the rulebook. 
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The Eastern Carpathians incorporates the Neogene and Quaternary volcanic chain, which hosts 
important resources of mineral spring waters. Due to the post-volcanic gas emanations in the area, 
these resources mainly consist of CO2-rich natural springs. The interactions with the aquifer 
geological environment can lead to elevated radioisotopes concentrations in water, explained by the 
naturally higher 238U and 232Th content in volcanic rocks. The aim of the present work is to perform a 
radiological water-quality assessment on 64 spring water samples collected from the Eastern 
Carpathians Neogene volcanic range area in Romania. The spring water samples were collected from 
four counties in Romania, namely Covasna, Harghita, Bistrița-Năsăud and Maramureș. These areas 
are situated in the vicinity of the Neogene Călimani-Gurghiu-Harghita and Oaș-Gutâi-Țibleș 
mountain ranges, and are abundant in CO2-rich mineral spring waters, frequently consumed by the 
locals. The radiological analysis consisted in the measurement of gross alpha and gross beta 
activities, alongside with 222Rn, 226Ra, and 210Po concentrations. Gross alpha activities were measured 
through alpha counting, resulted values ranged between 0.018 ± 0.2 - 7.3 ± 0.4 Bq/l. Gross beta 
activities were in the 0.032 ± 0.003 - 5.8 ± 0.17 Bq/l interval, and were determined by subtracting 
alpha activities from the total activity, which was measured by liquid scintillation counting. 222Rn and 
226Ra were measured by liquid scintillation counting, and the activity values ranged between  
0.6 ± 0.02 and 81 ± 3.2 Bq/l for 222Rn, 3 ± 0.1 and 1154 ± 57.7 mBq/l for 226Ra respectively. Alpha 
spectrometry was used to determine 210Po activities, which were in the 1.5 ± 0.1 - 64.2 ± 7 mBq/l 
interval . The results are highlighting that 14 of 64 samples are exceeding the WHO threshold value of 
0.5 Bq/l for gross-alpha activity in drinking water, and 12 water samples the WHO limit of 1 Bq/l for 
gross-beta activities. 
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The problem of soil degradation has accentuated over recent decades. Aspects related to soil 
erosion and its relation to changes in land use as well as anthropogenic influence constitute a topic of 
great interest. The current study is focused on a soil erosion assessment in relation to land use 
activities in the Pănăzii Lake catchment area. Fallout radionuclides were used to provide information 
on soil erosion as well as redistribution rates and patterns. Variations in the sedimentation rate of the 
lake were also investigated as these reflect periods in which massive erosion events took place in the 
lake catchment area. The novelty of this study is the construction of a timescale with regard to the 
soil erosion events to better understand the relationship between soil erosion and land use activities. 
In this study, 10 soil profiles and one sediment core from the lake were taken. Soil parameters  
(pH, organic matter, inorganic matter and soil particle size) were determined for each sample. The 
activities of 210Pb, 137Cs and 226Ra were measured by gamma spectroscopy. For low 210Pb activities, 
measurements via 210Po using an alpha spectrometer were performed. Soil erosion rates were 
determined by the 137Cs method and the sedimentation rate calculated by the Constant Rate of Supply 
(CRS) model. A soil erosion rate of 13.5 t·ha-1·yr-1 was obtained. Three distinct periods could be 
observed in the evolution of the sedimentation rate. For the first period, between 1880 and 1958, the 
average deposition rate was 9.2 tons/year, followed by a high deposition period (1960-1991) of  
29.6 tons/year and a third period, consisting of the last 30 years, during which the sedimentation 
rate was 15.7 tons/year. These sedimentation rates fluctuated depending on the main land use 
activity, which can also be seen in the soil erosion rates that had almost doubled by the time 
agricultural activities were performed in the area. 
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Field experiments form the primary source of radioecological concentration ratios (CR) used in 
the environmental decision support systems of nuclear entities. With four nuclear power units 
erected, of which one is already operational, and another is in the phase of clod tests, the UAE has 
made considerable progress towards a large-scale, safe, and sustainable national nuclear energy 
program. Thus, it becomes critical to assess the environmental impacts of a planned or accidental 
release of radionuclides in the UAE, from reactor-related facilities or NORM-employing industries 
(such as oil and gas). However, given its unique geography and dry arid climate, comparable data for 
the UAE are rather rare to find. Also, the food and agriculture ecosphere of the country has been 
changing rapidly over the last decade. To fulfill this gap in the arid region databases of the 
international radioecological monitoring bodies, we have designed UAE-specific pilot experiments 
for the soil-to-plant transfer of radionuclides in local produces, fruits, and vegetables. 

In this paper, we present the measurement of the baseline soil-to-plant CR value for the main 
commercial crop of the UAE: date-palms (Phoenix dactylifera L.). With about 40 million trees of over 
100 gene-varieties, UAE’s dates constitute about 12% of the world’s total production. Few recent 
studies have recorded NORM (238U, 232Th and 40K chains) concentrations separately in the soil as 
well as in the date-fruit samples, but their ratios, i.e. the CR data, are scarce or unavailable. For this 
purpose, we have sampled 14 different palm trees and the surrounding soils, from the Um al Naar – 
Sas al Nakhl region of the Abu Dhabi city, following the standard IAEA environmental sampling and 
monitoring guidelines. This activity is a running pilot project started in the summer of 2020. With 
mature fruits (Khalal or later stage), the pedicels, leaflets, leaf-stems, and barks of the trees have also 
been picked. Considering the lack of detailed knowledge for such tasks in the UAE, many aspects of 
work are careful alterations of similar measurements with fruits like apples and strawberries in 
Europe and elsewhere. The soil samples are being prepared for NORM measurements through the 
standard sieving and drying procedures. As a first-of-its-kind work, we present here the development 
of a consistent and reproducible protocol for the baseline date-palm soil-to-plant CR measurements 
in Abu Dhabi, along with a preliminary set of output CR data from our experiments. We also outline 
the long-term program to create a database of CR values for the UAE agricultural crops. Such a 
database can also be applied for other arid and semiarid regions around the world. 
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Crops with edible belowground part are of particular concern under growing on radioactively 
contaminated agricultural lands due to the possibility of direct passive transport of 137Cs into the 
consumable tissues. Meanwhile, similar plants are currently found in the structure of crop rotation in 
the post-Chernobyl territories of the chernozem zone of Russia. 

To assess bioaccumulation of 137Cs in edible belowground parts of agricultural crops, a study was 
carried out in 2016-2019, ≈30 years after the Chernobyl accident, in the area of the “Plavsky 
radioactive hotspot” (Tula region). Agrosystems under study were located in the central (potatoes, 
carrot and beetroot) and peripheral (onion) sections of the contaminated area with the initial level of 
137Cs accumulation 185-555 kBq/m2 and the current level of 80-170 kBq/m2, which is still 2-4.5 times 
higher than the permissible value of the radionuclide content in soil. 

An important radioecological feature of the study area is the deep rehabilitative plowing of soils 
up to 30 cm carried out after the Chernobyl fallout, which allowed to remove ≈70% of 137Cs from the 
main 10-cm rooting zone of cereals and ≈35-40% from the 20-cm arable horizon of other crops of 
field rotation. However, potatoes, onions and root vegetables are cultivated with plowing up to 30; as 
a result, these crops interact with all 137Cs accumulated in soils, the specific activity of which in the 
arable layer ranges from 170 (onions) to 390-420 Bq/kg (potatoes, carrot and beetroot). 

Nevertheless, due to the strong fixation of 137Cs in Luvic Chernozems (clay loamy texture,  
рН 6.5-7.2, humus 6-7%) and the adaptive capacity of the crops under study, the transfer of the 
radionuclide into the plant biomass is characterized by a low intensity. Transfer factors (TFs) of 137Cs 
from soil to total biomass are estimated as 0.32 for potatoes, 0.31 for carrot, 0.26 for beetroot, and 
0.18 for onions. The minimum TF for onion appears to be primarily related to its biological 
characteristics, namely, with being a monocotyledonous plant. the distribution of 137Cs over plant 
tissues has a sharply different character for onions and other listed crops: the radionuclide’s specific 
activity in onion roots is 2.5 times higher than in shoots (bulb and leaves), while 137Cs concentrations 
in the aerial parts of potatoes, carrot and beetroot are ≈3.5, 6 and 6.5 times higher than in the roots, 
correspondently. The values of TFs in consumed potato tubers, taproots of carrot and beetroot, as 
well as onion bulbs (0.012, 0.011, 0.011, and 0.003, correspondently) are less than the respective TFs 
in the total biomass of these crops. 

In this regard, the accumulation of 137Cs in the yield of the studied crops does not exceed 5 Bq/kg, 
which fully complies with the sanitary safety standards and decreases the radioecological risk of their 
cultivation on radioactively contaminated lands. 

Acknowledgments: The reported study was funded by RFBR, project number 20-35-90119. 
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Proton beam therapy (PBT) is developed at Petersburg Nuclear Physics Institute named by 
B.P.Konstantinov of NRC “Kurchatov Institute” in close cooperation with Russian Scientific Center of 
Radiology and Surgical Technologies n.a. acad. A.M. Granov. Currently, the complex modernization 
process is in final stages of upgrading the equipment and software to be used for irradiation of 
intracranial targets with 1 GeV proton beam using the “fly-through” method. This treatment method 
differs from commonly accepted proton therapy method – so called method of “Bragg peak”. The 
“fly-through” method is based on a rotation technique allowing one to rotate the patient using a 
special medical installation and a fixed beam extraction system. 

Dose fields formed by two-axis rotation of the irradiated object in relation to a fixed 1 GeV proton 
beam are calculated using an algorithm developed for this purpose and are measured experimentally 
using a dose detection system with high spatial resolution and weak energy dependence of detectors. 
Dose fields acquired at such irradiation characteristically exhibit a sharp peak of absorbed dose in the 
center of rotation. Depending on the programme of irradiation, it is possible to acquire fields of 
different forms and sizes corresponding to the size of pituitary adenomas. 

As the method of treatment using 1 GeV proton beam is unique and therefore does not fall within 
the norms of existing requirements, the existing commercial software cannot be applied to this 
method. 

Planning system is a designated software product that performs simulation and calculation of 
dose distribution in the zone of interest, makes choice of the optimal irradiation plan for 
performance of PBT upon malignant and benign neoplasms using 1 GeV beam energy. 

A planning system allows one to assess the quality of irradiation programme by calculating the 
dose-volume histogram (DVH). Minimal set of parameters needed for the planning quality 
assessment includes the inconsistency of the dose in the planned target and DVH. The system 
estimates the possibilities of local tumor control and complications in healthy tissues. Using this 
data, medical physicist can choose the most optimal programme for the planned target to be fully 
covered by a set isodose with calculated dose distribution so that the adjacent tissues and structures 
are exposed to a minimal possible dose. 

The planning system being developed is designed for application in PBT centers possessing 
installations with fixed proton beam extraction system and using rotation technology that allows one 
to rotate a patient on a patient’s table. The system will be used by radiologists and medical physicists 
performing irradiation planning with the aim of gaining optimal combination of a dose field and the 
target and minimizing the dose to critical head structures. 
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Synchrocyclotron SC 1000 with the proton energy of 1000 MeV based in Leningrad Nuclear 
Physics Institute was put into operation in 1970. As it turned out, it could be used not only in order to 
conduct research in field of fundamental physics, but also for medical purposes. 

Synchrocyclotron SC 1000 medical proton beam with fixed energy of 1000 MeV was put into 
operation in January 1973 and since 1975 it has been used for medical purposes. 

A unique “fly-through” method based on irradiation of specific brain sections with protons with 
fixed energy of 1000 MeV was developed and used for treatment of patients. Low scattering of 
protons penetrating through an irradiated object combined with the rotation technique of irradiation 
allows one to provide a very high ratio of the dose in the irradiated zone to the dose at the object’s 
surface. It allows one to irradiate tumors in immediate proximity to the life-critical organs. 

At the installation for stereotaxic proton therapy, the beam is centered precisely at the target 
zone. The main element of the installation, the patient’s table, provides oscillation in the horizontal 
plane within the range of ±40°. The anteriour part of the table represents a head-fixation device 
performing oscillation about the X-axis within ±36°. The crossover of both oscillation axes, vertical 
and horizontal, as well as the irradiation beam axis perpendicular to them both, is the center of 
rotation (isocenter). 

Since 1975 until 2013, 1394 patients were treated with the course of proton therapy at the PNPI 
synchrocyclotron. 477 cases were the patients with pituitary adenomas, 502 cases – the patients with 
arteriovenous malformations, 350 patients experienced treatment for the purposes of pain 
management. In 151 cases the treatment was repeated. 

1394 patients are almost 26% of all the patients who experienced proton therapy in Russia and 
2% of the patients treated using this therapy in the world. 

The treatment was performed without damaging the skull and brain tissues. None of the patients 
had any life-critical complications or complications causing disability. All this proves the efficiency of 
the method and validity of its application. 

The results of clinical application of 1000 MeV proton beam in treatment of intracranial 
abnormal and normal structures allow us to promote further development of this field. Stereotaxic 
therapy with a narrow high-energy proton beam is a method alternative to surgical treatment. 
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Purpose. There are contradictory data of breast cancer (BC) appearance frequency in women 
with gynecological malignant tumors (GMT). The purpose of this research is evaluation of BC 
appearance frequency in women with GMT depending on the time passed after GMT detection, age 
when GMT were diagnosed, GMT type, definition of examination tactic. 

Methods and materials. Breast examination results of 2412 women with GMT were analysed 
(ovarian cancer – 442 patients, cervical carcinoma – 998 patients, endometrial carcinoma – 972 
patients. During 5 years following the operation 868 women were being observed (36%), 6-10 years – 
699 (29%), 11-15 years – 531 (22%), over 15 years – 314 (13%). Mammography, ductography, 
pneumocystography and sonography were used. 

Results. Breast cancer was revealed in 27 (1.1%) women; with ovarian cancer – 10(2.2%), 
cervical carcinoma – 7(0.7%), endometrial carcinoma – 10 (1.0%). During 5 years following the 
operation 7 cases (0.8%), 6-10 years – 7(1.0%), 11-15 years – 7(1.3%), over 15 years – 6(1.9%). The 
frequency of disease for BC at the moment of revealing the GMT before the age of 34 – 0.7%,  
35-44 – 1.3%, 45-54 – 0.8%, 55-64 – 1.6%, 65 and older – 0.8%. 

Conclusion. Frequency of breast cancer appearance in women with gynecological malignant 
tumors prevails the morbidity of female population at our region by 19 times and has 2 peaks. The 
highest rate of revealing of breast cancer was observed when gynecological malignant tumors were 
detected on the age 55 – 64 years. The highest risk of breast cancer appearance belongs to patients 
with ovarian cancer (2.2%). 

Taking into account high percent of the breast cancer, diagnosed in women with gynecological 
malignant tumors, it is necessary to examine the patients carefully before operation. 

For breast monitoring the following tactic of using radiology methods of diagnostic was 
recommended annual mammography (if necessary sonography and MRI). 
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The capability of a more precise estimation of the delivered dose constitutes an advantage of 
hadrontherapy over photon-based radiotherapy techniques. In order to maximize the benefits of 
hadron therapy, the effectiveness of the irradiation process has to be assessed through radiobiology 
experiments. This can be pursued by evaluating connected factors such as the dose, Linear Energy 
Transfer (LET) and endpoint effects at the tissue level. In cell irradiation experiments, an optimized 
local control of the beam allows for a precise dose delivery, as the position of the Bragg peak can be 
adjusted in regard to the positioning of the sample. A radiobiology experimental setup was 
implemented at the 3 MV TandetronTM accelerator facility of the National Institute for Physics and 
Nuclear Engineering (IFIN-HH). Geant4 simulations were performed for the calculation of the LET, 
Bragg peak profile and lateral energy distribution, as well as for the beam evaluation at the interface 
between the target volume and exterior medium. We developed a particle tracking strategy, to 
calculate the dose and LET of a proton beam along the propagation axis. For this purpose, we 
provided our custom geometry description for the irradiation setup, along with volume properties 
and specific materials configurations. We simulated a 3 MeV disc-shaped general particle source 
from which the beam was launched through a 6.7 μm thin Au foil, in accordance with the 
experimental conditions. Simulated quantities were recorded in replica of the scoring volume along 
the propagation axis. In each replica, we recorded the dose, LET and particle fluence. We also 
evaluated the kinetic energy of each particle before entering the scoring volume in order to evaluate 
the spatial sampling of the beam as well as its energy distribution. In real experiments, the Bragg 
peak was drawn from measurements of the dose with a Markus chamber placed behind a 6 μm 
incrementing layer of Mylar, with thickness varying from 0 to 60 μm. Following the simulations, the 
recorded data superimposed well over the experimentally recorded values (r = 0.997). The 
positioning of the Bragg peak was reported in both experimental and simulation conditions to be 
appearing at a depth of 36 μm from the air-Mylar interface. An average energy of 1.95 ± 0.1 MeV was 
recorded by simulation at the air-Mylar interface, and evaluated from the kinetic energy distribution 
of each individual particle. The scoring of the LET values in each replica of a 1 μm water scoring 
volume shows the maximum positioned at ~60 μm, ensuring that the first 10 μm of the volume, 
where the 2D cell culture usually resides, will receive ~17.94 keV/μm. The experimental records of 
the Bragg peak were confirmed by the Geant4 simulations. Provided these favorable predictions, we 
were able to further implement our simulations using a higher flux of protons or alpha particles. 
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The most urgent indications for diagnosis are actually non-traumatic hemorrhages, because timely 
identification is important information for further treatment of the patient. Depending on the etiology of the 
cause, we have several diagnostic methods for diagnosing them: 

1. Lumbar puncture 

2. DSA - gold standard (Moniz and Lima 1927 and modification according to Seldinger 1953 through the 
femoral vein). 

3. CT angiography (thanks to Sir Godfrey Hounsfield, Nobel Prize for it in 1979.). With the advent of spiral CT 
scanners, new techniques such as Maximum Intensity Projection-MIP; Volume Rendering-VR; MRA - Bloch and 
Purcell 1952 and Sir Peter Menfield gives the first finding on a man in 1976. 

In principle, we have three types of hemorrhage, SAH, ICH and IVH. The most common causes of non-
traumatic hemorrhage in the brain parenchyma are: 

1. Rupture of aneurysms 

2. Vascular malformations (Basic types of AVM, dural - dAVM, cavernous - CM, venous malformations 
and capillary telangiectasia). 

The AVM is actually a network of vascular channels between the feeding arteries and the draining veins. In 
aneurysms, about 10% are present, and 85% are in the cerebellar hemispheres, and about 50% show signs of 
hemorrhage, which gives a cumulative risk of 2-4% annually. 

dAVF when the feeding arteries flow directly into the venous canals without intervening vascular networks. 
They make 10-15%. of all VMS. Acquired lesions are created either through existing micro shunts or by 
angiogenesis, we most often meet them at the age of 40-60, and the risk of hemorrhage is about 2% for each year. 

Cavernous malformations CM- They cause recurrent bleeding, they are natively presented as well-
separated structures from the surrounding tissue. After radiation, the possibility of hemorrhage is 0.25-0.7% 
annually. Cavernomas are angiographically occult. 

Venous malformations are thin-walled and the risk of hemorrhage is about 0.34% annually. 

Capillary telangiectasias are found in autopsies of 16-20% of all vascular malformations. 

3. Hypertension 

They are most common at the age of 45-70 years and make up about 50% of intracranial non-traumatic 
hemorrhages, where about 75% are localized in the basal ganglia putamen / extrnal capsules 60-65%. 

4. Embolic infarction with reperfusion 

It is presented as a hemorrhagic transformation of the initial ischemic lesion, which occurs 24 hours after the 
onset of ischemia. At autopsies it is in 50-70% of all arterial infarcts. 

5. Anticoagulant therapy and coagulopathies 

One of the causes of hemorrhage is anticoagulant trapia (heparin, warfarin, aspirin). 

Coagulopathy is present in hepatocellular disease, vitamin K deficiency as well as DIC - disseminated 
intravascular coagulopathy. 

6. Bleeding in the tumor itself 

The pathology is unclear, it occurs in high-grade tumors due to neovascularization, rapid tumor growth and 
necrosis, plasminogen activation or invasion of vascular structures. The frequency is 1-15%. 

Other causes of non-traumatic bleeding in the brain parenchyma are: 

7. Cortical vein thrombosis 

8. Amyloid angiopathies 

9. Pituitary apoplexy 
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Vector-driven internal radiotherapy is a rapidly growing field that completes the conventional 
techniques for cancer treatment such as surgery, chemotherapy or external radiotherapy. The 
appropriate radionuclide is coupled with a specific vector (monoclonal antibody, peptide…) in order 
to deliver the radioactivity specifically to the tumor cells. Contrary to the other methods, 
radioimmunotherapy allows the treatment of diffuse or metastatic tumors, limiting damage on the 
healthy tissues. Recent developments in isotope production now provide access to novel 
radionuclides and open new opportunities for theranostics. However, the production of novel 
radiopharmaceuticals is often limited by a short half-life (few days), high specific activities (> GBq/g) 
and high levels of isotopic purity required (> 99.9 %). Therefore, reliable and efficient separation and 
purification processes are needed. Solid phase extraction processes are an attractive solution for the 
purification of radionuclides, as they allow using simple, compact equipment, with obvious 
advantages for radioprotection and handling. Moreover, this type of processes produces less waste 
and effluents compared to solvent-type extraction and are largely operated using remote control. 

An isotope of ruthenium has been selected for the development of a new radiopharmaceutical, in 
agreement with several criteria established by physicians, radiochemists, and nuclear engineers. 
Ruthenium can be produced from an irradiated metallic target. After dissolution of the irradiated 
material in nitric acid, ruthenium can be extracted and purified by solid phase extraction using a 
series of organic resins, either commercially available or specifically developed for this application. 
Results concerning the performance of the various resins in surrogate solutions will be presented and 
discussed. The present studies pave the way to the development of novel ruthenium separation 
processes and contribute to a better understanding of the factors influencing the extraction 
properties of ruthenium isotopes. 
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Recently, redox nanomaterials (NMs) have revealed growing interest in biomedical area as a 
novel class of theranostic agents with antioxidant action, which can eliminate the negative effects of 
oxidative stress decreasing the level of Reactive Oxygen Species (ROS) in living organism. As NMs 
with inherent antioxidant properties and catalase-like behavior (CAT-mimetics), CeO2, Mn3O4, 
Co3O4, Fe3O4 nanoparticles (NPs) have been reported, whereas for Mn3O4 and V2O5 NPs glutathione 
peroxidase activity (GPX -mimetics) has been mentioned. Superoxide dismutase like behavior  
(SOD-mimetics) has been described for Mn3O4, Co3O4, carbon nanotubes, and functionalized 
fullerenes. Since the overproduction of ROS, such as superoxide (O2

∙-), hydroxyl radical (OH), 
hydrogen peroxide (H2O2), etc., in cells is associated with the development of various diseases 
including cancer and age-related ones, finding new therapeutics enable to control ROS level is an 
important challenge. 

In present study, we report an antioxidant action of GdYVO4:Eu3+ NPs (d=2 nm) at both X-ray 
and UV-irradiation in water solutions, model system of cell membranes and in cells suspensions. The 
ability of GdYVO4:Eu3+ NPs to decrease the ROS concentration in test media has been revealed by 
spectroscopic methods using various ROS sensors. The mechanism of ROS scavenging for 
GdYVO4:Eu3+ NPs is proposed and discussed. Antioxidant action of GdYVO4:Eu3+ NPs is ascribed to 
the presence of ions with changeable valence states (V3+/ V4+/V5+) in the crystal lattice of the NPs and 

reversible switching between V3+↔V4+ and V4+↔V5+ vanadium oxidation states that provides GdYVO 
NPs enzyme-like activity. 

Antioxidant action of GdYVO4:Eu3+ NPs make them prospective in biomedical applications to 
decrease the ROS level in living organism and prevent oxidative stress development. GdYVO4:Eu3+ 

NPs are also revealed to be effective ROS scavengers in conditions of X-ray or UV irradiation that 
make them unique therapeutics with radioprotective effects. 
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The application of various drug delivery systems, which have been developed recent decades, 
offers many potential advantages in cancer treatment strategies including Photodynamic therapy 
(PDT) [1]. PDT is a method for cancer, infections, and some other diseases treatment, which 
combines the use of а specific agent – photosensitizer (PS), usually organic molecules, and action of 
light with appropriate wavelength to excite photosensitizer, which then transfers the absorbed energy 
to molecular oxygen generating cytotoxic reactive oxygen species (ROS), especially highly toxic 
singlet oxygen (1O2) [2]. The main advantage of nanoparticles (NPs) application in PDT is associated 
with scintillation NPs (SNPs) and their composites with conventional PSs that make possible the 
treatment of deep tumors. In such SNPs-based systems, which are excited by X-ray, excitation energy 
is transferred from the excited SNPs to organic PS molecule via the Förster resonance energy transfer 
(FRET) mechanism with subsequent ROS generation by PS molecules [3, 4]. 

Here, we report on the сreation of an effective complexes on the base of scintillation nanoparticles 
LaF3:Tb3+ and organic photosensitizer Rose Bengal (RB), which could be potentially applied in X-ray 
induced PDT for deep-seated tumour. 

The resulting complexes on the base of scintillation LaF3:Tb3+ NPs (average diameter sized 
between 10 and 15 nm) and organic photosensitizer Rose Bengal have been created in water solutions 
using physical dyes adsorption on the surface of SNPs, which reveal 100% FRET from LaF3:Tb3+ 

SNPs to organic PS RB under UV-light or X-ray irradiation. It has been shown that upon UV-light or 
X-ray irradiation, created LaF3:Tb3+ – RB (40:1) complexes reveal the efficient singlet oxygen 1O2 
generation. Moreover, LaF3:Tb3+ SNPs reveal efficient hydroxyl radical OH generation that increases 
the total toxicity of the created LaF3:Tb3+ – RB complexes and could serve the problem of treatment 
of hypoxic areas in tumor cell population during X-ray induced PDT. 
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Purpose. Mechanical isocenter of linear accelerators have to be verified regularly. There are 
several different techniques for determination of the isocenter of accelerators. The optical system for 
measurements of the accelerator isocenter has been designed. The aim of this work is to present the 
system optical system called NaviRation designed for making all mechanical tests of linear 
accelerator. 

Materials and methods. The system consists of two optical cameras mounted on a horizontal 
arm at a distance of 1 m from each other and from the marker set. The cameras are positioned at 
distance of about 2 meters from the isocenter of the accelerator. The marker set is placed sequentially 
on the arm of accelerator, on the top of the treatment table and on the collimator. During the rotation 
of the each part of the accelerator the position of the marker set captured by the cameras are 
transferred to the computer. With the specialized software the actual position of rotation axis 
(isocenter) is calculated. Finally, the actual position of the axes of all three rotational parts of the 
accelerators is numerically and graphically presented. 

Results. The precision of our system obtained with the coordinate-measuring machine reviled 
that the imprecision is smaller than 0.1 mm. We have performed all feasibility tests using two 
accelerators installed in the National Cancer Center in Warsaw with two Varian accelerators Clinac 
2300 CD and Edge. Comparison of our measurements with the measurements carried out by the 
Varian service with the specialized micrometer system showed the conformity of both measurements. 
Our measurements were 10 times shorter than the measurements performer with the system used by 
Varian service. 

Conclusion. The results of the performed measurements fully confirmed the suitability of our 
system for the rapid performance of mechanical tests of the accelerator. 
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The aim of this work was to study the dependence of possible differences in the results of Monte 
Carlo calculations on the choice of a specific software package based on this method. The specific task 
of the study was to compare the results of calculations using the software packages GEANT4 and 
SRNA [1]. The beam profiles at different depths, the depth dose distributions of protons, and the 
isodose curves for the proton therapy unit based on the linear proton accelerator of the INR RAS 
were calculated. This facility is now of additional interest, because of the prospects of its use for 
FLASH therapy [2]. The main parameters of the nucleon-nucleon interactions were the same in both 
cases, so the possible differences in the calculation results can be attributed to the properties of the 
programs themselves. As a model installation, as well as a sensitive detector, a water phantom and a 
scattering plate made of PMMAs with a thickness of 0.1 to 2 cm were used for various model 
experiments. The initial proton energy was 209 MeV. Preliminary results show that in SRNA, 
compared to GEANT4, there is a dip of 5-10% in the depth dose distributions in the region of the 
plateau before the Bragg peak and approximately the same increase in the width of the beam profiles 
at greater depths. This may indicate a stronger contribution of proton scattering in SRNA compared 
to GEANT4. 
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It has been established that the patient’s pathways may differ from their formal routing. The 
multimodal interdisciplinary approach to skin cancer treatment mitigates the risks of medical care 
delay, helps to develop patients’ adherence, use personalization treatment approach and safe human 
resources. 

Purpose of the study was to describe the state of skin cancer care at the oncology dispensary, 
reveal risks of medical care in time provision, formulate requirements for the optimal organization of 
oncological care and propose its improvement taking into account quality, accessibility, and patient 
adherence. 

Materials and methods. Patient routing was assessed using observation, description and 
measurement methods. Based on the medical site statistics, the main risks of compliance with the 
requirements for routing and the timing were identified. Using the methods of system analysis, a 
model of the optimal organization of skin cancer medical care in the region was built. 

Results. Due to the high incidence of skin cancer, the improvement of the oncodermatological 
service in the region and the optimization of patient routing can be considered as a priority task. The 
main risks of the existing organization of the patients flow are the risk of exceeding the period of 
diagnostics, the risk of exceeding the treatment start, the risk of low patient adherence and the poor 
follow-up, inability to provide a personalized medical care which corresponds to patient’s individual 
needs. Excessive patient’s logistic during the entire cycle of diagnosis and treatment, excessive costs 
of highly specialized human resources and their remoteness from the main patient flow are 
considered as the basis for organizing a multimodal skin cancer oncology care. 

Discussion. The developed model is based on a value-oriented approach, risk-oriented 
approach and contributes to the achievement of a synergistic effect at the regional level through a 
comprehensive solution to the problems of introducing innovations in the industry. 

Conclusion. The presented multimodal design of the skin cancer care is aimed to achieve a 
synergistic effect due to the maximum concentration of competencies and resources. Allocation 
resources in accordance with the patients needs should contribute to improving the healthcare 
quality and accessibility, and develop patient adherence. 

https://doi.org/10.21175/rad.abstr.book.2021.36.6


 

286 

Determination of tissue volume in 
100% isodose for application with brachytherapy cylinder 

Zoran Stefanovski, Petar Chakalaroski, Violeta Klisarovska 

University Clinic of Radiotherapy and Oncology, Skopje, North Macedonia 

https://doi.org/10.21175/rad.abstr.book.2021.36.7 

Introduction. Among the minimum requirements for reporting gynecological brachytherapy 
treatment is the reporting of the size of the volume occupied by 100% isodose line (V100). This 
requirement also applies when a cylinder applicator is used to irradiate, most commonly, 
endometrial cancer. This volume is easily found from DVH plot. However, the total reported volume 
also includes the part of the volume occupied by the cylinder applicator. But we should report only 
tissue volume receiving at least 100% dose. 

This work describes the procedure for obtaining this volume and makes statistics to see what the 
deviations of the reported volume between different patients are. The most often clinically used 
cylinders were cylinders with diameters of 3.5 and 3 cm. The reference points at which the dose was 
normalized were at distances of 5 or 10 mm from the top of the applicator for the dose of 7 Gy. 

Materials and Methods. Treatment planning is carried out on the Varian BrachyVision 
treatment planning system. To determine only the volume of tissue covered by 100% isodose, it is 
necessary to set one side of the calculation grid to pass through the intersection of 100% isodose and 
the surface of the cylinder. When this is done, we can measure the distance from the top of the 
cylinder to the bottom edge of the grid. In this way we can calculate the volume of the cylinder that is 
enclosed by the 100% isodose curve. The difference in volume covered by 100% isodose surface and 
the volume of the calculated part of the cylinder gives the actual volume V100,t of tissue irradiated with 
at least 100% of the prescribed dose. 

Results and Discussion. For a cylinder with a diameter of 3.5 cm and a normalization point  
5 mm from the top, the mean value of V100,t was 7.17 cm3 and the standard deviation was 2.84 cm3. 
For a cylinder with a diameter of 3 cm and a normalization point of 5 mm, the mean was 11.19 cm3 
and the standard deviation was 6.18 cm3. For a cylinder with a diameter of 3.5 cm and a 
normalization point of 1 cm from the top, the mean value of V100,t was 26.53 cm3 and the standard 
deviation was 5.46 cm3. For a cylinder with a diameter of 3 cm and a normalization point of 10 mm, 
the mean value was 26.76 cm3 and the standard deviation 4.38 cm3. Comparison of confidence 
intervals suggests that in both cases the volume covered by 100% isodose originated in the same 
population (p=0.061). The volume of 100% isodose calculated for the whole grid, V100, in average is 
(3.65 +/- 1.26) times the V100,t for a 3.5 cm cylinder and (3.34 +/- 1.45) for a 3 cm cylinder. 
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Introduction. The verification of the absolute dose distribution planned in external beam 
treatment planning system (TPS) could be realized either indirectly – as a calculation of monitor 
units / irradiation time or a measurement of a fluence map, or directly – through the measurement of 
dose distribution during the treatment plan realization by a medical accelerator. Only the second one 
enables to review at the same time the physical ability of a particular accelerator to implement often a 
very complex treatment plan and the exactness of linac model implemented in TPS. The final 
evaluation of the dosimetric verification of a treatment plan is influenced by the applied 
measurement method itself and by its spatial resolution. The difference between dose-to-water and 
dose-to-medium calculations, and tissues inhomogeneities (tumor location) on the results of 
dosimetric plan verification are studied to set a path towards better accuracy of photon radiotherapy. 

Materials and methods. Stereotactic body radiation therapy (SBT) plans were taken into 
analysis. These plans incorporate small field issue and steep dose gradients, making the dose 
distribution verification more demanding. Lung, bone and pancreas tumours cases were under 
consideration to study the tissue inhomogeneities problem. 

RT plans were prepared in Monaco v.5.11 treatment planning system and realized on Elekta 
Synergy linac with Agility multileaf collimator (5 mm leaf width). 

The following dosimetric methods were compared: 

• 2D measurement of dose distribution in the plane of ionization chambers of 
MatriXXEvolution® device placed in MultiCubeTM phantom, 

• 3D dose reconstruction in Compass® dosimetric system on the base of measurements using 
MatriXXEvolution® (1024 ion chambers array) and Dolphin® (transmission 1513 ion 
chambers) devices. 

The following criteria of global gamma index: DTA=3mm/ΔD=3%, DTA=2mm/ΔD=3%, 
DTA=2mm/ΔD=2% and DTA=1mm/ΔD=5% were used to investigate the influence of spatial 
resolution of applied methods as well as the precision of absolute dose reconstruction. 

Results and conclusions: Gamma criterion of 3mm/3% not allows to investigate the 
differences between planned and delivered dose distribution in SBRT modality – tighter criteria 
should be used. However, the value of DTA criterion which could be fulfilled in a particular plan 
verification is closely correlated with the resolution of the measurement device, i.e. the distance 
between detectors and volume-averaging phenomenon. 

It is possible to fulfill the tolerance of 95% passing points using SBRT gamma index criterion even 
using measuring device with limited resolution, provided that the dose is reconstructed with an 
independent algorytm by the dosimetric system having its own linac model (independent from the 
TPS). 3D map of gamma index on patient CT is the best choice for plan verification – visualization of 
the regions where the result of dose deposition is uncertain helps to conduct RT in a safer way. 
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Over the past decades, technological advances have improved the efficacy of radiation therapy 
(RT) cancer treatment. Nevertheless, the RT potential is still limited by normal tissue complications: 
the absorbed dose in fact peaks few mm after entering the patient body while, afterwards, it 
exponentially decreases irradiating the healthy tissues placed along the beam direction before or after 
the target volume. On the other side the specific interactions of charged particles with matter 
(resulting in the so-called Bragg Peak distribution) can help in sparing the healthy tissues, while 
keeping the same target volume coverage. This characteristic has been already exploited in Particle 
Therapy (PT) which uses protons and carbon ion beams. Very High Energy Electron (VHEE) beams 
have thus been explored as well as other charged particles, as they have enough energy to reach deep 
seated tumours. However, an advanced and effective technology with dedicated facilities 
(acceleration lines, treatment rooms, gantry, etc.) is needed to treat with proton, carbon or electron 
beams, resulting in a high cost per treatment. 

In this context, FLASH radiotherapy represents a promising perspective, thanks to the achievable 
significant reduction of the healthy tissue damage: several pre-clinical studies recently claimed that 
the toxicity in healthy tissues related to tumour treatments can be significantly reduced (from 80% 
down to 60%), while keeping the same efficacy in cancer killing, if the dose rate is radically increased 
(∼10 Gy/s, or even more) with respect to conventional treatments (∼0.01 Gy/s). Several laboratories 

are performing first tests of FLASH irradiation. A possible limitation in delivering protons at FLASH 
rates is currently represented by the treatment delivery approach performed, so far, using the pencil 
beam scanning approach: to fully cover the planned treatment volume several seconds are needed 
and this reduces the dose-rate which may be far too low to induce the FLASH effect. For what 
concern photon beams instead, the implementation is currently limited by technical aspects related 
to the delivery of FLASH intensities. 

In this contribution an approach to cure deep-seated tumors exploiting the FLASH effect, using 
VHEE beams with energies above 50 MeV will be shown. In particular the contribution will focus on 
how recent developments in electron beam therapy could reshape the landscape of prostate 
treatments. An example of VHEE treatment optimised combining an accurate Monte Carlo 
simulation with a simple modelling of the FLASH effect will be compared with conventional RT. The 
results demonstrate that FLASH therapy with VHEE beams of 70-130 MeV could represent a valid 
alternative to standard RT allowing a better sparing of the healthy tissues surrounding the tumour, in 
the framework of an affordable technological development. 
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Radiotherapeutic methods play a significant role in cancer treatment. Proton therapy (PT) is being 
administered since many years to the patients with different types of cancer, including brain tumors. Due to the 
remarkable physical properties of proton beam, allowing for the delivery of the radiation to specific and very 
precise brain volume with almost no exit dose, protons are particularly appropriate for these tumors. Proton 
boron capture therapy (PBCT) for suggested few decades ago for cancer treatment based on specific nuclear 
reaction of proton captured with boron-11 atoms in the Bragg peak region. The effect of boron is based on the 
reaction of nuclear fusion. Emission of Linear Energy Transfer (LET), α-particles, related by proton-boron fusion 
reaction in the Bragg peak region causes irreparable clustered DNA damages expected increase in effectiveness in 
killing of the tumor cell. Nowadays there are few publications showing effectiveness of proton beam irradiation 
boron-11-containing (sodium borocaptate, ((B12H11SH)Na2), BSH) cancer cells [1,2]. Single number of studies on 
this issue and the contradictoriness of the obtained results raises question on the effectiveness of  
BSH sensitization in proton irradiation, as well as the physical nature of the described effect. 

In present study, we have examined the possibility to enhance biological effects of proton irradiation in 
boron-containing cultured glioma cells. 

At first, the cytotoxicity of BSH for two glioma cell lines (A172, Gl-Tr) and normal epithelial cells (DF-2) was 
determined. The cytotoxic effects of BSH at 0-1000 ppm of 11B concentration have been studied by the 
AlamarBlue® Assay after 7 and 18 hours of incubation with BSH. Sodium borocaptate appears to be non-toxic for 
the normal morphology DF-2 epithelial cells. Insignificant toxicity of BSH was determined for glioma cells at the 
concentration of boron more than 160 ppm. There was no effect of BSH on cell cycle distribution in both 
glioblastoma cell lines after 7 and 18 hours of incubation in the presence of sodium borocaptate. 

Next, the glioma cells were irradiated using clinical proton beam setup in the presence of BSH. Glioma cells 
were preincubated with BSH (boron concentration 80 ppm) for 7 and 18 hours and then irradiated in 6-well 
plates in a medium containing boron with a clinical proton beam at Bragg peak in a dose range of 0-6 Gray. 
Control cells were cultured and irradiated under the same conditions, but without the addition of BSH to the 
culture medium. To test whether the physical nuclear reaction results in an enhancement of the cell death by 
high-energy proton beam irradiation the glioma cell lines were also irradiated with graded doses 0-6 Gray using 
lift-up type 60Co-based γ-ray setup. The radiation sensitivity was determined by the AlamarBlue® Assay and 
cologenic assays using crystal violet for staining. As expected, no radio sensitizing effect of borocaptate was 
observed for both cell lines under gamma irradiation. Some ability of BSH to activate the cancer cell death with 
protons at the Bragg peak irradiation was shown for one glioma cell line (Gl-Tr). At the same time, for the second 
cell line (А172), the observed effect of increased cell death upon irradiation of cells with protons in the presence of 
borocaptate was even less significant. In any case, the sensitizing effect of borocaptate detected for glioma cells 
upon irradiation with a proton beam was significantly weaker than the described effect for prostate cancer cells 
[2]. 

Based on the results obtained in this study and on previously published data, it is obvious that the prospects 
of boron proton capture therapy still require further study and confirmation. 
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Introduction. Skin malignancies have been a radiotherapy target for a long period of time. 
Usually radiotherapy treats non-melanoma skin cancers, particularly as an adjuvant treatment or 
when primary surgical treatment fails to confine the malignant spread. Brachytherapy due to its 
characteristics is an ideal radiotherapy treatment of choice. However, sometimes also metastatic 
tumors arise in superficial and skin tissues. 

Such was the case of 68 years old male patient, who came to our clinic – It was a case of a 
metastatic recidivant tumor. Tumor was presented in patient’s right supraorbital arch with 
dimensions of 4 x 3 x 3 cm and it was vulnerable to touch. Patient had pain originating from his right 
supraorbital arch. Histopathology showed to be a secondary (metastatic) tumor of a previously 
surgically treated kidney cancer (Clear Cell renal adenocarcinoma). 

Objective. Due to patient’s comorbidities there were no options for surgical or systemic 
oncological treatment, thus it was decided to reduce the pain by treating the tumor with 
brachytherapy in palliative setting. 

Methods. Patient received a total of 5 fractions (once a week) over the course of 28 days of  
HDR-brachytherapy by using a surface contact applicator (BA 40mm) with a prescribed dose of 7Gy 
on a depth of 7mm and an estimate surface dose of 11.6 Gy per fraction. Patient received total 
brachytherapy dose of 35Gy (an estimated surface dose of 58Gy) and estimated EQD2 dose (α/β=5) 
of 60Gy. 

Results/Clinical outcome. On the first check-up patient reported that the pain subsided to a 
significant level of decrease (almost non-existent) while locally there was an evident tumor shrinkage 
with a small residual mass present (measuring several millimeters across) situated at the bottom of 
the operative lacunar defect. Sadly, patient did not show on the next appointments. 

Conclusion. We may conclude that even a considered radioresistant tumors with low rate  
α/β ratios like in this presenting case, can be successfully treated with HDR-brachytherapy (if it is 
site applicable). 
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This work presents results of radon activity concentration in groundwaters from fore-sudetic 
monocline area in Poland. Authors collected 52 samples of groundwaters from polish part of  
fore-sudetic monocline, located in western Poland. This area, as a geological unit, is completely 
covered by Tertiary and Quaternary sediments. Water samples were taken mostly from private wells, 
therefore it could confirm that all these waters are shallow circulationg waters and their reservoir 
rocks are younger than the monocline itself. 

In this research 222Rn activity concentrafion were measured, as well as 226Ra activity 
concentration and basic water parameters were checked (ORP, pH, T, conductivity). To determine 
activities concentrations of both isotopes authors used LSC method. 

Range of 222Rn and 226Ra activities concentrations in these groundwaters were respectively from 
0.18 to 19.78 Bq/dm3 and from 0.08 to 0.75 Bq/dm3 (in the case of 226Ra only three results were 
above the limit of detection which is 0.05 Bq/dm3). According to Przylibski's classiffication, most of 
these waters are poor-radon waters (24 samples), 19 of them are free-radon waters, and 9 samples 
represents low-radon water type. The range of hydrogeochemical background of radon in 
groundwaters from fore-sudetic monocline is from 0 to 11.0 Bq/dm3. 
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A method based on soil permeability estimates and radon in soil concentration measurements 
was used to assess radon potential for the first time in our region. The methodology for soil 
permeability evaluation proposed in the literature is based on determining the weight percentage of 
fine fraction (particles smaller than 65 µm) in soil samples and classifying of soil permeability index 
for the radon according to it. Soils with the weight percentage of the fine fraction below 15% were 
classified as high permeable, in the range 15-65% as medium permeable, and in the case of the fine 
fraction above 65% as low permeable. A soil grain size distribution analysis was performed by laser 
diffraction dry method using a particle size analyzer Mastersizer 2000, Malvern Instruments. Radon 
concentrations in soil gas were measured in situ by an active RAD7 radon monitor with stainless soil 
gas probe inserted down to a depth of 80 cm using grab protocol which considers sniff mode of 
pumping and four five-minute cycles of counting. Combining the obtained results for soil 
permeability indexes and soil radon concentrations, the radon potential in the Vojvodina region was 
estimated at 14 locations, indicating that the radon risk is in the low and medium class. Parent 
material for all analyzed types of soil is loess – a typical example of soil with a high amount of the fine 
fraction which corresponds to low permeability, but in great dependence on soil humidity. Two 
additional locations in the Southern part of Serbia were included also in this study with a different 
geological substrate. 
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Radon is the radioactive gas originating from the decay chain, mainly uranium and thorium 
series. The main source of population exposure to ionizing radiation (more than 80 %) is the natural 
radioactivity. Radon and its short lived progeny contribute with more than 50 % to the radiation dose 
received by the general population from all sources, and the World Health Organization has 
recognized radon as the second most important cause of lung cancer. 

The European Council has laid down a basic safety standards (BSS, Council Directive 
2013/59/Euratom) for the protection against the dangers arising from exposure to ionizing radiation, 
obliging member states, among other, to investigate the exposure of members of the public and 
workers to indoor radon, to develop a radon action plan and to inform the public about radon levels 
they are exposed to. As a consequence, this has led to increased number of indoor radon 
measurements in recent years. 

There are numerous methods for indoor radon measurement which can be performed either by 
direct measurement of radon or indirectly by measuring radon progeny, with or without radon 
presence. The choice of method used depends on the purpose of the measurements, available 
instrumentation and time. 

In order to assess the reliability of indoor radon measurement methods available in “Vinca” 
Institute of Nuclear Sciences, comparative measurement were conducted. Indoor radon 
concentration was measured in four working rooms in Vinca Institute, two offices and two laboratory 
premises, in the period of October-November 2020. In all locations continuous radon measurements 
were performed with tree different active measurement devices: RTM1688-2 and Radon Scout from 
SARAD GmbH, and RadonEye from RadonFTLAB, while integrated radon measurements were 
conducted with charcoal canisters. In addition, Equilibrium Equivalent Radon Concentration EERC 
was measured with radon progeny monitor RPM2200 (SARAD GmbH). Measurement by all active 
devices was performed simultaneously and lasted around 4 days with 1 hour sampling time, while 
measuring time for charcoal canisters was 2 days. In one office and one laboratory measurements 
were repeated and six sets of results were obtained. 

Very good agreement between results obtained by active devices was observed, with correlation 
ranging from 0.72 - 0.98. A certain discrepancy was observed between averaged radon concentration 
from active devices and results from charcoal canisters only in one office. 

https://doi.org/10.21175/rad.abstr.book.2021.37.3


 

294 

High indoor radon concentration in residential houses 

Dusica Spasic, Ljiljana Gulan 

University of Pristina, Faculty of Sciences and Mathematics, Kosovska Mitrovica, Serbia 

https://doi.org/10.21175/rad.abstr.book.2021.37.4 

People are mainly exposed to radon in indoor environments. Exposure to radon and its decay 
products is the second leading cause of lung cancer, and there is a strong synergistic effect with 
smoking. The most significant source of indoor radon is usually the soil around building; radon 
penetrates into houses directly from the soil through fractures and cracks. In some cases the source 
of higher radon could be household water from drilled wells or exhalation from building materials. In 
the European legislation on radiation protection (Directive 2013/59/EURATOM), EU Member States 
are obliged to identify areas/buildings (dwellings and workplaces) in which the mean annual radon 
concentration exceeds the relevant national reference level and to provide information locally and 
nationally about radon exposure and corresponding health risks. Currently, the situation with 
COVID-19 pandemic, and the people’s tendency to stay more indoors in low air exchange rate 
conditions, enhanced risk to radon exposure. 

In this paper we presented the results of continuous indoor radon measurements performed in a 
residential house near the town Kosovska Mitrovica (mining area of Trepča). The house was built in 
the 1970’s with the walls from stones taken from the nearby hills and without concrete slab. Radon 
detector Airthings Corentium Home was used for radon measurements in living room and bedroom 
during spring 2020 (from March to June). Diurnal radon concentrations varied from  
368-1290 Bq/m3 in living room and from 796-2330 Bq/m3 in bedroom during measuring period. 
These variations are presumably influenced by meteorological conditions, lifestyle and occupant’s 
habits. The values of long-term average radon for living room and bedroom were 709 Bq/m3 and 
1377 Bq/m3, respectively. These values are higher than these proposed by the WHO (100 Bq/m3), 
and by the Council of the European Union of 300 Bq/m3 (Directive 2013/59/EURATOM). 

In the near future, an implementation of effective remedial solutions should be provided for this 
house. Also, more new houses should be included in radon monitoring in the mining area, because 
according to these and some previously published results, a high radon area is suspected. 
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The therapeutic properties of thermal mineral waters have been known since ancient times and 
they are quite famous as spa resorts. However, in many cases, these waters contain a certain degree 
of natural radioactivity attributable to elements from uranium and thorium natural decay series. 
Tectonics (and particularly active structures, for thermal waters, in a geological sense) are closely 
related to the occurrence of thermal springs. Radioactivity in thermal water is due mostly to 
dissolved radon and radon daughters. Spatial variations in radon concentration are generally related 
to changes in geology, soil type, and structural controls. High radon concentrations in groundwater 
and soil are observed above structural planes like fault, fracture, fold, and lineaments. 

In the northern region of Portugal, the occurrence and circulation of waters are controlled by 
deep faults generated in metamorphic and/or magmatic environments while in the central and 
southern Portugal, the mineral and spring waters are mostly influenced by rock dissolution 
processes. 

In Portugal there are 33 different types of bottled water, 18 of which are classified as natural 
mineral water and the remaining as spring water. The majority of these waters are sulphurous, with 
low mineralization, with some bicarbonate and gasocarbonic. 

The purpose of this study was to characterize the levels of radioactivity in thermal springs located 
in the Centre region of Portugal, within the structural unit of the Hesperic Massif. A total of 54 of 
water samples were collected from springs/boreholes located at 16 Portuguese spas. Radon 
concentrations were measured by liquid scintillation counting techniques LSC) using an  
ultra-low-level spectrometer (Quantulus 1220), at the Natural Radioactivity Laboratory of the 
Department of Earth Sciences, University of Coimbra, Portugal. Radon levels in thermal water 
presented a wide range of variation, from values below the detection limit up to a maximum of 
approximately 7000 Bq/L. 

Gamma activity levels were also assessed with a GAMMA SCOUT® (GS3) equipment for gamma 
dose rates (µSv/h), with hourly readings during 45 days. The results ranged from 0.083 to  
1.484 µSv/h. According to the European Directive 2013/59/EURATOM the reference level applying 
to indoor external exposure to gamma radiation emitted by building materials, in addition to outdoor 
external exposure, shall be 1 mSv per year. In average, the value of 1 mSv/y was exceeded in all 
monitored locations. 

The results are to be compared with those of an ongoing follow-up study. 
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Rationale, aims, and objectives. The challenge for increased quality of healthcare services, 
coupled with the pressure to achieve more with limited resources, has oriented healthcare 
organizations towards new and more efficient management strategies of providing care, such as 
Lean. However, the study of readiness factors for implementing Lean in this sector is still poor and 
remains one of the reasons for Lean failure. This research aims to identify and validate the readiness 
factors that influence the successful and sustainable implementation of Lean in healthcare 
organizations. 

Methodology. A systematic review of the literature was utilized to generate a synthesis of 
readiness factors that help healthcare organizations to implement Lean. The multidisciplinary search 
engine Google Scholar is used to identify and collect articles published during the period from 2005 
to 2020. Only articles from peer-reviewed journals of credible publishing houses were selected. After 
carefully analyzing the content of 22 selected articles, 11 readiness factors were identified, as the 
main contributors to the success of Lean implantation in healthcare. This work is further extended by 
using the Delphi survey to validate the identified factors from the perspective of 10 healthcare 
experts. The internal consistency of survey questions was assessed using Cronbach’s alpha. The 
consensus level was measured through Kendall’s Coefficient of Concordance W. 

Results. The systematic review of the literature, revealed 11 readiness factors as important 
contributors to the success of Lean implantation in healthcare. After 3 rounds of Delphi, a moderate 
consensus (Kendall’s W=0.519; P<0.001) were achieved among experts’ panel over 9 readiness 
factors, from which 7 factors were extracted from the literature (including support and commitment 
of leadership, organizational culture, and effective communication), while 2 factors were derived 
from experts’ suggestions indicating the presence of strategic approaches in sustaining Lean 
improvement over time. 

Conclusion. Investigation of organizational readiness to implement Lean will help healthcare 
organizations to be better prepared in their initiation of the Lean journey, and will also enable the 
sustainability of improvements. 

Limitations. Firstly, a further understanding is needed whether readiness factors should be set 
before adopting Lean tools, or tools and readiness factors should be implemented synchronously. 
Secondly, it would be interesting to discover if an organization needs to be more focused on some or 
all the factors. 
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Ceria (CeO2-x) nanoparticles are widely studied by both physicists and biologists due to their 
surprising redox activity, which was shown recently in the number of papers providing a basement 
for the new interdisciplinary field of nanoenzymology. However, detailed mechanism of ceria 
antioxidant action is absent up to now due to large number of possible intermediate steps of CeO2-x 
interaction with reactive oxygen species (ROS) of different kinds and absence of consensus between 
different authors. Here we have used a new approach to the investigation of catalase-mimetic activity 
(ability to decompose hydrogen peroxide) and dynamics of ceria-H2O2 interaction based on the 
combined luminescence and absorption spectroscopy techniques. 

We have determined that the redox activity of nanoceria and Re3+-doped ceria colloidal 
nanoparticles depends strongly on the pH, size of nanoparticle, type and concentration of doped ions, 
and presence of laser irradiation. While Re3+ doping improves the efficiency of scavenging of 
hydroxyl radicals (˙OH), it leads to sufficient slowing-down of H2O2 decomposition. This effect was 
explained by the main role of Ce3+/Ce4+ ratio in ˙OH scavenging, and Ce3+-Vo-Ce3+ complexes in the 
processes of hydrogen peroxide decomposition. The role of Ce3+-Vo-Ce3+ complexes is similar to the 
role of active sites of enzymes. The continuous laser irradiation with specific wavelengths leads to 
formation of additional oxygen vacancies, and so, of additional Ce3+-Vo-Ce3+ complexes providing 
better antioxidant activity of pre-irradiated ceria nanoparticles. pH decrease from 7.5 to 4.5 changes 
the type of redox activity of nanoceria from antioxidant (˙OH scavenging) to prooxidant  
(˙OH generation). 

Overall, our results have shown that the dynamics of nanoceria-oxidant interaction is determined 
by the interplay of the content of Ce3+-Vo-Ce3+ complexes in nanoceria, oxidant concentration in 
colloidal solution and temperature. Doping by different ions and/or size variation open the way to 
modify the antioxidant properties of nanoceria, and to obtain nanoparticles with improved catalase-
like activity in both water solutions and biological environment. 
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The purpose of performing a criticality safety assessment is to ensure protection from criticality 
accident consequences, initially by preventing the accident. The application of criticality safety 
techniques across fuel cycle operations at a varied range of facilities is a crucial safety obligation. 
These operations involve several diverse processes and technologies. Based on the process, the fissile 
materials could be in the form of solid, liquid or vapor phases. Fuel cycle operations also involve the 
transport of fuel and waste. 

There are various stages of the nuclear fuel cycle where it is required to consider applying 
criticality safety assessment in plant operations during the plant lifetime. Criticality safety must be 
confirmed in all stages and processes including fissile fuel, specifically: enrichment, fabrication, 
handing, transport and storage, spent fuel reprocessing, waste processing and disposal.  
Sub-criticality is attained by controlled operation within the operating license. Key parameters 
comprise: degree of moderation, control of reflectors, geometry and fissile mass. Controls required 
for production operations include material cross-over for grinding, machining, cutting, handling and 
storage of fissile fuel. 

Fuel processing facilities usually have large quantities of fissile material. Criticality safety 
assessment is typically founded on a deterministic method in which a set of conservative assumptions 
and procedures for fissile material facilities is applied. 

This paper uses methods of Buckling Conversion and Surface Density to estimate the critical size 
of the system and to define limiting conditions for fissile arrays of units. 

The buckling conversion technique is founded on results of the diffusion equation which provide 
a relationship between the spatial neutron flux distribution in a neutron multiplying medium and a 
parameter named “geometric buckling”. Buckling conversion method is useful to execute inclusive 
parametric assessments on criticality safety parameters for uncomplex fissile systems. This method is 
also applicable to convert the neutron leakage characteristics among various simple geometries -such 
as: a sphere, cylinder, or slab-, provided that critical data is available for a certain system. 

Surface density technique can be utilized to determine the subcritical center-to-center spacing for 
regular and irregular shapes of fissile materials that are staged or stored in finite array arrangements 
where the array dimension in one direction is limited. This method is effectively applicable to various 
process configurations in which each unit is substantially subcritical. 

The present paper highlights the potential hazards related to criticality and associated with a 
nuclear fuel production facility. It presents the determination of subcritical limits as part of nuclear 
criticality safety which is fundamental for ensuring that processes involving fissile material remain 
safe 
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The Center for permanent education (CPE) of the “Vinča” Institute of nuclear sciences is a unique 
educational institution in Serbia. The main objective of the CPE is an additional and complementary 
education of various profiles of specialists who use radioactive isotopes and sources of ionizing 
radiation in their everyday work in accordance with the Law on Radiation and Nuclear Safety and 
Security of Serbia. 

Application of ionizing radiation in various fields of activity (industry, medicine, scientific 
research) carries the appropriate risks to the health and safety of those who work with ionizing 
radiation sources. It is therefore crucial that the handling of radioactive sources and ionizing 
radiation generators, as well as the handling of nuclear waste, be in line with certain safety standards 
aimed at protecting those exposed to ionizing radiation. Center for Permanent Education is 
authorized by the Directorate for Radiation and Nuclear Safety and Security of Serbia to provide 
additional training and education for occupationally exposed persons and persons responsible for 
implementing measures radiation protection. Accordingly, the activities of the Center are focused on 
the organization of different types of courses, depending on the category of a particular radiation 
activity. Permanent education program defines: additional and appropriate training before beginning 
work with radiation sources, training of persons responsible for implementing radiation protection 
measures, and periodic renewal of knowledge provided for all occupationally exposed persons at least 
once in five years. The special type of courses refers to courses for work with open sources of 
radiation, where longer and more detailed training is required. 

The aim of this work is to present the achieved results related to the number of held courses and 
the number of participants between 2011 and 2020, as well as years with the most and the least held 
courses and years with the largest and the smallest number of participants. These numbers have been 
changed in accordance with the requirements of legal regulations related to radiation protection. The 
Center for permanent education has worked since 1956, but information about all courses and 
candidates have been kept within database program only since 2011. During that period, 1503 
different courses were held related to radiation protection. The most courses (272) were held in 2018 
and the least (43) in 2011. Regarding the number of candidates, 5805 candidates completed the 
courses in the period between 2011 and to 2020. The largest number of candidates (1036) were in 
2018, and the smallest (185) in 2013. The CPE aims to improve the quality of its services and strives 
to continuously follow and introduce modern and new methods of education for the next period. 
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Nanocrystals, which promote generation of reactive oxygen species (ROS) and stimulate the onset 
of oxidative stress responsible for the development of a variety of adverse conditions, are of great 
prospect for various nanomedicine applications. ROS generation in semiconducting nanocrystals is a 
complex process, the efficiency of which is governed by both nanocrystals characteristics (size, 
morphology, etc.) and external conditions, such as type of irradiation. On the other hand, in 
nanocrystals characterized by high amount of structural defects, for instance, oxygen vacancies (VO) 
in oxide nanocrystals, such defects could serve as traps for charge carriers and are responsible for 
ROS production in nanocrystals even without UV irradiation (in the dark). In our previous works, we 
have shown that GdYVO4:Eu3+ nanocrystals exhibit photo-catalytic activity (ROS production) at both 
UV-light irradiation [1, 2] and in the dark condition [3]. 

In this work, we report controlled redox-activity of small (d=2nm) GdYVO4:Eu3+ nanocrystals in 
aqueous solutions and biological environment. It has been revealed that depending on pre-treatment 
conditions (exposure to UV light or storage in the darkness), the same nanocrystals exhibit  
pro- or antioxidant properties. 

Pro-/antioxidant activity in aqueous solutions was evaluated by UV-vis spectroscopy by the 
ascorbic acid (AA) oxidation test, and hydroxyl radical (•OH) generation analysis. Lipid oxidation 
under the effect of nanocrystals have been also analyzed. 

Multi-functional GdYVO4:Eu3+ nanocrystals with controlled redox-activity are assumed to be a 
new theranostic agent in radiotherapy. 
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The well-known ability of dielectric nanocrystals to generate reactive oxygen species (ROS) under 
X-ray excitation enhances sufficiently the efficiency of cancer radiotherapy making such 
nanoparticles a promising material for biological and medical applications. However, the ionizing 
radiation used during radiotherapy has a great disadvantage of being dangerous not for cancer cells 
only, but for whole organism as well. For solving this problem, we propose orthovanadate 
nanocrystals with pro-oxidant activity without any external stimuli after preliminary irradiation of 
nanoparticles with UV-light [1]. 

Pro-oxidant action of preliminarily UV-activated orthovanadate nanocrystals is shown to be 
associated with superoxide and hydroxyl radical generation and depended on the size of nanocrystals 
and, consequently, on the concentration of surface defects [2]. Oxide nanocrystals contain high 
amount of structural defects (such as oxygen vacancies) which could serve as traps for charge carriers 
and are responsible for ROS production in nanocrystals even long time after irradiation. For small 2 
nm preliminarily UV-activated GdYVO4:Eu3+ nanocrystals, strong superoxide and hydroxyl radical 
production has been revealed, whereas for larger preliminarily UV-activated GdVO4:Eu3+ 
nanocrystals, low level of superoxide and negligible one of hydroxyl radicals production have been 
detected during the storage of the samples in the darkness. 

Orthovanadate nanocrystals with «dark» redox activity after preliminarily UV-activation could be 
prospective for the application in biomedical area as multifunctional therapeutic agents for cancer 
treatment. 
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Commonly used indicators for acid-base titrations are synthetic, and this work was focused to 
identify the natural indicators. The highly colored pigments obtained from selected spices (sumac, 
curry, chilli, saffron, cumin and red pepper) are found to exhibit color changes with variation of pH. 
These spices extracts (methanolic and aqueous) were found to perform well in titrating strong acid-
strong base rather than in weak acid-strong base. The sharp contrast between their colours in acid 
and base made these spices extracts suitable for use as acid-base indicators. In addition, 
spectrophotometric determination of the pKa values of selected spices extracts were performed. As 
these spices extracts have very simple, cost-effective, environment friendly extraction procedure and 
excellent performance with sharp colour change in end points of the titrations, it would be possible to 
replace the standard indicators with these natural indicators. Obtained results shows that the 
analytical potential of the plant extracts is very promising as seen in its application in acid-base 
volumetric analysis 
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The Strategy for radioactive waste management of the Belarusian NPP envisages construction of 
the first stage of the radioactive waste disposal facility (RWDF) by 2030. 

According to the IAEA methodological approach, drafting of the conceptual design of the RWDF 
constitutes the initial phase of its designing. Within the framework of the pre-investment stage of the 
mentioned RWDF construction according to the agreement between the Ministry of Energy and the 
scientific institution “JIPNR – Sosny”, the task to develop a conceptual design of disposal facility for 
very low-level, low-level and short-lived intermediate-level radioactive waste (RW) of the Belarusian 
NPP, generated in the process of its operation and decommissioning, based on the reference 
technologies and existing projects, was accomplished. 

Тhe St. Petersburg subsidiary of “Special scientific and production association “Eleron” – 
VNIPIET took part in the development of the project. 

Currently, a conceptual design for the construction of the RWDF determines the first stage of 
construction separately. 

Within the conceptual design of the RWDF, standard solutions were developed without reference 
to a particular location of the facility, but taking into account the engineering-geological conditions in 
the areas of competitive and optimal RWDF sites. The means of conditioning the RW removed from 
the NPP were substantiated to ensure the compliance of the final RW packaging forms with the 
general acceptance criteria for disposal, and technological solutions for management of the waste at 
the point of disposal were suggested. 

Methods and structures of the RW disposal constructions, as well as basic technical solutions for 
the auxiliary buildings, facilities and systems of engineering support of the specified RWDF, ensuring 
safe and economically feasible disposal of RW generated from the two nuclear power units during 60 
years of operation and at the NPP decommissioning, were justified based on the regulatory 
requirements and the alternative reference technologies and the existing projects. 

The suggested conceptual RWDF design included the following: 

• evaluation of its radiation safety during operation and long-term safety after closure (during 
the post-operational period); 

• a list of possible accidents at RWDF and necessary emergency measures was identified; 

• limits for RWDF safe operation on radionuclides emissions and discharges were justified; 

• suggestions for the organization of the radiation control and monitoring system for the RW 
disposal system during the RWDF operation and the post-operational period were 
presented. 

It is clear that the suggested RWDF concept ensures safe RW disposal in the period of potential 
danger of the RW, taking into account possible external impacts of natural and man-made origin. 

The aggregate technical and economic parameters of the suggested RWDF project were evaluated 
both in general and for the first stage of construction. 
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ВINP SB RAS produces industrial electron ELV accelerators for radiation technologies. The main 
innovative applications are cross-linking of the insulation of wires and cables, production of heat 
shrinkable tubes and films, production of foamed polyethylene, and radiation modification of rubber 
blanks for tires. 

Model range of ELV accelerators covers the range of electron energies from 0.3 MeV to 2.5 MeV, 
beam power up to 100 kW, and beam current to 100 mA. All models have similar concept but differ 
in overall dimensions, length of accelerator tube, and the number of high-voltage rectifying sections. 
This makes it easy to adapt accelerators to the requirements of technology. The system of automated 
control of accelerators and communication with technological lines is constantly developing. 

ELV accelerator with an energy of 0.3-0.5 MeV and beam current up to 130 mA was developed 
and tested. The accelerator is compact in size and installed in local steel shielding. Electron beam is 
extracted through a two-window extraction system with one titanium foil 180 mm wide. 

Usually, extraction device with double-side irradiation is used. However, big size cables required 
high-energy accelerators. To reduce electron energy and improve the absorbed dose azimuthal 
inhomogeneity, four-side and ring irradiation systems were developed in BINP. 

In addition, an accelerator was developed and tested with new extraction device of a focused 
electron beam into the atmosphere. At present, various experiments are run using the installation 
with device for the extraction of concentrated electron beam into the atmosphere for the production 
of nanopowders, surfacing of powder materials for metals, etc. 

New accelerators of the ELV type are also being developed. In particular, the accelerator with an 
energy of 3 MeV and a power of 100 kW is currently being designed. 
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Currently, the development of new research opportunities and the acquisition of new knowledge 
force laboratories to test and improve their competences. Meeting these expectations, laboratories 
regularly take part in various comparative tests, such as PT tests. These tests are probably the most 
important control elements for laboratories. Unfortunately, it is not always possible to perform PT 
tests within the scope of research on radioactivity. This is mainly due to the lack of matrices available 
for comparisons. Therefore, the authors made an attempt to conduct ILC research. Both laboratories 
have been successfully developed their work on measuring radioactivity in food for many years. This 
time, the ILC studies comprised the comparison of 90Sr contents in feedstuff samples. The organizer 
prepared two feed samples (barley grain, powdered whey). All the samples were spiked with a known 
quantity of 90Sr isotope. The liquid scintillation spectrometry method was used to determine the 
activity of 90Sr in the prepared items. The methodology of the ISO/IEC 43-1: 1997 guide were used to 
evaluate the results of the interlaboratory comparative tests. On the basis of the ILC comparisons, it 
was found that the results of the comparisons were satisfactory. Obtaining reliable results allows for 
better monitoring and control of the presence of 90Sr in the environment. 
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Effect of waste rubber particles (WTR) size on elastomers based on natural rubber and 
chlorosulfonated polyethylene rubber (NR/CSM= 50:50) was studied. Two types of WTR with 
different particle size (150–250 μm and 450–600μm) were used. The content of carbon black was 
constant but the content of WTR was varied from 0 to 40 phr. The compounds were prepared by two-
roll mill. The crosslinked materials were obtained in hydraulic press. The irradiation of prepared 
composite materials was carried out using 60Co gamma source at ambient temperature with the dose 
rate 10 kGyh-1 and different total absorbed dose (100, 200 and 400 kGy). The morphology of the 
samples was examined by scanning electron microscopy. It was assessed that WTR with smaller size 
got uniform dispersion. Mechanicals properties were assessed for irradiated and not-irradiated 
samples. It was estimated that the waste rubber particles with smaller size affected better 
enhancement of the mechanical properties. However, tensile strength and elongation at break 
decreased with increasing of WTR content. 
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