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URANIUM MINING LEGACY AND RADIATION PROTECTION

Fernando Carvalho
University of Lisbon, Lisbon, Portugal

The exploitation of radium and uranium in Europe during the 20th century left a legacy of mining
sites and milling facilities with radioactive contaminated materials that today fall in the framework of
the European Basic Safety Standards (BSS) as existing situations of radiation exposure. In Europe
the former radium and uranium producers are currently dealing with environmental remediation of
such sites in order to meet the requirements of the European BSS. This is the case for example of
Germany, France, Spain, Hungary, and Portugal amongst several former uranium producing
countries.

The uranium production in Portugal took place mainly in the vein deposits of the granite region
of center north of the country where sixty deposits of secondary uranium minerals were exploited.
Uranium milling took place mainly at Urgeirica, Bica, Guarda and Senhora dos Remédios and
Castelejo mines. After closure of the last mine in 2001, public concerns about the fate of uranium
residues motivated an assessment of the environmental contamination and public health risk of such
residues in the former mine areas.

The environmental and radiological risk assessment investigation identified the amounts of
waste, radionuclide concentrations and the situations were environmental dispersal of radionuclides
were occurring and could expose local populations through water and food consumption, as well as
the risk of radon exposure and radioactive dust inhalation. Following this radiation risk assessment
the government approved an environmental remediation project for abandoned mine areas and,
from 2005 to the present, about thirty of those former uranium sites were cleaned and remediated.
Environmental radioactivity measurements in soils, water, agriculture products and livestock
produced in the region were made and are made every year in order to maintain surveillance over the
environmental contamination and radiation risks to man and biota.

The case study of the former uranium mine of Cunha Baixa is described in detail to provide
insights into the concentrations of uranium radionuclides in mining and milling waste, mine
drainage and in water from irrigation wells in the area of this mine. Furthermore, the agriculture
products from the local farms, mostly products from irrigated horticulture and farm animals were
analyzed as well and the radiation doses for consumers have been estimated. It was found that the
ingestion of horticulture products grown with irrigation water from contaminated wells was
originating a potential radiation exposure of members of the population of the village nearby,
exceeding 1 mSv/year from mine radionuclides.

Remediation measures applied in Cunha Baixa mine included the coverage of the tailings, the
continued treatment of mine water drainage, and removal of surface soil in contaminated areas. As
the drinking water in the past was partially met with water wells, the supply of tap water through
public waterways was accomplished decades ago. Irrigation of local farms was however an issue,
because the contamination of the local aquifer with acid and radioactivity is high, and water is not
adequate for irrigation. A surface water supply for irrigation was recently built and wells were sealed.
These remediation measures reduced local contamination and exposure of the population to
radioactivity and already improved the environmental and radiological conditions. Lessons from the
past practices in uranium mining and milling and radiation protection measures adopted are similar
amongst the former uranium mining countries. Lessons to retain and procedures currently
recommended to avoid generating new uranium legacies are summarized.
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HADRONTHERAPY: FROM THE CONVENTIONAL TO THE LASER-DRIVEN APPROACH

Pablo Antonio Giuseppe Cirrone

National Institute for Nuclear Physics (INFN), Catania, Italy

Charged particle acceleration using ultra-intense and ultra- short laser pulses has gathered a
strong interest in the scientific community and it is now one of the most attractive topics in the
relativistic laser-plasma interaction research. Indeed, it could represent the future of particle
acceleration and open new scenarios in multidisciplinary fields, in particular, medical applications.

One of the biggest challenges consists of using, in a future perspective, high intensity laser-target
interaction to generate high-energy ions for therapeutic purposes, eventually replacing the old
paradigm of acceleration, characterized by huge and complex machines.

The peculiarities of laser-driven beams led to develop new strategies and advanced techniques for
transport, diagnostics and dosimetry of the accelerated particles, due to the wide energy spread, the
angular divergence and the extremely intense pulses. In this framework, INFN-LNS (Italian Institute
of Nuclear Physics, Catania (I)) in collaboration with ELI-Beamline Institute (Dolny Brezany, CZ)
will realize, within 2017 the ELIMED (ELI-Beamlines MEDical and multidisciplinary applications)
beamline.

ELIMED will be the first Users’ addressed transport beamline dedicated to the medical and
multidisciplinary studies with laser-accelerated ion beams and completely open to the scientific
community wishing to perform experiments with these new beams.

The beamline will permit in-air irradiations of controlled laser-driven ion beams to perform
typical multidisciplinary experiments, from biological irradiations to detector tests and general
samples irradiation.

In this paper, a progress status of the beamline with its main transport, diagnostic and dosimetric
elements, will be presented.



/,
RAD? /

PET/MR IMAGING: TECHNICAL CONSIDERATIONS AND POTENTIAL CLINICAL
APPLICATIONS

Nese ilgin Karabacak

Gazi University Medical School, Ankara, Turkey

Several investigators have proposed or developed techniques to improve the correlation between
molecular and structural information from positron emission tomography (PET) and magnetic
resonance (MR) imaging. PET/MR imaging has the potential to optimize the treatment of patients
with various types of cancer before, during, and after therapeutic intervention. Furthermore,
PET/MR imaging may be useful for optimizing drug development by noninvasively providing in vivo
quantitative data about the pharmacokinetics (absorption, biodistribution, metabolism, and
elimination) and pharmacodynamics of novel therapeutic agents of interest. Finally, PET/MR would
reduce radiation exposure, which is highly desirable for all patients, especially for pediatric patients
and those who undergo multiple examinations).

This presentation is intended to provide an overview of key technical features and challenges
associated with combining PET and MR scanning which we will refer to as PET/MR even if it entails
coordinated scanning on PET and MR simultaneously. On the other hand our goal is to emphasize
the conceptual in order to serve a clinical audience, and therefore the presentation will focus on
clinically relevant strategies and systems. We begin by reviewing the history of PET/CT as it provides
historical context and a useful reference with which the motivation and development of PET/MR may
be considered. We then describe the challenges of combining PET and MR scanning so that readers
may understand some of the strategies used in building these systems. Subsequently we turn to
specific examples of time of flight technology and how manufacturers have applied these strategies to
build the systems that do hybrid PET/CT/ MR scanning for clinicians and consider the pros and cons
of each approach.
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APPLICABILITY OF KO-METHOD FOR ENVIRONMENTAL SAMPLES

Radojko Ja¢imovié

Jozef Stefan Institute, Ljubljana, Slovenia

Neutron activation analysis (NAA) is a nuclear analytical method that utilises the specific
properties of nuclear reactions, thereby enabling simultaneous determination of numerous elements
in environmental samples. There are several possible techniques, differing in input radiation: i)
Neutron Activation Analysis (NAA), ii) Charged-Particle Activation Analysis (CPAA) and iii) Photon
Activation Analysis (PAA).

Due to its sensitivity, versatility and high reliability, NAA is the most prominent of all the
activation techniques (AAS, AES-ICP, ICP-MS, XRF, PIXE, etc.). It enables multielemental analysis
of macroscopic samples (up to 10-12 g of the element in a gram of sample) and the determination of a
relatively large number of elements (approximately 70% of the elements in the periodic table have
suitable characteristics for NAA).

Several different variations of absolute methods and activation analyses have been developed,
which approximately four decades ago led to the introduction of the ko-standardisation method of
NAA. This is a “quasi” absolute method that usually uses compound nuclear constants ko and Qo
which are experimentally determined for each nuclide. These constants are in general use and are
relatively independent of irradiation and counting devices. The ko-library today contains nuclear
data for 144 radionuclides, which enables the determination of 68 elements in an unknown sample.

The Department of Environmental Sciences at the Jozef Stefan Institute (JSI) has been using the
ko-method of NAA for routine analyses for approximately 25 years. The KayWin® commercial
software is used for the determination of elemental concentrations from the analysed gamma spectra.
The ko-method has been optimized for the determination of major, minor and trace elements in
environmental samples using the 250 kW TRIGA Mark II reactor and measurement of induced
gamma activities on absolutely calibrated HPGe detectors. The method has been successfully used in
numerous intercomparison studies and characterisation of reference materials of different origin
(biological, environmental, industrial, geological materials, etc.) prepared by IRMM, BAM, TAEA,
NIST, etc. Last not least, the ko-NAA was applied in various CCQM-KC intercomparison studies
demonstrating calibration and measurement capability (CMC) on national level in the field of
Metrology in Chemistry for the amount of substance: Chemical and trace elements in the organic and
inorganic materials. Some applications of the ko-method of NAA will be presented and discussed.
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SCREENING METHOD FOR RADIOLOGICAL CHARACTERISATION
OF REUSED BY-PRODUCT IN BUILDING MATERIALS

Tibor Kovacs

University of Pannonia, Veszprém , Hungary

NORM materials can pose a significant risk or a great opportunity. For example, in the building
industry there is good potential in the reuse of NORM containing industrial by-products. The
traditional deposition has its own risks as well, but the valorisation of the NORM, the design of new
synthetic NORM based building materials is raising concerns among authorities, the public and
scientists. The engineers and scientists are required to demonstrate that these materials do not pose
significant risks to humans or the environment. In order to avoid the elevated risk an overall
investigation procedure is required focused on the mobility of toxic components (leaching properties)
and radiation exposure (gamma dose rate and radon/thoron exhalation).

Based on our earlier studies the “classic” gamma dose surplus “I index” is not enough to
characterize the by-products. More comprehensive protocol is required.

The last decade in our institute the dominant parameters where studied to characterising the by-
products e.g. radon exhalation, leachability.

Based on our protocol different by-products (red mud, manganese mud, coal ash, drilling mud,
phosphogypsum, etc) were characterized from building material reusability aspects.

According to the results the classic gamma dose surplus determination and “aeric” radon
exhalation is not contain enough information due to the strong influence of the inner structure
(microporosity) to the radon potential. Therefore to get more reliable information to the radon
potential estimation more comprehensive study is necessary.

Other hand a leaching tests are a very important tool for the assessment of long-term
environmental behaviour and environmental impact. In the EU in spite of encouraging tendencies for
the standardisation of methods such as the LEAF protocols, or the harmonisation of protocols for
waste evaluation, there are still no commonly accepted methods for the evaluation of the leaching
characteristics of NORM materials.

To characterize the leaching behaviour three leaching procedures were applied and compared,
Hungarian standard, the international CEN/TS and the Tessier 5-step method.

According to the results the standard method complementing with the Tessier speciation method
gives better insight to which fraction the radioisotopes are bound to.
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MECHANISMS OF RADIATION HORMESIS

Alexey Moskalev

Syktyvkar State University and Komi Scientific Center, Ural branch of RAS, Syktyvkar, Russia

The ionizing radiation damages DNA and cellular macromolecules directly or via production of
reactive oxygen species. A number of mechanisms protect cell from impact of ionizing radiation. The
purpose of this work was to investigate the role of cellular stress-resistance mechanisms including
DNA repair, DNA damage response, detoxification of free radicals, and heat shock response in
Drosophila melanogaster resistance to irradiation and longevity.

We analyzed the effect of ionizing radiation on the level of expression of stress response genes,
and the lifespan of wild-type Drosophila melanogaster laboratory line. To elucidate the role of stress
response genes in longevity we used mutant lines, that were defected in stress response genes, lines
with overexpression of these genes, or flies in which stress signaling pathways were
pharmacologically inhibited.

Results: We found that radiation hormesis, radioadaptive response, and hyperradiosensitivity can
be observed not only in cell cultures but also at the organism level of Drosophila melanogaster by
integral indicators such as lifespan. We also showed that the reaction of an organism to irradiation is
determined by cellular mechanisms of stress resistance (DNA repair, DNA damage response,
detoxification of free radicals, and heat shock response).

Thus, we investigated the roles of some components of cell stress signaling pathways in the
lifespan alteration after the irradiation. We found that despite low-dose irradiation affects the level of
genes expression predominantly stochastically, the mutations in stress response genes,
pharmacological inhibition of their products or genes overexpression play crucial role in
radioresistance and lifespan.

Acknowledgement. The study was supported by grant of the Presidium of Russian Academy of
Sciences N15-4-4-23.
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NUCLEU2020 - A NETWORK OF HORIZON 2020 NATIONAL CONTACT POINTS (NCP)

Sofia Guedes Vaz

Foundation for Science and Technology, Portugal

NUCL-EU 2020 is a H2020 CSA (Coordination and Support Action) project aiming to create an
European wide active network of EURATOM NCPs. The ultimate objective of NUCL-EU 2020 is to
ensure support to Horizon 2020 potential applicants, raising awareness about potential topics and
increase the average quality of proposals submitted under the EURATOM Framework Programme
for Research and Innovation and the overall success rate at EU level. For this to happen there is a
need for letting stakeholders — prospective EURATOM applicants — know of the existence and
potential support of NCPs and in particular of a network of NCPs. For promoting more effective and
successful participation in Horizon 2020, NUCL-EU 2020 offers training, partner search tools and
brokerage events. NUCL-EU 2020 wants to contribute to a step forward on the R&D landscape at EU
level.
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RECEPTOR ACTIVATOR OF NUCLEAR TRANSCRIPTION FACTOR NF-KAPPAB (RANK),
ITS LIGAND (RANKL) AND NATURAL INHIBITOR OSTEOPROTEGERIN (OPG)
INBLOOD SERUM OF PRIMARY BONE TUMOR PATIENTS: ASSOCIATION WITH
CLINICOPATHOLOGICAL FEATURES AND INFLAMMATORY CYTOKINES LEVELS

Nikolay Kushlinskii, Elena Gershtein, Yury Timofeev,
Ekaterina Korotkova, Irina Babkina, Olga Kostyleva, Yury Soloviev

N. N. Blokhin Russian Cancer Research Center, Moscow, Russia

Background: RANK/RANKL/OPG ligand-receptor system is a key player in bone tissue ho-
meostasis directly regulating osteoclast differentiation and osteolysis. Many pathologic processes
imposed by impairments in bone remodeling including tumor growth and metastasizing are
associated with misbalancing of this system; it is also tightly involved in inflammation. Less is known
about its role in primary bone neoplasms.

Objective: RANK/RANKL/OPG and key inflammatory cytokines determination in blood serum
of patients with malignant, borderline and benign bone neoplasms, and analysis of associations
between these markers and principal clinicopathological characteristics of bone tumors.

Design: 199 primary bone tumor patients were enclosed: 121 with bone sarcomas (53
osteosarcoma, 46 chondrosarcoma, 12 chordoma, 8 Ewing sarcoma), 32 with borderline giant cell
bone tumor (GCBT), 46 with benign bone tumors; 131 persons comprised control group. OPG,
SRANKL, sRANK, IL-6, 8, 16 serum levels were measured by standard ELISA kits.

Results: Measurable sSRANK levels were detected in blood serum of less than 50% of malignant
bone tumor patients and control persons, but in 54% of GCBT (median - 107 pg/ml) and in 59% of
benign bone tumor patients. Serum sRANKL levels in GCBT patients’ were significantly higher than
in control and in malignant bone tumor patients. OPG level was insignificantly increased in patients
with all tumor types as compared to control. The highest IL-6 levels were revealed in GCBT patients,
while serum IL-8 and IL-16 did not differ between groups. The degree and direction of changes in
RANK/RANKL/OPG system depended also on histological type of malignant bone tumors, the
changes being more pronounced in chordoma and chondrosarcoma than in osteosarcoma patients.
Serum sRANKL/OPG ratio was the highest in chondrosarcoma than in any other patients group or
control.

Conclusions: Disturbances in osteolysis activators and inhibitors balance in blood serum of
primary bone tumor patients were revealed. Their extent depended on neoplasm character
(malignant, borderline, or benign) and histological structure of malignant sarcomas. Most prominent
changes were found in GCBT characterized by active bone destruction and an accepted target of anti-
RANKL antibody denosumab treatment. Hence, the proteins studied can be regarded as promising
serologic markers and therapeutic targets in this rare disease.

Acknowledgement. Supported by RFBR grant 15-03-00521.
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MOLECULAR MARKERS FOR PRECISE DIAGNOSIS AND THERAPY OF TYPE 2 DIABETES

Sacira Mandal, Adlija Causevic, Sabina Semiz

Faculty of Pharmacy, University of Sarajevo, Sarajevo, Bosnia and Herzegovina

Type 2 diabetes (T2D) is a complex metabolic disease associated with disturbances in metabolism of
carbohydrates, lipids and proteins, and largely under the influence of very complex interactions with
genetic and environment factors. High prevalence and increasing number of patients with T2D in the
world, represent constant challenge for better elucidation of pathogenic mechanisms which contribute to
disease development.

In this study, we try to summarize new molecular markers (biomarkers) which emerged from recent
studies in applied genomics, metabolomics and other modern “omics” technologies as powerful tools in
diagnosis of T2D. Metabolomics, in this context, has a special potential since it uses newly developed
analytical methods in analyses of wide range of metabolites in biological samples.

Number of prospective studies has shown that changes in the concentration of some individual amino
acids, acylcarnitines, hexoses and phospholipids augment or attenuate risk factors for developing T2D.
Polymorphisms in TCF7L2 gene were also significantly associated with increasing risk for T2D
development while studies of lipidomics, genomics and transcriptomics identified molecular markers for
glucose intolerance. Some specific gene variations were identified which affected de novo lipogenesis
(synthesis and metabolism of fatty acids as well cellular signaling and metabolic pathways) and were
significantly associated with concentrations of palmitic, stearic, palmitoleic and oleic acids, the major
saturated and unsaturated fatty acids.

Development of new trends in analysis and detection of different metabolites, especially fatty acids and
amino acids, along with genetic polymorphisms points out new directions in precise diagnosis and therapy
of Type 2 diabetes.
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THE ROLE OF XANTHINE OXIDASE SYSTEM IN RAT'S LYMPHOCYTE
APOPTOSIS UNDER X-RAY EXPOSURE

Tetiana Andriichuk, Nataliia Raksha,
Svitlana Lugova Lugova, Ludmila Ostapchenko

ESC, Kyiv, Ukraine

The complex role of xanthine oxidase (XO) system is linked to the implication in radiation—
induced apoptotic cell death in rat’s lymphocytes. According to modern views the principle regulatory
role of xanthine oxidase during radiation-induced apoptosis is associated with increase production of
reactive oxygen species which cause the activation of intrinsic apoptotic pathways and changes in
expression of redox-responsive genes etc. Therefore, it was important to assess the xanthine oxidase
activity in response to radiation injury and modulation effect of inosine (commercial name
“Riboxine”). According to obtained results the increase (in 2.3 times) of xanthine oxidase activity in
thymus lymphocytes was observed in 3 h after ionizing exposure in 1.0 Gy dose. More significant
elevation (in 3.0 times) of xanthine oxidase activity was detected after ionizing exposure in 7.78 Gy
dose. The increase of xanthine oxidase activity and XO-generated reactive oxygen species resulted in
high level of Bax - the first identified proapoptotic member of the Bcl-2 protein family (main
executors of mitochondrial apoptotic pathway). Bax activates the caspase-9/-3 signalling cascade as a
part of intrinsic apoptotic pathway. Herein we reported about dose-dependent increment of Bax level
in the thymus lymphocytes in 3 h after X-ray exposure. Our investigations also demonstrated the
pivotal role of the redox-sensitive transcription factors NF-kB and AP-1 and the existence of cross
talk between these factors and xanthine oxidase system during radiation—-induced apoptosis. The
injection of inosine prior X-ray exposure led to modulation of radiation-induced apoptotic pathways.
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RELATIONSHIP BETWEEN BEHAVIORS AND CATECHOLAMINE CONTENT
IN PREFRONTAL CORTEX AND HIPPOCAMPUS OF CHRONICALLY STRESSED RATS

Natasa Popovié¢, Snezana B. Pajovié, Vesna Stojiljkovié,
Snezana Peji¢, Ana Todorovié¢, Ivan Pavlovié¢, Ljubica Gavrilovié

“Vincéa” Institute of Nuclear Sciences, Belgrade, Serbia

Chronic stress induces over-activation and dysfunction of stress-activated systems, resulting in
further brain damage and depressive-like behavior. Depression is a potentially life-threatening
disorder that affects people and therefore it is one of the most important public health problems.

This study examined the effects of chronic restraint stress (CRS: 2 hours x 14 days) on anxiety-
like and depression-like behaviors in rats, as well as on the possible changes in concentrations of
dopamine (DA) and noradrenaline (NA) in prefrontal cortex and hippocampus.

We observed a decrease in the number of entries into open arms and time spent in open arms
during the elevated plus-maze test (anxiety-like behavior), as well as increased immobility during the
forced swimming test (depression-like behavior). In addition, we found that CRS increases
concentration of NA and decreases concentration of DA in prefrontal cortex and hippocampus. Also,
we recorded a significant correlation between animal behavior and levels of neurotransmitters in the
prefrontal cortex and hippocampus in stress conditions provoked by CRS.

The results presented here suggest that there is a relationship between animal behavior and levels
of neurotransmitters in the prefrontal cortex and hippocampus in stress conditions provoked by CRS,
which may be important in the research of numerous psychiatric diseases caused by chronic stress.
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UV/T IRRADIATION: ACTIVATION AND ANTIOXIDANT ACTIVITY
AFTER LOW-LEVEL IRRADIATION OF BULGARIAN ESSENTIAL OILS

Yanka Karamalakova, Veselina Gadjeva, Galina Nikolova

Department of Chemistry and Biochemistry, Medical Faculty, Trakia University, Stara Zagora, Bulgaria

During the last years was proven that exposure to UV/y radiation leads to significant changes in
biological systems and normal metabolism of the body, caused an increase in the free radicals level
and continuous oxidative changes.

The Bulgarian essential oils, Rosa Damascena Mill., Lavandula Angustifolia Mill., and Mentha
Piperita Lab. and their components, exhibit antibacterial and antifungal activities, protect against
cancer, dementia, depression, muscle relaxant, body-stress, sleep disorders, headaches and have
demonstrated good antioxidant activity and reduced oxidative changes. Natural oils as typical
antioxidants have compounds able to prevent oxidation processes; reduce oxidation by reacting with
free radicals and by acting as oxygen-scavengers and transferring hydrogen atoms to the free radical
structures. Many scientific reports demonstrated the usefulness of essential extracts as reducing and
radioprotective agents that effectively modulate radiation-induced oxidative stress.

Here, we report freshly extracted oils which reduce or completely neutralized ionizing radiation
and by an additional stage could be used to develop efficient cosmetics radioprotectants, also
applicable in medicine. In this connection the effects were investigated under low-level UV and y-
irradiation on antioxidant, radio-modulatory and free-radical scavenging properties of Bulgarian oils
by using in vitro spectrofotometrical and EPR methods.

For the antioxidant and radio-modulatory activity, essential oils of rose, lavender and mentha oils
(50 ug/uL) (97%) from IREMK, Kazanlak, Bulgaria were used. Oils samples were irradiated by using
UV-light (290-320 nm; UV-vis Transilluminator- 4000 Stratagene)/ rate of 2 hrs; 60Co source at
doses of 2.5, 5, 10, 20, and 30 Gy (Gamma cell 5000, India; 1.4 Gy/h). Immediately irradiated oils
were stored at laboratory conditions (humidity 40 %). EPR experiments were carried out in triplicate
at 23°C on an X-band EMXmicro, spectrometer Bruker-Germany (simulation was performed with
WIN-EPR and SimFonia).

The spectrophotometric studies (EDPA, DPPH, ABTS+, OH., LP, NO, O.2-) of the UV/ y-
irradiated samples with a dose of 5 Gy of the rose oil, were significantly increased compared to those
of the non/irradiated samples of lavender and mentha oils. It was found, when the y-radiation doses
increased, the antioxidant activities, radio-modulatory and free-radical scavenging properties
decreased.

The intensities of the EPR signals registered in the UV and y-irradiated samples at 5Gy were
considerably higher than those of the non-irradiated samples. 30 and 60 days after post-irradiation,
the same EPR spectra with almost the same intensities were registered in the low-level UV and y-
irradiated oils, indicating that the radical structures formed after irradiation in the studied Bulgarian
oils were quite stable, and oils could find application as a good antioxidants/radioprotective agents in
cosmetic.
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DNA-DAMAGE INDUCED STRESS RESPONSE IN BLEOMYCIN-TREATED OR BYSTANDER
CELLS IS MODULATED BY PINKT IN NEURONAL AND NON-NEURONAL CELLS

Mihaela Temelie!, Nicoleta Moisoi2, Diana Savu!

1 National Institute of Physics and Nuclear Engineering, Magurele, Romania
2 De Montfort University, Leicester, United Kingdom

DNA-damage represents a very harmful event for a cell, and so on to the organism as it may lead
either to cellular death or mutations that may induce cancer. It is now known that cells react to DNA
lesions not only by intracellular mechanisms, aimed to repair the damages or to induce apoptosis, but
also by intercellular communication generating bystander effects. The phenomena include induction
of similar lesions in neighbor cells, but to a much lesser extent. While the manifestations of bystander
communication were highly studied, their physiological role was not yet clarified, recently being
more likely regarded as a form of adaptive phenomena. Few studies address bystander
communication in neuronal diseases, the vast majority of them being focused on radiation induced
bystander effects and his role in cancer induction and secondary tumors.

We investigated here mechanisms of bystander communication in a neuronal model (SH-SY5Y
cell line) and in non-neuronal cells (MEFs — Mouse Embrionary Fibroblasts), with emphasis on the
role of a Parkinson-related kinase, PINK1 in this type of signaling.

We proved that PINK1 is required for bystander signaling both in MEFs but also in SH-SY5Y
cells. While bleomycin treatment induced similar lesions in both cellular types (increased DNA
damage, lower viability, induction of apoptosis), the analysis of molecular markers of compartmental
stress showed striking differences in signaling pathways. Secondary, we analyzed the lesions induced
in bystander cells. We proved that the bystander effect, showed as increased genotoxicity, was not
accompanied by viability loss or induction of apoptosis in neither of the cell lines. Regarding
intracellular pathways of stress, we highlighted opposite mechanisms in neuronal and non-neuronal
cells: while in bystander fibroblasts cells the majority of the stress markers evaluated showed
decrease levels following incubation with conditioned medium, in SH-SY5Y cells the levels increased
in the same conditions. All the bystander manifestations were inhibited when we used PINK1
deficient cells (KD/KO) either in the directly treated cells (medium donor), or as bystander cells.

Therefore, DNA-damage stress induces activation of different biochemical pathways in neuronal
vs non-neuronal cells in both directly injured and bystander cells. PINK1 is required for bystander
induction irrespective of the cellular type.
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INDUCTION OF BIOCHEMICAL ACTIVITY OF LACTOCOCCUS LACTIS SSP. LACTIS
UNDER THE INFLUENCE OF ULTRAVIOLET RADIATION

L. G. Stoyanova?, Sara Dbar?, L. P. Blinkovaz2

1 M. V. Lomonosov Moscow State University, Department of Microbiology, Moscow, Russia
2 I. I. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russia

Introduction: Among the various types of radiation UV-rays are the most common and capable
to induce biochemical processes in cells. It is known that the sensitivity to UV- is not the same for
different bacterial species and strains. The radiation is enhanced by the formation of active free
radicals, which are the cause of the non-genetic effects of radiation for the organism. In the initial
stage of the development of culture, the enzymes of the intracellular fund are activated by “SOS”
proteins, which protect the cell from unfavorable factors. Lactic acid bacteria synthesizing
bacteriocins of a peptide nature have antimutagenic properties. The aim of the research is to induce
of biochemical processes of lactococci under the influence of UV-rays.

Materials and Methods: A wild strain of Lactococcus lactis SSp.lactis 229 with nisin-synthesizing
activity of 2500 IU/ml was used. Actively growing young cells are most susceptible to the action of
mutagens. Irradiation of cells of lactococci in dose of 7600 erg/mm?2 for 1-10 min was followed by
their growth in MRS medium and selection after UV-rays treatment. Some lactoccoci had double UV
treatment. The novel strains were restored after lyophilization and storage. Changes in their
antibiotic and enzymatic activity were studied after passages.

Results: The increase in UV exposure to 5 min increased the number of inactive clones to 29.3%
and 36% had nisin synthetic activity below the baseline level. The 12% plus variants with an activity
level above 3100-3350 IU/ml were identified after treatment the bacterial suspension for 10 minutes.
It was an effective dose. As a result variant No.6 with an antibiotic activity of 3350 IU / mL was
selected, which is 27.7% higher than the initial one. The study of the physiological and biochemical
properties of variant No 6, selected after UV-rays treatment, showed that they somewhat changed the
rate of their growth and the synthesis of nisin. This strain became less sensitive to penicillins, but not
cephalosporins and acquired resistance to aminoglycosides inhibiting RNA synthesis.

A study of the dynamics of growth and development of variant No. 12 showed that double UV
treatment extended the exponential phase of growth to 15 hours and the level of accumulation of
nisin with its maximum to 3850 IU/ml. This strain with regard to fermentation of carbohydrates
showed similarity to the initial strain for the consumption of pentoses and more resistant to
antibiotics inhibiting protein synthesis.

It has been established that strain No.6 after lyophilization and storage has been moved to the
wild type both on the level of antibiotic activity and enzymatic activity. Variants No. 12 obtained by
stepwise, double UV-rays, retained the stability of the changed properties.

Conclusion: UV-rays are leading to the induction of biochemical activity in a population of
bacteriocin-producing lactococci.
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QSAR MODELING OF ANTIMICROBIAL ACTIVITY
OF SOME SUBSTITUTED HYDRAZONES

Vesna Dimova!, Mirjana S. Jankulovska2

1 Faculty of Technology and Metalurgy, Ss Cyril and Methodius University, Skopje, Macedonia
2 Faculty of Agricultural Sciences and Food, Ss. Cyril and Methodius University, Skopje, Macedonia

Quantitative structure/property-activity relationships (QSAR/QSPR) represent attempts to
correlate activities/properties with structural descriptors of compounds. Correlation and prediction
of physical, chemical and biological activity/property from molecular structure is a very significant
and an unsolved problem not only in various chemistry fields (theoretical; computational;
environmental) but in life science as well.

One important class of organic compounds is hydrazones which find huge application in many
scientific areas. They possess a wide spectrum of biological activity and the changes in this activity
depend on the substituents present in its molecule. The use of the hydrazones in medicine is due to
their anticonvulsant, antidepressant, analgesic, antiinflammatory, antiplatelet, antimicrobial,
antitumoral, antischistosomiasis and antiviral activity. On the other hand, hydrazones possessing an
azometine proton ((NHN=CH-) constitute an important class of compounds for new drug development.
The wide palette of the useful medical properties has attracted considerable scientific interest for
their synthesis. Combining appropriate starting materials such as carbonyl compounds and
hydrazine, the sensitivity as analytical reagents could be improved and they could be used as
analytical reagents for transition metal analysis and as catalyst for epoxidation of olefins. Due to their
physiological activity, they are used as herbicides, insecticides, and plant growth stimulants. Some
aromatic hydrazones are DNA gyrase inhibitors.

QSAR study of substituted hydrazones was performed to estimate the quantitative effects of the
selected topological and physicochemical descriptors on their antimicrobial activity. All hydrazones
were tested for their in vitro growth inhibitory activity against Bacillus subtilis, Candida utilis and Aspergillus
niger using filter paper disc method. Stock solutions of compounds were prepared in DMSO, as inert
medium in three concentrations. The diameter of zone inhibition (mm) was measured. Inhibitory
activity data determined as mg/mL were transformed to the negative logarithms of molar MICs
(log1/cmic). The 2D structures of all compounds were drawn and topological descriptors were
calculated using softer packaging Marvin sketch. None of hydrazones inhibit the growth of the
Aspergillus spp, and the data for the antifungal activity of the compounds relative to Candida utilis was
insufficient to develop a reliable statistical QSAR models. Efforts were focused on developing the
QSAR models of compounds with antibacterial activity against Bacillus subtilis. In order to test the
quality of the regression models, the following statistical parameters were used: rRz; Sd; F-test; R2agj;
Q; Spress; PSE and Q2.

Key words: QSAR, hydrazones, antimicrobial activity, topological and physicochemical
descriptors
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ELECTRONIC SURVEY AS EFFECTIVE DATA COLLECTION TOOL FOR RESEARCH,
PARTICULARLY TO STUDY PREDICTORS OF ALCOHOL ADDICTION AMONG YOUTH
IN UKRAINE

Diana Voloshyna

University of Michigan, Ann Arbor, United States

Background: Alcohol is the most widely used substance across many countries: in Ukraine,
Russia, Belarus, European countries and the USA. There is international acceptance of addressing
addiction to alcohol as a public health priority, given medical, social, moral, ethical, economical and
mental costs to society.

Studies suggest that youth actually feel more comfortable answering personal questions truthfully
when completing questionnaires electronically (Turner et al. 1998), which can lead to higher levels of
self-reported substance use and other risky behaviors. Both Lygidakis and colleagues (2010) and
Wang and colleagues (2005) indicate that adolescents completing electronic surveys reported higher
levels of alcohol and other drug use compared with those completing paper-and-pencil versions.
Thus, our proposal will use a survey design in which students will self-administer an online survey in
an anonymous fashion.

Purpose: The overall objective to this study is to examine the rates and correlates of alcohol and
drug use among young people in Ukraine. The study will be conducted by electronic survey method.
1,200 of youth in Kharkov, Ukraine will receive cards with the invitation to participate in an
electronic survey.

Research goals:

A. Conduct the first comprehensive electronic survey among youth recruited from a community
setting in Ukraine to determine need for interventions by age and gender.

B. Identify correlates of alcohol and drug use among youth in Ukraine recruited from a
community setting, including externalizing behavior, mental health, impact of the war, and social
factors.

Exploratory analyses will examine:

1. Rates of alcohol and drug use.

2. Correlates of alcohol and drug use including;:

a. Motives of alcohol and drug use will help us to inform early prevention.

b. Sensation seeking (impulsivity and self-control ability) and externalizing will be greater in the
risky drinking group and drug using groups.

c. War impacts (e.g., psychological and social consequences of conflict/war) will be greater in the
risky drinking and drug using groups.

d. Depression and anxiety will be greater in the risky drinking group and drug using groups.

3. Service Use Questionnaire data will help to understand methods of improvement of medical
and psychological care for youth based on risky drinking and drug use.

Significance: Understanding rates and correlates of alcohol consumption and drug use among
youth is a critical public health issue. The lack of understanding of the prevalence and correlates of
substance use among youth in the Ukraine hinders intervention efforts for this problem. The
proposed community survey study of youth is an appropriate strategy to inform a future intervention
research.

Key words: Electronic survey, alcohol addiction, predictors, youth, Ukraine
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THE OPTICAL LIMITING EFFECT IN THE ORGANICS DOPED WITH NANOPARTICLES

Natalia Kamanina

Vavilov State Optical Institute, St.- Petersburg, Russia

An active interest has been taking in photophysics of organic p-conjugated systems doped with
nanoobjects (such as fullerenes, nanotubes, nanoparticles, J-aggregates, nanofibers, shungites,
graphene oxides, etc.) due to their exclusive linear and nonlinear optics, dynamics and structural
features [1-5]. These can be exploited as effective optical limiters, modulators and laser beam
switchers. Different mechanisms, promoting the action, can be activated, among which there are
reverse saturable absorption, laser-induced change in the refractive index, carrier free absorption,
complex formations, etc. Nanoobject insertion stimulates the media self-organization as well as an
increase in the polarizability and order parameters that results in the formation of quasi-photonic
organic systems.

The present paper is devoted to the consideration of the charge transfer complex formation
mechanism and the high frequency Kerr one as the generally activated in the conjugated doped
organics to reveal th optical limiting process. Both experimental and calculation results point to a
wide area of feasible optoelectronics application of these systems treated at 532, 805, 1047, 1064,
1315, 1500, 2940 nm. Moreover, these structures are fairly promising for applications in medicine,
biology and display technique.

Key words: Organics, doping, nanoparticles, charge transfer complex formation, laser-induced
change in the refractive index
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OBTAINING AN AQUEOUS COLLOIDAL SOLUTION OF SELENIUM
BY MECHANICAL DISPERSION

Vyacheslav Kolokoltsev, Gundar Folmanis, Mikhail Fedotov

A.A. Baykov Institute of Metallurgy and Material Science RAS, Moscow, Russia

Selenium is one of the most important chemical elements in the structure of human body cells.
The presence of Se in the required amount reduces the risk of cancer and enhances the body’s
immunity against various diseases. Currently, Se nanoparticles are used in medicine and biology as
antioxidant supplements for the treatment of cancer and to improve productivity in animal
husbandry.

Various methods of producing Se nanoparticles are known. There are laser ablation, ultrasonic
dispersion and chemical methods. In this paper a simple method of preparation of Se nanoparticles
by mechanical dispersion of granules of «gray» Se in twice-distilled water was shown. The dispersion
process was carried out on vibrating machine Metapolan-2 (Bulgaria) with vibration frequency 100
Hz at temperature 300K. It was found that the Se particles of three various sizes (23, 108 and 500
nm) are formed in an aqueous solution. Characteristic Se nanoparticle sizes are in good agreement
with the theory of aggregation. The Se particle concentration was 100 mg/l. It was found that the
concentration of Se in the colloidal solution depends significantly on duration of the mechanical
dispersion and container material. In a plastic container red (amorphous) Se is besieged on the wall,
and “gray” Se is besieged at the bottom of the vessel. Herewith concentration of Se in the solution is
reduced to 3-4 mg/1. The use of a glass container allows us to obtain Se concentration about 10 mg/l,
while the amorphous Se besieging on the container walls was not observed. Measuring of Se solution
pH indicates slightly acidic effect (pH=6.25; twice-distilled water — pH=6.68). The acidic
environment can be associated with the dissolution of SeO- in H-O and selenious acid. The presence
of SeO- on the surface of «gray» Se granules is caused by thermal heating of material on air in the
process of granules production.

Thus, the obtained results allow us to conclude that Se nanoparticles in colloidal solution can be
obtained by mechanical dispersion of “gray” Se granules in water. Concentration of Se in the solution
can reach values of about 10 mg/l. However, an aqueous solution of Se has acidic properties that
must be taken in to the consideration when using ones in the latest medical and biological research.
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CHLOROPHYLL STABILITY TO CONTINUAL UVA, UVB
AND UVCIRRADIATION INSIDE THE LIPOSOMES

Sanja Petrovi¢, Jelena Zvezdanovi¢, Sasa Savi¢, Dragan Cvetkovié

Faculty of Technology, Leskovac, Serbia

The unique role of chlorophyll (Chl) is based on its specific and very diverse chemical reactivity
which provide its use in many industrial technologies (e.g. in food, pharmaceutical and cosmetic
industry), but also in medicine, as drug in photodynamic therapy (PDT) for the treatment of certain
types of cancer. Chlorophyll is considered as relatively unstable compound, especially in the presence
of light and oxygen; on the other hand, if used in biomedical applications incorporated in liposomes,
Chl is found as safe, widely available and cost effective due to its good antioxidant and antimicrobial
properties, and biocompatibility. The main goal of this work was to examine stability of chlorophyll
(inside of liposomes) to the oxidative stress induced by continual UVA, UV-B and UVC irradiation,
followed by absorption spectroscopy method. The experiments were performed on two types of Chl-
SUV liposomes, SUV-PC-Chl and SUV-DMPC-Chl (small unilamelar, phosphatidylcholine & 1,2-
dimyristoyl-sn-glycero-3-phosphocholine liposomes, respectively, with incorporated Chl). The results
showed instability of chlorophyll to UV irradiation in the order to energy input strength: UVA < UVB
< UVC. UV-induced degradation of chlorophyll inside liposomes followed a first order kinetics with
similar rate constants obtained for both, SUV-PC-Chl and SUV-DMPC-Chl samples. One exception
was obtained for UVC-effects: the corresponding rate constant for SUV-DMPC-Chl was several times
higher to the one obtained for SUV-PC-Chl, probable due to different lipid used for the liposomes
preparation.

Acknowledgement: This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia under the Project No. TR 34012.
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UHPLC-MS/MS ANALYSIS OF HEMATOPORPHYRIN DERIVATIVES MIXTURE

Jelena Zvezdanovié, Sanja Petrovi¢, Jelena Stanojevic,
Dragan Cvetkovié, Aleksandar Lazarevié¢

Faculty of Technology, Leskovac, Serbia

Porphyrins are widely used photosensitizers in photodynamic therapy (PDT) of tumors, which
also used as precursors in oligomerization produced new PDT-sensitizers. Hematoporphyrin
derivatives belong to the family of porphyrin compounds found in the products used in PDT such as
Photofrin® and Photodit®. Ultra-high performance chromatography (UHPLC) coupled with mass
spectrometry (MS) was used for separation and identification of hematoporphyrin mixture. The
separations were performed on a RP-C18 column (50x2.1 mm, 1.9 um) with the mobile phase
consisted of water and methanol in a linear gradient program at flow rate of 0.200 ml min-. Mass
spectrometric analysis was performed using a ion trap mass spectrometer with electrospray
ionization (ESI) in positive ion mode: source voltage 4.5 kV, capillary voltage 48 V, tube lens voltage
115 V, capillary temperature 300°C, nitrogen sheath and auxiliary gas flow 32 and 8 arbitrary units.
MS-spectra were acquired by full range acquisition of m/z 100-1000. For fragmentation study
(MS/MS), a data dependent scan was performed by deploying the collision—induced dissociation
with normalized collision energy set at 20 e€V. Four compounds in the mixture were found in the
order of their elution: hematoporphyrin IX (8,13-bis(1-hydroxyethyl)-3,7,12,17-tetramethyl-
21H,23H-porphine-2,18-dipropionic acid), two related hydroxyethyl-vinyl-derivatives and
protoporphyrin IX (3,7,12,17-tetramethyl-8,13-divinyl-21H,23H-porphine-2,18-dipropionic acid),
confirmed by MS-spectra of the molecular ions at m/z values corresponding to the molecular weights
of the compounds (MW+1: m/z 599, 581, 563, 591, respectively).

Acknowledgements: This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia under the Project No. TR 34012.
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FABRICATION AND TESTING OF NOVEL MULTIFUNCTIONAL NANOSYSTEMS FOR
CHEMO- AND RADIO- SENSITIZATION OF TUMOR CELLS

Roxana Cristina Popescu?, Ecaterina Andronescuz,
Andrei I. Apostolt, Mihai Straticiuc?, Bogdan Stefan Vasile2,
Alexandru Mihai Grumezescu?, Marlon Veldwijks, Diana Savu*

1 “Horia Hulubei” National Institute for Physics and Nuclear Engineering, Magurele, Romania
2 University Politehnica of Bucharest, Bucharest, Romania
3 Heidelberg University, Heidelberg, Germany

Modern multimodal cancer treatment often comprises surgical excision of the tumor, radio- and
chemo- therapy. Radiotherapy, a key component applied in about 60% of all cancer patients, has
been intensively used in the treatment of various types of cancer by means of directed ionizing
radiation, however it is possible that its efficiency is reduced in the treatment of several resistant
types of cancer. A potential approach to further improve cancer treatment options is the use of
nanotechnology.

Here, we propose the design, synthesize and characterize of different new constructs of core-shell
nanoparticles, based on magnetite, for chemo- and radio- sensitizing purposes of cancer cells. The
nanoparticles’ characterizing was done in terms of crystallinity, chemical composition and structure.
Regarding the biological effects, the in vitro cytotoxic potential was proved for different tumor models
using both quantitative and qualitative estimations, correlated with the determinations of
nanoparticles cellular entrapment efficiency.
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EXPERIMENTAL SETUP USING LOW ENERGY X-RAYS FOR RADIOBIOLOGICAL STUDIES

Joanna Czub?, Janusz Braziewicz!, Marcin Brodeckiz,
Wojciech Gieszczyks, Adam Wasilewski4, Pawel Wolowiecs,
Andrzej Wojcik®, Anna Wysocka-Rabin4

1Jan Kochanowski University, Kielce, Poland

2Nofer Institute of Occupational Medicine, Secondary Standards Laboratory, Lodz, Poland

3The Henryk Niewodniczanski Institute of Nuclear Physics Polish Academy of Science, Department of
Radiation Physics and Dosimetry, Krakow, Poland

4National Centre for Nuclear Research, Otwock-Swierk, Poland

5Holycross Cancer Center, Kielce, Poland

6Department of Molecular Bioscience, Centre for Radiation Protection Research, The Wenner-Gren Institute,
Stockholm University, Stockholm, Sweden

Low energy x-rays are often used in imaging medical procedures such as fluoroscopy,
angiography, urography and dentistry. In all these instances, x-ray beam irradiation of live cells can
cause specific damages. To explore processes occurring in live cells after irradiation, an experimental
setup for radiobiological studies was created and built at Jan Kochanowski University in Kielce,
Poland. The radiation system uses an X-ray Diffraction (XRD) C-tech tube - type lamp with a
molybdenum target (Mo) and Long Fine Focus. Dosimetry was done using EBT2 and XR-RV3
Gafchromic films and a plane ionization chamber TM77334 PTW-Freiburg. Distribution of radiation
intensity and absorbed dose were determined showing homogeneity of the x-ray beam in a range +/-
2.5%. Dose equivalent rate was calculated to show that the experimental setup was safe to work. The
first experiments were done to show the survival curve for CHO-K1 cells. To verify the measured
doses the experimental setup was simulated with the FLUKA code 2011 version 2c.4.
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THE IMPACT OF SMOKING ON THE HEALTH OF PERIODONTAL TISSUE

Ilma Robo', Saimir Hetaz, Panajot Papas3, Edlira Sadiku4, Nevila Allius

1 Department of Periodontology, Albanian University, Tirana, Albania
2 Hospital Center, Pediatric Surgery, Tirana, Albania

3 Faculty of Medical Sciences, Elbasan, Albania

4 Private Clinic, Tirana, Albania

5 University Hospital Center, Biochemical Laboratory, Tirana, Albania

Purpose: The aim is to emphasize the notions: determinant indicator and predictor of risk factors
for periodontal pathologies, and to show the interconnection logic, analyzing the effects of one of the
risk factors, in this case smoking, mainly to the amount of gingival fluid.

Materials and methods: For achieving this, measurements were carried out, in mm of the wet
amount of adsorbent placed in sulcus, before and 30 minutes after smoking; held in sulcus, for 3
minutes. This procedure was repeated several times. In the end, we organized the summary table, the
interconnection of concepts about periodontal risk.

Results: What represents the human body, consisting of the host which is subjected to the action
of oral bacterial flora, interactions that extend in time, where the diet operates with mechanical
elements.

It is noted that the change in wetting the adsorbent was only 1 or 0.5 millimeters, 3 minutes. Small
change, but in total for the whole mouth, is great. Once this 0.5 mm, produced in 6 different points
around the tooth, and 32 teeth simultaneously.

Conclusions: Smoking increases the amount of crevicular fluid, but also promotes bone and
destructiveness, whose clinical signs to the naked eye, being visible.

Key words: Smoking, determinants, forecasters, indicators, crevicular fluid
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HEMANGIOMAS OF THE OMF REGION: TREATMENT
WITH PROPRANOLOL EXPRESSED IN THE COMPARATIVE RESULTS

Saimir Heta?, Ilma Robo?, Hysen Heta*

1 University Hospital Center, Pediatric Surgery, Tirana, Albania
2 Department of Periodontology, Albanian University, Tirana, Albania

Purpose: The incidence of infantile hemangioma is from 1.1, up to 2.6%. This incidence increases
with 10.1% in each year of change of age. The ways of treatment vary with their advantages and
disadvantages. Given the difficulty, to predict whether a lesion will be roughly progress or not, we have
tried for the comparison in quantitative manner of treatment methodologies.

Materials and methods: In the study are included 32 children with hemangioma, in variable
localization, to treat with various methods of treatment, in order partial or total regression. Are
analyzed the results between localization and method of therapy, regression, complications associated
with the provided demographic data (male, female and age).

Results: The link between partial and total regression for hemangioma under division in regions
of the face, head and neck, in the amount p value, is 0.0001. Relationship between partial regression
and age speaks for positive results, as the age reduces.

Conclusions: Treatment of hemangioma is always in development options, in terms of
interference with as most of the few surgical. Regression is most positive in the age of many more to
be minor.

Key words: Hemangioma, regression, complications, OMF localization
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PREGNANCY OUTCOMES FOR WOMEN WITH HOMOZYGOUS
HEMOGLOBINOPATHY DIAGNOSIS

Shpresa Thomaj, Blenard Nonaj

Maternity Hospital, Tirana, Albania

Purpose: Purpose of the study is to highlight pregnancy and delivery in major
hemoglobinopathies.

Design setting and participants: Twenty four clinical cases of pregnant women are
investigated; 22 suffered from homozygous sickle cell anemia and 2 from major thalassemia. Patient
age, parity served as baseline characteristics and delivery way, infant average weight at birth were
studied as primary and secondary outcomes. The 24 women, subjects of the study, gave birth within
the time frame of 1992-2013.

Results: These past two years, for the first time in “Mbreteresha Geraldine”, the Obstetric-
Gynecology University Hospital of Tirana, there were two pregnant women with Thalassemia major.
Both patients delivered their babies through cesarean section due to fetal suffering. They have had
blood transfusion every three weeks during the pregnancy.

The other 22 patients being studied had a frequency of blood transfusion of 4.5 times during
pregnancy. Out of 22, 10 women had vaginal delivery, while for the other 22 cesarean section was
performed. A total of 15 pregnant women were primiparous (62.5%), 6 (25%) were secondiparous and
only 1 terciparous case (4.2%). The other 2 patients with thalassemia major diagnosis were nuliparous
(8.3%). The average babies’ weight at birth of the women with hemoglobinopathy diagnosis (24) x=
2425.32+59.74 was compared with average babies’ weight at birth of healthy mothers (46 women)
x=3309.78+78.69. Results were statistically significant (p<0.01)

Conclusion: Pregnant women with homozygous hemoglobinopathy diagnosis followed with
multidisciplinary and contemporary therapy are able to give birth, but multiple complications for
mother and the baby must be taken into consideration.
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ASSESSMENT OF HEMATOLOGICAL PARAMETERS, ACID-BASE STATUS
AND ARTERIAL BLOOD GAS TEST BEFORE AND AFTER MANAGEMENT
OF ACUTE BRONCHIOLITIS IN CHILDREN

sve ,

Amina Selimovié¢!, Selma Milisiéz2,
Ermina Mujic¢ié3, Zuvdija Cecunjanin2

1 Department of Pulmonology, Pediatric Clinic, University Clinical Centre of Sarajevo, Sarajevo, Bosnia and
Herzegovina

2 Medical Faculty, University of Sarajevo, Sarajevo, Bosnia and Herzegovina

3 Department for Cardioanesthesiology, Clinic for Anesthesiology, Reanimatology and Intensive Care,
University Clinical Center of Sarajevo, Sarajevo, Bosnia and Herzegovina

Objective: The purpose of our retrospective study was to investigate the necessity of some
laboratory testing in patients with acute bronchiolitis before and after treatment.

Methods: We have taken blood samples of all children puncturing the cubital vein, and analyzed
it using the Colter appliances-automatic counter blood count, for analyzes of some erythrocytes,
leukocytes, platelets, differential blood count, Hct, Hb. CRP concentration in serum of patients
determined by laser nephelometry with CardioPhase® high sensitivity C-reactive protein (hsCRP). For
assessment of acid-base status and arterial blood gas analysis were used ABL5 and ABL700
Radiometer Copenhagen. We monitored the following parameters: pH, pCO2, HCO3 —, total CO2, base
excess, pO2, SpO2.

Results: There was a significant improvement of hypoxemia after management of acute
bronchiolitis in the form of a significant increase in average values of pO2 and SpO2 after treatment of
acute bronchiolitis. The mean value of the number of leukocytes and value of CRP in children were
significantly decreased before and after management of acute bronchiolitis. There was no significant
difference in duration of hospitalization in term and preterm newborns.

Conclusion: No diagnostic tests are used routinely. However, there is an improvement of
hypoxemia after management of acute bronchiolitis in children.

Key words: Bronchiolitis, Hematological Tests, Acid-Base Balance, Blood Gas Analysis
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SUPEROXIDE DISMUTASE AND LIPID PEROXIDATION
IN CHILDREN AFFECTED BY CELIAC DISEASE

Vesna Stojiljkovié, Ljubica Gavrilovi¢, Snezana Pejic,
Ana Todorovi¢, Natasa Popovi¢, Ivan Pavlovi¢, Snezana Pajovic

Vinéa Institute of Nuclear Sciences, Belgrade, Serbia

Coeliac disease (CD) is an autoimmune disorder provoked by wheat gluten and related proteins
from other grains. The only treatment for the patients is a lifelong gluten free diet (GFD). Oxidative
stress has been implicated in the pathogenesis of CD.

The aim of this study was to examine the modulation of the biochemical response to oxidative stress
in children affected by CD. Study involved peripheral blood samples and small intestinal biopsies from
69 children diagnosed with CD. According to the histological findings, patients were divided into
following groups: Marsh 0: normal mucosa with no signs of inflammation (n=31); Marsh 1: mucosa
was characterized by intraepithelial lymphocytosis (n=5); Marsh 2: intraepithelial lymphocytosis was
accompanied by crypt hyperplasia (n=4); Marsh 3a: mucosa showed partial villous atrophy (n=20);
Marsh 3b: subtotal villous atrophy was present (n=9). For the statistical purposes groups Marsh 1 and
Marsh 2 were treated as one (Marsh 1+2, n=9).

The activities and protein levels of Copper, zinc superoxide dismutase (CuZnSOD) and manganese
SOD (MnSOD), as well as the concentrations of lipid hydroperoxides (LOOH) were determined in
intestinal biopsies, while in the peripheral blood, MnSOD activity was not measured, due to the
methodological obstacles.

CuZnSOD activity in the blood varied significantly between the analyzed groups. Marsh 3a and
Marsh 3b had increased CuZnSOD activity comparing to the Marsh o (P < 0.05). LOOH concentration
also varied significantly. LOOH level was higher in the blood of Marsh 3a (P < 0.001) and Marsh 3b (P
< 0.05), than in Marsh o.

In the biopsy samples, MnSOD activity and LOOH concentration showed significant differences
between the groups, while no significant difference was found for CuZnSOD activity. In comparison to
Marsh 0, MnSOD activity was significantly elevated in Marsh 3a (P < 0.01). Significant increase in
LOOH concentration was found in Marsh 3a (P < 0.001) and Marsh 3b (P < 0.01), comparing to Marsh
0. In addition, Marsh 3a group had higher LOOH concentration than Marsh 1+2.

Relative MnSOD and CuZnSOD protein level in peripheral blood and intestinal mucosa did not
vary significantly between the analyzed groups.

Positive correlations were found between the severity of mucosal lesion and CuZnSOD activity (P
< 0.001), as well as LOOH concentration (P < 0.001) in peripheral blood. Similar correlations were
found also in intestinal mucosa: MnSOD: P < 0.05; CuZnSOD: P < 0.05; LOOH: P < 0.001.

Our results show that oxidant/antioxidant balance is disturbed in CD patients with mucosal
lesions. An increase in SOD activity as a consequence of oxidant pressure is not enough to maintain
the normal level of free radicals, which leads to enhanced lipid peroxidation. These processes persist
even in some patients on a long-term GFD.
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SKIN PROTECTION AGAINST SOLAR UV RADIATION BY NATURAL PLANT PRODUCTS:
EXTRACTS FROM ELDER FRUIT (SAMBUCUS NIGRA L.)

Milica Stankovié!, Jelena Zivkovié!, Vanja Tadié2, Ivana Arsiét

1 Department of Pharmacy, Faculty of Medicine, University of Nis, Nis, Serbia
2 Department for Pharmaceutical Research and Development, Institute for Medicinal Plant Research, “Dr
Josif Panci¢”, Belgrade, Serbia

Solar radiation has harmful effects on exposed skin, producing accelerated aging processes
(wrinkles, dryness, telangiectasia, dyspigmentation). Also, there is an increased ROS generation in skin
exposed to the UV-A and UV-B radiation. This resulting in oxidative stress, photodamage of skin
macromolecules and photocarcinogenesis processes. In order to prevent this, botanical extracts with
antioxidant properties can be used in anti-photoaging preparations, as a substitute for traditional
sunscreen products. The increasing interest for natural products in recent years is due to their higher
tolerability and also for environmental and toxicological reasons. Plant extracts, rich in natural
polyphenols, exert a less sensitization effects on skin and are very effective against oxidative damaging
caused by UV radiation.

The aim of this study was to evaluate the antioxidative activity of different elder (Sambucus nigra
L.) fruit extracts. Active components of S. nigra, such as polyphenols, have an important biological
activity. Fruit extracts were obtained by maceration method using four different solvents (methanol -
ME, propylenglycol 45% v/v - PE, ethanol 70% v/v - EE and distilled water - WE). To study antioxidant
activity, we used two in vitro assays: 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and
ferric reducing antioxidant power (FRAP) assay.

The concentration at which 50% of the DPPH radicals were scavenged (IC50) were 3.54, 3.94 and
12.07 mg/ml for the samples EE, ME and PE, respectively. Sample WE showed stronger scavenging
activity (IC50 value was 2.62 mg/ml). The FRAP values were 242.29 and 686.43 umol Fe2+/g of dry
extract for samples PE and ME, respectively. The higher values were obtained using the samples EE
and WE, 793.54 and 934.81 umol Fe2*/g of dry extract, respectively. FRAP assay showed a significant
(p < 0.05) negative correlation (r = - 0.975) with radical scavenging capacity (IC50 values).

The extract WE (distilled water was used as a solvent) showed the highest antioxidant activity when
compared with other extracts. In fact, all investigated extracts have antioxidative potential, more or
less, and can be used in skin formulations as a protective agents against UV radiation.

Key words: Natural antioxidants, UV radiation, skin, Sambucus nigra, fruit extracts
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THE DETERMINATION OF THE ACTION SPECTRUM
OF LIGHT-INDUCED CELL VIABILITY DAMAGE IN EYE CELLS

Liliia Fakhranurova, Elena Mironova, Robert Khramov

Institute of Theoretical and Experimental Biophysics, Pushchino, Russia

Dysfunctions eye cells as a result of radiation non-ionizing electromagnetic spectrum optical range
occur under the influence of direct and reflected sunlight, and as a result the impact of lighting devices.
Damage caused by artificial light, has recently come to the fore and is becoming increasingly important.

It is known that prolonged exposure to light on the retina formed ROS affect to cell viability of the
retina, which leads to their destruction and loss of vision. Recent work showed that photodamage can
lead to cell degeneration of retinal cells, especially receptors and its pigment epithelium cells. We
investigated the effect of light in the blue (Amax = 470 nm), the purple part of the spectrum (Amax =
395 nm), red (Amax = 625 nm) and visible light of high intensity on the viability of SIRC cell lines
(rabbit cornea) and ARPE19 (pigment epithelium human retina). For the study was used MTT viability
test, JC1 staining and test live/dead.

Irradiation in different parts of the spectrum is the inhibition of cell viability, while red light
irradiation did not affected cell function. High-intensity light exposure causes the most severe
consequences.

Thus, we have shown that photodamage can lead to cell degeneration.

Acknowledgement. This work was supported by grant of the President (MK-1880.2017.7).
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THE EFFECTIVENESS OF THE COMPLEX TREATMENT
OF PATIENTS SUFFERING FROM CHRONIC GINGIVITIS

Nina Bagdasaryan, Valery Erichev, Tatyana Aksyonova,
Marina Mitropanova, Yevgeniya Ovcharenko, Pogos Bagdasaryan

The Kuban State Medical University (KubSMU), Krasnodar, Russia

The method of the complex treatment for patients suffering from the chronic gingivitis including
the trypsin applications in the 1%-solution of the sodium bicarbonate, Kudesan medicine as well as the
ultrasonic scaling using curette with toe. The increase of effectiveness for the present treatment
method has been determined dynamically in 55 patients suffering from the chronic gingivitis. The
complex therapy in accordance with the described method allows to reach the full destruction of the
microbial biofilm after 7-8 days as well as to improve significantly both the hygiene status of the oral
cavity and the periodontal tissues and the general condition of patients in 2-3 weeks.
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IMMUNOLOGICAL AND MICROBIOLOGICAL ASPECTS OF HYGIENE EFFECTIVENESS
FOR THE ORAL CAVITY IN PATIENTS SUFFERING
FROM INFLAMMATORY PARODONTIUM DISEASES

Yevgeniya Ovcharenko, Valery Ericheyv,
Tatyana Aksyonova, Nina Bagdasaryan

The Kuban State Medical University (KubSMU), Krasnodar, Russia

The research objective consisted in studying of local factors of protection of an oral cavity on the
basis of balance definition between proinflammatory (INf - y, TNF - a, IL-8) and anti-inflammatory
(IL-4) cytokines with the degree account colonization of Candida at patients with chronic generalized
parodontitis. By results of work it has been established, that at patients with chronic parodontitis easy
and moderate severity level high degree colonization periodontal pockets Candida tropicalis correlates
with substantial increase proinflammatory cytokines(TNF - a, IL-8), concentration fall INF - y and
increase in level anti-inflammatory cytokinesIL-4.
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APPEALABILITY STRUCTURE IN PATIENTS WITH TEMPOROMANDIBULAR DISORDERS

Oleg Slesarev!, Dmitriy Trunin?, Ivan Bayricov?,
Stanislav Abul’khanov?, Nikolay Kazanskiy?
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Objective. Analyze appealability structure and the nature of formation of clinical groups of
patients with temporomandibular disorders (TMD).

Materials and methods. We examined 28 men and 148 women with TMD. We analyzed 604
tomography images. Statistical processing included cross tables and chi-square analysis.

Study results. 28% of patients were primary followed up in general clinical network with facial
pain. Dental clinics established primary clinical diagnosis: arthrosis and arthritis (71%), dislocation or
subluxation of the temporomandibular joint head (16.5%), temporomandibular joint dysfunction
(12.5%). X-ray norm was observed in 9% cases. By the nature of TMJ visualizations we established
clinical features of TMD women depending on the reproductive period.

In puberty period limiting joint mobility (44.4%, p = 0.045 compared to the head dislocation and
arthritis, p = 0.024) was predominant; in early reproductive period - head subluxation (48.5%, p
<0.010 for all kinds of detectable pathology but deforming arthrosis). In the late reproductive period
and perimenopause half of the examined patients had deforming arthrosis (52.8% in the late
reproductive period, p <0.01, for all kinds of detectable pathology, except for limited joint mobility;
50% in perimenopause (p <0.05 with radiologic norm, dislocation of the head and arthritis), in
postmenopausal women - arthritis, sclerotic arthrosis (30.8% and 27.8%).

Conclusions. The nature of the formation of clinical groups of patients with TMD is determined
by the place of the primary treatment, specialization of the institution and the level of techniques of
primary diagnosis of TMD. This affects the patients’ quality of routing and is a cause of chronic (58%)
TMD.
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ELASTOGRAPHY AND SHEAR WAVE ELASTOMETRY-BASED VALUES OF YOUNG'S
MODULUS OF ENDOMETRIUM INHEALTHY WOMEN OF REPRODUCTIVE AGE

Valentina Diomidova, Oksana Zaharova

Federal State Educational Budget Institution of Higher Professional Education “The Ulianov Chuvash State
University”, Cheboksary, Russia

The analysis of the data of uterus examination of 45 healthy women of reproductive age was carried
out; 22 of the patients were practically healthy nulliparous women, 23 of the patients were healthy
parous women (1 or 2 children).The age of the patients ranged from 24 to 48 years old (mean age 33.9
+ 2.9 years). Comprehensive ultrasound examination of the uterus and appendages with the use of
ultrasound elastography and shear wave elastometry modes (SWE - Shear Wave Elastography) was
carried out on the unit Aixplorer (Supersonic Imagine, France) using a convex abdominal transducer
with frequency range 1.0-6.0 MHz and intracavitary vaginal broadband probe 3-12 MHz.

SWE results in the control group showed that the quantitative values of Young’s modulus of
unmodified endometrium and myometrium in healthy women of reproductive age were not potentially
dependant on various phases of menstrual cycle (p> 0.05).Young’s modulus values of the mucous in
the cervix (endocervix) and uterus corpus (endometrium) differed significantly and in healthy women
had greater values in the cervix (Emean 33.1 kPa; Emax 38.8 kPa; SD 1.9) rather than in the corpus of
uterus (Emean 16.5 kPa; Emax 17.6 kPa; SD 1.0; p <0.05).

Depending on the parity, healthy parous women had higher values of endometrium stiffness -
Emean 17.5 kPa; Emax 35.5 kPa; SD 3.1 than nulliparous women -16.1 kPa; 19.9 kPa; 0.7 (p <0.05).
Quantitative values of Young’s modulus of the myometrium in healthy patients were also higher in the
cervix rather than in the corpus of uterus (Emean 42.3 kPa; Emax 52.4 kPa; SD 3.2 and Emean 22.3
kPa; Emax 29.3 kPa; SD 1.7; p <0.05 respectively).

In the examination of women of reproductive age, that was carried out on the basis of the data
obtained from the use of elastography and shear wave elastometry technology, standard values for
Young’s modulus for an unmodified endometrium, endocervicx, myometrium of the uterus corpus and
cervix in healthy women of reproductive age were defined.

Key words: Ultrasound diagnostics, ultrasound elastography, shear wave elastography,
elastometry, endometrium

40



[
RAD2017//

POSSIBILITIES OF ULTRASONOGRAPHY AT THE STAGES
OF THE SURGICAL COMBINED TREATMENT OF WIDESPREAD LIVER ALVEOCOCCOSIS

Yulia Stepanova?!, Dmitry Ionkin?, Olga Ashivkinaz,
Aleksey Chzhao!, Sergey Kungurtsevs

1 A.V. Vishnevsky Institute of Surgery, Moscow, Russia
2 .M. Sechenov First Moscow State Medical University, Moscow, Russia
3 Innovative Company Biomedstandart, Moscow, Russia

Relevance. Liver alveococcosis (LA) is a potentially dangerous natural focal parasitic disease,
which is characterized by severe chronic progression and frequent recurrences. Although
histopathologically a benign disease, LA shows the characteristics of a malignant tumor with
destructive tissue growth, invasion of adjacent organs, and distant dissemination. Surgery is the only
radical treatment of LA, but LA is diagnosed at later stages often, when the progression of the disease
precludes the implementation of radical surgery.

Aim. To estimate the possibilities of ultrasonography at stages of the surgical combined treatment
of widespread LA.

Materials and methods. We have an experience of surgical treatment of 87 patients with
widespread LA (joint or separate defeat of both liver lobes with various degree of an involvement of
each lobes) in A.V. Vishnevsky Institute of Surgery. Ultrasonography carried out to all patients
(pre/intra/postoperative), CT/MRI (reference methods).

The patients in assessment of treatment were divided into two stages. Treatment was executed only
by means of surgery till 2012 (I group: n = 65 (74.7%). Since 2012 we have begun to use cryoablation
on the remainder of the parasitic tissue using Russian apparatus. This surgery with cryoablation was
performed in 22 (25.3%) patients (II group). Cryoablation procedure lasted from 2 to 5 minutes of
freezing at T from -175 to -186°C.

All patients subsequently underwent appropriate worming chemotherapy.

Results. Criteria of treatment tactics definition: defeat volume, localization, involvement of the
liver main vessels. Preoperative sensitivity, accuracy, specificity of ultrasonography (at coincidence of
all criteria): 93.0%, 57.0%, 82.0%.

I group: the recurrence of LA has been revealed at 16 (24.6%) patients, the second recurrence — at
2 (3.1%).

IT group: liver resection was performed in all 22 patients, with additional nephrectomy in 2,
additional resection of portal vein in 1. Cryoablation of adjacent affected tissues infected was
performed in all cases. Cryoablation was also performed on the remaining part of the parasite on the
right dome of the diaphragm (2), in the gate of the liver (7), the remaining parenchyma of the left lobe
after right lobe resection (6), in the para-aortic tissue (4), in the course of the right urether (1).

Stages of US-control and diagnostic characteristics of tissue changes after krioeffect: 1.navigation;
2. “iceball” formation; 3.thawing; 4.after applicator removal.

All patients are alive. Comprehensive survey, including ultrasonography, CT, MRI, showed no signs
of continuing parasitic growth.

Conclusion. Ultrasonography in specialized clinic, having experience of LA treatment, is an
effective method of diagnostics. Dynamic observations of the patients with LA after the carried-out
combined treatment in the remote period need to be made in a complex: regular ultrasonography is
supplemented with CT or MRI through rather long periods.
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NON-SURGICAL LIFT AND CONTROL OF INFLAMMATION
WITH PHOTOBIOMODULATION

Susanne Hausdorfer

Private Clinic, Dermatology, Hamme Mille, Belgium

Side effects of aesthetic procedures come from injury of the epidermis (liftings, ablative and semi
ablative lasers, ablative fractional radio frequency, peelings, dermabrasion....)

Most common side effects — areoedemas, implicating social down time, slower healing, scarring
and necrosis.

Gestion of oedemas can be achieved using LED (light emitting diode); the combination of red and
infrared light (630nm/850nm) having an anti inflammatory effect on tissues. LED 850nm provokes
the degranulation of pro inflammatory substances, the tissue having the impression to be wounded.
630nm, red light, activates fibroblasts and thus wound healing.

C-limonene is a molecule known to have tissue repair properties. Applying a topical solution
containing d-limonene in post treatment reduces the down time and accelerates skin repair.
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A NEW ANTI-INFLAMMATORY MOLECULE MASTERING TISSUE REPAIR
AND ANTI-ANGIOGENESIS

Patrizia d’Alessio?, Jean-Francois Bissonz,
Alfredo Rossi3, Massoud Mirshahi4

1 Biopark Campus Cancer, Villejuif, France

2 ETAP, Nancy, France

3 University La Sapienza, Rome, Italy

4 University Pierre & Marie Curie, Paris, France

Introduction. Epithelial barriers are major determinants of innate immunity, preserving the
integrity of environmental interfaces. These barriers include mucosal areas as well as the most exposed
skin envelope. In the epidermis, dermis, epithelia and mucosae lamina propria, numerous fine-tuned
mechanisms allow to exclude pathogens and irritants while containing inflammation. In case of
chronic inflammation or wound, restoring the epithelial function can be performed by pharmacological
compounds or natural substances. To this avail, monoterpenes have proven to be useful to control
inflammation and thymol was recently shown to accelerate wound healing whereas d-Limonene, the
prototype of monoterpenes, through its metabolite perillyl alcohol (POH), has been reported to have
tissue repair properties.

Material and Methods. Two murine models of respectively 12-O-Tetradecanoylphorbol-13-
Acetate (TPA)-induced dermatitis and mechanical skin lesion were used to assess the efficacy of d-
Limonene or POH applied topically. Macroscopic and microscopic evaluation of skin lesions was
performed as well as immunolabelling assessment of P-selectin expression, together with
measurements of serum concentrations of IL-1beta, IL-6 and TNF-alpha in the first model. Healing
and angiogenesis around the scar were examined in the second model. The effect of both d-Limonene
and POH was further tested on an in vitro matrigel model of endothelial microtubules formation.

Results. Both d-Limonene and POH reduced the severity and extension of TPA-induced skin
lesions with significantly lowered macroscopic and microscopic scores (p<0.04 in both cases).
Moreover, the expression of P-selectin induced by TPA was abrogated by POH and significantly lower
serum concentrations of IL-6 and TNF-alpha were observed in d-Limonene- and POH-treated mice
(p<0.04 and 0.03). In the second model, tissue regeneration was improved, especially by POH, and
was clearly associated with reduced neovascularization. This surprising anti-angiogenic effect was
confirmed in the matrigel model of endothelial microtubules formation.

Discussion and Conclusion. These studies show that d-Limonene and POH demonstrate
significant anti-inflammatory effects in murine dermal inflammation and wound-healing. The
decreased systemic cytokine production as well as a consistent inhibition of endothelial P-selectin
expression and neo-vascularization induced by this monoterpene and its metabolite contribute to
healing effects on the epidermal barrier. This capacity could be relevant for treating psoriasis and post-
acneic scars, as well as for targeted treatment of major burns. Finally, many innovative practices of
aesthetic medicine would benefit from the anti-inflammatory / anti-angiogenic inhibition byd-
Limonene in order to restore injured tissue.
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ENDOVASCULAR TECHNIQUE: EMBOLIZATION OF INTRACRANIAL ANEURYSMS

Snezana Lukic, Milan Mijailovic

Department of Radiology, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia

Introduction. Rupture of an intracranial aneurysm is a very common cause of intracerebral and
subarachnoid hemorrhage. A development of MDCT and MR angiography imaging techniques led to
the diagnosis of asymptomatic and non-ruptured aneurysm. Endovascular embolization of intracranial
aneurysms is a minimally invasive treatment whose goals are prevention of the aneurysmal rupture or
exclusion of ruptured aneurysm from the arterial circulation.

Objective. Display of endovascular techniques in the treatment of intracranial aneurysms.

Materials and Methods. Intracranial aneurysms were diagnosed by MDCT, Aquilon, Toshiba;
MRI, Avanto, Siemens 1.5T; and Angio Diagnost Allura, Philips. Depending on the localization of the
aneurysm, its size and width of the aneurysmal neck, decision on the method of endovascular
treatment of intracranial aneurysm was made. Aneurysms with narrow neck and volume without “mass
effect” on the surrounding intracranial structures were embolized with platinum coils. Aneurysms with
wide necks were embolized with a stent protection, through the aneurism neck, and then with stent
assisted coiling. Implantation of “divert flow” stent, without the coil, was used for large aneurysms.
Following coils were applied for embolization: Target, Saphire, Deltapaque, Micrussphere, Penumbra,
Axium and subsequent stents: Leo +, Enterprisse, Papaline, Neuroform3.

Results. During the time period from March 2007 to December 2016, 565 endovascular
embolizations of intracranial aneurysms were performed. There were 432 ruptured intracranial
aneurysms and 133 non-ruptured. Coiling without stent or occlusive balloon protection was executed
on 382 patients (68%). Coiling with stent application was carried out in 132 patients (23%), coiling
with the use of occlusive balloon was performed on 16 patients (3%) and in 35 patients (6%) “divert
flow” stents were implanted. The average duration of hospitalization was 18 days in patients with
ruptured aneurysms and 3 days in patients with aneurisms that did not rupture.

Conclusion. Endovascular embolization of ruptured and non-ruptured intracranial aneurysms is a
minimally invasive therapeutic procedure, which effectively excludes the aneurysm from circulation,
significantly shortens the length of hospital treatment and reduces the risk of neurological deficits.

Key words: Intracranial aneurysm, coil, “flow divert stent”
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ENDOVASCULAR TREATMENT OF ACUTE CEREBRAL INFARCTION - METHODS
AND TECHNIQUES

Milan Mijailovic, Snezana Lukic

Department of Radiology, Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia

Introduction. There are several problem solving approaches in the field of revascularization, such
as systemic application of recombinant tissue plasminogen activator, intra-arterial administration of
thrombolytic agents, mechanical thrombectomy, mechanical separation of thrombus and aspiration,
stenting and balloon dilatation. Aim of this study is to show possible methods of cerebral
revascularization in acute cerebral infarction.

Materials and Methods. Based on the clinical picture of acute stroke, patients underwent the
MDCT-Aquilion, Toshiba. CT angiography was performed in the same act. Endovascular treatment
was carried out during the time period of 4 hours after the onset of symptoms. Selective artery
catheterization of occluded blood vessel was used to attempt the recanalization by mechanical
separation and aspiration of the thrombus, mechanical thrombectomy and possible balloon
angioplasty. Treatment technique consists of vacuum aspiration of thrombus with Penumbra
aspirator. For the mechanical extraction we used Trevo, Stryker and Solitere and Covidien extractors.

Results. Cerebral revascularization was performed in 55 patients, whereby 10 patients were treated
with intra-arterial thrombolytic therapy, 33 patients underwent mechanical separation and vacuum
thrombus aspiration, and 12 patients were subjected to the mechanical extraction of thrombus and
stenting. The procedure was successful in 40 patients, or 72%. Three patients, in which the time frame
was exceeded, had complications and formed malignant brain edema after the revascularization.

Conclusion. Execution of therapeutic procedure in an appropriate time after the occurrence of
acute infarction and well trained multidisciplinary team in formed stroke center are necessary for the
success of endovascular cerebral revascularization.

Key words: Acute cerebral infarction, endovascular revascularization, thrombolysis
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THE SYSTEM OF OPTICAL CORRECTION
OF OXIDATIVE STRESS PROCESSES IN THE BRAIN

Victor Monich

Nizghny Novgorod State Medical Academy, Nizghny Novgorod, Russia

Purpose. To develop a manpac, portable system for correction of disorders provoked by oxidative
stress processes in the brain and investigate photobiological effects in living tissues treated by optical
radiation.

Introduction. High intensity visible and near infrared light (NIR) can be used to provide medical
treatments on living tissues suffered from oxidative stress. Active oxygen forms provoke remarkable
alterations in the cellular membranes, activities of enzymes that control the processes of lipid
peroxidation and modification of proteins, influence on blood flow in capillaries and tiny vessels. The
oxidative stress can be provoked in human being organism by various ways. They include the processes
of ischemia of both the heart and the brain tissues, the degenerative processes in the brain, the
ischemia of lower extremities, irradiation of living tissues by high-intensity non-ionizing and ionizing
radiation. This list could be continued. In all these cases we observe the similar biochemical and
physiological consequences that provoke production of uncontrolled levels of the active oxygen forms
in the affected tissues. The similarity of the pathological processes in all these pathological processes
partially explains technical unity of photoherapeutic technique that can be used to compensate the
stress processes, decrease or even totally compensate them.

Materials and methods. Twenty LED were arranged according to the 20 standard Electro-
Encephallogram (EEG) leads. The spectral peak wavelength was 808 nm, halfwidth 35 nm, fluence
rate, 35 mJ/cmz2. The NIR sources produced pulsed radiation (frequency 100 Hz), the frequency and
sequence regimen are controlled by using WiFi. Distribution of light in transcranial procedures was
investigated in two cadavers. The effects of direct high-power light irradiation on the brain were
investigated on 5 rabbits by using the standard lipid peroxidation methods.

Results. NIR intensity decreases in the cranial bones up to 2% with respect to the incoming light
fluence rate on the scalp tissues. The experiments on the animals demonstrate presence of the
therapeutic effect of NIR on the brain tissues suffered from excessive doses light radiation.

Conclusion. Transcranial treatments of the brain cortex can help to decrease consequences of
oxidative stress and control levels of lipid peroxidation in the living tissues.
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ANALYSIS OF BIOCLIMATIC CHARACTERISTICS OF NISKA BANJA

Vladica Stevanovi¢, Ljiljana Gulan, Aleksandar Valjarevi¢

University of Pristina, Faculty of Natural Sciences and Mathematics, Kosovska Mitrovica, Serbia

Bioclimatic multivariate influences on health, as well as selection of spas have a particular
importance from medical aspects. Niska Banja (248 m elevation) is situated on the south edge of Nis
valley in the zone of Rhodope Massif and Limestone Mountains of East Serbia. With average year
temperature of 11.7 °C, belong to moderate continental climate. Bioclimatic observation for a spa of
Niska Banja is based on physiological heat index and weather condition with Kriger’s anthropo-
climatic classification. Sharl’s method was used for calculation of water vapour, as well. Enjoyable
wheatear type during five months (April, May, September, October and November) is usually
dominant. All classes are represented (chilly, comfortable, hot). The class hot occurs in May and
September. This period is characterized by anticyclone influence and desirable bio-climatic features.
Cold weather types exceed four months, with classes cold (December, January, February) and
moderate-cold (March). The physiological feeling of heat with class extremely-cold does not exist
(Tek<5.0 °C). Winter is a specific period with dominant influence of middle European anticyclone
which brings dry and gloomy weather. The hottest weather type with class light-vapor occurs in (June,
July and August). The classes hot and the hottest do not occur. That was produced by anticyclone and
local relief characteristics of the terrain. On a climatic table, hot vapour marked with the closed shape
of curve borders the curve of comfort climate in one segment. From a bio-climatic view of equivalent
temperatures and climatic table, spa of Niska Banja is highly advisable for health usage with excellent
physical, geographical and anthropogeographical characteristics.
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1 Department of Anatomy, Faculty of Medicine, Balikesir University, Balikesir, Turkey
2 Department of Psychiatry, Faculty of Medicine, Balikesir University, Balikesir, Turkey
3 Department of Radiology, Faculty of Medicine, Balikesir University, Balikesir, Turkey

Introduction: This study aims to measure the volumes of the nuc.caudatus, the putamen and the
globus pallidus from the brain magnetic resonance images (MRI) of patients with major depressive
disorder (MDD) with three different measurement methods.

Materials and Methods: Patients who applied to the Psychiatry Outpatients Clinic of Balikesir
University Faculty of Medicine and have been diagnosed with major depressive disorder were divided
in two groups; patients in group 1 were having their first episode of major depression (n=10) and in
group 2 were currently experiencing a major depressive episode with a score of 15 or greater on the 17-
item Hamilton Depression Rating Scale (HDRS) (n=10). The control group has been chosen from
healthy individuals (n=10). Three-dimensional structural MRI scans were acquired from a 1, 5 Tesla
using a Ti-weighted magnetization. The total brain, right and left hemisphere, right and left
nuc.caudatus, right and left putamen and right and left globus pallidus volumes were measured by
three different methods, namely; manually by using Cavalieri principle of stereological volume
measurements, by planimetry methods and automatically by doing brain parcellation with MriStudio
(DTIStudio, ROIEditor & Diffeomap) which is an Atlas based image analyzing program.

Results: Compared to the healthy group, there was a decrease in the total brain volume, the right
and left brain hemisphere, the right and left nuc.caudatus, the right and left putamen and the right and
left globus pallidus volumes in patients with major depressive disorder, but the difference was not
statistically significant (p>0,05). In the analysis of the correlation, when the Hamilton depression
rating score increased it was observed that the volume of basal ganglia decreased in the first episode
patient group (r= - 0, 74) (p<0, 05). And when the ratio of the volume of basal ganglia to the volume
of brain hemispheres was evaluated, it was found that right and left nuc.caudatus volume ratio was
statistically decreased in the second group (p<0,05). Excellent agreement was found among the three
methods of measuring volumetric techniques according to Bland—Altman plots.

Conclusion: Our results might explain the neurobiological mechanism of MDD by clarified initial
structural changes in the brain of MDD patients and may contribute to future studies which aim to
investigate the etiology of MDD.

Key words: Major depressive disorder, stereology, Cavalieri method, basal ganglions
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PHOTODYNAMIC THERAPY AND PSYCHOLOGICAL SUPPORT
OF PATIENTS WITH DIABETIC FOOT SYNDROME (CLINICAL CASE)

Valeriy Boyko!, Yulia Ivanova?, Evgen Mushenko?,
Anatoliy Korobovz, Olga Sukachova2, Diana Voloshyna3

1 GI “V.T. Zaycev Institute of General and Urgent Surgery of NAMS of Ukraine”, Kharkiv, United States
2 V.N. Karazin Kharkiv National University, Kharkiv, United States
3 University of Michigan, Ann Arbor, United States

Background: 40-60% of all non-traumatic lower limb amputations account on diabetic foot
syndrome (SDS) that leads to disability and reduced quality of life for patients.

Purpose: Elaboration of a complex treatment method of diabetic foot syndrome to reduce the rate
of amputations concerning a diabetic gangrene.

Method: The clinic GI “V.T. Zaycev Institute of General and Urgent Surgery of NAMS of Ukraine”
develops a comprehensive treatment approach in the treatment of diabetic foot syndrome, where
photodynamic therapy (PDT) and psychotherapy are applied in the treatment plan in addition to
infusion-detoxification, anti-bacterial, anti-inflammatory and insulin therapy.

Here is clinical case: Patient 27 years old was diagnosed with the type I diabetes, severe degree,
subcompensated, SDS, extensive necrotic wound of the left foot, osteomyelitis of the Vth metatarsal
bone; P1,E18.9cm3, D 3,13, S 2 (according PEDIS classification) — unfavorable prognosis in the case
of standard treatment methods using. On the background of pharmaceutical therapy necrosis zone was
treated by the photosensitizer Dimegin (20 min exposure), then the wound was exposed by blue light
(wavelength 440 nm) using Korobov A. — Korobov V. “Barva-Flex” matrices during 20 minutes. After
4 sessions of PDT necrectomy was performed. Then local treatment included irradiation of wound with
red light (660 nm, 20 minutes exposure and then Levosin ointment applying, daily). On the 7th day of
treatment the volume of the wound has decreased by 72.15%, granulations and edge epithelization was
expressed. Then skin xenotransplantation was made. Continued local treatment consisted in red light
irradiating daily (20 minutes duration, the multiplicity - 10). In the psychological status symptoms of
anxiety and depressive condition were present and the psychotherapy was assigned (motivational
interviewing, music therapy - Beethoven “Symphony 6”, Part 2, “Waltzes” Strauss).

Result: The patient was discharged in a satisfactory condition with wound epithelialization.
Psychological condition of the patient has been normalized. The patient is employed and adaptable to
the social environment.

Conclusion: Comprehensiveness of aid modalities (using photodynamic therapy and
psychological support in addition to standard medical and surgical treatment) is important in the
successful treatment of diabetic foot syndrome. This approach gives the highest performance even in
difficult clinical cases.

Key words: Diabetic foot syndrome, amputation, photodynamic therapy, photosensitizer
Dimegin, Korobov matrix, “Barva-Flex” matrices, psychotherapy, motivational interviewing, music
therapy
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Introduction: Critical limb ischemia caused by extensive obliterative lesions in arteries is the
most common cause of the “high” amputations. It is unlikely to achieve healing of ulcerative necrotic
lesions and to avoid amputation without the restoration of the main blood flow in the foot.

Purpose: Complex treatment development of obliterating vascular lesions of the lower extremities
with the use of phototherapy methods and psychotherapy.

Method: The clinic GI “V.T. Zaycev Institute of General and Urgent Surgery of NAMS of Ukraine”
develops a comprehensive treatment approach in the treatment of diabetic foot syndrome, where
photodynamic therapy (PDT) and psychotherapy are applied in the treatment plan in addition to
standard medical and surgical treatment.

Here is clinical case: Patient 67 years old was diagnosed with the Leriche syndrome, chronic
ischemia III B, extensive pyonecrotic wound of left anticnemion, the tibia osteomyelitis. After aorto-
femoral synthetic graft bypass, femoropopliteal autovenous bypass and necrectomy the volume of the
wound was 36.8 cm3.

In the postoperative period in addition to standard therapy local treatment with with exposure by
green (525 nm) photonic matrix A. Korobov - V. Korobov “Barva-Flex / 24 Green, duration 20 minutes,
the multiplicity — 5 (for local and systemic immune response stimulation) and red light (625 nm) of
the photon matrix A. Korobov - V. Korobov “Barva-Flex / 24 Red were performed daily for 10 days,
duration 20 minutes (for enhancement of blood microcirculation, stimulation of tissue regeneration,
granulation growth and collagen formation). Methods of psychotherapy were used during these
sessions (motivational interviewing, music therapy - Beethoven “Symphony 6”, Part 2, “Waltzes”
Strauss).

Result: Wound volume reduction was observed on the 5th day by 39.2%, on the 8th day - by 50.6%.
Marginal epithelialization appeared on the 6th day. The plastic was made on the 12th day after the skin
necrectomy. The wound has healed. The feelings of fear and anxiety have been reduced; hypochondria
symptoms are gone; mood has been improved; activity has been increased.

Conclusion: The complexity of the treatment allows to avoid amputation, helps to reduce the
duration of treatment at least on 20%, and returns patient to an active life in the social environment.

Key words: Obliterative lesions of lower extremities vessels, amputation, photodynamic therapy,
photosensitizer Dimegin, Korobov matrix, “Barva-Flex” matrices, psychotherapy, motivational
interviewing, music therapy
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SIGNIFICANCE OF FLUOROSCOPICALLY-GUIDED TRANS-BRONCHIAL BIOPSY
FOR DIAGNOSIS OF SOLITARY LUNG NODULES

Dragan Stanojevi¢!, Gordana Antonijevi¢z,
Vesna Milanovié!, Vladimir Jurisiés

1 Special Hospital for Prevention, Therapy and Rehabilitation of Nonspecific Pulmonary Diseases, Sokobanja,
Serbia

2 Special Hospital for Pulmonary Diseases, Sokobanja, Serbia

3 Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia

Flexible bronchoscopy (FB) was introduced in 1968, and today it is an essential procedure in
respiratory medicine. The overall diagnostic utility and the rate of complications using fluoroscopically
guided transbronchial biopsy are estimated in Special Hospital for nonspecific pulmonary diseases
“Sokobanja” in Sokobanja, Serbia. The study included 92 patients with solitary pulmonary nodule
(SPN), which have been previously confirmed by classical radiology during selected period from
01.01.2014 to the 30.09.2016.year. In this study were 65 men and 277 women, average age 65.2 years
old, while the youngest was 41 and the oldest was 83 years. Representative histological diagnosis was
made in 67 patients from obtained tissues after biopsy. Results showed that from total investigated
patients, the 43 lesions were malignant (38 lung cancer metastasis and 5 extra pulmonary malignancy)
and 24 non-malignant (12 Tuberculosis (TBC) granulomata caseificata and 5 non-caseificata, 4
pneumonia, 2 aspergillosis and 1 hamartoma). The total diagnostic value of this procedure for all
investigated patients was 72.8%. Complications that can occur during the procedure, are related to
moderate bleeding in the studied population occurred in 7 patients (7.6%). Pneumothorax and
mortality has not been noticed in this study. Fluoroscopically guided transbronchial biopsy offers good
diagnostic utility and low level of complications in the diagnosis of solitary pulmonary nodules. To
conclude, bronchoscopy is a safe procedure in terms of complications such as mortality,
pneumothorax, and bleeding that necessitate intervention.
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CAN A MULTI-SLICE CT SCAN HELP TO RESOLVE
A DILEMMA: PULMONARY TUBERCULOSIS OR SARCOIDOSIS

Gordana Antonijevi¢!, Dragan Stanojeviéz,
Ivana Milivojevié¢!, Nemanja Joni¢!, Vladimir Jurisiés

1 Special Hospital for Pulmonary Diseases, Sokobanja, Serbia

2 Special Hospital for Prevention, Therapy and Rehabilitation of Nonspecific Pulmonary Diseases, Sokobanja,
Serbia

3 Faculty of Medical Sciences, University of Kragujevac, Kragujevac, Serbia

Introduction: Sarcoidosis is a systemic disease of unknown cause characterized by the formation
of immune granulomas in various organs, mainly the lungs to the lymph system. However, tuberculosis
is an infectious chronic granulomatous disease that usually gives the modified morphological picture
of the lungs. If untreated tuberculosis respective leads to death in the first year from diagnosis in higher
percentage. Since, radiographic manifestations of sarcoidosis and pulmonary tuberculosis are usually
identical, so it is necessary to the implementation of differential diagnostic procedures in order to
establish the right diagnosis and the therapy.

Case report: Here we present the clinical course of the disease and monitoring of patients with
the help of CT scan, age of 56 years who was hospitalized several times in the hospital, “Ozren” in the
period from 1995 to 2016. Due to the presence of tubercle bacilli in a biopsy in 1995 and 1997 year, the
patient was treated with drugs against tuberculosis, firstly under the Protocol for the first category, and
later under the Protocol for relapse. During this period, the radiological images showed signs of
infiltration of tissues with signs of decomposition and shadows in the upper parts of the lungs. Based
on the radiological pictures of the right lung in the tops and the middle lung field, tissue preparation
from 1995 year analyses is repeated and results pointed to the likely sarcoidosis granulomatous
disease with proven lymphocytic alveolitis. Then he started treatment with immunosuppressive
therapy and continue with chemoprophylaxis including isoniazid. On multi slice CT recordings made
during 2006, 2008 and 2010, 2011 was observed sclerosis in both lungs in the upper parts, with no
signs of activity tuberculosis, sarcoidosis or tumors. On CT recording from 2016 clearly visible cystic
fibrosis bronchiectasis with pronounced tissue fibrosis that reduces the volume of the right upper lobe
of the lung and trachea by moving to the right.

Conclusion: When tuberculosis relapsed with the development of fibrosis, it is necessary to prove
or to eliminate suspected sarcoidosis using other diagnostic procedures, due to the same or similar
radiological images for a completely different therapeutic treatment.
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ELECTROMAGNETIC FIELD THERAPY AND IMMUNE MECHANISMS
WHICH ARE INVOLVED IN ANTI-INFLAMMATORY RESPONSE

Mihai Surcel:, Didi Surcel2, Sebastian Toader!, Mioara Butanz

1 University of Medicine and Pharmacy, Cluj-Napoca, Romania
2 Blue Life Medical Center, Cluj-Napoca, Romania

Introduction: In the recent years, due to of the advantages presented by the electromagnetic field
therapy, where the results were very good in comparison with other treatments for infection and
healing tissue, the interest in its application has rapidly increased. The latest immunological data
highlight that the immune system serves as the most important part of the general defense barrier
against microbes and viruses, but EMFs can penetrate the entire body. EMF can interfere with the
immune functions through stimulation or suppressive reactions, and can interfere the free radicals
(FR) generation, induced in the most part by inflammatory cells, and so there is possibility to interfere
with inflammation.

Objective: The aim of this study was to evaluate the mechanism by which EMF therapy can
interfere with modified immune and oxidative reactions by experimental approach in the lab animals.

Material and methods: In vivo and vitro experiment was carried out on 60 Wistar rats that were
divided in the 4 groups as following: 1. Control-group sacrificed at 10 days ; 2.LF-EMF-exposed group
sacrificed at 10 days ; 3. Group that received intra-dermic staphylococcus culture (SC)and was
sacrificed at 10 days ; 4. Group that received intradermic SC and was treated with LF- EMF, and after
10 days was sacrificed. The rats were exposed to the 50 Hz, 1 mT. Splenic lymphocytes and alveolar
macrophages for the cellular cultures were harvested. The following parameters were assessed: a)
3HTdR incorporation test; b) Macrophage inhibition factor (MIF) assay; c¢) IL-1 assay; d) TNF-assay;
e) Chemiluminiscence assay; f) Phagocytosis assay.

Results: The 3HTAR incorporation test, tests targeting the cytokine‘s activity and phagocytosis
test point out a partial reversibility of the values in the EMF-exposed groups that was treated with
staphylococcus cultures.

Conclusions: Our experiment reveals that the EMF interferes with the immune and oxidative
systems. Inflammation involves the activation of the immune system in response to infection; without
an acute inflammatory response the body would not be able to repair itself, but if the immune system
is always activated, acute inflammation becomes chronic and plays a key role in the development of
the serious diseases. EMF-therapy can be beneficial in reducing of the inflammation by interfering of
the inflammatory molecules and of surface receptors.

53



[

RAD20 /
EVALUATION OF CYCLOCRYOTHERAPY DURING 7 YEARS

Selma Milisi¢, Merita Lika Pranjic
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Cyclodestruction procedures aim to decrease IOP by decreasing the production of aqueous humour
by destroying secretory ciliary epithelium and reducing blood flow to the ciliary body. Ciliary ablation
is indicated to lower IOP in eyes that have glaucoma resistant to conventional medical and surgical
therapies and it is contraindicated in eyes with good vision acuity because of the risk of losing it. The
aim of this research was to show the effect of cyclocryotherapy on intraocular pressure in patients with
glaucoma absolute. The cryoprobe is placed with the tip approximately 2 mm posterior to the limbus.
Cyclocryotherapy should be limited to a maximum of 6 clock hours (180 degrees of the eye’s
circumference) at any one session, using approximately 1 freeze-spot per clock hour (40 to 60 seconds
each at -60 ° C), with the anterior edge of a large 2.5 mm diameter cryoprobe placed 1-1.5 mm posterior
to the limbus and care to avoid the 3 area of the limbus should also be avoided and care should be taken
during a freeze to avoid contact 1 cm, which can happen as the entire eye cools down with sequential
freeze applications. All glaucoma medications (except miotics and acetazolamide) are continued
postoperatively. Our retrospective study included 22 patients history in the period from January 2010
to December 2016 years who underwent cyclecryotherapy. 13 patients (59.09%) were males and 9
(40.91%) female patients. The average age of the patients was 60.87+15:37, the youngest patient was
22 years old and the oldest was 81 years, after discharge from the hospital. Visual acuity before surgery:
NPL 13 (59.09%), PL 5 (22.73%), HM 2 (9.09%), CF 1 (4.55%), 0.05 1 (4.55%) patients. The same ratio
was and after surgery, only one patient with PL worsened to NPL, and one of NLP improved to PL.
Average pressure measured with Goldman applanation tonometer, before surgery was 51.00+12.64
mmHg, the lowest was 30 mmHg, while the highest was 72 mmHg. Average pressure after surgery was
25.99£10:38 mmHg, the lowest was 8 mmHg and the highest 54 mmHg. In our study, there was only
one complication, which ended with enucleation of the eye. Cyclocryotherapy is the last option for
patients with increased intraocular pressure and severe pain in the eye
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CYTOTOXIC AND APOPTOTIC EFFECTS OF ARTEMISIA ALBA TURRA AND ARTEMISIA
VULGARIS L. ETHYL ACETATE EXTRACTS ON SW-480 COLON CANCER CELLS

Olivera Milosevic-Djordjevic!, Marina Radovic Jakovljevic?,
Darko Grujicict, Milan Stankovic!, Snezana Markovic?,
Zivanovic Marko!, Zeljko Todorovicz, Predrag Djurdjevicz

1 University of Kragujevac, Faculty of Science, Kragujevac, Serbia
2 University of Kragujevac, Faculty of Medical Sciences, Kragujevac, Serbia

In this study we evaluated the cytotoxic and apoptotic effects of ethyl acetate extracts from the
Artemisia alba Turra (AA) and Artemisia vulgaris L. (AV) in six different concentrations (1, 10, 50,
100, 250, 500 pg/mkL). Cell viability was determined by MTT assay, when the ICso was used as a
parameter of cytotoxicity and apoptotic effects by flow cytometry. Both extracts AA and AV
significantly inhibited the proliferation of SW-480 colon cancer cells in a dose and time dependent
manner, but AA was more effective (IC5o were 169.40 pg/mL after 24 and 40.40 pg/mL after 72 hours
for AA and >500 pg/mL after 24 and 248.40 pug/mL after 72 hours for AV). Flow cytometry analyses
showed that AA extract significantly induced early apoptosis (33.51 + 1.58 for AA vs 0.70 + 0.08 for
AV, p = 0.001) whereas AV significantly induced the necrosis (82.38 + 5.02 for AV vs 53.91 + 2.32 for
AA, p = 0.001) of colon cancer cells. Our results suggest that Artemisia alba and Artemisia vulgaris
have potent cytotoxic and apoptotic effects but Artemisia alba is more effective. Therefore, Artemisia
alba is potentially used as an integral component of therapeutics against human colon cancer.

Key words: Artemisia alba, Artemisia vulgaris, colon cancer cells, cytotoxic effect, apoptotic effect
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PHENOLIC PROFILE AND IN VITRO GENOTOXIC ACTIVITY
OF METHANOLIC EXTRACT OF TEUCRIUM POLIUM

Darko Grujicict, Marina Radovic Jakovljevic!, Andrija Ciric?,
Milan Stankovic!, Dragoslav Marinkovic2, Olivera Milosevic Djordjevic!

1 University of Kragujevac, Faculty of Science, Kragujevac, Serbia
2 Serbian Academy of Sciences and Arts, Belgrade, Beograd, Serbia

Teucrium species are known for their medicinal and biological properties such as hypoglycemic,
hypolipidemic, hepatoprotective, antipyretic, anti-inflammatory, antiulcerogenic, antitumor and
antimicrobial activities. In this study we characterized the methanolic extract obtained from Teucrium
polium by analyzing the content of antioxidant compounds such as polyphenols and flavonoids using
high-performance liquid chromatography (HPLC). Genotoxic potential of extract was evaluated in four
different concentrations (125, 250, 500 and 1000 pg/mL) in whole blood lymphocytes by the use of in
vitro cytokinesis block micronucleus (MN) assay. In the plant extract five phenolic acids (gallic, vanilic,
coffeic, chlorogenic and p-coumaric acid) and six flavonoids (catechin, rutin, myricetin, luteolin,
quercetin and apigenin) were identified and quantified. Furthermore, the results showed that the
highest tested concentration of extract (1000 pg/mL) induced statistically significant increase in DNA
damage assessed with the MN assay. With the regard to the cell cycle kinetics, all tested concentrations
of extract caused no significant differences of NDI (nuclear division index) compared to the control
cells. In addition to that, all tested concentrations of extract significantly decreased MMC-induced
DNA damage, but NDI decreased only in the highest tested concentrations (500 and 1000 pg/mL).
Our results demonstrated that only higher tested concentration of extract was genotoxic and not
cytotoxic. The results of co-treatments of extract with MMC revealed antioxidant effect clearly and
suggest that T. polium is a natural source of antioxidants that with certainty can be recommended to
patients who are in the process of receiving chemotherapy.

Key words: Teucrium polium, antioxidants, micronucleus assay, nuclear division index, DNA
damage
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OPTICAL SPECIFICITY OF THIN SHELL FOR NANO-DELIVERY MODEL

Ana Setraj¢i¢-Tomié!, Ljubisa DZambas?,

Jovan Setrajéiés, Matilda Vojnovié4, Igor Setrajéiés

1 University of Novi Sad, Medical Faculty, Department of Pharmacy, Novi Sad, Serbia
2 University of Novi Sad, Medical Faculty, Department of Dentistry, Novi Sad, Serbia

3 University of Novi Sad, Faculty of Sciences, Department of Physics, Novi Sad, Serbia
4 The Health Center, Novi Sad, Novi Sad, Serbia

The subject of the research in this paper includes theoretical investigation of nanomaterials
modeling in the field of pharmaceutical technology for biomedical application. This includes very
precise encapsulated drug delivery, on exactly defined place in the human tissue or organ and
disintegration of capsule — drug carrier, so that the medicament can start producing its effect. The goal
of multidisciplinary researches with biocompatible molecular nanomaterials is to find the parameters
and the possibilities to construct boundary surfaces that will, in interaction with biological
environment, create such properties of nanolayers that are convenient for use for layers of drug carrier
capsules, biochips and biomarkers. These layers should demonstrate controlled disintegration of
structure, better dielectric properties, discrete luminescence and appropriate bioporosity as all these
are the requirements of contemporary nanomedicine. The main advantage of the theoretical approach
is essential knowledge of the mechanisms that allow us to comprehend the experimental conditions
that we have to fulfill to be able to get the desired results. The results achieved up to now by our
research group in application of the Green’s function method on flat ultrathin films are promising for
applications in the frame of optical core-shell models. This paper presents review of our current
achievement in the field of theoretical physics of exciton ultrathin films and possible ways to
materialize the same in the field of nanopharmacy.
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ERYTHROCYTES AND DNA STUDY VIA OPTICAL- AND BIO-TECHNOLOGY

Natalia Kamanina

Vavilov State Optical Institute, St.- Petersburg, Russia

It is well known that the physical phenomena resulting from forces exerted on a liquid-crystal
mesophase on account of the electric, magnetic, thermal fields and deformation are due to the weak
intermolecular interaction of the structural elements of liquid-crystal media. To take an advantage of
such factors as the presence of weak dispersion forces between the molecules of liquid crystals and the
high orienting ability, the liquid-crystal anisotropic medium can be considered for visualizing, fixing,
and orienting human red blood cells and DNA [1,2]. The feedback mechanism of liquid crystal self-
organization [3] due to interaction with erythrocytes has been before discussed as well as the spectral
features of the LC with DNA have been previously shown [4].

In the present paper the special accent will be given on the refractive parameters change of the
composites with the bio-objects and on the self-ordering effect in them.

Key words: Liquid crystal, bio-particles, self-arrangements, refractive index
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RADIOACTIVITY IN THE LIGHT OF THE FUNDAMENTAL LAW OF PHYSICS
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One of fundamental laws of physics is the law of efficiency of conversion of one kind of energy into
another which is formulated in second half of the 20-th century for whole region of electromagnetic
radiation. On the basis of this law for weak influences (isothermal processes) whole region of
wavelengths of electromagnetic radiation breaks up on two parts strictly corresponding to the W. Wien
region and the Rayleigh-Jeans region, in which efficiency laws are essentially various. Gamma
radiation is the most high-energy part of electromagnetic radiation. It is the top frequency boundary
for the W. Wien region. Efficiency of conversion of energy for different frequencies of the W. Wien
region in approach of reversible process has been considered. Influence of irreversibility on conversion
of energy in system for a value of efficiency has been shown. Features of laws of efficiency of conversion
for endergonic and exergonic processes are considered.
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DIRECTED IMPACT OF THERAPEUTIC ULTRASOUND
ON PHYSIOLOGICAL STATE OF ANIMAL PLATELET

Anna A. Oleshkevich

Moscow State Academy of Veterinary Medicine and Biotechnology, Moscow, Russia

Morphological, biophysical and physiological studies on animal platelets after exposure to
ultrasound (US) were conducted. The US carrier frequency was 0.88 MHz or 2.64 MHz, therapeutic
levels of intensity Isata — average over space and time intensity — were from 0.05 W/cm?to 1.0 W/cm?2.
The active modulation frequency ranged in 10—-150 Hz and 700—1000 Hz. The irradiated blood volume
from dogs, cats and horses ranged from 1 to 1.5 ml. No animals were harmed. The unused blood had
been left over from the planned clinical and hematological studies in animal clinics and branches of
the Academy were irradiated.

Destructive, cytolytic and several other effects of continuous and amplitude-modulated ultrasound
were detected. The in vitro active frequencies’ spectra and intensities that affect the state of platelets
were revealed. We recorded changes in platelet permeability, shape, deformation, rupture of the
cytoplasmic membranes and trespassing. The possibility of directional acoustic impact on the state of
the blood platelets & on the structure of their membranes was checked. We have worked out a
technique of the deep color of all animal’s blood cells of any kind to study the morphology, to diagnostic
any cell membranes changes in and to identify morphological features of blood platelets.

Continuous ultrasound. Platelet were stained after blood sonication with traveling continuous
mode US wave from 20 to 45 sec with the intensity of 0.4 W/cm2, followed by the preparation of blood
smears and differential coloring dyes.

The amplitude-modulated ultrasound. The dyeing of platelets was performed after US
exposure on blood samples. Depending on the US intensity different exposure was used. With 0.05
W/cm? intensity we treated for 30—40 sec, with intensity of 0.2 W/cm2 — 20—-35 sec, of 0.4 W/cm2 —
15—30 sec, and with 0.7 W/em2 — for 10—20 sec (The carrier frequency was 0.88 MHz). At the same
time, we imposed on these modes any number of the 10 — 30 Hz modulation frequency range or 800
Hz, the duty cycle 2. The same result can be achieved using the carrier frequency of 2.64 MHz & the
intensity of 0.4 W/cm?2 (exposure time 15—30 sec).

The ranges of US intensity, active frequencies and time exposure found provides guaranteed quality
of platelets coloring in all cases (regardless of the specific characteristics of the cells, blood storage
conditions, animal status, and the presence of a pathological process) without impacting adversely on
the other formed elements coloring. The method allows uniform deep differential staining of all blood
cells, including platelets. Our findings can be used for non-invasive animals’ blood test.
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The rate of chemical reaction is the most important characteristic of a chemical process. Today
several highly sensitive and specific methods can be used to measure reaction rates. Some of these
methods are indispensable. Each method is efficient in the measurements of concentration of a certain
reaction component, but no universal method is known at the moment. In physics, one of the most
informative methods of studying the structure of molecules is a vibrational spectroscopy (Raman and
FTIR spectroscopy). Both methods have some disadvantages, but in combination with each other, they
give a complete picture of the nature of the sample.

In this work, we apply the methods of Raman and ATR FTIR spectroscopy in the study of the
kinetics of chemical reactions.

It is shown that Raman spectroscopy can be used to calculate the chemical reaction rates. Chemical
reaction of alkaline hydrolysis of ethyl acetate is studied. Reaction kinetics is interpreted as time
dependence of the intensity (area) of a single Raman band. To determine reaction rates, we fit
experimental kinetics with analytical solution of the corresponding system of kinetic equations. The
temperature dependence of reaction rates is measured in an interval of 15-45°C. The results are
consistent with available literature data. Activation energy of the reaction is calculated. Intensity
dependences of several Raman bands are studied. Reaction rates calculated with the help of different
kinetic dependences varies by about 6%.

Raman spectroscopy can also be used in the analysis of enzymatic reaction kinetics (hydrolysis of
2,4-dinitrophenyl acetate catalyzed by a-chymotrypsin). The values of the reaction constant of
spontaneous hydrolysis and the Michaelis constant are obtained.

The difference between the ATR FTIR and Raman data on chemical reaction rates is discussed. The
reason for such a difference is the specific interaction of reaction solution with the surface of ATR
crystal. Spectral changes with time are obtained for several pure substances and chemically stable
mixtures in the FTIR measurements using attenuated total reflection configuration.

Key words: Raman spectroscopy, FTIR, ATR FTIR, chemical reactions, reaction rate, chemical
kinetics, enzymes, functional activity
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We performed a study that some physiological processes are caused by electrical current when
passing through the tissues and organs. The basic idea of diathermia, medical treatment and therapy
with alternating high frequency electric current, is to use transformation of electric power into heat
when current goes through the tissue and internal biological environment. The important fact in this
process is to avoid massive displacement of ions, which could be potentially destructing side effect.
Advantage and importance of using the alternate current (with frequency ~1 MHz) over the direct
current is explained, as well as the fact that this effect was spotted almost simultaneously by Nikola
Tesla and Jaques d’Arsonval, at the end of 19t century. This paper also explains later cooperation
between two scientists and basic principles of diathermy — heating effect with high frequency alternate
current.
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MODIFICATION OF SPECTRAL PROPERTIES OF PHOTOSYNTHETIC LIGHT-
HARVESTING COMPLEXES BY INTENSE OPTICAL IRRADIATION

Kristjan Leiger, Arvi Freiberg

Institute of Physics, University of Tartu, Tartu, Estonia

Single-particle (-molecule, -protein, or -membrane) spectroscopy, by getting rid of unwanted
ensemble averaging, has become a valuable tool in biophysical research. Yet in these studies necessarily
rather high excitation intensity is used that may significantly modify the spectral as well as structural
properties of the studied particles. Here, the fluorescence spectra of excitons in the peripheral LH2
antenna pigment-proteincomplex were investigated under continuous-wave laser excitation. The
samples purified from two different species of photosynthetic purple bacteria (non-sulphur
Rhodobactersphaeroides and sulphur Allochromatiumminutissimum) were interrogated under the
excitation intensity, which varied over more than four ordersof magnitude, between 0.1 W/cm2 (the
full sunlight intensity) and 2 kW/cm2. Excitationin to the Qx absorption band of the
bacteriochlorophyll-a chromophores at 594 nm was employed. The spectra studied upon strong and
prolonged illumination at ambient temperature revealed important permanent modifications. This
damage, being much more extensive in complexes from sulphur bacteria, was shown to be due to
photo-oxidation of various numbers of bacteriochlorophyll-a molecules in the B850 compartment of
LH2. In our presentation, we also discuss whether the observed spectral variations might be a part of
the adaptation strategy of the bacteria to variant environmental conditions.
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The composition and very small size of quantum dots (QDs) gives them unique and very stable
fluorescent optical properties that are readily tunable by changing their physical composition or size.
The ability to create dots that emit a rainbow of colors suggest that they could be used as biosensors.
Most commonly used QDs is core/shell CdSe/ZnS. After synthesis, core/shell quantum dots must be
covered with an organic layer or incorporated within the organic shell to make them water-soluble and
biocompatible. Biocompatible quantum dots represent a powerful tool for the direct readout of
information down to single molecule level.

66



[

, -

RAD20 /

SENSITIVITY OF REMOTELY-SENSED SPECTRAL REFLECTANCE
TO BIOPHYSICAL VARIABLES OF PLANTS
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Precise estimation of the leaf biophysical and biochemical variables provides useful information of
important physiological processes in vegetation that can be readily assessed via hyperspectral remote
sensing (HRS). The key variables include leaf chlorophyll and water content, leaf dry matter content,
leaf area index (LAI), and leaf structure. HRS technology of spectral reflectance provides simultaneous
acquisition of information in narrow but continuous spectral bands which are sufficient to detect subtle
absorption features in foliar spectra and to study correlations of these features to biophysical
parameters. Variability of leaf optical properties is wavelength dependent. Leaf chlorophyll strongly
affects the visible region of the reflectance spectra while LAI and leaf structure have a large impact on
the near infrared region. To translate HRS data into information about vegetation biophysical and
biochemical parameters, specialized algorithms and approaches are needed. Two common approaches
are the empirical-statistical approach and physical modeling. The first approach includes spectral
vegetation indices computation and regression model application. Considerable progress has been
made in physically based models that simulate leaf spectral characteristics based on interactions of
incident radiation with foliar medium.

The objective of this paper is to investigate the sensitivity of remotely-sensed reflectance data to
variations in the biophysical parameters at leaf scale using a modeling approach. Hyperspectral
reflectance data were collected by means of a portable fiber-optics spectrometer in the visible and near
infrared spectral regions (350-1100 nm) of the electromagnetic spectrum with a spectral resolution of
1.5 nm. Some stress factors (viral infections) were applied to young horticultural plants (potato,
tomato). Several vegetation indices (VIs) were developed to reveal the estimation accuracy of
vegetation variables. Modified Chlorophyll Absorption in Reflectance Index (MCARI), Blue Green
pigment Index (BGI), Plant Biochemical Index (PBI), and Chlorophyll Absorption Ratio Index (CARI)
were chosen for estimating plant pigment contents.Enhanced VI (EVI), modified Normalized
Difference (mND705), Normalized Difference VI (NDVI), and Greenness Index (GI) were applied for
estimating plant biomass from hyperspectral data. Photochemical Reflectance Index (PRI) was used
for estimation of stand photosynthesis from remotely sensed data. For the physical-based approach
Fourier amplitude sensitivity test was applies. The model sensitivity is decomposed into the first-order
index, which represents the individual effect of each model parameter in accounting for model output
variation.

67



[

, -

RAD20 /

THE EFFECT OF PLANT DISEASES ON HYPERSPECTRAL LEAF REFLECTANCE
AND BIOPHYSICAL PARAMETERS

Dora Krezhova?, Kalinka Velichkovaz, Nikolay Petrovs

1 Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria

2 University of Mining and Geology “St. Ivan Rilski”, Sofia, Bulgaria

3 Institute of Soil Science, Agrotechnology and Plant Protection, Bulgarian Agricultural Academy, Sofia,
Bulgaria

Spatial and temporal monitoring of biophysical parameters of plant ecosystems provides important
information on their status and responses to changing environmental conditions. The chlorophyll
content and fraction of absorbed photosynthetically active radiation are widely applied in
environmental studies concerning growth monitoring, stress detection, and yield estimation.
Hyperspectral remote sensing method based on measurements of leaf reflectance in hundreds of
narrow spectral bands provides the possibility for accurately studying and objective assessment of the
spectral responses of plants to adverse environmental conditions. As a unique cost effective resource,
hyperspectral reflectance data have been proposed as a good solution for assessment of the vegetation
biophysical parameters and their variables.

Remotely-sensed reflectance data collected by means of a portable fiber-optics spectrometer in the
visible and near infrared spectral ranges (350-1100 nm) were used to extract information on the effect
of biotic stresses (two viral infections) on young potato plants. The test data were subjected to different
digital image processing techniques. This included statistical (Student’s t-criterion), first derivative
and cluster analyses and several vegetation indices were estimated. Statistical analyses were carried
out in four most informative for the investigated species regions: green (520-580 nm), red (640-680
nm), red edge (680-720 nm) and near infrared (720-780 nm). The strong relationship, which was
found between the results from the remote sensing technique of spectral reflectance and serological
analyses (DAS-ELISA) for the presence and degree of the diseases, indicates the importance of
hyperspectral reflectance data for conducting, easily and without damage, rapid assessments of plant
biophysical variables and plants health. Emphasis was put on current capability and future potential
of the leaf reflectance for assessment of the physiological state of plants and on defining the optimal
spectral regions and vegetation indices for analyses of these biophysical variables.
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PELAGE ALKALINE HYDROLYSATES’ REDOX CHANGE VIA LIGHT FLASH

Svetlana A. Komarova, Anna A. Oleshkevich, Victor E. Novikov

Moscow State Academy of Veterinary Medicine and Biotechnology — MVA by K.I. Skryabin (Moscow
SAVMB), Moscow, Russia

The effect of pelage alkaline hydrolysates’ redox change under the light flash (redox-photo effect)
was examined.

Hydrolysates were prepared during 30-minute incubation of hair in NaOH solution (4M) in a
boiling water bath. After incubation, the hydrolysate was diluted to a pH = 12.5; the final keratin
concentration was 2 mg/ml.

Studies have shown that: 1) Pelage alkaline hydrolysates’ redox-potentials from various animals
differ significantly; 2) The majority of these solutions is characterized with redox change under the
light flash; 3) Redox amplitude shifts range under light exposure in diapason of + (5 + 20) mV from
initial value and greatly depend on the source of material; 4) The redox value displacement varies
slightly with increased concentration of the keratin solution; 5) When the flash exposure does not
exceed 300 sec the redox shift is completely reversible, the longer exposition can result in the
irreversible redox shift; 6) The redox dynamics under the influence of the flash exposure of 100 + 300
sec corresponds meander shape with time growth of both fronts not more than 3 seconds.

The redox-dependence revealed is probably associated with a different melanin content and
different ratios of sulfide and disulfide groups. The method developed can be used in the pelage and
fur expertise.
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As a model object the goat fell from different parts of its body was chosen. Animals varied in breed,
sex and age. Fell alkaline hydrolysates were prepared during 30-minute hair incubation in NaOH
solution (4M) in a boiling water bath. Then samples were cooled and diluted 40 times.

The spectrophotometry method is based on the ability of biological solutions to absorb light with
different intensities under various conditions and wavelengths. Thus, we can determine the absorption
spectrum, characterizing each substance. We determined the light absorption by fleece alkaline
hydrolysates in the range of 205—750 nm.

The results obtained showed that fleece alkaline hydrolysates from adult goats’ hair (females and
males) start to absorb light at 245—275 nm. In its spectrum two absorption bands are present: 410 —
510 nm and 550 — 650 nm. Alkaline fleece hydrolysates from the hair of newborn goats don’t absorb
at the wavelength of 275 — 285 nm and 300 — 350 nm. Fleece alkaline hydrolysates solutions from
pregnant goat hair lacked to absorb at 300 — 370 nm wavelength.

We think that the technique developed will allow us to identify the species of various animal hair.
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PERCEPTION, FEELINGS AND NEUROREGULATORY SIGNALS
AS MUSIC-LIKE PATTERNS EMBODIED IN IONIC WAVES INDUCED BY PROTEINS

Andrey Ponomarenko!, Alfredo Pereira Jr.2,
Victor Nunes3, Valeriy Zaporozhan*

1 Odessa National Medical University, Odessa, Ukraine
2 State University of Sao Paulo (UNESP), Botucatu, Brazil
3 Medical Physicist, Botucatu, Brazil

We introduce a hypothesis that both: afferent and efferent neural pathways involve additional
mechanism of signal transduction in form of a hydro-ionic waves in brain and body tissues, being
induced by proteins and protein interactions and having properties similar to musical patterns,
namely: rhythm, meaningful frequencies and presumably, consonance. Mechanisms of our feelings
could also include the same biophysical substrate composed of the hydro-ionic waves. After
introducing a sketch of the model, the results of two unpublished pilot experiments and the well-known
Chladni dynamical patterns are brought in support of the hypothesis. First, we show some examples to
prove that the structure of proteins embodies a matrix able to generate musical patterns. Second, we
compare feelings with the musical patterns that generate Chladni effects in vibrating metal plates
covered with sand. Third, we report a pilot experiment of electrical stimulation of brain tissue with
musical patterns. We suggest that purposefully composed sound sequences are able to cause targeted
biological effects in case they mimic the rhythm and frequencies of Music-Like Patterns of natural
neuro-regulatory signals. Examples of the natural “Bio-music” obtained by direct computer-assisted
transcription of some protein amino acid sequences into the sound sequences will be presented.
Possible applications include activation of regeneration processes, regulation of hormonal
misbalances, correction of biochemical, immunological and psycho-neurological reactions.
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EFFECTS OF MODULATED ULTRASOUND ON GROWTH AND EMISSION PROCESSES

Anna A. Oleshkevich

Moscow State Academy of Veterinary Medicine and Biotechnology, Moscow, Russia

The purpose of our research was to identify the basic effects of amplitude-modulated ultrasonic
waves in various organophotoheterotrophic prokaryotes cells. As the test objects, the representatives
of unicellular organisms, photobacteria, were selected, i.m. — the culture of marine luminescent
halotolerant bacteria Aliivibrio fischeri 6. Cells were exposed for 15 min to ultrasound (US) intensity
Isata of 0.2 W/cm2and 0.4 W/cm? with modulation frequency range of 0.1 — 10 Hz and 100 — 1000 Hz
using the US therapeutic apparatus UST-5. The carrier frequency was 880 kHz; modulating
generators G3—112 and CP-110 provides the ability to create a modularize signal in a wide range of
frequencies (0.001 Hz—1999 kHz).

It was found that the intensity of bioluminescence in growing control cells depends on the
population density. The maximum intensity of luminescence is characterized by state of the population
of growing cells A. fischeri, called «quorum sensing». The emission was absent at low concentrations
of cells (optical density = 0.2-0.3), and sharply increased and reached a maximum after 20 hours when
the population reached its critical density (OD = 2). Cell synthesized autoinductor of luminescence
(acyl-derivate of L-homoserine, N-3-oksogeksanoillakton) diffused freely across cell membranes. It
was involved in cell communication via the «quorum sensing» system and it was the main factor
affecting the expression of the A. fischeri lux-genes.

The experimental results showed that low-intensity ultrasound (0.05-0.1 W/cm?2, the exposure
time of 1-3 minutes), did not effect on the growth and development of the bacterial culture, but lowered
the intensity of the sonicated cells’ luminescence. Probably it has not been reached the state of “quorum
sensing”. However, the emission intensity quickly restored after the ultrasonic termination. The
intensity increases from 0.1 to 0.2 W/cm2caused the intensification of luminescence which gradually
reached the reference value. Exposure to US intensity of 0.4 W/cm? stimulated the bioluminescence
and the growth rate of A. fischeri. In the range between 0.4 and 0.6 W/cm? visible bacterial
luminescence changes weren’t observed. It is obvious that under these intensities suppression and
stimulation of bioluminescence effects are equal. US intensities, greater than 0.6 W/cm2, irreversible
inhibition of bioluminescence was observed. The number of viable cells progressively reduced. The US
intensity when bioluminescence suppression starts, coincides with the thresholds of cavitation in the
slurry, which was confirmed by experiments on the generation of ultrasonic cavitation emission in free
from bacterial cells media under intensities greater than 0.6 W/cm2.

It was found that the directional effect of 0.2 W/cm2 US intensity and of the modulation frequency
less than 85 Hz changed minimally the degree of cell culture emission, whereas at the frequency of 120
Hz completely inhibited the bioluminescence. The US modulation frequency range from 85 to 100 Hz
at the same US intensity of 0.2 W/cm? increased the degree of emission.

US intensity of 0.4 W/cm2and a modulative frequency of 14 Hz and 9 Hz did not affect significantly
on the degree of bacterial cells’ luminescence. But under lower modulation frequencies, 5—7 Hz, the
emission intensity fell twice — fivefold. The stimulation of luminescence was observed only when the
modulation frequency was equal to 10-12 Hz.
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Steliana Paula Barbu?, Matilda Ciuca?, Aurel Giuraz

1 University of Agronomic Sciences and Veterinary Medicine — Bucharest, Faculty of Biotechnologies;
National Agricultural Research and Development Institute Fundulea, Fundulea, Romania
2 National Agricultural Research and Development Institute Fundulea, Fundulea, Romania

Usefulness application of gamma rays irradiation in plant breeding has resulted in the release of
more than 3500 cultivars worldwide, in over 170 crop species, including common wheat.

In addition, a wealth of genetic variability has been generated by using induced mutants as one of
the parents in the breeding programs.

At NARDI Fundulea, a valuable genetic variability for several important wheat agronomic traits
was generated through specific protocol utilization including two modern wheat genotypes, two
irradiation cycles application with gamma rays and DH (doubled haploid) technology based on
biotechnological Zea system.

The genotype Izvor is the most drought tolerant genotype released in Romania, with high yield
ability in dry years (“or” recessive allele controlling osmotic adjustment, and the genes
Lr34/Yr18/Pn38/Sr57/Litns1, for foliar pathogens).

The advanced breeding line F00628G-34 with good resistance to foliar pathogens, higher yielding
potential in areas without water stress, carries 1A/1R translocation.

Up to now, 314 mutant/recombinant DH lines were thoroughly screened at molecular level for the
presence/absence of Lr34 and “or” genes, 1AL/1RS translocation and for GluA3 and secaline locus. In
23 mutant/recombinant DH lines we identified the presence of Glu-A3c locus on 1RS arm in lines with
1AL/1RS translocation.

Identification of mutated/recombinant DH lines possessing GluA3 locus on translocated
chromosome 1AL/1RS, with or without the presence of secaline locus (w secaline and y secaline) opens
possibilities of improving quality parameters of bread wheat by using these new genetic variability
sources.

Key words: Mutant/recombinant, secaline, Glu-A3, quality
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CANDIDA RUGOSA LIPASE IMMOBILIZED ONTO TITANIA:
IMPROVED THERMAL STABILITY AND REUSE POTENTIAL

Lidija Izrael Zivkoviét, Ljiljana Zivkovié?

1 University of Belgrade, Faculty of Medicine, Institute of Chemistry in Medicine, Belgrade, Serbia
2 University of Belgrade, The Vinc¢a Institute of Nuclear Sciences, Belgrade, Serbia

Enzyme catalyzed reactions have been extensively exploited for a wide range of applications in
biotechnology. In spite of a broad implementation of enzymes in different fields, some constraints
referred to their cost and process stability still exists. To overcome a limit related to short catalytic
lifetime of enzymes in process conditions, a spectrum of immobilization methods have been extensively
studied to increase stability and enhance reuse, offer easier separation, making production
economically viable.

Lipase from C. rugosa is a globular glycoprotein with molecular mass of 57 kDa. With 31 acidic and
18 basic amino acids exposed on the surface, its IEP is located at pH 4.65. Titania (Degussa P25) was
selected as support material for its well defined morphology: nanometer-sized solid particles of
spherical shape. Being amphoteric, titania particles develop positive and negative charge below and
above IEP (pH 6.7), respectively.

Tris-HCI buffer at pH 7.6 was used for immobilization. Although the overall charge of lipase is
negative, localized electrostatic attractions together with hydrophobic interactions govern the
adsorption of enzyme onto the support. Owing to the patchwork surface charge of lipase, positively
charged Lys are accessible for the electrostatic interactions with the negatively charged support.

The adsorption of lipase onto titania was fast, after 1h 65% of lipase was adsorbed.

One of advantages of enzyme immobilization is improvement in thermal stability. Therefore, the
stability of lipase immobilized onto titania was determined at 50 and 60 °C. In terms of half-life, at 50
°C, ty= of free lipase was 55 min, while after immobilization, ti» increased to 180 min. The
thermostability of lipase was increased more than 3-fold after immobilization. After 1 h of incubation
at 60 °C, the free lipase was inactive, while the remaining activity of immobilized enzyme was close to
60%. Even after 2h the activity remained 40%, or in terms of half-life, increased more than 7-fold.

A significant improvement in thermal stability of immobilized lipase seems to be result of restrict
movements of protein after adsorption, preventing conformational changes and unfolding.

The reusability of immobilized enzyme is one of the most important advantages for application.
Adsorption, as an immobilization method, is usually considered as a method with poor reuse potential,
as the linkages established are usually weak and the enzyme could be easily desorbed. Reuse stability
in water was tested. Remaining lipase activity was about 90% after nine reuses. As strength of
interaction between enzyme and support can be judged from the ability of enzyme to resist removal —
leaching, the result implies a strong interaction between lipase and titania as support. The result points
to the significant potential for reuse of lipase in water environment after immobilization onto titania.
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Kinetic measurements can be used to predict the optimum kinetic behaviour of a particular
biocatalyst. Based on those predictions, optimisation of biocatalytic reactions, as well as process design
to improve productivity and reduce the cost of various processes can be performed.

The kinetic parameters of lipase immobilized onto titania were determined in cyclohexane using
solutions of amyl alcohol and octanoic acid in a range of concentrations: 0.05 to 0.6 M for alcohol and
0.05 to 1 M for acid. at 40 °C with mechanical stirring at 150 rpm on rotary shaker. One unit (1 U) is
defined as that quantity of enzyme which under test conditions synthesizes 1 mmol of amyl-octanoate
per min.

The rate of esterification was determine as the residual acid content by titration with sodium
hydroxide, The quantity of ester formed was calculated as being equivalent to acid consumed. This was
confirmed by determination of ester concentration using gas chromatography—mass spectrometry
(GC-MS) performed with a GCMS (QP2010 Ultra, Shimadzu, Kyoto, Japan). Spectrum analysis was
performed using NIST11 and Wiley8 database libraries, and relative ratios of components were
calculated from the corresponding peak areas.

Most of the kinetic studies of lipase catalyzed esterification reaction in organic solvent assume ping-
pong model with inhibition by alcohol. In order to find kinetic model of amyl caprylate synthesis,
catalyzed with C. rugosa lipase immobilized onto titania, series of experiments were performed at
determined conditions. The experimentally obtained data were fitted with model for bisubstrate ping-
pong bi-bi model with alcohol inhibition using Matlab software. The rate equation describing this
model is given by:

v=( Vmax, [Ac] [Al])/([Al][Ac] + Kai[Ac] + Kac[Al] + (Kac/ Ki,a1) [Al]?)

where v is the initial reaction rate, Vmax is the maximum reaction rate, [Ac] and [Al] are the
concentrations of octanoic acid and amyl alcohol, K and Kac are Michaelis constants for amyl alcohol
and octanoic acid, and Ki,a is the amyl alcohol inhibition constant.

Kinetic constants (Vmax, Kai, Kac, Ki,a1) were calculated using a non-linear regression fit of the 48
experimental points. Parameters were optimized using MatLab software.

Values of kinetic constants from ping-pong bi-bi model with alcohol inhibition are: Vimax = 26.36
umol min-g; Kar = 0.200 moldm-3; K4c = 0.522 moldm~3; Kj,a1=0.644 moldm-3

The increase of concentration of octanoic acid increases the rate of esterification achieving the
maximum rate of 26.36 umol min-at 1 mol/L of acid and 0.3 mol/L of alcohol. On the other hand, the
increase of concentration of amyl alcohol confirmed hypothesis of substrate inhibition.
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Cancer is one of the major causes of mortality worldwide. Several current methods used to treat
cancers can be classified into conventional and modern methods. Hyperthermia has been recently
introduced as an adjuvant therapy for cancer and holds great promise for combating this disease.
Hyperthermia is defined as a treatment in which the target tissue is exposed to high temperatures that
either destroy the tissues directly (thermal ablation with temperatures above 47 °C) or render the
cancer cells more susceptible to other treatment modalities (thermal sensitization in the temperature
ranges of 41—45 °C).

Nanotechnology has been introduced into the biomedical applications with the expectation of
revolutionizing current diagnostic and treatment techniques. Nanoparticles can absorb energy from
an external source and enhance the effects of hyperthermia. There have been an increasing number of
investigations, in the past two decades, into various aspects of magnetic nanomaterials for
hyperthermia-based therapy. In order to increase the heating efficiency simultaneous process are also
available where synergic effects can occur.

In this study we used only magnetic hyperthermia.

Temperature measurements of magnetic nanoparticles were performed on either aero gel matrix
or liquid and ferrofluid nanomaterials. For this purpose, the external magnetic field was applied
through a series RLC circuit that can produce IF magnetic field up to 14 kA/m, at 250 kHz frequency.
The temperature was measured with a multichannel fibre optic thermometer (Luxtron FOT Lab kit).

In order to measure the magnetic susceptibility and its dependency on temperature of different
magnetic nanomatrials, we developed a broadband (10 kHz-1 MHz) magnetic susceptometer.
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Introduction. Endogenous nitric oxide (NO) is actively involved in many physiological and
pathological processes, such as regulation of neoangiogenesis, including the tumor growth. Currently
it is shown that nitric oxide may regulate proliferation activity and apoptosis of tumor cells and have a
direct influence on the results of chemotherapy. Suppressing the activity of nitric oxide synthases
(NOS) using NOS-inhibitors cause a reversible hypoxia in tumor and peritumoral tissues. We have
found that the compound ITU-II from the chemical class of isothiourea, synthesized by the laboratory
of radiation pharmacology in A. Tsyb MRRC is able to selectively and reversibly inhibit the NO
synthases. Our recent researches which we had made have shown the anti-tumor and anti-metastatic
effectiveness our original substances.

There are an electron-affinic compounds aimed on hypoxic tumor cells — a priori resistant to
radiotherapy and chemotherapy. They affect on cellular respiration, the sensitivity of tumor cells to
chemotherapeutic drugs. In this context, the investigation of combined use of NOS-inhibitor with
electron-affinic compounds which potentially capable selectively sensitize of tumors to the action of
these drugs is very perspective.

Materials and methods. Research were made on male mice F1 [CBAxC57Bl6] at the age of 2-
2.5 months, weighing 25-28 g with inoculated Lewis lung carcinoma (LLC). Two series of experiments
were carried out, each included six experimental groups (15 animals in group). Experimental animals
were injected with Metronidazole (electron-affinic compound) and NOS-inhibitor ITU-II from 77t till
20th days of tumor growth in a specific pattern. Every 4 days were measured the volume of the tumor
and the weight dynamics of animals. On 21t day of tumor growth the animals were euthanized.
Antitumor effect was evaluated by the index of tumor growth inhibition (TGI, %). Also the number of
metastases was counted in the lungs which were fixed in acidic Bouin’s fluid.

Results. Isolated injection of Metronidazole inhibited the tumor growth on 20% and 34% (10th
and 14 day respectively), but at the terminal stage of tumor growth a complete lack of antitumor effect
was observed. Isolated injection of ITU-II inhibited tumor growth on 15-20% throughout the
experiment. The group that received the combination of two drugs had a pronounced TGI effect.
Maximum of effectiveness was obtained at 14 day (30%) and kept until the end of the experiment
(22%). Moreover, the results of the second experiment showed that efficacy of combined use of two
substances depend on the interval between the injections: the longer the interval between injections
the higher the TGI index. Thus, in the range of 120 minutes the TGI index was 46%.
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Oncological diseases are difficult to treat despite the limited success in the fight against cancer.
Therefore, the problem of creation of new pharmacological drugs and schemes of tumor therapy is very
actual. One of the modern targeted approaches in oncology is the development of pharmacological
agents for angiostatic therapy of tumors. The new original isothiourea derivatives (ITU), synthesized
in the laboratory of radiation pharmacology of A. Tsyb MRRC, exhibit the properties of nitric oxide
synthase (NOS) inhibitors. Using the ITUs as anticancer agents is relevant, because their ability to
inhibit endothelial NOS largely provides the antiangiogenic activity of these substances. In this study
we investigated the antitumor, antimetastatic and antiangiogenic activity of new original NOS inhibitor
ITU-II.

The investigations have been done in male mice F1 [CBAxC57BL6j], 13-17 animals per group. We
used epidermoid tumor model - the lung Lewis carcinoma (LLC). The studied compound ITU-II was
injected daily intraperitoneally at dose 1/5 LDi6. The linear sizes of tumors were measured in each
animal every 3 days since the 7th day of the experiment and then the volumes of the tumor were
calculated. On the 21th day the animals were euthanized, lungs were removed, fixed in the acidic
Bouin’s fluid and the number of small and large lung metastases were counted on the following day.
Tumor tissue samples were fixed and prepared in specific pattern for histological,
immunohistochemical and morphological studies.

Sub-chronic administration of ITU-II caused significant antitumor activity. After 21 days of
injections tumor sizes were 45% less in mice treated with ITU-II than in control mice. Marked tumor
growth inhibition in treated animals was observed in the first 7-14 days. The number of lung metastases
was 30% lower in treated mice than in control group. NOS inhibitor statistically significantly
suppressed the growth of large metastases and reduced the number of small metastases. Histological
and immunohistochemical studies have shown marked decrease in the number of blood vessels in
peritumoral area and “hot spots” of angiogenesis in the LLC parenchyma, the expansion of
spontaneous necrosis zones, a statistically significant decrease in the proliferative activity of carcinoma
cells and stimulation of apoptosis.

Thus, a pronounced antitumor and antimetastatic efficacy of NOS inhibitor is largely due to its
antiangiogenic action. The continuation of research the possibility of using the NOS inhibitor in tumor
therapy is rather perspective.
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Introduction. The aim of our study was to analyze the frequency of micronuclei (MN) and the
production of cytokines in patients with papillary thyroid carcinoma (PTC) before treatment with
radioactive iodine 131 (131-I) and 7 days after therapy.

Methods. The study was performed in 12 patients with PCT. Micronuclei frequency in peripheral
blood lymphocytes was detected by cytokinesis-block micronucleus (CBMN) assay. Cytokine levels
were determined in supernatants obtained from phytohemagglutinin (PHA)-stimulated whole blood
cultures in vitro. The concentrations of selected cytokines: interferon gamma (IFN gamma),
interleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 6 (IL-6), interleukin 10 (IL-10), interleukin 12
(IL-12p70), interleukin 13 (IL-13), and interleukin 17 (IL-17A) were measured using multiplex cytokine
detection systems for Human Th1/Th2/Thg/Th17/Th22.

Results. The average of MN frequency before treatment with 131-I was 18.73 + 4.45 MN / 1000
binucleated cells (BN), whereas it was 25 + 4.97 MN / 1000 BN cells after therapy. The concentration
of IL-12p70 after treatment with 131-1is positively correlated with the difference in MN frequency (MN
frequency after therapy-MN frequency before therapy) (Pearson r = 0.627, p = 0.029).

Conclusion. The increase in the frequency of MNs induced by radioactive iodine treatment is
correlated with the production of IL-12p7o0.

Key words: Cytokines, micronuclei frequency, papillary thyroid carcinoma, radioactive iodine
therapy
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Gliomas are the most common type of primary brain tumors in humans. Grade IV of glioma tumors,
glioblastoma (GBM), is one of the most aggressive and deadly forms of cancer with the median survival
of 15 months despite intensive therapeutic strategies which include surgical resection combined with
radiotherapy and temozolomide chemotherapy. Therefore, the identification of more effective
treatment strategies for patients with GBM is required.

Literature data indicate that microRNA 21 (miR-21) is significantly elevated in GBM and in many
other tumors of various origins. Recently, miR-21 has emerged as a key omnipotent player in
carcinogenesis, including development of brain tumors. It is recognized as an indicator of glioma
prognosis and a prosperous target for anti-tumor therapy. One of the targets of miR-21 is SOX2 gene
which high expression is hallmark of subpopulation of cells within tumor, named glioblastoma stem
cells. It has been proposed that these cells are responsible for GBM radio-resistance. Considering all
these findings, our aims were to analyze whether miR-21 downregulation could sensitize glioblastoma
cells to standard irradiation treatment and to analyze SOX2 expression after downregulation of miR-
21 in irradiated and non-irradiated U87 and U251 glioblastoma cell lines.

We have demonstrated that downregulation of miR-21 in U87 and U251 cell lines leads to cell death,
senescence and inhibition of cell growth. The effect on cell growth was more pronounced when cells
with miR-21 knockdown were irradiated, while there was no additional effect on senescence following
irradiation. Furthermore, we revealed that SOX2 gene expression is altered after irradiation of U87
and U251 cells. However, we did not detected changes in SOX2 expression after downregulation of
miR-21 expression in these cells, as well as after irradiation of U87 and U251 glioblastoma cells with
downregulation of miR-21 expression.

Our results indicate that downregulation of a single oncomir, miR-21, in combination with
radiation, represents a potent mechanism to target glioblastoma cells. Additionally, obtained data
imply that detected effects are not mediated thorough the changes of SOX2 expression. Further
investigations are needed to delineate molecular mechanism by which combination of downregulation
of miR-21 expression and irradiation determinate glioblastoma cell fate.
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AND HUMIC SUBSTANCES IN AQUEOUS SOLUTIONS

Ivan Pozdnyakov?!, Tamara Romanovaz2, Victoria Salomatova?,
Feng Wus, Vjacheslav Grivint, Olga Shuvaevaz, Victor Plyusnin*

1 Voevodsky Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia
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The rising interest in arsenic chemistry in environment is caused by the toxicity and in some cases
the carcinogenicity of arsenic-containing compounds. It is well known that As(III) is the most toxic
arsenic species, therefore the processes of its oxidative transformation into As(V) are of a great interest.
Photochemical oxidation of arsenite to arsenate plays an important role in transformation of arsenic
compounds in aqueous systems. The process can be considerably accelerated by the presence of Fe(III)
complexes and iron-containing clays. The formation of mixed As(V)-Fe(III)-FA(HA) complexes (where
HA and FA are humic and fulvic acids, respectively) leading to the change of mobility, bioavailability,
solubility and photochemical properties of arsenic-containing compounds is also possible.

This report discuss the recent findings concerning mechanistic aspects of As(IIT) photooxidation in
the presence of Fe(II1) ions and humic substances by combination of steady-state (lex = 282, 308 nm)
and flash (lex = 266, 355 nm) photolysis methods with ICP-AES, ICP-AES-HG and HPLC techniques.

Photooxidation of As(III) in the presence of Fe(III) ions in acidic media was investigated in wide
range of As(III) concentration. At low arsenite concentration (< 50 ppm), As(III) is oxidized by *OH
radical generated via photolysis of the FeOH2* complex with high quantum yield of As(V) formation
(fso8nm = 1), At higher arsenite concentrations (> 500 ppm), the formation of photoactive Fe(III)-
As(IIT) complexes occurs (328 = 0.012). As(III) in solution undergoes oxidation to As(IV) through the
LMCT mechanism and then to As(V) mainly by the action of dissolved oxygen with formation of white
FeAsQ, colloids as final photoproduct. At all arsenite concentrations, As(IV) species were detected for
first time by laser flash photolysis (LFP) and their spectral and kinetic properties were determined.
Solid Fe(II1)-As(III) complexes are also prepared and characterized, and the photochemical
transformation of As(III) to As(V) in solid Fe(IIT)—As(III) complexes is confirmed.

Photooxidation of As(III) by humic substances (FA H108498) was also studied. It was observed
that quantum yield of As(V) formation upon 282 nm excitation is independent on pH in the range 4-8
and increase from 2*10-3to 8%10°3 with increase of As(III) concentration from 5 to 125 ppm. LFP and
time-resolved luminescence techniques allows to detect two main intermediates which are responsible
for photooxidation — the FA triplet state (3FA) and singlet oxygen formed in quenching of 3FA by
dissolved oxygen. Taking into consideration FA commercial availability, this photooxidation approach
seems to be perspective enough.

All aforesaid findings are important to understand the evolution of As(III) species in environmental
conditions and for detoxification of As(III)-polluted water systems.

Acknowledgement. The work was financially supported by the Russian Foundation for Basic
Research (grants 15-53-53012 and 14-03-00692).
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RADIOECOLOGICAL ASSESSMENT OF THE TITANITE SULPHURIC ACID TECHNOLOGY
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The titanite mineral is incorporated in apatite-nepheline ores abundant on the Kola Peninsula.
Apart from the main mineral titanite (about 90%), the concentrate obtained from the ore contains
impurities of feldspar, nepheline, egirine, and perovskite minerals. The titanite concentrate also
includes natural radionuclides U-238 and Th-232 partly due to isomorphic substitution of titanium (in
particular, for thorium), and the perovskite impurity.

In view of envisaged processing of titanite for marketable products, it was of interest to examine
the natural nuclides distribution at the main stages of the sulphuric acid process.

All the technological samples, including the feed titanite concentrate, contain natural radionuclides
of U-238 u Th-232 and also K-40. No technogenic radionuclides were found.

The average values of the effective specific activity of feed titanite concentrate were 695 + 25 Bq/kg.
The material is referred to class I materials with high radionuclide concentrations (Aeff < 740 Bq/kg).
When titanite interacts with sulphuric acid, a part of the radioactivity (up to 38%) is lost with radon
and thoron. The radioactive equilibrium in the radium-radon series in by-products and target products
reestablishes in about 30 days.

The average values of the effective specific activity of the target product — the titanium salt titanyl
sulphate monohydrate TiOSO,H-0 (TSM) is 125 + 25 Bq/kg. This product belongs to class I materials
(Aeft < 370 Bq/kg) and can be used in manufacture of building materials (such as pigment titanium
dioxide) without radiation restrictions. The average values of effective specific activity of the
technology’s by-product (calcium-silicate aggregate) are 340 + 30 Bq/kg and it can be used in
manufacture of building and technical materials. The liquid sulphuric acid solutions are also radiation-
safe and can be handled freely in a repeated technological cycle.
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REMOVING CESIUM AND STRONTIUM FROM HAZARDOUS WASTEWATER
BY ELECTROCOAGULATION
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Cesium and Strontium are byproducts of fission of nuclear fuel in nuclear reactors of Nuclear Power
Plants. They are normally inside the fuel rods and do not pose an environmental hazard. But in case of
an accident cooling water may come into contact with fuel rods and thus these radionuclides can reach
into the environment.

They are known a variety of methods for removing strontium and cesium from the waters, for
example: ionic exchange, adsorption or precipitation-coagulation, but all these methods have the
disadvantage of generating large amounts of hazardous sludge or materials, difficult to be managed.

Electrocoagulation is a physico-chemical method of removing pollutants from wastewater using
soluble anode made from aluminum or iron. Because of the use of electricity for obtaining the
coagulation agent, electrocoagulation is a method that can be applied in autonomous systems base on
solar energy which are need a minimal involving of human intervention, suitable for cleaning of
hazardous wastewater occurring during nuclear reactor accidents.

This paperwork is a study of possibility to use the electrocoagulation for removing cesium and
strontium from aqueous solution.

We will study the influence of different electrodes (aluminium and iron), electrolites (NaCl,
Na.SO4) and electrocoagulation time in efficiency of removing of these radionuclides from hazardous
waters occurring during nuclear reactors accidents.

Key words: Cesium, strontium, hazardous waters, electrocoagulation, iron, aluminium
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OF MACROFUNGI: PLEUROTUS ERYNGII AND TRAMETES VERSICOLOR
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Nanotechnology is a dynamically developing field of scientific and industrial interest across the
entire world. It is estimated that, of all the nanoparticles in consumer products, silver nanoparticle (Ag
NP) applications currently have one of the highest degrees of commercialization. Consequently, new
potentially toxic products in the form of manufactured nanoparticles have appeared on the market.
Concern stemming from the subsequent release of engineered NPs into the environment and their
potential adverse effects on ecosystem as well as human health has increased. One promising method
to prevent the ecotoxicity of nanoparticles is their efficient removal. A very promising alternative to
chemical techniques is the application of living organisms for the accumulation (bioaccumulation) of
contaminants. For the efficient removal of Ag NPs and consequently to prevent the ecotoxicity of
nanoparticles fungi can be successfully applied (mycoextraction).

The main goal of the studies was an investigation of the bioaccumulation of silver nanoparticles by
mycelia of edible fungi: Pleurotus eryngii and Trametes versicolor. The ability of biotechnological
cultures of mycelia to efficiently remove NPs from contaminated environments was examined. For the
studies neutron-activated silver nanoparticles were applied. For bioaccumulation studies, mycelia of
selected macrofungi species were cultivated on liquid medium contaminated with silver nanoparticles
at concentration 0 — 0.2 g/L. For determination of bioaccumulation or biosorption, quantitative
analysis of accumulated or absorbed nanoparticles was performed using gamma spectrometry (1°mAg,
884 keV).

The results have shown that mycelia of Pleurotus eryngii and Trametes versicolor are tolerant to
the applied nanosilver concentrations and accumulate silver nanoparticles. They provide the basis for
further studies into biotechnological applications of mycoextraction in nanoparticle removal from
different contaminated aquatic matrixes. Finally, it was confirmed that the applied study strategy,
including neutron activation of nanoparticles, is very useful technique for tracing the uptake and
accumulation of NPs in organisms.

Acknowledgment. The study was supported by the Ministry of Science and Higher Education
through the Faculty of Biology, University of Warsaw intramural grant DSM 2016.
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Determination of elemental content in soil samples collected in the vicinity of a ferrous
metallurgical enterprise was conducted in order to assess whether the potential high content of certain
metals is due to anthropogenic impact on the study area, or their occurrence in soil is due to the
geological peculiarities.

The soil samples were collected at sites located in the industrial area of the iron—steel plant of Galati,
Romania, one of the most powerful metallurgical complexes in the South-Eastern Europe. Soil samples
were randomly taken from the surface layer (0—5 cm) in each location in 20 x 20 m plots as 5—-8
subsamples, which were mixed to form a composite sample. The samples have been analyzed by
epithermal neutron activation analysis (ENAA) at the reactor IBR-2 of the Frank Laboratory of Neutron
Physics, Joint Institute of Nuclear Research in Dubna, Russia. A total of 39 elements were determined:
Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Co, Zn, As, Br, Rb, Sr, Zr, Mo, Sb, I, Cs, Ba, La, Ce, Nd, Sm, Eu,
Tb, Dy, Tm, Yb, Hf, Ta, W, Au, Hg, Th, and U.

Factor analysis revealed light and heavy crust component along with factors which elements are
inherent to activity of iron and steel enterprises) (coking plant, sinter plant, blast furnaces, slag dump).
The results obtained are discussed in relation with legislated permissible levels.

ENAA results for some trace elements in industrially contaminated soils are compared with those
obtained by energy-dispersive X-ray fluorescence and atomic absorption spectrometry at “Dunarea de
Jos” University of Galati, Romania.
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Mercury cell chlor-alkali plants use liquid mercury as a cathode in electrolytic cells to produce
chlorine, sodium hydroxide and hydrogen by electrolysis of brine solution. The Hg emissions from
these plants and contamination of surrounding soils, vegetation and aquatic ecosystems have been
widely investigated in the last two decades, besides the human health impact. The Hg level in
demolition materials and hazardous wastes resulted from decommissioning of chlor-alkali plants, in
particular soil, was not sufficiently investigated.

In this paper the determination of mercury content in soil samples collected inside of a chlor-alkali
plant in Craiova, Romania, whose process ceased in 2010, was carried out using energy-dispersive X-
ray fluorescence (ED-XRF) in order to assess the anthropogenic impact on the study area and take
appropriate decontamination measures.

Due to the advanced degrading state of the unit, high amounts of elementary mercury and mercury
salts have been infiltrated into soil on which it was placed. The contaminated soil samples have been
analyzed by employing an X-MET 5000 spectrometer at SETCAR company Braila, Romania. The Hg
concentrations in investigated soils ranged in the interval 10.624 — 12.627 mg/kg, values which are
comparable with the results reported in similar studies in other countries, but extremely high
compared with the legislated levels. Besides Hg, the following elements were determined in soils: K,
Ca, Ba, Rb, As, Zn, Cd, Th, Fe, Pb, Cr, Sn, Sb, Cu, Ti, Mn and Zr.

ED-XREF results for mercury and selected chemical elements in polluted soils from the former
chlor-alkali plant are compared with those obtained by atomic absorption spectrometry at “Dunarea
de Jos” University of Galati, Romania.
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HYDRODYNAMIC CAVITATION-ASSISTED FORMATION
OF OH-RADICALS IN AQUEOUS SOLUTION

Borivoj Adnadjevic, Dragan Rankovic, Jelena Jovanovic

Faculty of Physical Chemistry, Belgrade, Serbia

Hydrodynamic cavitation is an effective method for OH-radicals formation in the aqueous
solutions (1,2). A novel hydrodynamic cavitator, Ventures type, has been constructed. The main
technical characteristics of the cavitator have been determined: a) cavitation number as a pressure
function, b) maximal bubble radius, ¢) maximal temperature and pressure in the bubble, d) bubble
concentration and e) its energetically effectiveness. The effects of the cavitation number (KN), the
temperature of the aqueous solution and the time of hydrodynamic treatment on the concentration of
the formed OH-radicals were investigated. The concentration of the formed radicals has been
measured by the method of iodode-iodate chemical dosimeter. Based on the results obtained it was
found that a) the maximal concentration of the formed OH-radicals was achieved under the KN =0.08
at T=25°C and t=10 min, b) concentration of the OH-radicals linearly increase with the duration of the
hydrodynamic treatment until to t=10min, c) the increase in the temperature of the aqueous solutions
leads to the decrease in the concentrations of the formed OH radicals and d) energetically effectiveness
of the OH-radicals formation assisted with the hydrodynamic cavitation is as much as 10 times higher
than the ultrasonically assisted one. The mechanism and kinetics of formation OH-radicals in the
aqueous solutions assisted with the hydrodynamic cavitation was discussed.

References:

[1] Prasad W., et al, Chem. Eng. Sci, 49(6) 877-885 (1994).
[2] Kirpalani D., et al, Ultrasonic Sonochemistry, 13, 1-5 (2006).
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AERUGINOSA NCAIM(P), BOO1380
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Pseudomonas aeruginosa NCAIM(P), Boo1380 was isolated from mineral cutting oil used as metal
working fluid in the metal industry. Such extreme conditions indicate that this bacterial strain should
be chromium tolerant and a producer of biosurfactant rhamnolipid (RL) with potential application in
heavy metal bioremediation. Rhamnolipids (RLs) are small secondary metabolites produced by
Pseudomonas with potential advantages such as biodegradability, less toxicity and higher selectivity
to complex heavy metal ions. So, special attention is paid to the use of rhamnoplipid biosurfactants in
different aspects of environmental biotechnology. Some reported data showed that rhamnolipid
biosurfactant produced by Pseudomonas aeruginosa was used in remediation of metals from multi-
metal contaminated soil confirming selectively removal of metals in the order of Cd = Cr > Pb = Cu >
Ni.

High toxicity of Cr(VI) for humans and microorganisms arises from high solubility, rapid transport
through the biological membranes and complexation with intracellular polymers such as proteins and
nucleic acids. Some microorganisms, however, can tolerate Cr(VI) using several distinct strategies:
plasmid mediated efflux system, absorbing heavy metals to their cell wall, by precipitation (including
reductive precipitation) in the form of insoluble salts and binding metal ions to biological complexing
agents such as exopolymers and biosurfactants. Therefore, the goal of this work was study the influence
of its naturally produced rhamnolipids on Cr(VI) removal capacity with aim to provide potential
application of the strain and its biosurfactants in bioremediation. Effect of two sublethal
concentrations of Cr(VI) ion (50 mg/L and 100 mg/L) on growth and production of RL by
Pseudomonas aeruginosa NCAIM(P), Boo1380 was investigated. Cr(VI) was shown to slightly inhibit
RL production, but the maximum of RL production was found in the late-stationary phase at 72h for
both Cr(VI)-amended cultures: 236 mg/L for 50 mg/L of Cr(VI) and 160 mg/L for 100 mg/L of Cr(VI),
as well as the maximum of Cr(VI) removal capacity: 70 % and 57 % .
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The bacterial strain Pseudomonas has potential to metabolize chemical pollutants in the
environment and a great application in bioremediation of heavy metal pollutants and numerous toxic
organic compounds. Pseudomonas produces and excretes secondary metabolite rhamnolipid (RL), a
natural biosurfactant that can show a high binding capacity and selectivity to complex heavy metal
ions. Rhamnolipids belong to low-molecular mass biosurfactants and based on their chemical
composition, the principal rhamnolipids are mono-rhamno-di-lipidic congeners (RL1) and di-rhamno-
di-lipidic congeners (RL2). While complexation of RL with heavy metals initiated numerous
investigations of the potential application of RL as environmentally compatible soil washing agents, a
little is known about structural details of RL-heavy metals complexes. Previous reported data on P.
aeruginosa also showed a significant increase in the ratio of dirhamnolipids (RL2) to
monorhamnolipids (RL1) congeners produced by cultures grown in the presence of toxic metal ion
Cd2+. Therefore, the goal of this study was to find some structural proofs of RL-Cr(VI) complex
formation, as well as to study influence of Cr(VI) metal ion on rhamnolipids congeners distribution
using different spectroscopic methods. RL preparations obtained by P. aeruginosa NCAIM(P),
B001380 without (control) and with Cr(VI) (100 mg L*) were analyzed by FTIR, EI/MS and NMR
spectroscopy. Structural proof for RL-Cr(VI) interaction was pioneer proven by FTIR spectra that
might have a pronounced importance on chromium bioremediation. An increase in a RL2/RL1 ratio of
1.11 for RL preparation with Cr(VI) compared to control (0.56) observed by ESI/MS is also in
agreement that presence of Cr(VI) may influence the rhamnolipid congeners produced by
Pseudomonas which in turn would impact metal bioavailability.
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Soil is contaminated by lead from various anthropogenic sources. The present study is focused on
investigation of lead soil pollution in the central part of the city of Novi Sad. The economic
mismanagement in the last decades lead to decay or demise of once large industrial combines. One of
the biggest industrial combines in the city is the oil refinery, located 3 km northeast of the city center
along with the thermal power plant. It is considered that the main pollution sources in the studied area
may be traffic, oil refining and combusting for home heating in some parts of the city.

Over a hundred of topsoil samples (0 — 10 cm depth) were collected near busy and less busy
crossroads. The studied area (4 x 5 km2) was divided using a square grid of 400 m x 400 m. The samples
were taken in each of these squares. The soil samples were air-dried at room temperature and milled
to a particle size of < 2 mm. The samples were analyzed for “pseudo-total” lead content after digesting
the soil in concentrated HNO; and H>O.and for available Pb content after extraction with 0.05 mol/1
EDTA (pH = 7.00).

The mean concentration of Pb (82.3 mg/kg) was very close to the limit value according to the
Serbian i.e. Dutch quality standard values (85 mg/kg). The median was significantly lower than the
mean value, which was consistent with the high skewness, showing there were some very high values
(outliers). The application of the Shapiro—Wilk test (p > 0.05) confirmed that the original data set for
Pb was not normally distributed. The available Pb concentrations showed a large variability from site
to site, and the relative standard deviation value (2.24) exceeded those for pseudo-total lead content
(1.35).

Variations in Pb pseudo-total content demonstrated patterns very similar to those of the most
heavily contaminated areas appearing in the vicinity of major roads. As it can be seen on the
distribution map, in the soils near busy roads higher Pb concentration were measured. Interestingly,
there was one hot-spot of very high Pb level (999 mg/kg) in the south-eastern part of the city, at the
site close to the less busy road. It was identified that the source of pollution was a small lead
accumulator plant located about fifty meters from that sampling location.
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The objective of the study was to determine pseudo-total content of As, Co, Cr and Ni in urban soil
in Novi Sad and to perform statistical analysis in order to distinguish pollution sources. Soil samples
(0 - 10 cm depth) were taken across the central part of the city covering a surface area of 20 km2. Soil
chemical properties were obtained following a standard procedure and soil mechanical properties were
determined in the < 2 mm fraction by the internationally recognized pipette method. The soils of the
study area show a sandy texture. Pseudo-total concentrations of As, Co, Cr and Ni were measured using
the inductively coupled plasma - atomic emission spectrometry. Contour maps of spatial distribution
of the investigated metals were obtained using ordinary kriging interpolation method.

The metals, in descending order of mean concentrations were Ni, Cr, Co and As. The largest mean
value was obtained for Ni (28.7 mg/kg) and Cr (28 mg/kg). For Co and As the mean concentrations
were 7.3 and 6.5 mg/kg, respectively. The means and the medians were almost the same for all
examined metals showing that no high values (outliers) were identified in the dataset. In comparison
with the background values in the region represented by the unpolluted agricultural soils, minimal
enrichment is found for Co and Cr for all samples. A moderate enrichment is observed for 80 % of
samples for As and 40 % of Ni. The concentrations of As and Cr for all soil samples were under the
limit values (< 29 and < 100 mg/kg, respectively). For Co and Ni, only 10 % of the data slightly exceeded
the limit values. On the maps of the metals distribution in the soil, there were no hot-spots and it could
not be noticed dependence of the metal concentrations on the distance of the roads. The fact previously
mentioned and a relatively low concentrations and low values of standard deviations, suggest a major
natural origin of the metals from parent material (sandy alluvial deposit).
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In this study fine particulate matter (PM-5) was collected inside the metal workshop located in the
suburb of the city of Rijeka, Croatia. High intensity of welding and plasma cutting is characteristic for
this metal workshop and therefore high levels of very fine metal aerosols were expected. Fine aerosol
sampling on thin Teflon filters and subsequent XRF elemental analysis was performed. Sampling in
the workshop was conducted in two sampling periods in May and November 2016. In total, 64 samples
were collected, out of which 28 were 12h-samples and 36 were hourly samples. Additionally, Trotec
Optical Particle Counter PC220 was used to measure concentrations for 6 different optical sizes (0.3
um, 0.5 um, 1 pm, 2.5 um, 5 um and 10 um) to obtain particle size distribution.

Sample analysis was carried out with X-Ray Fluorescence technique at the Laboratory for
Elemental Microanalysis at the Department of Physics, University of Rijeka. Heavy metals such as Ti,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn and Pb were detected. As expected, diurnal variations of metal
concentrations are found to be well correlated with the work intensity in the workshop. The results
were compared to the average daily concentrations measured in the city centre. Concentrations of all
metals measured in this study were significantly higher than the corresponding average daily
concentrations in the city centre. The highest indoor-outdoor ratio was obtained for Fe and Mn. Results
of cluster analysis are found to be good indicators of welding and plasma cutting materials. Particle
size distribution shows that sub-micron particles are present in much higher concentrations than
coarse particles indicating the harmfulness of welding products.
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The distribution of selected toxic heavy metals, involving some radioactive isotopes and non-
essential metals were determined in marine sediments in the region affected by population density,
shipping and industrial activities. The drilling specimens were collected from differing depths of 1.00-
14.00 m at four variant locations of Karsiyaka, Bayrakli, Inciralti and Cesmealti (Urla) in the Gulf of
Izmir were investigated by considering geochemical and sedimentological properties. The elements
detected in major quantities As, Br, Ce, Co, Cr, I, La, Nb, Pb, Sb, Sn, Th, U, Zn, and Zr while Ba, Cu,
Ga, Mn, Ni, Rb, Sc, Sr, V, and Y identified in trace quantities. The presences of the potential pollutant
sources and their impact on the environment were considered. In this study, Wavelength dispersive X-
ray spectroscopy (WDXRF) with the pressed pellets method is used to find out the abundance of the
dominant elements. The method offers a precise, rapid screening and high analytical accuracy results
for elemental tested. Scanning electron microscopy (SEM) was also applied to provide more data on
the parameters of the sediments. Based on the obtained results, Bayrakli and Karsiyaka regions are
more impacted with the pollutions than Inciralti and Cesmealti locations.

Key words: Gulf of izmir, heavy metals, sediment, SEM, WDXRF
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First devices for nuclear medicine in vivo were gamma-ray detection systems with one or more
detectors. They were based on scintillation counters with big vacuum photomultipliers. These systems
had disadvantages such as big size and impossibility of real-time data processing. In 80-90s gamma
camera was invented. Main disadvantages of gamma camera were restricted view field (about 50 x 50
c¢m?) and a stationary location.

Evolution of microelectronics in the end of 20th century led to the creation of scintillation counters
based on miniaturized silicon photomultipliers (SiPM). This devices have similar to vacuum
photomultipliers gain (~ 109), less weight and size characteristics. In consequence of this, creation of
compact multi-detector medical radiometric systems (MRS) appeared. This system can be used to
survey non-transportable patients and to conduct more precise functional state diagnostics of organs
in patient body. This study includes two components. The first one is the individual selection of
collimating system parameters, considering patient’s anatomical features. The second one is based on
choosing of gamma-detector optimal orientation on the body to provide minimal errors due to hitting
radiation from the nearby tissues.

One of the MRS possible applications is a radiocardiography (RCG), i.e. the heart research made
by administering a radiotracer and subsequent monitoring of the dynamics of its passage through the
heart chambers. In contrast with gamma camera, detectors of MRS can be positioned in arbitrary
manner and located in different planes to each other.

The aim of this work is development of heart RCG study methods based on MRS. This technology
can be useful to make diagnosis of various diseases. It involves analysis and subsequent modeling of
heart in order to optimize parameters of the MRS collimation system and locations of detectors on the
patient’s body. During the research work MRS and gamma camera (MB 9100, Hungary) were used.

Both MRS and gamma camera can analyze the passage of the radiotracer through the heart
chambers, large blood vessels and lungs, using digital data processing systems. As a result, it was
shown that in the first radiotracer bolus pass, the following parameters determined:

1. parameters of central hemodynamic, including the ejection fraction of the left and right
ventricles;

2. presence of intracardiac shunts from left to right;

3. state cavities of large vessels and chambers of the heart;

4. mobility of left ventricular wall.

On the basis of the received data, model of the radiotracer’s passage in the heart chambers was
developed. The next point’s of research work were collimating system for MRS and justified position
of gamma-detectors on the patient’s body at the time of the survey. Also medical justification of
measurements shows.

Acknowledgement. The work was supported by the FASIE (grant N21153GS1 START-1/21808
of 15/04/2016) and RFBR (grant N2 16-38-00744).

98



Imagin



[

, -

RAD20 /
COLUMNAR RECOMBINATION IN X-RAY DETECTORS BASED ON A-St

Sergei Baranovskii!, Oleksandr Bubonz,
Kakhaber Jandieris, Safa Kasap4, Alla Reznik?

1 Philipps University, Marburg, Germany

2 Thunder Bay Regional Research Institute, Thunder Bay, Canada
3 Philipps University, Marburg, Germany

4 University of Saskatchewan, Saskatoon, Canada

Although amorphous selenium (a-Se) is the first known photoconductor with long and successful
history of application in optical and x-ray imaging, some of its fundamental properties are still
puzzling. The examples are mechanisms of x-ray photogeneration and recombination of electron-hole
pairs in this material. The key quantity characterizing the charge carrier generation is the electron-hole
pair creation energy (Wehp), the quantity that describes the amount of energy needed to produce a
collectable electron-hole pair upon the absorption of an x-ray photon. Although this parameter in a-Se
was extensively investigated, its electric field and temperature dependences are not yet understood. In
particular, the origin of recombination which governs Wenp remains unclear.

It has been proven in several studies that recombination in a-Se under the x-ray generation is
neither geminate, nor the bulk Langevin recombination, in which the recombination rate is limited by
the slow motion of charge carriers. The columnar recombination has been instead suggested as
dominant recombination mechanism for the x-ray generated carriers in a-Se [1].

Using the combination of x-ray photocurrent and pulse height spectroscopy measurements we
measure Wenp in a wide range of temperatures (218 — 320 K) and electric fields (10 — 100 V/um) and
show that the conventional columnar recombination model which assumes Langevin type of
recombination within a column (a primary electron track) fails to explain experimental results in a
wide range of electric fields and temperatures. The reason for the failure of the conventional models is
revealed in this work and the theory of the columnar recombination is modified in order to account for
the experimental results in the entire range of electric fields and temperatures [2]. Recombination
appears columnar, though with bulk Langevin mode inside the columns only at low electric fields, while
it is columnar with encounter-event-limited mode at high electric fields, when carrier mobility
increases and carrier movement does not limit recombination anymore [2].

References:

[1] W. Que and J. A. Rowlands, Phys. Rev. B 51, 10500 (1995); C. Haugen and S. O. Kasap, Philos. Mag. B 71,
91(1995).
[2] O. Bubon, K. Jandieri, S. D. Baranovskii, S. O. Kasap, and A. Reznik, J. Appl. Phys. 119, 124511 (2016).
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Currently implemented EU project at the Technical University of Varna aims on creating
computational models of breast lesions with irregular shapes. Along this, an algorithm for
segmentation of images from Digital Breast Tomosynthesis (DBT) and Computed Tomography (CT)
was developed, implemented and evaluated.

The developed algorithm includes six steps: (a) normalization of the image values; (b) filtering for
reduction of the noise in reconstructed slices; (c) binarization of the area of the lesion, (d) applying of
morphological operations to decrease the level of the artefacts; (e) applying a region growing technique
to segment the lesion; and (f) concluding a final three-dimensional (3D) lesion model. The algorithm
is semi-automatic as the initial selection of the region of the lesion and the seeds for the region growing
are done interactively. Anonymized patient images obtained with Giotto Tomo and breast cadaver
images, obtained with Siemens Somatom Definition CT system, were used to evaluate the algorithm.

Twenty-three different 3D models of lesions with irregular shapes were created. They were
subjectively evaluated by experienced radiologists by comparing original and segmented slices and 3D
lesion shapes. The evaluation showed satisfactory delineation of the lesions.

The proposed algorithm will facilitate the processing of more tomosynthesis images in further
lesion modelling. An acceptable number of cancer shapes need to be collected and analyzed to develop
a mathematical framework for automatic generation of computational breast cancer models for use in
virtual breast imaging, e.g. phase contrast breast tomosynthesis.
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RELATIONSHIP BETWEEN IMPAIRMENTS OF FEFs0o,
AND LUNG EMPHYSEMA AMONG WORKERS EXPOSED TO MINERAL DUSTS

Elisaveta Petrova
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The aim of the study was to analyze the relationship between the decrease of FEFs0% - from one
side, and radiologically verified compensatory lung emphysema among workers, exposed to mineral
dust at the work place - from other.

Materials and methods. A case control study among 480 quartz exposed underground miners,
120 asbestos exposed workers, and 121 individuals without dust exposure was performed. The average
age of examined workers was 42.82 years, and the average duration of the dust exposure was 14.01
years. A clinical examination, as well as a chest radiography (by ILO’80), and spyrometry of all persons
were done. We have used SPSS software and one-way ANOVA.

Results and discussion. There was a significant decrease of the mean of FEF50% in cases with
lung emphysema, accounted on the chest radiography (by ILO’80). We assume that the compensatory
emphysema and reduction of FEFs0% is associated with the formation of initial interstitial pulmonary
fibrosis among workers exposed to mineral dust over a long period and in patients with
pneumoconiosis.

Conclusions. 1. The decrease of FEFs0% is related to radiologically-established compensatory lung
emphysema. 2. The investigation of FEFs0%, combined with chest X-ray, is appropriate for periodical
preventive medical check ups and assessment of health status for workers exposed to mineral dust.

Key words: Mineral dust exposure, chest radiography, emphysema, FEF 50%.
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Diffusion tensor imaging (DTI) and the degree of diffusion weighting of the sequence, expressed as
the b-factor, are useful to investigate the effect of the magnetic field gradients on the integrity of white
matter in patients with temporal intracerebral hemorrhage. The healthy patients are the gold standard.
The present study investigated the changes of mean diffusivity (MD) and fractional anisotropy (FA) in
a brain hemisphere approach to understand the effect of magnetic field gradients on the brain
hemorrhage investigation. The artifacts induced by diffusion gradients in diffusion tensor imaging
affect the accuracy of the investigation, and in order to achieve the optimal image quality, strong
magnetic field gradients are recommended. The artifact effect of higher magnetic field gradients is
analyzed by means of the root-mean-square FA and MD difference between left and right brain
hemispheres.
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AT APHOTON-COUNTING DETECTOR UNDER CHARGE SHARING
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The photon-counting detector has been developed during the past tow decades ago on the basis of
its many advantages, including high X-ray efficiency and low dose image. To increase spatial resolution
of images, the pixel pitch should be reduced. However, it requires new ASIC design and the reduced
detector increases the quantum noise because of reduced area. Furthermore, charge sharing degrades
achievable image quality form the reduced pixel pitch. Because the charge cloud generated by a single
X-ray photon in a photoconductor can induce multiple counts in not only a dedicated pixel but also
adjacent pixels at the ASIC. The influenced area by charge sharing at adjacent pixels dramatically
increases as pixel pitch decreases. Thus, a further reduction of pixel pitch to increase spatial resolution
is limited now because of charge sharing. In this work, we proposed a detector shift method (DSM) and
applied DSM to the Medipix2, which are bump-bonded to 1mm thick CdTe with a pixel pitch of 55 um,
for improvement of the spatial resolution without reducing the pixel pitch. To confirm the
improvement of spatial resolution and noise performance, the MTF and DQE value were calculated
from X-ray image using a line pair phantom and edge phantom. In addition, 2-, 3-, 4-, and 5-move
DSM, which shift toward x-axis and y-axis with sub-pixel scale was taken to find the optimum shift
value. The MTF value increased from 7 lp/mm to 10 Ip/mm at a 0.3 MTF value by applying the 2-move
DSM at the same X-ray flux and a 55 um pixel pitch detector. However, the MTF values are saturated
from 3-move DSM due to charge sharing. The DQE shows a dramatic increase because of low quantum
noise compared to the half-pixel detector. This study gives an alternative method to achieve high
spatial resolution without a photon-counting detector redesign under charge sharing.
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MONTE CARLO STUDY OF PARTICLE PACKING EFFECTS
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This manuscript provides a computational examination of the particle packing effects on the optical
emission performance of phosphor materials employed in medical imaging. The model was based on
the combination of Mie scattering theory and Monte Carlo techniques. Several conventional powder
phosphors have been used during the last decades in medical imaging, however, the incorporation of
a phosphor material of improved imaging capabilities requires further investigation. One of the
parameters requiring further assessment is the so-called packing density, which describes the particle
packing within the phosphor layer. The present study was carried out assuming packing density from
20 % up to 80 % embedded within a phosphor layer (100 um and 200 um). The optical emission
performance was assessed through the amount and distribution of light considering grain sizes, 100
nm and 500 nm. Results showed the relation of light extinction coefficient with packing density, and,
in particular, the highest variations occurred for particle size 500 nm. Finally, comparing phosphor
layers with different grain size and packing density (e.g., 500 nm, 40 % - 100 nm 80 %) the most
important outcome was that both cases exhibited almost identical distribution, however, the latter one
showed lower optical loss.

Acknowledgements. This research is funded by the “Special Account for Research Grants” of the
TEI of Athens, in the framework of the Internal Programme for the Support of the TEI of Athens
Researchers, for 2015.
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Introduction: Reviewing biopsy samples with the microscope is a very complex process, which
may promote diagnostic misleads in traditional histopathology (McKenney et al. 2011, Lesna 1998).
Computer-aided diagnostic (CAD) histopathology systems have been shown to assist expert physicians
towards more accurate and reliable diagnostic decisions by providing second opinion consultations
(Mosquera-Lopez 2015, Diaz et al. 2014). One of the most important steps in such systems is the
segmentation stage, which aims in identifying the regions of interest (usually nuclei or cells). Many
different segmentation schemes have been presented in literature (Irshad et al. 2014) with promising
results; however, due to the absence of any quantitative gold standard (i.e. microscopic phantom), the
evaluation and/or comparison of these segmentation algorithms is difficult to be performed. The aim
of this study is to propose a mathematical model based on texture synthesis for creation of synthetic
nuclei images, to be used as a quantitative gold standard for the evaluation of segmentation algorithms
used by CAD histopathology systems. To the best of our knowledge, an attempt to create synthetic
nuclei images is for the first time investigated.

Material and Methods: Clinical material comprised 50 tissue biopsy samples of brain cancer
cases (patients) that were collected from the University Hospital of Patras, Greece. Each sample was
stained with Haematoxylin and Eosin for nuclei contrast enhancement and was placed on a glass slide
for observation under the microscope. Images were digitized from each case (slide) by the most
representative tumor region marker by an experienced histopathologist using a light microscopy
imaging system that consisted of a Leica DM2500 microscope and a DFC420 CCD digital camera. Each
digitized image was segmented into nuclei and background using a pixel-based classification algorithm
and morphological filtering (Glotsos et al. 2004). In this way, a library of background regions and
nuclei of different size, shape, and texture was created. Background image samples were used as input
to an image quilting algorithm (Efros and Freeman 2001) that produced the synthetic background
image. Nuclei segmented samples were randomly selected and placed on the synthetic background
image using a wavelet based fusion approach (Zeeuw 1998).

Results and Discussion: Synthesized images showed a good resemblance with real world
images according to experts’ visual evaluation. Since we know the exact coordinates of the regions of
interest within the synthesised images, these images could serve as a ‘gold standard’ for evaluation of
segmentation algorithms used by CAD histopathology systems.

Acknowledgments: This research is funded by the “Special Account for Research Grants” of the
TEI of Athens, in the framework of the Internal Programme for the Support of the TEI of Athens
Researchers, for 2015.
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Introduction. Sensitive and objective methods of X-ray image evaluation shall be used to
determine status of temporomandibular joint (TMJ) elements, particularly, to compare results in a
series of studies. Human optical system of eye usually fails to determine changes in graphic
(radiographic) information within 10 %.

Objective. To develop and introduce automatic processing of TMJ X-ray images using
parametrization technique.

Material and methods. TMJ tomography. Analysis of imaging using parametrization technique
in Matlab software environment.

Results. Parametrization technique for X-ray images of human TMJ structures is implemented
within radiological protocols of TMJ examination (Slesarev O.V., 2013). Graphic radiographic
information images (RII) of TMJ taken at different periods were compared. RII are highly sensitive to
any changes in X-ray design. Raster images of TMJ obtained from X-ray patterns taken at different
periods are considered as physical implementation of a certain dynamic system. We offer to consider
square packing into S-square with upper and lower limits as a radiographic information image (RII).
For this purpose, area of every square packed into S square without intercrossings is in line with a
number of pixels corresponding to certain black and white chart color gradation on TMJ X-ray pattern.
We had an opportunity to analyze radiographic and anatomic information previously undiagnosable
by an examiner.

Conclusions. Automatic processing of X-ray images using parametrization technique excludes
influence on subjective color perception of undertones by an examiner, improves analysis significance
and yields economic and social effects.
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Objective: The evaluation of chronic aortic diseases, many protocols of low radiation dose and
low medium iodined contrast dose are performed. The main aim of this study is to give a preliminary
evaluation of dose reduction and iodined dose reduction.

Materials and methods: In our Hospital from February 2013 to November 2016 we selected 150
patients divided into two groups: 60 for our study and group of control of 9o cases.

All CT examinations were performed with a 64-MDCT scan. (Optima-CT GE Healthcare) Tube
voltage was reduced in our study (80 kVp versus 120 in our standard) with automated current
modulation system in both groups.

Concerning the iodined dose reduction, in the study groups it is strongly reduced (40 cc of 370
mg/ml versus 90 cc of 370 mg/ml): a mechanical power injector was used to administer contrast
material via catheters (20-gauge) placed in antecubital vein at a flow rate of 4-5 ml/sec

Two radiologists qualitatively graded image quality of all cases defining the walls and enhancement
of the lumen of the aorta. On the basis of criteria reported in the literature a five point subjective scale
was used to grade image quality, from excellent (1) to non diagnostic quality(5). The reasons for
degraded image quality were due to high BMI and consisted especially in low signal/noise ratio and in
two cases it was due to suboptimal contrast enhancement owing to poor bolus timing.

In the cases of low signal/noise ratio a smooth filter was applied to reduce the noise.

Results: The results of this study provide useful information about reduction of radation dose and
medium iodined contrast. Diagnostic quality of scan performed with low dose of iodine and radiation
are overlays with the scans performed with standard protocol.

Conclusion: The study groups revealed a strong reduction dose in terms of DLP and quality of
images was similar to the group of control.
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Dursun Ustundag
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We study here one of the imaging technique, used in nuclear medicine, called a Positron Emission
Tomographic (PET) imaging that provides information about many biological processes that are
essential to the functioning of the organ that is being visualized. Our emphasis is given to the
application of the maximum entropy image reconstruction method called “Cambridge MaxEnt
Package” (CMEM) for recovering images of the human brain from data obtained by PET camera
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More than five decades have passed since the hypothesis of thermography in breast imaging was
proposed. During this time, thermography has gone from a legitimate, promising technology to one
relegated to the shadows outside conventional medicine. Thermal imaging in clinical trials is still
controversial issue. However even those who discard the method due to insufficient reliability of data
do not validate their arguments by clear understanding of the reasons behind the inaccuracy. While
thermography is not well evidenced for use as a screening tool, its use as an adjunctive imaging
procedure alongside mammography should be considered, particularly for those with dense breast
tissue. It is certain that images captured by digital infrared thermal imaging support the effective
recognition of irregular body patterns and that they can be used as indicators of any anomaly over the
time period by spotting a trend of changes in the temperature. But data has to be not only interpreted
accurately but also taken carefully and the effect of surrounding environment has to be kept minimal.
The identified localized patterns have to be accurately assigned to a certain anomaly in order to be
treated as diagnostic method, and the evaluation method as well as interpretation have to be
standardized, and method replicable. Moreover, validation of protocols, equipment, and analytical
techniques is needed to be placed in the context of large, randomized trials before its use can be
considered truly evidence-based. Accurate interpretation of thermal data is largely dependent upon an
experienced, knowledgeable operator who understands infrared theory and heat transfer concepts,
basic anatomy and physiology, and infrared equipment operation and importantly, limitations too. In
this paper we integrate theory behind thermal imaging, potential of thermal imaging in clinical
research and general uncertainties and misinterpretations that lead to reduced accuracy of data
interpretation and feasibility of the method.
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Film dosimetry has been widely used for various applications in radiotherapy. Recently,
radiochromic self-developing film has replaced the radiographic one in a filmless, digital environment
at modern hospitals. Radiochromic film is routinely used in radiotherapy for testing geometric
accuracy of linear accelerators. For dosimetry, it certainly finds its place at sites where it is impractical
or impossible to perform water phantom measurements, like at the Leksell Gamma Knife.
Radiochromic film also has advantages over other detectors in verification of complex techniques like
IMRT (Intensity Modulated Radiation Therapy) and VMAT (Volumetric Modulated Arc Therapy). It
has a much better resolution than electronic arrays of detectors and it can be placed in any direction
and in any plane within the irradiated volume in a suitable phantom. Thus, it is possible to verify a
treatment plan in a pseudo 3D manner. However, film dosimetry with radiochromic film has not been
widely established worldwide as the method of choice for IMRT and VMAT verification. The reason
might be the complex process of film handling and perhaps also its cost.

Our work aims to establish a proper methodology for EBT3 film dosimetry in IMRT plan
verification. First, it is important to assess the characteristics of the film scanner in use and of the film
itself, like homogeneity and reproducibility. It is important to understand the issues of improper film
manipulation. Next, the film dosimeters must be properly calibrated taking into account the conditions
under which they will be used for measurements. A protocol for film scanning must be set up
depending on the characteristics of the particular scanner. Finally, a proper software for gamma
analysis must be chosen and the user must well understand its performance with film dosimeters.

We show an example of such a methodology with EBT3 films, EPSON Perfection V700 Photo
scanner, MATLAB and OmniPro I'mRT software. We validate the methodology on six clinical IMRT
step-and-shoot plans created in the XiO treatment planning system and irradiated at a Siemens Artiste
linear accelerator at the Thomayer Hospital in Prague.

We conclude that EBT3 film dosimetry performs well for IMRT plan verification when a proper
methodology is used. We suggest that radiochromic film dosimetry could complement other
verification methods at establishing new IMRT techniques in the clinic. Radiochromic film could reveal
potentially hidden errors and it allows the physicists to check their plans in a pseudo 3D manner.
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Purpose. The delivery of accurate intensity-modulated radiation therapy (IMRT) or stereotactic
radiotherapy depends on a multitude of steps in the treatment delivery process. The proper intensity
modulation depends on the proper functioning of a multileaf collimators (MLC). The aim of this audit
was the control of the proper collimator leafs positioning.

Materials and Methods. The methodology of the audit of small field output performance was
established within the framework of the CRP E2.40.16 project “Development of Quality Audits for
Radiotherapy Dosimetry for Complex Treatment Techniques”, run by the Health Section of the
International Atomic Energy Agency (IAEA). The participants of the audit were obliged to irradiate
provided dosimetric films, in a slab phantom, for a specific leaf arrangement, producing a pattern of
five stripes, commonly called a picket fence. The participants had to programme such a pattern so that
the stripes are 5 mm wide and are 3 cm distant between themselves. The Gafchromic EBT2
radiochromic films were placed in a slab phantom close to maximum dose depth. The irradiation was
250 MU per stripe.

Results. Thirty two Polish radiotherapy centres took part in the audit. They were equipped with
various accelerator types and various treatment planning systems. In all cases the 6 MV quality beams
were used. The discrepancies between measured and expected stripe positions were in the range +1.2
mm. For particular participants, the leaf position discrepancies were in the range -0.5 mm to 0.5 mm.
For particular participants, the mean opening width measured with films for each pair of leafs was
between 6 and 8 mm.

Conclusion. In the audit, the best performance showed the new type multileaf collimators with
120-160 leafs, whereas the worst performance showed collimators MLC80 from Elekta. The results of
the audit are very useful for the participants who should carefully investigate the performance of their
multileaf collimators.
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Nowadays, the scientific community has shown a growing interest towards new acceleration
techniques based on ultra-intense and ultra-short laser, as an alternative to conventional acceleration
techniques and these could have a big impact in many applications including the multidisciplinary
ones.

The peculiarities of laser-driven beams, show different characteristics respect to the conventional
ones: a very high peak current (10'° to 102 p/pulse), a wide energy spectrum and angular distribution
and rather small transverse and longitudinal emittance, leding to develop specific and innovative
devices to make laser driven beams suitable for any kind of applications.

In this framework, the ELIMED (ELI-Beamlines MEDical and multidisciplinary applications)
beam line, developed at INFN-LNS has the purpose of realize a transport beam line for high-energy
proton beams (up to 60 MeV) coupled with innovative diagnostics and in-air dosimetry devices to
investigate the feasibility of using laser-driven ion beams multidisciplinary applications. This beam-
line will be installed at the end of 2017 at ELI-Beamlines, in Prague, within the ELIMAIA (ELI
Multidisciplinary Applications of laser-Ion Acceleration) experimental room, where a Petawatt laser
will be available for users.

Furthermore, a Faraday cup (FC) prototype for absolute dosimetry, specifically designed to
decrease uncertainties in the collected charge and an innovative multi-gap in-transmission ionization
chamber, used for relative dose measurements have been designed and realized and tested with
conventional proton beams at LNS-INFN, and with laser-driven beams at the RAL laser facility in
Oxford (UK) and at the LOA laser facility in Paris (France).

In this contribution, the design and development of the dosimetric devices will be discussed.
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Purpose. The delivery of accurate intensity-modulated radiation therapy (IMRT) or stereotactic
radiotherapy depends on a multitude of steps in the treatment delivery process. The purpose of this
audit is to verify the dose delivery for an end-to-end clinical IMRT treatment executed with either a
static gantry or VMAT technique. The extension of the programme to an end-to-end evaluation of
advanced technology (IMRT) treatments provides an independent verification of the entire
radiotherapy chain including imaging, the dose distribution calculated by the treatment planning
system and treatment delivery. The methodology of the audit is presented here.

Methods. The methodology of the end-to-end clinical IMRT audit was established within the
framework of the CRP E2.40.16 project Development of Quality Audits for Radiotherapy Dosimetry
for Complex Treatment Techniques, run by the Health Section of the International Atomic Energy
Agency (IAEA). A dedicated PMMA phantom was designed and manufactured. The phantom contains
defined regions PTV (Planning Target Volume) and OAR (Organ At Risk). The phantom contains a
special insert for placing radiochromic films and tubes with TLD powder. The participants of the audit
are asked to CT scan the phantom, to prepare a IMRT treatment plan according to the given limitations
concerning the homogeneity of the dose in the PTV, and limitation of the dose in the OAR, and finally
to irradiate the phantom according to the plan.

Results. The audit in Poland is in the pilot phase. Until the end of 2016, 10 centres (out of 35)
were audited. Already in this phase it may be stated that the elaborated methodology functions well in
practice and makes it possible to evaluate the radiotherapy procedures in particular centres. The
results are presently analyzed. It is planned that all centres in Poland will be audited until the end of
2017.

Conclusions. The audit was planned as a postal audit. However, for practical reasons it is carried
out in the form of the visits to particular centres. Such form of the audit makes it possible to supervise
the local staff in their and assure that the procedures are carried out correctly.
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Among all complex interventional fluoroscopically guided procedures, Coronary Angiography (CA)
and Percutaneous Coronary Intervention (PCI) are most frequently performed in cardiac centers of
Isfahan province, Iran. Depending on patient size, equipment, technique, type and complexity of
examination and operator skill, these procedures potentially deliver high radiation doses to patients.
Therefore, there is a potential for developing deterministic radiation injury as well as stochastic effects
in patients undergoing cardiac interventional fluoroscopy procedures. The goal of this study was to
determine the local reference levels (RLs) related to patient dose and imaging parameters during
cardiac fluoroscopy procedures in Isfahan province in Iran as a first approach to help in the
optimization of these procedures.

Information on patient doses in terms of Kerma Area Product (KAP), Fluoroscopy Time (FT), skin
dose and the number of exposures were collected. This investigation covered 4 cardiology departments
in public hospitals and private clinics, and focused on 2 common examination types: 250 CA and 150
combined CA and PCI (CA+PCI) procedures.

The rounded mean values of KAP, FT, skin dose and number of exposures of all four centers were
25 Gycmz2, 2.8 min, 577 mGy, 8 for CA and 52Gycmz2, 8.6 min, 905 mGy, 17 for the combined procedure,
respectively. In order to determine the local dose RL, the 3¢ quartile (75 percentile) of KAP and skin
dose were calculated both in each center separately and among all centers. Comparing the 3" quartile
of KAP and skin dose showed that their minimum and maximum value belonged to CA and combined
(CA+PCI) procedure and it was 16Gycmz2, 233mGy and 87 Gycm?, 1141 mGy respectively. The 3
quartiles of KAP and skin dose among all four centers were 35 Gycm? and 461 mGy for CA, and
74Gycm? and 1222mGy for CA+PCI procedure respectively. The local RLs for effective dose were
obtained as 6.3mSv and 9.36mSv for CA and the combined procedure respectively for all four centers.

The results of this research can be used to search for the problem roots and help in the optimization
of cardiac interventional fluoroscopically guided procedures in this province.

Key words: Reference level, interventional radiology, CA, PCI, patient dose
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Objective: Today in Ukraine there are only several medical centers with medical linear
accelerators on their base, which treat their patients not only with 3DCRT methods, but also using
Image-guided radiation therapy and Intensity-modulated radiotherapy (hereinafter - IGRT and
IMRT). TomoTherapy Tomo HD radiotherapy system is new to our country and to the post-soviet
countries at all. That is why the main purpose of this work is to define the quality of different
therapeutic plans and to identify the main features of creating treatment plans for patients with
primary and secondary brain tumors, using the TomoTherapy Planning System.

Materials and Methods: 25 therapeutic plans were analyzed, that were used for treating patients
with brain tumors. All patients were treated using radiotherapy system TomoTherapy Tomo HD. The
contours of the target (GTV, CTV, PTV (CTV + 0,3 cm)), and critical organs (eyes, lenses, optical nerve,
chiasma, the brain and brain stem) were determined by radiation therapist using MIM contouring
software. After that physicists created additional “logical” structures for each plan, which were used
for better dose distribution control. Prescribed doses were:

Dr1v= 40 - 60 Gy (1,8 - 2 Gy/fr).

Drrv= 30 - 40 Gy (3 - 4 Gy/fr).

All dosimetric calculations were made using TomoTherapy planning system. Medical plans
features: field width 1.0 - 2.5 cm; pitch 0,287; initial modulation factor - 3,4; real modulation factor
range varied from 2.1 to 3.1. Optimization options were set next way: the value of the average dose that
covered Verv 100% meet the prescribed dose, the dose (Drrv 99%), which covered the Verv 99% - was
greater 95% of prescribed dose, in severe cases the dose that covered Verv 95% - was greater than 95%
of the prescribed dose. Maximum dose in point was Dmax < 107% of prescribed dose. The minimum
dose at point Dmin> 90% of prescribed dose.

Results: The plan results were characterized by high uniformity of dose distribution DPTV95% =
97-100%, Dmax = 102 - 105%, Dmean = 100%, the average HImean — 0.048, HImax — 0.123, HImin
— 0.0175, (a value of 0 corresponds to absolute dose homogeneity within the PTV), the average value
CImean — 0.86 CImax — 0.994, CImin -0.673. (CI value can vary between 0 and 1, the value of 1 is the
most accurate target coverage without the reference dose exposure of healthy surrounding tissues, a
value of 0 indicates lack of conformity which may arise in the case of “miss” or when a large amount of
irradiated healthy tissue ). The average exposure time was 360 s. (From 170 s to 655 s). Organs at risk
received a dose, which did not exceed the tolerance doses according to the QUANTEC protocols, except
those plans, where these structures had common points with PTV volume. Plan verifications were
performed with PTW equipment.

Conclusions: in case of using TomoTherapy planning system for creating therapeutic plans, the
distribution of dose in PTV was characterized with high homogeneity and conformality, critical organs
were protected as good as possible, even in cases, where organs at risk were very close to the target.
The main feature of the TomoTherapy planning system plans was a high gradient within the target
dose of critical organs, and the ability to control the dose maximums in those areas where a part or all
critical organs had common points with target volume, which makes it possible to provide good dose
covering of PTV and to maximize the protection of organs at risk.
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TOMOTHERAPY IN UKRAINE - GENERAL ANALYSIS OF FIRST TREATMENT RESULTS

Kateryna Gumeniuk, Sergiy Odarchenko, Mykola Gumeniuk,
Oleksii Zinvaliuk, Dmytro Synchuk

Ukrainian center of Tomotherapy, Kropyvnytskyy, Ukraine

Objective. General analysis of the modern radiotherapy outcomes with the TomoTherapy system
(Accuray TomoHD).

Materials and methods. One of the main problems of radiation therapy in Ukraine is prevalence
of old cobalt units. Implementation of linear accelerators in radiotherapy practice increases the
requirements for both: radiation protection of the patient and high quality of radiotherapy. This quality
is increased due to application of high-tech methods, such as IMRT, IGRT, adaptive radiotherapy etc.

Ukrainian Center of TomoTherapy (UCT) is a multi-vendor facility, which uses radiotherapy
system TomoTherapy TomoHD.

Taking into account possible changes of healthy organs, tissues and tumor size, treatment plans
may be adapted if needed. Adaptive radiation therapy is a process where the treatment plan can be
modified and treatment dose can be routinely customized to each individual patient to achieve a safe
dose escalation.

Evaluation of tumor response was carried out according to RICIST 1.1. Complications were assessed
with CTCA 4.03 side effects staging. Treatments were performed according to local protocols.

Quality control of the treatment unit’s characteristics was performed with set of special dosimetric
equipment and phantoms. Additional automated hardware control was provided by TomoTherapy
Quality Assurance (TQA) software.

Results and discussion. TomoHD machine was commissioned in 2015. Tomotherapy was
created as hardware realization for IMRT and IGRT methods, which provide better cancer treatment
outcomes.

Quality control of equipment parameters is a key element of patient’s radiation protection.

Analysis of the periodic TomoHD checks results, which were performed in accordance to the local
quality control program, showed high stability of the radiation and geometrical parameters of linac.

During 2015-2016, 257 patients were treated with TomoHD. Dosimetric analysis of plans showed
uniform and conformal target coverage in majority of cases.

Organs at risk received a dose, which did not exceed the tolerable doses in accordance with the
recommendations of the QUANTEC protocol excepting those, having common points with target. An
average irradiation time was about 420 s.

DQA verification results were within 97% -100% (analysis of the following parameters: Gamma 3D,
3 mm distance to agreement / 3% dose difference with reference to local dose).

Analysis of treatment’s early results showed that complete resorption was observed in 10%;
stabilization in 25%; partial regression in 65% of cases. There were acute radiation reactions mostly
not exceeding G1, G2. The most frequent reactions were dermatitis - 32%, epithelitis - 14%, leukopenia
- 14%. There were no interruptions of treatment course caused by acute reactions.

Conclusions. During usage of TomoTherapy system in the UCT, the treatment unit showed high
stability of geometrical, mechanical and radiation parameters. The planning system allows us to
provide high quality therapeutic plans, which might be delivered with high accuracy due to application
of MVCT imaging. Also mainly low grade acute toxicities were observed.
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Recently, different methods to induce an enhancement of the biological efficacy of proton therapy
have been proposed [1, 2]. In [1] the use of B is proposed, while in [2] the use of natural boron, or an
optimized mixture of 1B and °B is discussed through Monte Carlo simulation studies. It is based on
the use of Boron atoms that, if localized inside a tumour mass, favour the occurrence of specific nuclear
reactions and the consequently the production of high-LET radiation. Specifically, this approach is
based on the possibility to exploit the well-known 'B(p,a)2a nuclear reaction channel where three
alpha particles, with an average energy around 4 MeV, are emitted [3]. These alphas show a sufficient
range to release most of their energy in the cell nucleus and high-LET values able to strongly damage
the DNA, producing an enhancement of the biological efficacy of the proton beam. In addition, various
proton-boron nuclear reactions induce the emission of several prompt gamma-rays with different
energies [2]. The measurement of gamma rays can potentially be a powerful technique allowing to
verify the treatment online if this peaks are sufficiently intense compared to the background produced
from the proton-nuclear reactions with the biological tissue. In this work a theoretical and
experimental study of the gamma prompt emissions from the proton-boron nuclear reaction has been
carried out with the main aim to understand and quantify the proposed 0.718 MeV peak intensity with
respect to the background. A set of measurements, using a high purity Germanium detector, have been
performed using two targets made by the °B and B boron isotopes. Both analytical simulations,
performed with the Talys nuclear reaction code and experimental results, seem to suggest that the
boron concentration injected into a tumour mass, is a critical parameter that in some cases can produce
a relatively low signal. Starting from these consideration the alternative use of the Copper labelled
diacetyl-bis(N4-methylthiosemicarbazone) (Cu-ATSM) bound with the boron dipyrromethene BodiPy
is proposed. Cu-ATSM, which can be also enriched with Boron atoms, can produce characteristics
gamma prompts at 1.3 MeV, in a region where the background from the human body is not high. This
method could be a good alternative for an imaging online during the proton therapy treatment.
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Introduction. In radiotherapy of superficial lesions using adjacent electron fields, non uniform
dose distribution at the junction of the fields is a major concern. One method of improving dose
uniformity at the field border is to broaden the beam penumbra using an electron beam spoiler. Several
parameters, including physical characteristics of the spoiler material as well as the angle between
abutting fields affect spoiled beam dose distribution. In this study, Monte Carlo simulation method
was used to investigate the influence factors that affect dose distribution in abutting spoiled electron
fields.

Methods. A Siemens Primus treatment head was simulated for a 5 MeV, 10x10 cm? electron beam
using BEAMnrc and DOSXYZnrc, the EGSnrc user codes. Measurements were performed using a MP3-
M water tank, a Semi flex Chamber and a Roos electron chamber (all from PTW, Freiburg, Germany).
Using the developed beam model, different materials placed at the end of electron applicator and
adjacent fields were simulated and associated isodose curves were calculated. PMMA, aluminum,
titanium and chromium were used as spoiler materials.

Results. For all spoiler materials, the maximum thickness that produces clinically useful beam
characteristics, including surface dose and therapeutic range (Rgo) was determined. Compared to the
open beam (without spoiler), the maximum increase in penumbra width was seen for PMMA and
aluminum, 14.5 and 15 mm respectively. The maximum junction dose was lowest for PMMA,
aluminum and chromium, about 108% compared to 115% for the open fields, relative to dose at depth
of maximum of the open field. Titanium spoiler had the smallest effect on Rgo and PMMA had the
largest, 2mm versus 6 mm reduction. Compared to the open fields, surface dose increased for all
materials and was largest for titanium.

Conclusion. Selecting an optimum spoiler depends on the treatment goal, i.e. desired surface
dose, therapeutic range and dose homogeneity. The results of this research can be used to optimize
dose distribution in adjacent electron fields using beam spoilers.

Key words: Beam spoiler, abutting electron fields, dose uniformity, radiotherapy
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Quality assurance (QA) programme in diagnostic radiology is an organized effort by the staff
operating a facility to ensure that the diagnostic images produced are of sufficiently high quality so that
they consistently provide adequate diagnostic information at the lowest possible cost and with the least
possible exposure of the patient to radiation (WHO). Quality control (QC) is a part of the QA
programme and QC procedures are used for testing and maintenance of the various parameters of the
ionizing radiation system.

QA programme on using ionizing radiation is mandatory in all EU member states. The terms of use
of ionizing radiation for medical purposes are defined by the Croatian regulatory body since 2009.
However, in diagnostic and interventional radiology this is still not implemented in most facilities. One
of the main reasons is a lack of medical physicists. All radiotherapy departments have a medical
physicist employed, most nuclear medicine departments also, but in diagnostic and interventional
radiology the situation is quite opposite. At this moment, less than 4 medical physicists are involved in
diagnostic and interventional radiology.

Since 2012., when a physicist was introduced to radiology department at University hospital Rijeka,
a lot of progress has been made and it is still an ongoing process. Development and establishment of
quality assurance programme was set up as a primary goal at the time. Encouraged by the results of
QA implementation at our hospital, we decided to make a strong effort on building awareness on the
importance of such programme to both, professionals and general public, as it is also one of the
responsibilities of a medical physicist.

As a result of this effort, the public health institutions in west Croatian region became strongly
interested on developing and implementing a QA programme, but it was not possible since they had
no medical physicist. Since the efforts of our Medical Physics Department for optimized, responsible
and safe use of ionizing radiation in medicine at UH Rijeka was well publicly presented and recognized,
call for help and cooperation outside our mother institution was received and accepted by hospital
board.

A working group was formed with the task to find a solution for their situation. It was decided to
establish a technical collaboration between institutions and agreed which actions medical physicists
from University hospital Rijeka will perform in all facilities. This included 1 general hospital and 2
public health institutions with 13 facilities.

After the validation of technical performance of the equipment, our current task is the process of
optimization. It is an important part of a QA programme that has a goal to find balance between
satisfactory diagnostic information and the lowest possible radiation exposure.

A model of establishment and implementation of quality assurance programme in diagnostic
radiology in multi-facility region will be presented.
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90Y-DOTATOC in Peptide Receptor Radionuclide Therapy (PRRT) is used to cure the patient with
neuroendocrine tumors (NET). According to standard protocols proposed by European Association of
Nuclear Medicine (EANM), used activities are between 3.7 GBQ to 5.55 GBq. It is known that this kind
of peptide use to bind very quickly to tumor tissue, while the rest activity is excreted through the
kidneys and bladder. Certain amount of radioactivity is accumulated in kidney which can cause the
significant damages and reducing the kidney function. Due to this, there is a tendency to develop
personalized dosimetry in order to achieve the largest doses in tumor with smaller as possible dose in
kidney.

Measurements were performed on 10 patients who were treated by this therapy in Clinical Centre
Kragujevac. Patients received the activity of 99Y —DOTATOC between 2.7 to 5.4 GBq. Blood was
sampled at the moment when the application of radiopharmatic was terminated, then each hour in
first 6 hours and after in interval of 6 and 12 hours up to 72 hours after application. Measurements
were done with liquid scintillation beta counter RackBeta, LKB Wallac. Urine was also collected and
measured in the period of 72 h after application.

In order to understand better biokinetic of this nuclide in human body, we developed two sets of
differential equation which described behavior of used radioactive peptide in human body. Human
body was considered to consist of four compartments (blood, kidneys, bladder and tumor) and
differential equations describe balance of 9°Y in each of them. Equations were solved analytically and
programmed in Fortran 9o. Transfer parameters were varied and computed activity in blood was
compared with measured once in order to determine the best set of parameters. This enabled
determination of absorbed dose in four organs of human body due to this therapy.
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Nuclear medicine is the branch of medicine that deals with diagnosis and therapy by using
radioactive isotopes and their compounds. One of the most commonly used pharmaceutical in nuclear
medicine is 99mTc. The objective of this work was to calculate the absorbed dose in some organs of
human body, when this radiopharmaceutical is incorporated in lungs. Monte Carlo simulations were
done to evaluate dose due to application of 99™Tc. In this work two types of phantom were used: ORNL
mathematical phantom and voxel phantom-thorax. The differences between results obtained for
absorbed dose values using voxel and ORNL mathematical phantom are between about 5% up to 20%.
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Mammography presents one of the most precise methods for detection of irregularities inside the
breast. Its most important function is discovering diseases like cancer at an early phase. Although
mammography uses low dose x-ray system, examination still poses certain risk for patient. Mean
glandular dose gives the best representation of risk involved for a patient undergoing mammography
examination. In this study we estimated adipose, glandular and total dose to the breast using Monte
Carlo simulations. For this purpose we designed a voxel breast phantom. Simulations were performed
using MCNPX code. Verification of phantom design and simulations was done by comparing results
with those published in similar studies.
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We developed a system for measuring the wall shear stress (WSS) in blood vessels using Doppler
ultrasonography and computational fluid dynamics (CFD). The time-dependent velocity at the center
of the blood vessel was measured by phase-contrast algorithm based on Origin pro-software (Origin
Lab Inc.) and was approximated by finite Fourier series, which was used for generating the velocity
profile at the inlet for the boundary condition to the CFD method. To validate the CFD method, we
compared the WSS obtained by the CFD method with the theoretical value in a straight cylinder with
various radii for both steady and pulsatile flows. We also investigated the dependence of the WSS on
the inlet velocity profile incorporated into the CFD method. For steady flow, there was a good
agreement between the WSS obtained by the CFD method and the theoretical value. For pulsatile flow,
there was a relatively good agreement between them when the radius of the cylinder was average
diameter 1600 mm and the inlet velocity profile was given by the Womersley solution for fully
developed pulsatile flow in a straight circular cylinder. When the radius of the cylinder was 1600 mm
and/or the inlet velocity profile was assumed to be parabolic, large differences were observed between
them, suggesting that the assumption of fully developed flow does not hold true in these cases.

Impaired endothelial function and increased carotid intima-media thickness are key events in the
atherosclerotic process and predict future cardiovascular events in subjects with and without coronary
artery disease. The purpose of this study was to investigate whether the vasodilator response to
increased flow in the brachial artery and the presence of carotid lesions may have a prognostic
significance for in-stent restenosis in patients undergoing corotid angioplasty.

The study population included 32 patients with carotid artery stenosis, 5 healthy volunteers, and
18 with restenosis within 6 years after stenting. All patients underwent ultrasound detection of brachial
artery reactivity.

Working hypothesis is influence of the power of action of the stents over carotid arterial wall, as a
main reason for depositing of alpha fibrils and prompt restenosis within few years.

Endothelial function can be measured in corotide arteries and in the periphery by measuring
vasomotor function after intra-arterial infusion of pharmacologic substances which enhance the
release of endothelial nitric oxide and with combination with Doppler ultrasound (Hitachi, Aloka-
Alpha-6; Japan). Advantage of these methods is their non-invasive nature, which generally makes
them suitable for studies involving asymptomatic subjects. For this reason, noninvasive tests of
endothelial function have been developed. In the most widely used of these, an ultrasound-based
method, arterial diameter is measured in response to an increase in shear stress, which causes
endothelium-dependent dilatation (flow mediated dilation-FMD). Endothelial function assessed by
this method correlates with invasive testing of coronary endothelial function, as well as with the
severity and extent of carotide stenosis.
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Introduction. Anthropomorphic physical breast phantoms play a major and crucial role in the
development of new breast imaging techniques as well as they can be used as a tool for the assessment
and verification of performance standards in daily clinical practice of breast imaging modalities.
Although their importance, nowadays, there is limited number of breast physical phantoms dedicated
to such activities. The aim of this work is to explore the available 3D printing technology and available
range of materials and study the suitability of these materials for manufacturing of anthropomorphic
breast phantoms for x-ray breast imaging.

Materials and methods. For this purpose, 14 materials available with currently used technology
were studied: gray, clear, black, white flex, and tough resin, polylactic acid (PLA), acrylonitrile
butadiene styrene (ABS), polyvinyl alcohol (PVA), brick, Nylon, polyethylene terephthalate PET-G,
hybrid and polymethyl methacrylate (PMMA). One step-wedge phantom per material (with 9
thicknesses: 2, 4, 5, 6, 10, 15, 20, 30 and 40 mm) was prepared by using available 3D printing
technology. The resin samples were printed with stereolithography printer, while the other samples
were printed with fused deposition modeling printer. Prior to going to an x-ray system, the density of
these materials was carefully assessed by involving measurements on electronic scale device. The step-
wedge samples were then scanned at GE Senographe SD digital mammography system
Rh/Rh@28kVp, entrance dose of 2.74mGy and a detector resolution of 100 um. In addition to the
images with the samples, three dark images and one flat image were acquired. The linear attenuation
coefficient for every material was calculated by least square fitting an exponential model on the
attenuation data. Data were assessed against theoretical data for the attenuation coefficient for the
glandular, adipose, water, polyethylene, paraffin, PMMA and BR12 from the XCOM NIST database.

Results: X-ray images were processed to obtain line integrals from intensity images with objects,
flat and dark images. The absorption properties (the mass absorption and linear attenuation
coefficients) of these materials were estimated from square regions of interests with size of 80 pixels.
From the studied materials, the grey and clear resins show absorption properties close to the adipose
tissue, while the PLA, Flex and PVA show properties close to the properties of the gland.

Conclusions: These results will be exploited in the preparation of a complex breast physical
phantom. Next step is to evaluate the characteristics of these materials at synchrotron facility. The
scheduled measurements will validate the results of this study and will estimate with high accuracy the
absorption characteristics of the studied materials. Future work is related to studies with the refractive
index of these materials.

126






[

, -

RAD20 /

INDOOR RF EXPOSURE ASSESSMENT IN URBAN AREA CONDUCTED
BY PERSONAL RF EXPOSIMETER

Péter Pal Necz, Ivan Gresits, Noémi Nagy, Gyorgy Thuro6czy

National Public Health Center - National Research Directorate for Radiobiology and Radiohygiene, Budapest,
Hungary

Introduction. The aim of this study was to measure the indoor microenvironmental level of RF
exposure and individual personal exposure in urban area. Our main hypothesis was that the RF components
of indoor exposure emitted by household wireless devices (e.g. DECT, WiFi, Bluetooth etc.) is already higher
than the exposure from downlink frequency bands of mobile base stations.

Methods. In this study MVG EME Spy 200 RF personal exposimeter (PEM) was used that is a compact,
body-wearable device to measure and record the ambient RF electric field strength in 20 pre-defined
frequency bands between 80 MHz and 6 GHz (FM, TV3, TETRA, TV4 & 5, LTE 800-uplink/downlink, GSM-
uplink/downlink, DCS-uplink/downlink, DECT, UMTS-uplink/downlink, WiFi 2G, LTE 2600
uplink/downlink, WiMax, WiFi 5G). Its dynamic range is 61,6 dB (0,005 V/m to 6 V/m). The sampling rate
was 30 s. The 48 h recording was divided in two parts: in the first 24h the PEM was placed in the indoor
environment of 37 volunteers’ apartments while during the second 24h hours the PEM was carrying by the
persons participated in the study. In each apartment a survey measurement was also conducted placing the
PEM device in all rooms for recording the electric field strength during 5 minutes at least. The RF exposure
from individual frequency bands, the sum of downlink bands, the sum of household wireless devices and all
other sources were identified and analyzed.

Results. The total recorded electric field strengths of measured data were several times below the public
exposure limits recommended by the EU (1999/519/EU). In spite of the general use and quick spread of
indoor RF sources, the sum of resultant exposure from the base stations is still higher than the exposure from
other indoor household wireless sources. The highest indoor RF exposure is still emitted by mobile phone
bases stations in the GSM 900 downlink band. The contribution of RF frequency bands of indoor, personal
or survey recording showed similar distribution nevertheless we found variation of frequency distribution of
RF exposure within the rooms. The level of total RF exposure averaged over 24h from indoor household
wireless devices is still less than the total exposure emitted by other sources from outdoor area.

Discussion. The ratio between the exposure levels of downlink and non downlink depends on the site
of recording inside the apartment. The lower exposure levels emitted by the household wireless systems may
caused by the facts that the indoor sources work low RF power and the results obtained based on 24h time
average. Similar result was published by Austrian group in 2015 (Tomitsch, 2015). The exposure coming
from base stations is still higher than the RF exposure emitted by indoor sources, and the GSM 900 is the
highest, probably due to the new LTE technology which works also in the 900 MHz frequency band.
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In this work we present the evolution of the atmospheric ozone (O3) and nitrogen dioxide (NO-)
over the worldwide during 2002-2016. In this purpose, two important locations from each continent
were selected. The Osand NO- remote sensing observations were provided by the following satellite
UV-VIs instruments: SCIAMACHY (SCanning Imaging Absorption spectroMeter for Atmospheric
ChartographY) onboard Envisat, OMI (Ozone Monitoring Instrument) onboard AURA and GOME-2
(Global Ozone Monitoring Experiment Measurements-2) onboard Metop-A&B. Data regarding O; and
NO- were obtained from the Tropospheric Emission Monitoring Internet Service (TEMIS) database.
Possible correlations between NO- and O3 are presented in this work.
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NICOTINAMIDE RELEASE FROM PAM XEROGEL INTO WATER SOLUTION
UNDER ISOTHERMAL MICROWAVE CONDITIONS: KINETIC STUDY

Jelena Jovanovic, Tatjana Djajic, Borivoj Adnadjevic

Faculty of Physical Chemistry, Belgrade, Serbia

The isothermal microwave heating (MWH) leads to the significant acceleration of chemical
reactions, the increase in the yield of the preferred products and to the improvement of their selectivity.
The isothermal kinetics curves of nicotinamide release from poly(acrylic-co-methacrylic) (PAM)
xerogel into water solution, under the isothermal MWH conditions were measured in different
temperatures ranging from 30°C to 50°C. The MWH experiments were carried out using a
commercially available monomode microwave unit, Discover, CEM Corporation, Matthews, North
Carolina, USA. The degree of kinetics complexity of the nicotinamide release under the MWH into
water solution was investigated applying the isoconversion Friedman’s method. Based on the found
shape of the dependence of E. on the degree of release, it was concluded that the investigated release
process has one kinetically rate determining step. By application the model fitting method was found
that the investigated kinetics of nicotinamide release can be described by the kinetics model of phase-
boundary controlled reaction (R-3). The values of the kinetic parameters for the nicotinamide release
under the MWH conditions were calculated: E.a=22+2 kJ/mol and InA/min? = 5.0+0.5. Model
mechanism of the influence of MWH on the kinetics of release of nicotinamide from PAM xerogel was
considered.
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HIGHLY EFFICIENT LASER ACTION FROM FREE-SHAPE
DYE-DOPED SOFT MATTER SYSTEMS

Valentin Barna

University of Bucharest, Bucharest, Romania

The study of electromagnetic waves propagation in periodically structured dielectrics and the linear
and nonlinear optical phenomena in disordered systems doped with gain media represent one of the
most challenging and exciting scientific areas of the past decade. Lasing and Random Lasers are
fascinating examples of topics that synergize multiple scattering of light and optical amplification and
lately have been the subject of intense theoretical and experimental studies, owing to the enormous
demand for understanding the physical effects and phenomena which lie behind the confinement and
moulding the flow of light. The mélange of light localization and random lasing is especially interesting
because of the specific features of each distinctive lasing source, accompanied by unique emission
characteristics of the localized modes. Herein we demonstrate laser emission from confined or
boundary-less dye doped compact systems. The challenge was to obtain a new class of small size,
versatile, free shape random laser systems by employing dye-doped soft matter systems. Ranging from
confined standard wedge sandwich cell design to freely suspended thin active media films and
boundary-free liquid droplets, the lasers that we introduce are ultra-compact hazard free narrow
banded (FWHM ca. 0.4 nm for each laser mode) emitters that excel due to their low lasing threshold,
great efficiency, long term durability, easiness in fabrication and vast variety of possible configurations.
Optical emission characteristics such as spectral analysis, below and above lasing energy threshold
behavior, emission efficiency, far field spatial lasing modes intensity profiling, temporal emission
behavior etc confirm the light amplification and that laser emission occurs from our mirrorless devices.
These materials are appropriate candidates for manufacturing small scale flexible laser systems and
we predict their future employment in key areas of modern bio-medical applications, optics and
photonics, and material science arena in general.
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A STUDY OF DETERMINING A MODEL FOR THE PREDICTION OF SOLAR RADIATION

Osman Kara', Bulent Yaniktepe?, Coskun Ozalp2

1 Department of Energy Systems Engineering, Faculty of Engineering, Osmaniye Korkut Ata University,
Osmaniye, Turkey

Solar energy is one of the most common renewable energy sources. Using of this energy is profited
by solar radiation arriving in earth. Photovoltaic (PV) technologies using solar energy ensure a clean,
renewable and sustainable energy source. PV technologies are quickly developing. Recently, PV has
been used a great many large utility like photovoltaic power plants, residential systems, and irrigations.
Accordingly, solar radiation model in summer season (July, June and August) is conducted by using
Angstrom—Prescott linear regression. Data is gathered from meteorological measuring device. This
device was established in 20 m high from the ground level. Measured data on solar radiation and
sunshine duration has been recorded by a Vantage pro 2 station. In order to verify the predicted results,
statistical methods as mean bias error (MBE), root mean square (RMSE), and relative percentage error
are used. The new linear equation is obtained for monthly-average daily global solar radiance.
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ESTIMATION OF SOLAR RADIATION MODEL
USING MEASURED DATA IN SPECIFIC REGION

Bulent Yaniktepe, Osman Kara, Coskun Ozalp

Department of Energy Systems Engineering, Faculty of Engineering, Osmaniye Korkut Ata University,
Osmaniye, Turkey

Nowadays, using solar radiation is very important for some applications. Knowledge of global solar
radiation distribution is needed for design of solar energy systems of these applications. But solar
radiation measurements are not easily because of difficultly requirements of the measuring equipment
and techniques involved. Many parameters affect the production solar energy and conversion
efficiencies and location conditions of PV panels. One of the most vital parameters is the number of
solar radiation. Therefore, the main objective of this study is to determine for predicting solar
radiation. In this concept, two empirical models (linear and second-order polynomial equation) are
analyzed according to correlation coefficients for a month.

133



[
RAD2017//

THE PARTICULARITY OF THE THERMAL-RADIATION FACTOR
IN THE WORK ENVIRONMENT AND EYE HEALTH PREVENTION
AMONG BULGARIAN METALLURGY WORKERS

Mariyana Stoynovska?, Rani Toncheva2
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Issue — Description of the problem: In the hot industrial units of metallurgical production happens
significant heat radiation. As a result of fields interaction and stratify it creates a certain thermal-
radiative tension workplace.

Optical radiation of technological metallurgy process is strong hazard for metallurgist vision. The
visible and infrared radiation (IR)-A range 0.76-1.4 um enters the retina and causes Retinopathy.
Anterior eye segment suspend IR range 1.4 um-1 mm and results Infrared eye cataract.

Occupational medical examination lately becomes very important both from social and economic
point of view.

Material and methods: Occupational medical examination was performed on 183 metallurgy workers
and included visual acuity examination, biomicroscopy and ophthalmoscopy.

Results: During occupational medical examination of 183 optical radiation exposed workers, we
found pathological cataract in 3 cases (1.6 %).

There artiphakia in 5 cases (2.7%) with no proving data if the operated cataract was pathological.
In 16 cases (8.7%) there was retinal angiosclerosis.

Hypertensive retinopathy was found in 63 of examined workers. (34.4%) but it is unclear whether
hypertonia was caused by the working environment.

Other vision pathological conditions that we found among this professional group included
refractive errors, glaucoma, and eye injuries.

Lesson and conclusions: Diagnostics of Visual disorders in Occupational medicine must be a part of
the Company Occupational medical examination system.

Quality-controlled regular organized occupational medical examination improves safety and health
of metallurgy workers.

Time measurement and permissible value of exposure on workplace, at that take into account the
spectral composition of radiation are very important.

Effectiveness of thermal protective aids are of practical importance for prevention.

Main message: The evaluation of individual occupational risk is of utmost importance for workers
have employed in metallurgy and is closely related to timely diagnosis and proper treatment of work
related eye disorders.
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INVESTIGATION OF SEASONAL IONOSPHERIC VARIATIONS FROM GNSS AND IRI-2012
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Ionosphere is a layer containing a larger number of free electrons and positively charged ions
within the heights from 60 km to 100 km above the earth’s surface. It depends on solar activity,
magnetic storms, solar cycles (every 11 years), 27-day solar rotation, seasonal variations etc. In this
study, Total Electron Content (TEC) values derived from Global Navigation Satellite Systems (GNSS)
and International Reference Ionosphere-2012 (IRI-2012) were produced with hourly resolutions in
January, April, August and November in 2014 for a GNSS station called ZONG, and the seasonal
ionospheric changes were obtained using these methods. The IRT-2012 model has produced almost the
same TEC value for every hour observations for any said months while the TEC derived from GNSS
measurements is a better indicator in terms of representing the behavior of the ionosphere. As a result
of regression analysis, the correlations R2 were found to be 0.895, 0.838, 0.745 and 0.936 for January,
April, August and November, respectively. Although both the models have appeared to be in good
agreement with each other, the IRI-2012 model has been found to underestimate the TEC values for
all the days analyzed.
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DURABILITY OF TARGETS AND FOILS IRRADIATED BY INTENSE HEAVY ION BEAMS
INEXPERIMENTS ON SYNTHESIS OF SUPERHEAVY NUCLEI

Roman Sagaidak

Joint Institute for Nuclear Research, Dubna, Moscow Region, Russia

Durability of targets and window foils irradiated by intense heavy ion (HI) beams in the
experiments on synthesis of superheavy nuclei, which are carried out in Dubna with Gas-Filled Recoil
Separator (DGFRS), has been viewed in various ways. High fluxes of HI and heat generations, which
are realized within relatively small areas and thicknesses of these elements of DGFRS, are inherent in
such long-continued experiments. The lifetimes of the targets and window foils are estimated as the
result of actions of an intense HI beam such as radiation damages, sputtering and evaporation of
atoms. The most critical processes determining the durability of the targets and window foils are
discussed. The processes of heat transfer due to thermal conductivity, convection and radiation are
also considered from the point of view of possible ways of cooling of the elements irradiated by an
intense HI beam. Temperatures of the targets and window foils as a function of time can be calculated
in the conditions of their pulse heating by a HI beam and corresponding cooling by radiation emitted
from their surfaces. Such pulsing mode is inherent in the operation of DGFRS with the use of the
rotating target and window foils irradiated by a continuous HI beam. Estimates show that radiative
cooling in the conditions of pulse heating can be the most effective way of heat transfer to the
surroundings at the temperature of several hundred degrees. Such temperatures can be reached on the
surfaces of the target and foils irradiated by HI beams at the intensity of about 103 particles/s.
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NEUTRON ACTIVATION TECHNIQUE: A RELIABLE TOOL TO DETERMINE
THE MINERAL COMPOSITION IN AGRO-INDUSTRIAL PRODUCTS
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4 Jozef Stefan Institute, Ljubljana, Slovenia

Mineral composition analysis in agro industrial products is necessary for several reasons such as
determination of nutritive value, assessment of product quality, detection of adulteration, compliance
with legal and labeling requirements, food forensic, research and development. It is important to
enhance that a variety of toxic elements in food is continuously increasing as a consequence of new
agricultural practices, industrial development, and environmental pollution. For that, analytical
techniques are expected to play a crucial role on chemical elemental concentration determination.
Various analytical techniques are applied to provide the elemental concentration information, among
them is the neutron activation analysis, a multi-element technique that analysis major, minor, trace
and rare elements in a sample without been necessary chemical treatment of the sample. The technique
is based on irradiating a sample with neutrons in a nuclear reactor to produce specific radionuclides.
After the irradiation, the characteristic gamma rays emitted by the decaying radionuclides — indicative
of a specific of the presence of a radionuclide - are quantitatively measured by semiconductor detector.
Basing mainly in this information, the concentration calculation is obtained.

In this paper, the technique was applied by means of ko-standardized method, in which instead of
standards of chemical elements — relative method — neutron flux monitors, spectral parameters of the
nuclear reactor, gamma system counter absolutely calibrated and ko constants are used. Several agro
industrial samples like corn, sugar, wheat, food supplement were analysed using the 100 kW TRIGA
Mark I IPR-R1 research reactor. The results were compared to legislation and/or literature in order to
evaluate the values.

Therefore, the objective of this paper is to show the versatility and the efficiency of this technique
on multielemental concentration determination in diversified food samples showing that several
chemical elements were determined with a large range of elemental concentration. Reference materials
were also analysed and evaluated statistically, pointing out the reliability of the technique.
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ON THE NUCLEAR PROPERTIES OF EVEN-EVEN YTTERBIUM ISOTOPES

Tuncay Bayram!, Serkan Akkoyun?2
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Ytterbium element is used in many nuclear applications. Correct predictions of various nuclear
properties of its can be important task. In the present study we have investigated ground-state binding
energy, two-neutron separation energy, charge radii, quadrupole moments and deformation
parameters of even-even 160-180Yb nuclei by using non-linear Relativistic Mean Field (RMF) Model. The
results have been found as in agreement with the available experimental data. Furthermore obtained
deformation parameters with RMF Model for stable even-even 68Yb, 170Yb, 172Yb, 74Yb and 176Yb
isotopes have been used for calculations of their cross-sections for neutron induced reactions in wide
energy range by using TALYS code. Also, the calculated cross-sections for these isotopes have been
compared with the TENDL 2015 database.
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INTEGRATED ONLINE SYSTEM FOR SIMULATION AND ANALYSIS
OF HIGH ENERGY NEUTRON INTERACTIONS

Petru-Mihai Potlog

Institute of Space Science, Bucharest-Magurele, Romania

Simulations in high energy physics had become a necessity in recent years as the experiments in
the field are getting more and more complex. However, it is generally recognized that, despite of huge
development of software, there is no standard software package which can perform simulations in
complete different experimental setups. Therefore, the software for simulations is highly experiment
dependent and is written almost always by the physicists for their own use. The software for analysis
is even more dependent since the analysis varies from physics channel to physics channel.

In order to perform a complete simulation, we need to implement the whole geometry of the
experimental setup, establish which physics process, which is characteristic of the primary beam,
should be included, how to store simulated data or which is the best way to deal with event
reconstruction. Mainly, this requires from the user, a good understanding of simulation package and
solid knowledge of programming languages. Therefore, the user is forced to concentrate on coding and
not on the physics processes which he studies.

To overcome this drawback we start to develop an integrated system, easy to use, which use Root
classes for implementing the whole simulation code, geometry and reconstruction of data levels
(digitization), and Geant4 simulation framework for tracking particles through matter. Analysis of the
output is done using the same Root framework.

The system will have 3 basic modules: first module will ensure the system’s interface and access to
the other modules and it will be based on an authentification system. Second module will be the core
of the system and will provides classes and member function descriptions of the software, as well as
examples of use. The third module will contain analysis programs in order to obtain scientific results
from simulated data. The design of the framework will allow, at first, optimizations and validations of
functionality of some large area detectors used for study of high energy neutrons interactions.

Key words: High energy physics, advanced integrated system, neutrons interaction, Geant4
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NUCLEAR REACTION 41K (aLpHAN)44MGSc AND ISOMERIC CROSS SECTION RATIOS

Tatjana Chuvilskaya
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The calculations of the excitation functions of high-spin and low-spin isomeric states production in
one and the same nucleus as well as the respective isomeric cross section ratios (ICSR) were carried
out for reaction 4K(alpha,n)44meSc. Measurements of ICSR allow one to obtain reliable information on
angular momentum dynamics of a preceding reaction and spin dependence of nuclear level density.
This dynamics depends on the properties of a target, projectile and emitted particles. Experimental
studies of ICSR produced by reaction 4'K(alpha,n)44mgSc in the alpha-particle energy ranges 14—32
MeV were carried out by us earlier using off-beam measurements of induced activity of members of
the isomeric pair. Calculations of ICSR for the indicated reaction are performed using the codes
EMPIRE-3 and TALYS. For the discussed conditions the values of ICSR calculated by EMPIRE- 3 are
in disagreement with experimental ones being 20-30 % greater. At higher energies of alpha-particles
calculated values of isomeric ratios significantly exceed experimental ones. As for the data obtained by
use of TALYS code they turn to be in a good agreement with experimental ones over all measured
region except the expressive experimental maximum of ICSR at energy 26 MeV.
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Solid oxide fuel cells (SOFCs) have potential to become the most efficient and cost-effective system
for direct conversion of a wide variety of fuels to electricity. The performance and durability of SOFCs
depend strongly on the microstructure and morphology of cell components. The ceramics used in
SOFCs do not become electrically and ionically active until they reach high temperature so that the
operating temperatures are ranging from 800 to 1,000 °C. Nowadays, there is a great interest on
reducing the operating temperatures of SOFCS. The development of new electrode and electrolyte
materials with good performance at intermediate temperatures (650-800 °C) is an important
prerequisite. The quest is on solid oxide materials with high ionic and electronic conductivity while
preserving structural stability at high temperatures. In this direction, many of the oxides that
traditionally were studied from the magnetic or electronic point of view (superconducting, colossal
magneto-resistant oxides, multiferroicity...) can find applications, with subtle modifications, as
electrodes in these electrochemical devices. Thus, by appropriate substitution perovskite based
materials can be tailored to exhibit a host of physical properties, ranging from ferroelectricity and
ferromagnetism, to superconductivity and ion conductivity.

The materials investigated and reported in this study are powder, dense and porous perovskite-
related materials based on the composition BaCeo.85Y0.1503-5 (BCY15) tested in a novel design of single
SOFC cells and defect perovskites (PbBa(Sr))Fe.xMexOs where Me=Co, Mn, Cr. The structural details
in dependence on the anode/cathode preparation are revealed through Rietveld full profile analysis of
X-ray and neutron diffraction patterns. Additional structural details of the materials were obtained
because the neutron diffraction method has proven advantages over other diffraction (electron, X-ray)
methods in the determination of the position of the oxygen in the structure as well as oxygen deficiency.
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FOR THE EASIER EXCHANGE OF THE ECG TRIGGER
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Aim. Practically tested oximetric synchronizer OHM 002SYNC (ORBIT MERRET) for acquisition
synchronization with the heart beating in scintigraphic examinations has a major obstacle for easy
deployment and namely the need to adjust retrospectively measured data versus data measured using
a standard ECG trigger.

This relative displacement is caused by generating data synchronizing signal at intervals of a certain
time point later compared to the signal based on ECG. The aim was to measure the basic physiological
phenomena, which have an influence on gating, and design technical tools to optimize the signal from
the synchronizer that finally influences a data shift which is below a clinical significance.

Method. The sample of 7 persons (4 women and 3 men aged from 27 to 58 years old) was
measured by ECG trigger (IVY, Cardiac Trigger Monitor 3000) and oximetric synchronizer, which were
connected to the oscilloscope recorder. ECG curve, pulse wave and synchronization signals were
measured within each measurement. The distances between the individual synchronization signals
measured by oximetric synchronizer (dependent on bottom dead-centre of pulse wave) and R
oscillations from ECG trigger were evaluated on the record. Data were statistically evaluated and few
suggestions based on them were made to minimize final displacement in data.

Results. It was found that R spacing oscillation and the bottom dead-centre of pulse wave can be
considered as almost constant (349 ms). Signal variability among individuals is below 5% and
variability through the sample of persons is below 15%.

Conclusion. Based on this findings presented above a prototype could be developed for
elimination of data manipulation when oximetric synchronizer is used for gating acquisition. Some
version of oximetric synchronizer will be also available for demonstrations at the congress.
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COMPARISON OF GLOMERULAR FILTRATION RATE BY GATE'S METHOD
WITH CKD-EPI CREATININE EQUATION IN PATIENTS WITH DIFFERENT GFR VALUES
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Objective. The aim of this research was to define the interval of glomerular filtration rate (GFR)
values that showed best correspondence between the GFR values estimated by Gate’s method with
99mTc-DTPA dynamic renal scan and with the CKD-EPI creatinine equation.

Materials and methods. The study was conducted at the Institute of Pathophysiology and
Nuclear medicine at the Medical Faculty in Skopje. Retrospective analysis of the files of 78 patients (35
males, 43 females) that underwent dynamic renal scintigraphy with 99mTc-DTPA within the period
between January 2015 and June 2016 was performed. The considered intervals for GFR values
according the Gate’s method were:

below 40 ml/min
between 40 — 80 ml/min
above 80 ml/min

The GFR was automatically calculated by a software in a commercially available computer
according to the Gates algorithm with background region of interest between the upper poles of the
kidneys. The obtained results were normalized for standard body surface area in order to be compared
properly. The results were compared with the GFR values obtained by CKD-EPI creatinine formula for
each patient. The statistical analysis was performed with Spearman correlation.

Results. The results have shown statistically significant correlation between two methods for the
whole group of patients (r — 0.63, p<0.05). The results for the intervals for different GFR values
showed no significant correlation in the group 1, while in the group 2 and 3 there was a significant
correlation (r- 0.36, p <0.05 and r — 0.49, p<0.05).

Conclusion. Best correlation between two methods was shown in patients with GFR greater than
80 ml/min estimated by the Gate’s method. The values below 40 ml/min showed no significant
correlation between the methods. These results indicate that GFR values acquired by both methods
should be interpreted with caution in patients with lower GFR and other more precise techniques
should be employed.
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Radio-nanomedicine is an emerging nanomedicine strategy where nanoparticles are radiolabeled
to enable therapeutic and diagnostic functionality (i.e. “theranostics”). In this study, we radiolabeled a
Super-Paramagnetic Iron Oxide Nanoparticle (SPION) nanoparticle to extend and integrate its
functionality as a detection and diagnostic imaging probe for simultaneous Positron Emission
Tomography (PET) and Magnetic Resonance Imaging (MRI). Hybrid PET-MRI is a relatively new, yet
powerful imaging technique that combines the exquisite soft tissue contrast of MRI with the
exceptional sensitivity of PET. We also radiolabeled the SPION with radio-therapeutic isotopes
commonly used in nuclear medicine, thus demonstrating its potential as a versatile radio-
nanomedicine platform.

We used the commercially available SPION Feraheme, which has a magnetite crystal core that
acquires a strong net magnetic susceptibility when placed in an external magnetic field and can thus
enhance image contrast in MRI. To make the SPION detectable with PET, we labeled it with the
radiotracer 89Zr using a recently developed technique, Heat Induced Radiolabeling (HIR), which offers
the advantage of being chelate-free. We characterized the modified SPION before and after labeling
using TEM. PD-10 analysis was used to determine the radiochemical yield and purity of the product.
We prepared samples of the radiolabeled SPION for separate imaging with MRI and PET before
imaging with hybrid PET-MRI. We also evaluated the HIR technique using therapeutic radioisotopes.

TEM analysis revealed 89Zr and the other isotopes studied bind to the crystal core of Feraheme. We
achieved a radiochemical yield and purity of 89Zr-Feraheme of 92% and 98%, respectively. Similar
results were obtained for the other isotopes studied. These results confirm the efficiency and
robustness of the novel radiolabeling technique. The MRI and PET scans as well as hybrid PET-MRI
scans demonstrate that 89Zr-Feraheme can indeed be imaged by this new multi-modal technique. Our
results using therapeutic isotopes further confirm that Feraheme is highly suitable as a radio-
nanomedicine platform, suggesting promising applications not only for detection and diagnosis of
disease, but also for targeted therapy at the molecular level.
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Personalized medicine is a promising and developing strategy with radionuclide diagnostics and
therapy to be important part of the concept. Platinum has isotopes suitable for Auger-electrons
therapy. Synthesis of a biomolecule based on platinum radionuclides would allow having smaller toxic
influence on health tissue due to reducing of medication quantity required.

Due to the expedient nuclear properties of the nuclides 195mPt (Ty/> = 4.03 days, IT = 100%, Ey =
98.9 keV, I = 11.4%) and 193mPt (T2 = 4.33 days, IT = 100%) it makes possible to apply them for
therapeutic and diagnostic purpose in biologically active compounds with high specific activity. Both
radionuclides decay to the ground state by isomeric transition. They undergo Auger-electrons
emission, average of 33 and 26 electrons per decay for 195mPt and 193mPt correspondingly.

For application of platinum isotopes in medicine, one requires significantly larger specific activity,
than it can be achieved by known production methods.

In this work production of platinum radionuclides is performed by irradiation of natural platinum
with bremsstrahlung at microtron MT-25 in Dubna according to the following nuclear reactions:
196Pt(y,n)!95mPt, 195Pt(y,y’) 95mPt,94Pt(y,n) 93 Pt.

To increase specific activity we tested a target, containing a mixture of H-PtCls (m = 63 mg) and
nanostructured material cryptomelane (m=150 mg) as a recoil nuclei catcher. The target was irradiated
for 10 hours in aluminum foil. Then separation of cryptomelane and macro amounts of platinum in a
form of [PtCls]> was done based on a different solubility of components in water solution. There was a
problem of strong sorption of [PtCls]2- on cryptomelane. To overcome this drawback we used cisplatin
instead of H.PtCls in the target. The sample was irradiated for 10 hours in aluminum foil. After
separation of cryptomelane and cisplatin, cryptomelane was dissolved in a mixture of 1.5M H-0./1M
HCI, solution was evaporated, residue was dissolved in 1 ml 0.1 M HCI. Separation of Mn and Pt was
performed on CIX resin (Dowex 50WX8, 200 mesh). Radiochemical yield of 195mPt was 32 %. Overall
yield of platinum reached was =5-103 Bq/ (UA-mg-h).
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Demand for metallotherapeutic drugs in contemporary medicine is a matter of common knowledge
[1], although the discovery and wide use of antibiotics as well as the toxicity and low bioavailability of
salts of transition metals were the reasons for the limited possibility and range of their functioning. A
promising way to fight multi-drug resistant bacteria strains is to enhance chemotherapy efficiency
through the use of antibacterial agents affecting simultaneously several biotargets. We demonstrated
that among these compounds are metal complexes with redox-active ligands — cycloaminomethyl
derivatives of 1,2-dihydroxybenzene [2]. They are able to reduce cytochrome c (Cyt c), the key
component of bacterial electron transport chain, and to act as low-molecular SOD mimics. In view of
the above findings and as a continuation of our effort to identify new candidates that are potent
antimicrobials we have initiated the study of Ni(II) complexes with the above-mentioned ligands.
Nickel is an element of expanding biological interest, because diverse Ni(II) complexes have shown
antibacterial, antifungal, antimicrobial and antiproliferative activities [3]. Ni(II) complexes with 5-
tert-butyl-3-(pyrrolidine-1-ilmethyl)-1,2-dihydroxybenzene =~ (HLY), 5-tert-butyl-3-(piperidine-1-
ilmethyl)-1,2-dihydroxybenzene (HLY), 5-tert-butyl-3-(azenone-1-ilmethyl)-1,2-dihydroxybenzene
(HL), s5-tert-butyl-3-(morpholine-1-ilmethyl)-1,2-dihydroxybenzene (HLY), and 5-tert-butyl-3-
(methylpiperazine-1-ilmethyl)-1,2-dihydroxybenzene (HLY) have been synthesized. Potentiometric
titration showed that in the water-organic medium Ni(II) ions form the complexes M(II):L=1:2 with
the compounds HLI-HLV (f=7.9-104-1.6-10%5). According to the data obtained from elemental
analysis, TG/DTA, IR, ESR, UV-Vis spectroscopy and conductivity measurements the complexes have
the composition described by the general formula ML.. The compounds HL'-HLV coordinate in their
singly deprotonated forms in an O,N-bidentate fashion. The Ni(II) complexes are characterized by
distorted square planar geometry of their coordination cores [NiO2N-]. The reducing properties of the
ligands and their Ni(II) complexes were examined by cyclic voltammetry. Using the method of
superoxide generation from alkaline DMSO solution, superoxide dismutase activity (ICso) of the
complexes synthesized was determined, which was equal to 1.6-6.2 pumol-1-*. The results obtained give
grounds to characterize Ni(I) complexes with cycloaminomethyl derivatives of 1,2-dihydroxybenzene
as potential inhibitors of oxidation processes involving superoxide radicals.
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The public health problems demand searching and synthesizing a new class of antimicrobial
compounds effective against pathogenic microorganisms that developed resistance to the antibiotics
used in the current regimen. It is common knowledge that active oxygen forms which are generated in
phagolisosome and are involved in bactericide mechanisms can produce an antimicrobial effect. But
some microorganisms, being active producers of extracellular superoxide themselves, are able to
prevent their action [1]. Superoxide dismutases (SOD) are oxidoreductases catalyzing transformation
of superoxide into hydrogen peroxide and oxygen. SOD are demanded as pharmaceuticals, but the use
of native SOD in medicine is limited by their thermolability, low ability to penetrate cells and others
[2]. Many of the limiting factors could be overcome by developing synthetic, low-molecular-weight
mimics of the SOD enzyme [3]. Redox-active sulfur-containing ortho-diphenols 2-[4,6-di(tert-butyl)-
2,3-dihydroxyphenylsulphanyl]acetic acid (HLD), 2-[4,6-di(tert-butyl)-2,3-
dihydroxyphenylsulphanyl]propanoic acid (HLY), 4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde
isonicotinoyl hydrazone (HLIY), 4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde thiosemicarbazone
(HLIY) and their Ag(I), Zn(II) and Cu(II) complexes have been synthesized. Using non-enzymatic
method of superoxide generation employing alkaline DMSO assay [4], the SOD-like activity (ICs0) of
the ligands was determined, which was equal to 0.7 — 6.9 umol-I%. The results obtained on the SOD-
like activity allow one to consider them as promising hit-compounds to produce new effective
antioxidants — traps for superoxide. The Zn(II) complexes with the compounds HLI-HLY synthesized
also demonstrated a high level of the SOD-like activity (ICso = 0.4—16.9 umol-1"). But the complexes of
these ligands with the ions-oxidizers Cu(II) and Ag(I) are characterized by a lower ability to neutralized
superoxide (ICs50>59.1 umol-1). Thus, the redox nature of the metal ion determines the level of the
SOD-like activity of their complexes with ortho-diphenols, which is likely to be due to the
intermolecular redox interaction between the metal ions and ortho-diphenol fragments of the ligands
proceeding in water-DMSO medium.
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It was previously demonstrated that nanoparticles (NPs) with the average size less than 20 nm are
able to penetrate through blood-brain barrier. However, the recent research shows that the silver NPs
with the average size of 30-35 nm functionalized with polyvinylpyrrolidone can get through blood
brain-barrier as well. By the means of the Instrumental Neutron-Activation Analysis it was found that
such functionalized NPs accumulate in mammal brain as a result of long-time exposure to NPs and
remain there quite sustainably. Therefore, it was a challenge to understand whether such a
phenomenon as accumulation of silver NPs may influence on cognitive, behavioral or physiological
functions of mammals.

For this purpose, 4 groups of male mice C57Bl/6 as a mammal model were checked in the two-
stage experiment: feeding and testing. These groups included 10 mice, which were orally exposed to
50 ug of NPs daily for 30 days, 10 mice orally exposed to the same amount of NPs during 60 days and
20 reference mice, which were not exposed to NPs. Each animal was contained in an individual cage
and received balanced food. After first stage of the experiment, mice were tested in the Open Field Test,
in the Elevated Plus Maze and in the Light-Dark Box. After that, the animals were put into the
individual PhenoMaster cages for 1 week for analyzing of their physiological conditions and these cages
became so called home cages for the given period. During this time, each initial group of mice was
divided into 2 groups such as the Active control (AC) and the Fear conditioning (FC). All the groups
were trained once in the so-called Freezing cell for the development of the long-term memory. AC
groups were placed into the experimental Freezing cell where they freely explored the new
environment. FC groups were placed into the experimental Freezing cell where they were exposed to
the foot shocks induced by electric pulses, which is normally accompanied by the fear. In 24 h after the
training, animals were tested for the long-term memory. Thus, the series of cognitive, behavioral and
physiological functions as anxiety, locomotor activity and long-term memory was tested. In the
experiments mice had to choose between their natural instinct to hide in a dark and safe place and the
space research instinct. Each test was video recorded and analyzed by the modern automatic analytical
equipment.

As the main results, we should note increasing of the anxiety, decreasing of the locomotor activity
and no changes in the long-term memory. The negative effects became more pronounced with the
increasing of NPs exposure period. We suppose these phenomena are caused by the silver NPs
exposure, their accumulation in brain influencing the behavioral functions of the key mammals.

Acknowledgment: The present research was financially supported by the Russian Foundation of
Basic Research (project No 16-32-00850 mol_a).
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Review of undertaken investigations in the field of nuclear-chemical method has been presented.
Nuclear-chemical method allows a new approach for generation of free nucleogenic cations via tritium
beta-decay in hydrocarbons. Application of nucleogenic phenyl cations opened the horizons for the
previously unknown reactions with one-step synthesis of even unpredictable by traditional chemistry
structures, together with the high sensitive way for investigation of chemical and biochemical reaction
mechanisms with the use of tritium label. Ion-molecular reactions of nucleogenic phenyl cations with
a wide range of six ring nitrogen containing heterocyclic derivatives (azines and diazines) have been
carried out. New pathways of electrophilic reactions with heterocyclic compounds were revealed.
Perspective tritium labeled biomarkers containing heterocyclic fragment with quaternary nitrogen
atom have been synthesized.

Generation of new fluorine substituted nucleogenic phenyl cations led to the expansion of unique
opportunities of the elaborated nuclear-chemical method for synthesis of previously unknown
biomarkers with heterocyclic scaffold containing simultaneously tritium label and fluorine atoms at
the quaternary nitrogen fragment.

153



[

, -

RAD20 /

PRIMARY PHOTOCHEMICAL PROCESSES
FOR HEXACHLOROPLATINATE(IV) AND HEXACHLOROOSMATE(IV)

Svetlana Matveeva?', Evgeni Glebov?,
Ivan Pozdnyakov?, Alexey Melnikovz

1 Voevodsky Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia
2 Institute of Spectroscopy, Moscow, Russia

Potential applications of photochemistry of the noble metals complexes are photocatalysis and
oxygen-free photodynamic therapy of malignant tumors. Electronic configurations of these complexes
ensure the existence of a rich photochemistry. However, the information concerning their
photochemical properties is not complete. In many cases, mechanisms were put forward based on the
results of the stationary experiments; these mechanisms should be verified by application of modern
time-resolved methods.

In this work, photochemistry of PtCle> and OsCle>- was studied by means of ultrafast kinetic
spectroscopy (with a 100 fs time resolution), nanosecond laser flash photolysis and stationary
photolysis.

Primary events for PtCls>- in CH3;CN was found to intersphere electron transfer form a Cl- ligand to
the central ion with the formation of an intermediate identified as the primary Adamson radical pair
(RP) [PtCls>...CI']. In the reaction with a solvent molecule the RP yields a long-living Pt(III)
intermediate, which is responsible for the chain photosolvation of the initial complex. As a result, the
quantitative mechanism of PtCls>- photosolvation in acetonitrile from absorption of a light quantum to
formation of final reaction products was put forward.

For the case of OsCls> complex photochemistry was found to be solvent-dependent. In aqueous
solutions, the only process is photoaquation, which is fully completed within 100 ps. No chain
processes are developing. In ethanolic solutions parallel processes of photosolvation and
photoreduction were observed.

Finally, the quantitative mechanisms of photochemical reactions for PtCls>- and OsCls*- in different
solvents were studied from absorption of a light quantum to formation of final reaction products was
put forward.
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Absorption of UV photons by DNA induces chemical reactions damaging the genetic code. For long,
it was considered that DNA cannot be ionized by absorption of one single photon of 4.66 eV (266 nm),
as this energy is significantly lower than the ionization potential of the bases (>7.0 eV). However,
experiments performed by Marguet et al. [1] showed that, contrary to its monomeric constituents,
single and double strands of DNA can be ionized in a monophotonic process at 266 nm. In order to
understand the origin of this observation and to describe the subsequent reaction steps leading to the
final photoproduct, we have investigated the UV-induced photoionization of DNA by combining time-
resolved spectroscopy, mass spectrometry and theoretical calculations.

By detecting the transient absorption signals of hydrated electrons in nanosecond flash photolysis
experiments, we characterized the ionization quantum yields of several single, double and quadruple
DNA strands with various base sequences.

We studied the ionization of adenine-containing sequences (A-tracts) and found that the adenyl
radicals generated by one- and two-photon ionization by 266 nm laser pulses in single and double
strands, (dA)zo and (dA)zo-(dT)20, decay at 600 nm with half-times of 1.0 + 0.1 and 4 + 1 ms,
respectively. The four-fold increase of the lifetime of the adenly radical in the double helix indicates a
clear base-pairing effect, proving that helix conformation plays a key role in its reactivity. [2]

In case of (dA)20 we also examined the UV-induced dimerization of adenine which is not triggered
by ionization. We identified the reaction intermediates and showed that the adenine dimer formation
is controlled by the ground state conformation. [3]
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Study of external accidents causes, resulting in explosions and fires on nuclear facilities, is an
important component in ensuring nuclear and radiation safety due to considerable impact on the
personnel, population and the environment. For one of the most dangerous nuclear facilities are SNF
reprocessing companies, which currently use such processes as PUREX, UNEX, which consists in
extraction / re-extraction of target components by the organic solution from nitric acid environments.
This combination of organic reductant and nitric acid oxidant presents a potential danger in regard to
uncontrolled chemical exothermic reactions, which more than once led to explosion at the
radiochemical enterprises both in Russia and abroad.

Our work has shown that fenyltrifluormethylsulfone has a high rate of flash temperature and is
enough thermal and radiation resistant. The purpose of this work was to investigate the explosiveness
and radiation stability of extraction mixture based on diamide 2,6-pyridinedicarboxylic acid in
fenyltrifluormethylsulfone (FS-13). Ionizing radiation of radionuclides was simulated with the help of
samples irradiation on a linear electron accelerator UELV -10-10 C70 with vertical scanning electron
beam to absorbed doses 0.5; 1 and 2 MGy. Experiments were carried out in closed vessels. The
temperature of the autoclave during the experiments was 170 and 200°C.

The results of experiments to determine the nature of irradiation effect on outgassing from 0.1
mole/l diamide 2,6-pyridinedicarboxylic acid in FS-13 with an aqueous phase 14 mole/] nitric acid,
showed that at a temperature of external heating 170°C outgassing in a mixture of extractant with 14
mole/l HNO3 begins at a temperature about 120°C and proceeds at a constant speed until the mixture
temperature becomes ~160°C, by which the self-heating occurs (exothermic process). However, the
exothermic process is relatively weak and short-lived, after which the temperature of the mixture and
the pressure in the vessel stabilizes. It was determined that exposure to dose 0.1 MGy dramatically
increases the total amount of released gases from the system.

The obtained data allows us to make a preliminary conclusion - conducting the technological
operations of highly radioactive waste fractionation by the extractant based on diamide 2,6-
pyridinedicarboxylic acid in the diluent FS-13 at the investigated conditions, is fire- and explosion-
safe.

Acknowledgement. The study was financially supported by the Russian Science Foundation
(project 16-19-00191).
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For the radiation safety, an important task in the development of high-level waste fractionation
technology of UNEX process is to ensure explosion safety — reducing the risk of uncontrolled chemical
reactions that occur in the interaction of the organic extractant with concentrated nitric acid. To the
issues on preventing of explosions of extraction systems, in which the extractant is tributyl phosphate
in light hydrocarbon diluent, a significant number of scientific publications are devoted, including the
recent time, much lesser other extraction systems are considered using in heavy FS-13 as the diluent.
Any extraction system during operation is exposed to radiation and chemical stress. Therefore, its
behavior during SNF reprocessing affects both the efficiency and safety of the process.

We have studied the extraction system consisting of trifluoromethylphenylsulfone (FS-13)
containing 0.02 mole/] of biphenyl N-dibutylcarbamoylmethylenephosphine oxide (CMPO) in terms
of radiation, chemical and thermal loads. Radiation loads are simulated by the beam of accelerated
electrons of a linear electron accelerator UELV-10-10-S-70. Chemical loads - the contact with 14 mole/1
HNO3 and thermal — holding at t = 1700C. During the gas chromatographic research and HPLC/MS
analysis of the products structures were established which are formed in the extraction system under
such loads.

It is found that the diluent FS-13 at t = 2000C thermally decomposes. In the gas phase the presence
of FS-13 is fixed, trifluoromethyl benzene and sulfur dioxide in a ratio of 1:1. By irradiation of diluent
FS-13 and its mixture containing 0.02 mole/1 of extractant to the doses of 1iMGy, up to 14 compounds
there in formed. The most of their structure was found (these products are caused by the formation of
the cation-radical, which decays with the phenylsulfonyl-cation and trifluoromethyl radical formation,
which is consistent with the published data). For FS-13 irradiated sample, containing CMPO, is most
typical the formation of dimeric products, including a hydroxy group in the aromatic ring.

By the contact of the irradiated sample of diluent FS-13 and FS-13 with 0.02 mole/] extractant with
14 mole/l HNO3, followed by holding at t=1700C, character of found structures does not change much.
There is a partial nitration of the aromatic ring preferably in the meta position. The extractant when
exposed to ionizing radiation and contact with HNO3 partially decomposed to dibutylamide glycolic
acid and 2-phenylphosphineoxide acetic acid.

In the studied system, by the impact of radiation, chemical and thermal loads, diluent FS-13
degrades to 40%.

Acknowledgement. The study was financially supported by the Russian Science Foundation
(project 16-19-00191).
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An important step toward the origin of life on Earth is the transition from inorganic molecules to
the compounds that are part of a living organism. An approach to answering this question has been to
simulate the possible processes that may take place on the primitive Earth that lead to the formation
of complex molecules, and finally a living organism. These physical and chemical processes are called
chemical evolution. A simulation of the possible relevant environments to the primitive Earth may
require the participation of a multi-faceted system, as a mineral surface and aqueous solution of
biologically relevant organic compound under the influence of an energy source

In spite of the importance of nucleic acid bases in the prebiotic environment, there are few reports
on the stability of these type of compounds. In this context, the behavior of guanine, a nucleic acid
base, under irradiation adsorbed in a mineral surface was studied. The attempt of this work is to
present some results related to the stability of guanine (nucleic acid base) adsorbed in a mineral
(sodium montmorillonite) and exposed to a high radiation field to highlight the importance of ionizing
radiation in prebiotic processes. To this end, guanine (1x10-3 aqueous solution, oxygen-free), was
adsorbed in sodium montmorillonite, a clay mineral, and the clay-guanine system was irradiated with
gamma radiation and the guanine was analyzed by UV spectroscopy and high-performance liquid
chromatography.

The results presented in this paper show that guanine in an aqueous medium was relatively stable
under gamma radiation, especially when it is adsorbed in sodium montmorillonite.
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The alpha-keto acids, like alpha keto-glutaric acid, are compounds involved in metabolic processes
in all living systems. An important aspect of chemical evolution, a step that is proposed for the presence
of organic compounds of biological importance before the appearance of life, is related to the stability
of such molecules under primitive conditions, especially in the presence of constant energy sources. To
this end, the aim of this work is to study the radiolysis of oxygen-free aqueous solutions of alpha keto-
glutaric acid (akg) simulating the primitive Earth conditions. The samples were irradiated at different
irradiation dose with a fixed dose rate. The analyses of alpha-keto-glutaric acid and its radiolytic
products were performed by gas chromatography and gas chromatography-mass spectrometry. The
akg was very labile under irradiation and it formed other carboxylic acids by decarboxylation reactions,
like succinic acid.

Acknowledgment: We acknowledge the support from DGAPA grant IN111116 and Coo1-
CONACYT-ANR-188689
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Superoxide radical anion is a product of one-electron reduction of molecular oxygen. The main in
vivo sources of superoxide radical anion are the family of NADPH oxidases, xanthine oxidase and
mitochondrial electron transport chain. Superoxide radical anion is a precursor of a broad range of
biologically relevant oxidants like hydrogen peroxide, hydroperoxides, and peroxynitrite, hence it is
important to know when and in what quantity it is produced in biological systems. This radical species
rapidly reacts with various biological molecules (e.g. nitric oxide) or undergoes spontaneous
dismutation, therefore its detection and quantitation is difficult and demands special techniques. One
of the approaches is the use of profluorescent probes, the compounds which themselves are not
fluorescent but during the reaction with superoxide molecule form the fluorescent products that can
be directly quantitated. Among various profluorescent probes available on the market hydroethidine
seems to be a gold standard for detection of superoxide in biological milieu. This probe reacts with
superoxide radical anion forming a diagnostic fluorescent product, 2-hydroxyethidne. Nevertheless
this probe possesses some limitations and its reaction mechanism with superoxide radical anion is still
not fully understood. Here we present a pulse radiolytic characterization of one-electron oxidation
products of two new analogues of hydroethidine, hydropropidine and tetramethylhydroethidine. The
obtained result will be discussed in relation to the mechanism of the reaction of hydroethidine with
superoxide radical anion. The reactivity of these probes toward biologically relevant radicals will be
determined, e.g.: glutathionyl radicals (GS), "NO., and COj5'-. Additionally the oxidation product
profile of the tetramethyhydroethidine will be investigated by LC/MS technique.
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Hydroethidine (HE) is a fluorescent probe widely used for the detection of superoxide radical anion
(O2) both in vitro and in vivo. In the systems generating O-"~, HE undergoes oxidative transformation
into 2-hydroxyethidium (2-OH-E*), a specific marker of O2*~ production. The proposed mechanism of
that transformation includes one-electron oxidation of HE, followed by the reaction of transient HE
radical cation (HE"+) with O-"~. Here we present the spectroscopic characterization of HE radical cation
using a combination of steady-state radiolysis of cryogenic organic glasses and time-resolved pulse
radiolysis experiments. The radiolytic characterization of the HE*+ has been accompanied by quantum
mechanical DFT calculations, suggesting that the high spin density of HE*+ is located at the C-2 carbon
atom, where the hydroxyl group is attached in the 2-OH-E+product. With the use of pulse radiolysis,
we determined the kinetics of HE reaction with biologically relevant one-electron oxidants: nitrogen
dioxide ("NO-) and carbonate radical anion (CO3*~). We also show, that glutathionyl radical (GS*) are
also able to oxidize HE to HE"+. To evaluate the value of the rate constant of the reaction of HE with
hydroperoxyl radical (HO-*) we have studied the kinetics of oxidation of HE by peroxyl radicals. The
rate constants of HE reaction with HO-* estimated from the dependence of the kinetics of oxidation of
HE by chloromethylperoxyl radicals on their one-electron reduction potentials.
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Lemna minor L. Lemnaceae (Duckweed) is a widespread, continuous flow, free water aquatic
macrophyte. It grows quickly and reproduces faster than other vascular plants. Lemna minor L. is a
suitable plant model for the toxicity evaluation of many substances, it possess defenses against
oxidative stress and shows immunomodulatory properties, namely the ability to enhance phagocytosis.
There is a lot of studies about activities of antioxidant enzymes in duckweed, and it has been widely
used as a raw material for the production of analgesic and antipyretic remedies.

The aim of the present study is to determine the antioxidant and antiradical, activities of Lemna
minor L. by using different in vitro methodologies after gamma radiation from 5 till 30 Gy. For
evaluation of antioxidant and antiradical activities, was used 2,2’-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTSs+) radical scavenging, 1,1-diphenyl-2-picryl-hydrazyl (DPPH") free radical
scavenging, total antioxidant activity by ferric thiocyanate, total reducing power by potassium
ferricyanide reduction method, superoxide anion radical scavenging, hydrogen peroxide scavenging,
ferrous ions chelating activities and Lipid peroxidation were calculated. To evaluate the antioxidant
and antiradical activity the extracts of Lemna linor L were used. The plant extracts were irradiated by
using ¢°Co source at doses 5, 10, 20, and 30 Gy (Gamma cell 5000, India; 1.4 Gy/h). Immediately the
irradiated samples were stored at laboratory conditions (humidity 40 %). The EPR experiments were
carried out in triplicate at 23°C on an X-band EMXmicro| spectrometer Bruker-Germany (simulation
was performed with WIN-EPR and SimFonia) and compared with spectrophotometric studies.

The spectrophotometric studies (EDPA, DPPH, ABTS*, OH, LP, NO, O-") of the y-irradiated
Lemna minor L.samples with a 30 Gy dose were significantly increased compared to those of the
nonirradiated samples. It was found, that antioxidant activities, radio-modulatory and free-radical
scavenging properties of Lemna minor L. are statistically significant increase with increase the y-
radiation doses.

The study has been repeated 30 days after irradiation, and the EPR spectra were with almost the
same intensities in the y-irradiated samples, which indicated that the radical structures formed after
irradiation of Lemna minor L. were quite stable, and it could find application as a good
antioxidants/radioprotective agents.
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The MOS based radiation sensors have been used in many application areas such as high energy
physics laboratories, radiotherapy, space radiation modules etc. The silicon dioxide (SiO-) is usually
used as sensitive region of these type dosimeters. However, the higher charge storage capability of the
high-k dielectrics compared to SiO- (~ 3.9) makes them attractive for the gate oxide (sensitive region)
of this dosimeter. Therefore, investigation of the radiation response of the MOS structure composed of
high-k dielectrics is quite important to produce the sensor with broader measurable dose range and
higher sensitivity compared to traditional SiO.-pMOS.

The rare earth oxides among the high-k dielectrics are quite important due to their large conduction
band offset over 2 eV and large band gaps ~ 5.4 eV. Our results on the radiation response of the MOS
capacitors composed of the rare earth oxides of Er-O; and La.O3; showed that their sensitivities are
higher than SiO.-MOS capacitor [1-2]. Therefore, we tried the Gd-Os from the rare earth oxides as gate
dielectric in the MOS capacitor and investigated the gamma response of this capacitor. For this
purpose, Gd-0; films were deposited on the p type Si wafer (100) by RF magnetron sputtering. The
films were annealed at 800 °C under N> ambient. The films thickness was measured as 254 nm by
Angstrom Sun Spectroscopic reflectometer. The front surface Al contacts with 1.5 mm diameter and
back contacts were formed by RF-sputtering. The samples were fabricated at Class 100 Cleanroom
Laboratories of the Center for Nuclear Radiation Detectors Research and Applications, Abant Izzet
Baysal University. The capacitors were irradiated by ¢°Co radioactive source in the dose range of 0.5—
100 Gy. All of the Capacitance-Voltage (C-V) and Conductance-Voltage (G/w-V) measurements were
performed at 100 kHz-frequency. The series resistance correction was made on the C-V data. The
obtained results showed that the C-V curves shifted to less negative voltages with respect to C-V curve
of the non-irradiated MOS capacitor. The sensitivity of the Gd-0; MOS capacitor was found as 49.86
mV/Gy. The density of the oxide trapped charges was found in the range of 3.46x10" — 2.15x102 cm-
2 in the studied dose range. The density of the interface states was obtained at around 10 eV~ cm™2
and not much change was observed between these values. These results showed that an important
deterioration in the device did not occur in the studied dose range.
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In recent years, more attention is devoted in the discovery of new scintillators. Recently, new Ce
doped elpasolite halide scintillators with best scintillation properties have been extensively studied by
various scientists. Elpasolites are represented by chemical composition X2YRZs (where X = Cs, Rb,T];
Y = Li, Na; R = rare earth and Z = F, Cl, Br, I) in which R3+ site is located at the center of a regular
octahedron of halide ions, and offer well suited environment for the doping of Ce3+ and other trivalent
ions. In this report I will present our work on the new Tl.LiReCls (Re = Gd, Y, Lu, La) single crystal
with different mole% of Ce-concentration (0 to 10 mole%). This material belongs to Chloro-elpasolite
crystal family and was grown by two zone vertical Bridgman technique. Also, like other inorganic halide
scintillators, it is very hygroscopic.

Luminescence and scintillation characterization under X-rays and y-rays excitation at room
temperature are reported. X-ray excited luminescence spectra of the subject crystals showed broad
emission peaks between 350 and 500 nm, with two overlapping peaks. This emission is caused by
transitions from the lowest 5d excited state of Ce3* to the two spin orbit split 2F5/> and 2F,/. ground
state levels. Since the transition is favored, we expect fast decay time and high light output. We
compared energy resolution and decay time of grown crystals by using gamma radiation source. Under
662 keV y-rays excitation, the light outputs of the investigated samples are found to be < 60,000
photons/MeV for various Ce-concentrations and different materials. Decay time of those crystal
scintillators usually were fitted with three components (fast, medium and slow).

Since they contains high Z material, Tl, they can be used to efficiently detect gamma rays or x-rays
in many applications such as radiation detection, computerized tomography (CT), positron emission
tomography (PET), single photon emission computed tomography (SPECT) and homeland security.
Also Li and Gd contained crystals could be promising candidates for neutron detection.
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QB50 is a European FP7 project for facilitating access to space. The QB50 mission will demonstrate
the possibility of launching a network of 50 CubeSats (low-cost and miniaturized satellites) designed
and built by Universities Teams all over the world as a primary payload on a low-cost launch vehicle to
perform first-class science in the largely unexplored lower thermosphere (90-380 km). URSA MAIOR
(University of Rome la Sapienza Micro Attitude in Orbit testing) is an 3U-CubeSat participating in the
QB50 project. As a payload for QB50, the satellite carries a multi-needle Langmuir probe sampling the
electron density of the space around it. The estimated duration of the orbital mission is around two
years.

The URSA MAIOR designers are also interested in measuring the ionizing radiation inside the
CubeSat and they proposed to us to develop a printed circuit board (PCB) containing radiation sensors.
This PCB will be controlled and its information will be read and transmitted by the motherboard of the
satellite. Some design constrains are the low area available, I/O bus was fixed by the motherboard
capability, high thermal stress in each orbit and high vibrational stress during the satellite launching.
To face these challenges, we have designed, fabricated and tested a compact PCB with different
MOSFET-based radiation detectors.

Different prototypes were designed, with ten, five and four dosimetric sensors. Due to area and
fabrication constrains, the four sensors version was the final design with a pMOS 3N163, a pMOS
transistor from a CD4007 chip from Texas Instrument and two 400 nm RADFET transistors in one
SOT chip (the latter provided by Tyndall National Institute, Cork, Ireland). All of them are biased at
Izrc current with the temperature-stabilized adjustable current source LM134. The sensors have
protection JFET transistors to have all terminals short-circuit during the cycles of radiation. These
JFETs will be cut-off during the reading period.

Three identical prototypes were manufactured: for thermal and radiation test, and the final one to
be sent to the mission. A temperature sweep from 0 to 40 °C was carried out. The absolute thermal
coefficient for every dosimetric sensor were below 0.4 mV/K. Moreover, different irradiation sessions
were applied to a clone of the PCB to study the radiation response up to 110 Gy of accumulated dose.
The setup for irradiation used a LINAC with field of 20x20 ¢cm? a phonon beam of nominal energy of
15 MV and a build-up layer of 3 cm over the PCB. The output source voltage shifts were measured with
the multichannel switch 34970A from Agilent Technologies. The measured sensitivities were between
5 and 20 mV/Gy. The final tested prototype was mounted over the mother board of the satellite. It has
been sent to Rome, where the vibration tests were passed. It is programmed to be sent to the space
around December 2016.

Acknowledgement. This work was supported by projects CTQ2013-44545-R and AYA2014-
60641-C2-2-P from the Ministry of Economy and Competitiveness (Spain). This project was partially
supported by European Regional Development Funds (ERDF).

166



[

, -

RAD20 /
A PORTABLE RADIOACTIVE PLUME MONITOR BASED ON A SILICON PHOTODIODE

Yuki Tamakuma?, Ryohei Yamadaz, Kazuki Iwaokas,
Masahiro Hosodaz, Tomohiro Kuroki4, Hiroyuki Mizuno4,
Kouji Yamadas4, Shinji Tokonamis3

1 Hirosaki University School of Health Sciences, Hirosaki, Japan

2 Hirosaki University Graduate School of Health Sciences, Hirosaki, Japan

3 Hirosaki University Institute of Radiation Emergency Medicine, Hirosaki, Japan
4 Fuji Electric Co., Ltd., Tokyo, Japan

After the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, the System for Prediction of
Environmental Emergency Dose Information (SPEEDI) was not well functioning at that time. The
Nuclear Regulation Authority (NRA) in Japan decided not to use the SPEEDI any longer when judging
whether evacuation is needed or not. From such circumstances, many measuring devices for
radioactive plume detection need to be widely deployed around nuclear facilities. Thus, a compact and
inexpensive radioactive plume monitor needs to be developed. In this study, we developed a portable
radioactive plume monitor using a silicon photodiode. The system consists of a silicon photodiode, a
bias supply, a pre-amplifier, a linear amplifier and a multi-channel analyzer. In fact, it is well known
that most of artificial radionuclides, such as 1311, 134Cs and !37Cs, emit beta particles as well as gamma
radiations. So in our future plan, the system developed in this study will accommodate filter holder
which accommodates the detector for continuous air sampling. The background counts caused by
gamma-rays for the system were evaluated at 11 sites in Fukushima Prefecture. Gamma-ray pulse
height distributions were obtained using a 3 x 3 inch Nal(Tl) scintillation spectrometer (EMF-211,
EMF Japan) at the same site as the system background evaluation to evaluate the ambient dose
equivalent rates. The background counting rates of the system caused by gamma-rays were directly
proportional to the ambient dose equivalent rates. This result suggests that the detection limits for the
beta-particles measurements might be increased. However, the system developed in this study may be
available to use for a gamma-ray monitoring. Furthermore, the detection limits in 20 puSv h* as an
ambient dose equivalent rate, which was decided by the NRA for early protective measures, were
evaluated using the methods of ISO11929. The NRA decided the detection limit as 100 Bq m3 for the
radiation monitoring in the emergency situation, however, the detection limit of the system in 20 uSv
h* was found to be approximately 180 Bq m=3. This result suggests that the detection limit for the
system be able to decrease effectively by the shielding with lead optimized for the thickness.
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We developed a radiation detector consisted of a photo-strip sensor detector and a CsI(Tl) crystal.
The crystal is sandwiched between a set of the photo-strip sensors which are optically coupled with a
crystal scintillator. This detector concept provides not only two-dimensional position information, but
also depth of interaction by measuring a signal ratio between the first and second photo-strip sensors.
This device makes possible to measure simultaneously energies and positions of incoming particles.
The single-sided strip sensors with light entrance window were manufactured using a high resistivity,
5 inch n-type silicon wafer. The photo response of the fabricated photo-strip sensors were measured
for the wavelength of 350~1000 nm. The energy resolution of the photo sensor optically coupled with
the crystal was measured to be 13.8% using a radioactive gamma source. Two-dimensional position
information of a LED light source was obtained by using the scintillator sandwiched between two
photo-strip sensors. A study for measurement of the depth of the interaction by varying position of a
light source is under way.
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Nowadays, the optically stimulated luminescence (OSL) becomes a standard method in the modern
radiation dosimetry. However, this method did not come into use until the excellent luminescent
properties of crystalline Al-O3:C have been discovered. Since then, the OSL properties of the Al.O3:C
crystals have been extensively studied. Although the OSL method has been very popular for more than
the past 10 years, the number of commercially available OSL phosphors is still limited (Al.O3:C and
BeO). Such a situation stimulates efforts for seeking new OSL materials usually in the form of complex
oxide crystals.

A lithium magnesium phosphate (LiMgPO,, LMP) is a relatively new and promising dosimetric
material, which nowadays undergoes extensive studies. The LiMgPO, compound exhibits good
dosimetric properties that potentially may allow to compete with commercially available TL and OSL
phosphors based on LiF (TL) or Al-O3:C and BeO (OSL). In general, the Li-containing OSL materials
are always of interest, because of the possible application in the neutron fields, where both the Al.03:C
and BeO are difficult to exploit. Recently, a micro pulling down (MPD), a relatively new method for
single crystal growth, has been also utilized to prepare the LMP crystal samples. This process has been
further optimized in order to obtain the crystals of desired luminescent properties.

A high radio-sensitivity of the LMP compound as well as a wide linear dose-response range were
repeatedly confirmed for photons and beta radiation (mostly 9°Sr/9°Y). However, there are no
published papers describing response of this material to other radiation qualities. Therefore, in order
to fill the gap, this work presents preliminary studies on differently doped LMP crystals regarding its
response to thermal neutrons (moderated 239Pu/Be), protons (AIC144 cyclotron at the IFJ PAN,
Krakow) and alpha particles (24/Am) comparing the obtained characteristics with those well known for
beta radiation. Changes of TL/OSL curves, dose-response and relative efficiencies are also discussed.
These studies allow for concluding whether the LMP compound may be considered as a promising
material for applications in radiation dosimetry.

Acknowledgements. This work is fully supported by the Polish Ministry of Science and Higher
Education within Tuventus PLUS IV program (2015 — 2017), project No. IP2014 011973

169



[

, -

RAD20 /
NFC TAG FOR READOUT OF MOSFET DOSIMETERS

M.A. Carvajal’, P. Escobedo-Arraque!, M. Jiménez-Melguizoz,
M.S. Martinez-Garcia3, F. Martinez-Marti4, A. Martinez-Olmos?,
A.J. Palmat

1 Departamento de Electronica y Tecnologia de Computadores, ETSIIT, Universidad de Granada, Granada,
Spain

2 Servicio de Radiofisica, Hospital Universitario San Cecilio, Granada, Spain

3 Dpto. Tecnologia Electronica y de las Comunicaciones, Escuela Politécnica Superior, Universidad Auténoma
de Madrid, Madrid, Spain

4 Life Supporting Technologies, E.T.S.I. Telecomunicacion, Universidad Politécnica de Madrid, Madrid, Spain

In the present work an NFC tag has been developed as an ultra-compact reader system to measure
the dose absorbed by a MOSFET dosimeter with the help of a smartphone. The Near Field
Communication protocol (NFC) is a technology based on Radio Frequency Identification (RFID)
according to the ISO14443 standard. The RFID/NFC tags can be supplied by the energy harvested by
the tag antenna (passive tags), or by other power source such as batteries or solar cells (active tags). In
our case, an NFC-enabled smartphone is used to power up the tag and read the dosimetric parameter.
The tag consists of:

- Antenna.

- RFID chip: SL13A from AMS (Premstaetten, Austria).

- Charge pump to increase the regulated voltage provided by the SL13A.

- Current source for biasing the MOSFET dosimeter.

- Analog conditioning to adapt the signal level to the SL13A analog-to-digital converter input range.

A passive NFC tag has been designed, therefore no battery is needed. The electromagnetic field
provided by an NFC-enabled smartphone is enough to power up the tag. The power harvested by the
antenna is rectified and regulated into the RFID chip. This voltage is doubled by a charge pump IC to
bias the MOSFET dosimeter with a current source. The MOSFET dosimeter is connected to the tag
through a socket. A set of three DMOS transistors model ZVP3306 (Zetex diodes, USA) has been
irradiated with photons of 6 MV generated by a linear accelerator Siemens Artiste (Siemens AG,
Germany). It is common to use the increment of threshold voltage (Vr) as dosimetric parameter in
MOSFET-based dosimeters. To validate the NFC reader, the increment of threshold voltage of
irradiated MOSFETs has been measured and compared with the values obtained by means of the
dosimetry system previously developed by our research group [1]. The global sensitivity, calculated as
the slope of the linear fit of source voltage accumulated shift and the accumulated dose (up to 20 Gy),
was obtained using both dosimetric systems. For the conventional reader the value obtained was (4.80
+ 0.06) mV/Gy, while a value of (4.75 + 0.15) mV/Gy was obtained using the NFC reader showing a
very good agreement.
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High response speed sensors made of thin GaN-based structures can be important for the optical
readout in harsh radiation environment at Large Hadron Collider (LHC) and other collider facilities.
In this work, the metal-semiconductor-metal structure sensors formed on the MOCVD grown GaN
heterostructures have been studied. The proton induced luminescence (PI-L) and the microwave
probed photoconductivity (MW-PC) transients have simultaneously been recorded during 1.6 MeV
protons emitted by a linear particle accelerator Tandetron 4110A. The PI-L and MW-PC measurements
allowed for tracing the evolution of the parameters of radiative and non-radiative recombination.
Characteristics of carrier lifetime and charge collection efficiency dependent on irradiation fluence
have been examined. The dominant radiation defects introduced by 1.6 MeV proton beam have been
unveiled.
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Interface and fixed oxide trapped charges are produced on MOSFET when they are exposed to
ionizing radiation. This irradiation influences on the electrical parameters and characteristics of
transistors. Traditionally, the threshold voltages shift (AVt) in the saturation region has been used as
main dosimetric parameters when pMOS transistors are used as dosimeters. However, not only
threshold voltage is modified by radiation, but also other parameters are modified. This work presents
a study where the influence of dose on electrical parameters of commercial and specific pMOS
(RADFETs) is analysed.

As commercial transistors 3N163 (Linear Technology) and CD4007 (Texas Instruments) were
selected and as specific transistors the RADFET of 400 nm model W5 was chosen, provided by Tyndall
National Insitute, Cork, Ireland. The irradiation facilities were at the Hospital Universitario “San
Cecilio” in Granada (Spain), using a linear accelerator Mevatrons KDS (Siemens). A semiconductor
parameter analyser, B1500 (Agilent Technologies) was used to measure the current-voltage curves of
the MOSFETs. The irradiation conditions of dosimeters were with all the terminals grounded and in
electronic equilibrium.

Several tests were carried out to measure the electrical parameters before and after irradiation. The
transistors were studied in subthreshold, triode and saturation region and also with the charge
pumping technique. The most important parameters studied are:

e  Subthreshold swing.

e  Current substrate-gate, interface traps charge and oxide traps charges.

e Threshold voltage with different process: linear fit, constant current, Fowler-Harstein,
maximum transconductance, etc.

e Transconductance and derivate transconductance.

e  Early voltage.

Some preliminary results of this experimental study show, as it was expected, a tendency of change
in the parameters with the dose. For example, the subthreshold swing of the 3N163 with a sweep of
source-bulk voltage between 0 and 5 V has a value between 0.42 mV/dec*Gy and 0.29 mV/dec*Gy
respectively. In the case of CD4007 this parameters shift between 0.28 -0.19 mV/dec*Gy also with Vss
between 0 and 5 V, and in both cases up to 20 Gy of accumulated dose. Our aim with this work is to
provide a comparative study and discussion of the parameters calculated in each region for every
transistor. We are expecting different response to the radiation of them related to the transistor
fabrication process.

Acknowledgement. This work was supported by projects CTQ2013-44545-R and AYA2014-
60641-C2-2-P from the Ministry of Economy and Competitiveness (Spain). This project was partially
supported by European Regional Development Funds (ERDF).
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Application potential of Mn2*-doped YAlO; (YAP) for thermoluminescent (TL) dosimetry of
ionizing radiation has been shown previously (see [1] and references herein). For this purpose, one of
two types of detectors can be used. The first type produces green emission near 530 nm (caused by
Mnz2* ions) in the main TL peak at 200 °C, whereas the second type produces an orange emission
around 640 nm in the TL peak near 350 °C. Detectors of the first type have a considerable daylight
effect on fading (bleaching effect), and optical stimulation by blue-green light can be used for their
readout.

Main features of the YAlO;:Mn2?* detectors are as following: high thermochemical and time
stability, high resistance to radiation damage, high sensitivity to ionizing radiation (up to 40 relative
to TLD-100 for ¢°Co), extremely wide range of linearity (from few mGy up to few kGy), high effective
atomic number (Zg= 31.4) and consequently high energy response (about 40 for photon radiation of
55 keV/00Co), low thermal fading of single crystalline detectors (<20%/year for 200 °C peak and
<5%/year for 350 °C peak). In such a way the material is a good candidate for wide-range dose
measurements, especially when tissue equivalence is not required, as well as for a purpose of the
radiation quality determination if used alongside with other low-Z materials.

In the case of the CW-OSL readout of detectors of the first type, it is required an effective spectral
separation of wavelengths of optical stimulation and registration. Even if such spectral separation will
be provided (e.g. stimulation by blue light and registration in green range), the Mn2*
photoluminescence as a background signal reduces essentially the possibility of detection of low doses.

The possibility of pulsed OSL readout of the detectors was shown by us recently [2]. For this
purpose, stimulation with green light (525 nm) and an optical registration in a close spectral range
(~490 nm) were tested. The characteristic OSL decay time for the studied detectors was found to be
about 80 ms independently on irradiation dose applied from 50 mGy to 1 kGy. The pulsed OSL
technique offering a time resolution allows to eliminate the Mn2* photoluminescence with a much
shorter lifetime (3.5 ms) and in such a way to decrease considerably a detection threshold of these OSL
detectors. In the measuring conditions used in [2], the detection limit was a little bit lower than 50
mGy. A possibility to decrease the detection limit by variation of wavelength and power of stimulation
light and accumulation time is discussed in this work.
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We present the first results obtained with a detector, called Large Area Pixelized Detector (LAPD),
dedicated to the beam ballistic control in the context of hadrontherapy. The purpose is to control the
ballistics of the beam delivered to the patient by in-beam and real time detection of secondary particles,
emitted during its irradiation. These particles could be high energy photons (prompt y), or charged
particles like protons, or 511 keV y from the annihilation of a positron issued from the B+ emitters
induced in the patient tissues along the beam path. These methods require being able to detect with a
huge efficiency, and with a minimum dead time, these secondary particles emitted when the beam hits
the patient. The LAPD is similar to a conventional Positron Emission Tomography camera. The 511
keV'y are detected and the reconstructed line of responses allow to measure the 3+ activity distribution.
Nevertheless, when trying to use y from positron annihilations for the ballistic control in
hadrontherapy, the large y prompt background should be taken into account and properly rejected.
This detector is made of two half-rings of 120 channels each. Each channel consists of a 13*13*15 mm3
LYSO crystal glued to a PMT. The PMT signal is sent to an Analog Sampling Module (ASM board). This
VME 6U board is based on the DRS4 chip technology (Switch Capacitor Array) from the Paul Sherrer
Institute and was specially designed for the LAPD detector. This board receives up to 24 differential
analog input signals, with maximum amplitude of 600 mV, digitized by 12 bits - 33 MHz ADC. The
sampling rate varies between 1 and 5 GHz, for a maximum buffer size of 1024 samples. The first part
of the talk is devoted to the description of the detector and its electronics. Then, we describe the various
trigger strategy, and the on-going upgrade of the VME-based acquisition system to a pTCA-based
technology. The selection of the coincident 511 keV vy is also discussed, and the reconstruction using an
iterative MLEM algorithm is presented. In the last part of the talk, few results from an experiment with
one third of the detector, using proton and carbon ion beams at the Heidelberg Ion-Beam Therapy
Center in 2014, are also described, and the Coincidence Resolution Time and energy resolution are
given. First reconstruction results, obtained with a phantom filled with a high intensity FDG source at
the cancer research center of Clermont-Ferrand in 2015 are also shown. This detector is now
characterized, and will be installed at the Lacassagne hadrontherapy center (Nice, France), on the 65
MeV line (Medicyc) in December 2015 first, and on the future 230 MeV line (S2C2 from IBA) in 2016.
The capability of this detector and its associated electronics to measure the ballistic of the proton beam
in real clinical conditions with a sufficient precision will be evaluated.
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Novel studies have been focused on the exploring new high-k dielectric materials as alternative gate
oxides to overcome the scaling limit of SiO- due to high tunneling and reliability concerns. Among the
various high-k dielectrics materials HfO. is considered as one of the most promising materials
exhibiting the desirable properties including a high dielectrics constant, high density, large bandgap,
and a good thermal stability in contact with silicon relative to the other high-k materials. Beside
potential usage of HfO- for state of the art MOS based technologies; It has also high potential to be use
in a new dielectric layer for radiation dosimetry, due to higher effective atomic number, density and
lower band gap energy than conversional SiO- gate dielectrics. Hence in this study, we have fabricated
Nuclear Radiation Sensing Field Effect Transistor (NiirFETs) with 100 nm- thick HfO- gate dielectrics
and Co-60 gamma irradiation effects on the device characteristics were investigated. The obtained
results were compared with RadFETs having conversional 100 nm- thick SiO- gate dielectric layers.

Acknowledgement: This work is supported by Ministry of Development of Turkey under
Contract Numbers: 2016K121110 and The Scientific and Technological Research Council of Turkey
under Contact Number: 114F066.
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Decommission of nuclear reactors, nuclear accidents or terroristic attacks may lead to large-area
contamination with radionuclides. Environmental radiation security and safety at transport of nuclear
materials, in industry, mining, nuclear medicine or isotope laboratories are civil fields where radiation
protection is required and fast in situ methods of nuclide identification are necessary to quickly
estimate the extent of possible radioactive contamination. We present the mobile gamma spectrometer
NucScout which is based on a 2”x2”Nal(Tl) scintillation detector. The device is equipped with the
necessary electronics and a special software package including nuclide libraries for mobile and
autonomous application. When expensive gamma spectrometers and computer aided nuclide
identification methods are appropriate for laboratory use only, NucScout may automatically identify
the basic nuclide vector, calculates and visualizes the corresponding activities and provides the local
dose power for a homogeneously assumed radiation source within rather short time intervals. For
instance, a 137Cs activity of 200 Bq/kg located at a distance of 1 m is identified within 10 s. Nuclide
identification is realized by means of a new peak-shape verification method which does not need
background subtraction. It is based on nuclide library information, automatically determines peak
parameters such like peak position (mu) and standard deviation (sigma) assuming a spectral Gauss
distribution and calculates the relevant peak areas to determine corresponding nuclide activities. For
NucScout calibration, a given nuclide vector measured in chosen geometry is used to calculate the
detector specific polynomic dependencies mu(E) and sigma(E) where E denotes known gamma
transition energies. The NucScout registration efficiency for typical (but arbitrary) energy ranges
between about 100 keV and 2 MeV is approximated by the function eta(E) = A*EB where the
parameters (A, B) are found from a best fit to the peak areas of registered nuclide gamma lines of
known transition probability. The presented algorithm is also applied in the LabScout device
(www.sarad.de).
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In this study Thermoluminescence (TL) glow curves of natural Muscovite mineral were studied in
respect of dose response and reusability properties. Muscovite is a common rock-forming silicate
mineral within the mica group, and it is a secondary mineral result from the alteration of quartz,
feldspar etc. that are used as natural TL dosimeter. It is generally found in white colour, classified
according to crystallographic criteria in dioctahedral, and has the approximate chemical formula
Kal2(Si3Al)O10(OH,F).. All TL measurements were carried out by using Lexsyg Smart
Thermoluminescence Reader which has Sr-go beta source with 1.85Gy activity. 3 cups (each 20 mg) of
Muscovite powder samples have been exposed to beta radiation between 0.115-414Gy for the part of
dose response experiment, detected with the wideband blue filter and heated from room temperature
(RT) to 400°C with the heating rate 2°C/s for TL readout. Results showed that glow curve had a mean
peak at around 230°C and two shoulder peaks at around 84°C and 164°C for the relatively low doses
i.e. between 3.45-138 Gy. In addition, mean peak of glow curve shifted to lower temperatures at about
164°C and that made the other two peaks -at around 84°C and 230°C-became shoulder peaks for the
higher doses i.e. 276-414Gy. Furthermore, in this study we have pointed out the reusability properties
of the samples. Muscovite samples in powder form were exposed to 103.5Gy and 207Gy, detected with
the wideband blue filter and heated from RT to 400°C with the heating rate 2°C/s for TL readout and
same manner repeated 10 times in order to evaluate the reusability of the mineral. Outcomes showed
that all 10 cycles have the same 3 peaks at the same temperatures -approx. 81, 166, 215°C- for the
103.5Gy irradiation and again all 10 cycles have the same 3 peaks at the same temperatures -approx.
86, 164, 197°C- for the 207Gy irradiation. Experimental results indicated that crystal structure of the
natural Muscovite mineral is not degenerated by heating up to 400°C for at least 10 times and exhibits
very gratifying reusability.

Acknowledgement: This work was supported by Research Fund of the Cukurova University
(Project Number: FBA-2016-4610). All authors would like to thank Research Fund of the Cukurova
University for the financial support.
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Thin films of CdTe have been obtained by electrodeposition in presence of tartaric acid on fluorine-
doped tin oxide (FTO)-coated glass substrates, under constant voltage of 1.40 V. In order to determine
the deposition parameters of CdTe, cyclic voltammetry has been performed. The films were thermally
annealed at T= 200 °C, T= 300 °C, T= 400 °Cand T= 450 °C, in air atmosphere. The X-ray
diffractograms show that the films obtained at 9o °C are nanocrystal with cubic structure and with
grain size of 6 nm. The thermal annealing treatment of CdTe films contributes to grain growth and
obtaining polycrystalline films. Atomic Force Microscope shows that the films are smooth and uniform
with spherical grains. The optical properties of the CdTe films have been investigated by measurements
of wavelength-dependent transmission. The optical bandgap of as grown films is 1.48 eV and is
decreasing up to 1.45 eV, for films annealed at temperature of 300 °C, and increasing again at
temperature of 450 °C. Lastly, SnO.-CdS-CdTe-grafite type photochemical solar cells have been made,
using the 0.1 M NaOH-0.1 M Na.Sx electrolyte. From the measured current-voltage characteristics,
open-circuit voltage of Voc= 500 mV and short circuit current of Isc= 1.2 mA/cm2have been determined.
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We have studied radiation response of Radiation Sensing Field Effect Transistors (RADFETS)
produced by two commercial vendors — Tyndall National Institute (Cork, Ireland) and REM (Oxford,
UK).

Two Tyndall device types, differing only in post-oxidation anneal parameters, show different trends
during irradiation with zero and positive bias. Regarding the comparison between Tyndall and REM
RADFETS, Tyndall samples are significantly more sensitive at zero bias, while the sensitivities of the
two types of samples are comparable at the positive bias. We observe the Enhanced Low Dose Rate
Sensitivity (ELDRS) effect for both Tyndall and REM samples at very low dose rates, but employ Monte
Carlo simulations and additional experiments to show that these effects may be due to experimental
setup and are not the real effects.

Finally, we re-analyse historical flight data based on the results of these radiation experiments.
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Elastomers based on ternary rubber blends are industrially very important materials as they
achieve the best compromise of different network precursor properties. In structuring of multi-phase
material, characteristics of individual components can be partly preserved or significantly changed due
to the effect of intermolecular interactions. In order to design the compound composition for
elastomers, which will have good properties from technological aspect it is necessary to select a
representative combination of network precursor. In this investigation, the irradiation resistance of
elastomeric composites based on natural rubber (NR), butadiene rubber (BR) and styrene butadiene
rubber (SBR) reinforced with carbon black (size of primary particles 28-36 nm) were studied. The
sulfur curing behavior of compounds was estimated using the oscillating disk rheometer. All
elastomeric composites were subjected to gamma irradiation different absorbed dose (100, 200, 400
kGy) with irradiation rate 10 kGy h—'. The mechanical properties (hardness, modulus at 100%
elongation, tensile strength, and elongation at break) were determined before and after irradiation of
samples. It was assessed that tensile strength, modulus at 300% elongation and hardness increased,
but elongation at break decreased with increasing irradiation dose. SBR as network precursor
influenced appropriate toughness. NR as ternary blend component provided superior resilience.
Prepared composites can be used in many industrial applications such as radio controlled model race
car tires to footwear applications.
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Elastomers based on ethylene propylene-diene-monomer rubber (EPDM) as network precursor
have lot of applications. This materials are used as a medium for water resistance in electrical cable-
jointing, roofing membranes (since it does not pollute the run-off rainwater, which is of vital
importance for rainwater harvesting), in glass run channels, and appliance hose, o-rings, solar panel
heat collectors, belts, electrical insulation, plastic impact modification, and many other applications.
The most common use is in vehicles. It is used in door, window and trunk seals. EPDM granules can
be mixed with polyurethane binders and troweled or sprayed onto concrete, asphalt, screenings,
interlocking brick, wood to create a non-slip, soft, porous safety surface for wet-deck areas. The goal of
this project was to study the effect of gamma irradiation on the properties of carbon black reinforced
elastomers based on EPDM (ethylidene norbornene content 3.8 mass %) in combination with other
network precursors (CSM or NBR). The compounds were cross-linked either with peroxide or sulfur.
It was assessed that elastomers obtained with different curing systems have different sensitivities to
gamma irradiation. It was estimated that the values for tensile strength, hardness, and modulus at
300% elongation for peroxide cross-linked elastomers were higher, but elongation at break values were
lower when compared with sulfur cross-linked rubbers. Peroxide cross-linked samples were more
stable at low doses, as their properties were maintained constant, whereas at higher doses, they showed
severe degradation.
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Technological development of reclaiming scrap waste rubber process is of great interest due to its
significant influence to the environment. The recycling of waste rubber by mechanical or chemical
methods is the ultimate approach to solve the problems. Transforming bulk rubber to powders using
mechanical process is the most preferable procedure of reclaiming rubber and it is more economical
compared to chemical process. Recycled rubber powder (RRP) can be used as filler for elastomers and
as modifiers for asphalt. Blending of two or more rubbers as network precursors is a useful technique
for preparing material with properties superior to those of individual constituents. Moreover, each
kind of rubber has its own advantages and specific application due to its chemical configuration.
Elastomers based on chlorosulfonated polyethylene (CSM) are used for cable jacketing materials and
have excellent radiation resistance needed in nuclear power stations. Gamma irradiation is a powerful
means for rubber crosslinking, however, exposure to higher dosage degrades the polymer network
chains. It is well known that during irradiation several processes take place (main chain scission,
crosslink formation and crosslink breakage). The extent of crosslinking and chain scission depends on
network precursor structure. The focus of this work was to study the gamma irradiation resistance of
sulfer elastomeric nano composites based on two quite different network precursors (nonpolar natural
rubber and polarCSM) and different content of RRP. The irradiation dose was varied. Natural rubber
is categorized as a radiation crosslinking type of polymer as it contains a double bond in its basic cis 1,
4 polyisoprene units. It was estimated that the tensile strenght for all prepared elastomeric materials
increased with increasing gamma irradiation dose reaching its maximum value at 200 kGy as a
consequence that the crosslinking process was the dominating one up to this dose, whereas the
degradation process has apparently prevailed for higher doses.

183



[

, -

RAD20 /

AN OVERVIEW OF THE CURRENT MODELS FOR THE CIRCUIT-LEVEL SIMULATIONS
OF SINGLE EVENT TRANSIENTS

Marko Andjelkovic, Aleksandar Ilic, Zoran Stamenkovic,
Milos Krstic, Rolf Kraemer

IHP, Frankfurt (Oder), Germany

A common source of malfunction in advanced nano-scale CMOS integrated circuits are the single
event transients (SETs), induced by the interaction of high energy ionizing particles with the sensitive
volume of the target device. The SETs are manifested as a pulsed current flow through the struck
device, causing a disturbance of the corresponding voltage level, and consequently leading to data
corruption. For this reason, evaluation of the SET effects and application of appropriate techniques for
their mitigation are fundamental tasks in the design of radiation-tolerant circuits and systems.

SET analysis is generally based on the multi-scale modeling and simulation approach comprising
three main phases: device-level modeling and simulation, circuit-level modeling and simulation and
logic-level modeling and simulation. Performing all aforementioned characterization phases for every
design would be costly and time-consuming. In order to reduce the time and cost of the design process,
the focus is on the development of efficient circuit-level modeling and simulation methodologies with
a good trade-off between the complexity and speed of simulations.

The typical approach for the circuit-level simulations of SETs is based on the use of appropriate
current source connected to the target node. Numerous models for the SET-induced current have been
proposed, and they can be classified into five major groups:

(1) Models based on single voltage-independent current sources (e.g. double exponential,
rectangular, trapezoidal),

(2) Models based on multiple voltage-independent current sources (e.g. two double exponential
current sources connected in parallel),

(3) Voltage-dependent current models (consider the dependence of node voltage on SET current),

(4) Piecewise linear interpolation models (derived by linear interpolation of the SET current pulse
obtained from device simulations or experiments),

(5) Look-up table models (SET current waveforms obtained from device simulations or
experiments, for different design and operating conditions, are stored in the form of table).

As an alternative to the current injection concept, an approach employing a switch with a series
resistor has been proposed for SET simulations. Unlike current-based models, the switch-based
concept reproduces the SET voltage pulse (close duration of switch determines the SET pulse width
and series resistor controls the pulse amplitude).

All aforementioned modeling and simulation approaches have specific advantages but also certain
drawbacks which limit their accuracy or make it difficult to apply them in the circuit simulators. Hence,
it is necessary to consider the key features of each approach and determine to what extent it could be
applicable for evaluating a particular design. In that regard, this study analyzes the benefits and
shortcomings of the common SET modeling and simulation approaches, providing useful guidelines
for the selection of a suitable approach for a particular design.
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Previously we analyzed small doses of acute y-irradiation on the formation of the radio adaptive
reactions in intact plants, regenerated Ri-transformed plants and hairy roots of Digitalis purpurea L.
under in vitroconditions. It was established that the adaptive stress response differs in plants and cell
cultures.

In the present work the effect of chronic gamma-irradiation (total dose of 3 cGy and 20 ¢Gy) on the
main components of non-enzymatic antioxidant defense of D. purpurea in vitro was studied.

Adverse biotic and abiotic factors lead to increase in substances production in plant cells which
eliminate the harmful effects of the stressor. Chronic y-irradiation of Digitalis purpurea caused
changes in flavonoids and pigments content in plants and flavonoids content in hairy roots (HRs)
culture. After a month of irradiation an increase of chlorophylls, carotenoids and flavonoids content
was observed in transformed and not transformed plans, though the increase in transformed plans was
higher. Roots exposed to the minimal doses of 3 ¢cGy also synthesized higher amount of flavonoids than
the non-irradiated control. Ri-transformed roots synthesized an order of magnitude less flavonoids per
wet weight unit than plants, but nevertheless the mechanism of adaptation to chronic exposure in roots
as well as in plants was activated. After irradiation of transformed plants with 20 ¢Gy an increase in
carotenoids, flavonoids, chlorophylls content was observed which is approximately equal to the
stimulating effect of acute irradiation with 1-3 Gy described earlier. Thus, we have shown that the
accumulation of phenolic compounds as one of the manifestations of the stimulation effect of radiation
has a threshold and probably based on the principle “all or nothing”. Also, our data indicate the
antioxidant role of chlorophyll b, which protects chlorophyll a in a light-gathering complex of
photosystem II from oxidative damage.

Based on the presented study we can assume that Ri-transformation of D.purpurea itself causes an
increase of the flavonoids and carotenoids content in the transformants tissues and the chronic y-
irradiation with stimulating doses induces pigments and flavonoids production in the intact and Ri-
transformed plants as well as flavonoids in the HRs, that is a sign of the radio adaptive response to
chronic y-irradiation.
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The experimental techniques exploring phenomena of positron-electron interaction, namely the
positron annihilation lifetime spectroscopy (PALS) and Doppler broadening of annihilation radiation
(DBAR), are presented as informative tools to study radiation- and thermally-induced effects in
chalcogenide semiconductor glasses (ChSG).

At the example of three types of ChGS samples of archetypal As-S system (affected by high-dose
gamma-irradiation from ¢°Co source, annealed after gamma-irradiation and finally rejuvenated), the
time-dependent processes of free-volume voids agglomeration (expansion), fragmentation (refining)
and discharging (contraction) are identified as main stages of physical ageing in S-rich As-S glass
compositions, while a competitive channel of coordination topological defects (CTD) formation
associated with free-volume voids charging becomes significant in a vicinity of near-stoichiometric
AssS; glass. The data of combined PALS and DBAR measurements are correlated well with radiation-
induced shift of fundamental optical absorption edge of the studied glasses (serving as optical signature
of radiation effect). Comprehensive approach applied allows an unambiguous distinguishing the
effects of structural relaxation near glass-transition (physical ageing) and gamma-induced CTD
formation. The free-volume evolution in As-S glasses associated with below glass-transition relaxation
is shown to be consistent with void fragmentation-agglomeration processes, while gamma-induced
CTD formation is caused mainly by void charging.

The meaningful model for gamma-induced radiation and relaxation-driven evolution in atomic-
deficient free-volume void structure of As-S ChSG giving a unified insight on their structural-chemical
nature is proposed.
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One of the major problems derived from the exposure to ionizing radiation is the impairment of
the immune system. The consequent immune-depression increases the risk of infections and may lead
to immune-mediated disorders. Intensity and duration of the immune-compromised phase and its
recovery depend on dose, dose-rate and quality of radiation. In recent years, there has been a great
interest on the effects induced by protons, both for a better assessment of the health risks associated
to space flights in astronauts and for a better understating of their effects in radiotherapy for oncologic
patients.

In the present study we investigated the effects of the in vivo exposure to 2 Gy integral dose
absorbed by medium energy proton beams on mouse lymphoid spleen cells. A proton accelerator under
construction in the framework of the Italian TOP-IMPLART project was used. The facility consists of
a low radiofrequency (425 MHz) and low energy (7 MeV) injector and linear structures operating at
high radio-frequency (3 GHz) to accelerate protons to medium (35 MeV) and high energy (150 MeV).
Irradiations were performed with pulsed (3.4 ms, 10Hz) proton beams emerging with energy of 27
MeV (in vacuum), choosing a particular setup to have a uniform (98.5%) coverage of the selected area
at 100 cm from the accelerator in air with 24.5 MeV protons penetrating 6 mm in tissue. During the
exposure mice were anesthetized in order to keep them in the right position. Sham-exposed
anesthetized age/gender/strain-matched mice were used as controls. Twenty-four hours after
irradiation each mouse was individually analyzed for several parameters (5 mice/group). Results
showed that spleen cell number was partially affected by the exposure whereas flow cytometry analyses
revealed that the frequencies of helper and cytotoxic T cells, identified by CD4 and CD8 markers
respectively, were not altered. Also the frequency of B cells, as identified by the expression of CD19,
was not affected. Spleen cells were stimulated with an anti-CD3 antibody or LPS to induce T cell and B
cell proliferation, respectively. In spite of the observed unchanged frequencies, both T and B cells were
functionally impaired by the exposure. T cell proliferation indeed was reduced by 50% in exposed mice
compared with controls. B cells also displayed reduced cell proliferation in response to the mitogenic
stimulus (-33%). Experiments are in progress to assess the effects on cytokine secretion (of
Th1/Th2/Th17 type) by T cells and antibody production by B cells.

This first study allows us to conclude that after 24 hours, in vivo local exposure to protons induces
a small reduction in spleen cell number, leaving unaltered the frequencies of T and B cells but
drastically affecting their ability to proliferate in response to mitogenic stimuli.

Acknowledgments. the present study was partially supported by the Italian Space Agency (ASI)
project BIOXTREME.
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A grate amount of pharmaceuticals are produced with a use of plant components which have certain
benefits: low toxicity, the complexity of the impact and the ability of its long-term use without any
significant side effects. Therefore, applying of biotechnological methods for increasing secondary
metabolites production in plants and cell cultures is highly promising. In vitro plants and cell and
tissue culture grows are regulated by several factors, and the light is highly important among them.
Illumination system for in vitro culture should provide light of the specific spectral region that is
involved in photosynthesis and in the photomorphogenetic responses (Seabrook 2005). Fluorescent
lamps have been the most popular in the tissue culture room, but it consumes a lot of power when
generating heat in the tissue culture laboratory. Light emitting diodes (LEDs) have been proposed as
a new light source for plant research chambers and a potential alternative light source for in vitro plant
growth and development (Yeh and Chung 2009).

The LED-lighting of different spectrum and intensity effect study was conducted on several medical
plants: Catharanthus roseus G. Don — a medicinal plant which accumulates pharmacologically
important anticancer terpenoid indole alkaloids; Aerva lanata L — a producer of indole alkaloids;
Digitalis purpurea L. — a natural source of cardiac glycosides.

A significant growth stimulation of C. roseus plants cultivated under different ratio of the blue and
red light in LED spectrum was revealed (in comparison with fluorescent lighting). The ratios of blue
and red light in the spectrum that lead to flowering, stimulation of biomass accumulation along with
indole alkaloids accumulation were established. Blue lighting slows down stem, leaf and root growth
that leads to compact plants with thicker leaves formation allowing better light absorption and usage.
This newfound feature is highly important in seedlings cultivation. Blue lighting also leads to the
decrease in the amount of the pigments, though it is known that blue-violet part of the light spectrum
is almost entirely absorbed by the chlorophyll which create conditions for the maximum
photosynthesis intensity. Conducted research allowed us to conclude that lighting only by red and blue
part of the light spectrum is not optimal for biosynthesis and pharmacologically valuable metabolites
accumulation in plants. Based on the data resaved we assumed that it is advisable to include green and
UV parts of the spectrum for the plant lighting purpose which is scheduled in our further works.

Acknowledgement. Publications are based on the research provided by the grant support of the
State Fund for Fundamental Research (project N2 F73/65-2016) and Belarusian Republican
Foundation for Fundamental Research (project N2 516K-050).
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During the 2010-2016 we studied hematologic parameters in the peripheral blood of fish,
inhabiting water bodies with different levels of radioactive contamination within the Ukrainian part of
the Chernobyl exclusion zone (CEZ). The leukograms and rate of abnormal red cells as different type
of invaginations, ramifications, micronuclei, amitosis etc. was analysed in peripheral blood of the perch
(Perca fluviatilis), the common rudd (Scardinius erythropthalmus) and the Prussian carp (Carassius
gibelio). The analysis of the quantitative characteristics of the individual leukocytes pools in the
peripheral blood of fishes showed the significant differences between the same cells of the fish that
inhabit the water reservoirs with different level of radioactive contamination. These fish differ from
those of the reference reservoir in low values proportion of lymphocytes and high neutrophils,
eosinophils, basophils, as well as in the presence of foam cells. The comparative analysis of
morphometric parameters of erythrocytes in peripheral blood of the common rudd showed that
corpuscular volume of fish from the reference lake characterised by the homogeneous structure — a
high quantity of cells has a similar volume. As to water bodies with medium and high levels of
radioactive contamination, we can observe here an increased tendency of heterogeneity of studied
parameters with formation of so-called double-humped curve, which can testify to the anaemic
processes in blood of fish. We registered a high rate of red cells aberrations and abnormalities in
peripheral blood of fish from the stagnant water bodies within the CEZ, where the absorbed dose rate
on the fish organisms due to internal and external sources of irradiation have reached 270 uGy h-*that
is more on three orders higher in comparison with water bodies with background level of radioactive
contamination, making a point of the amount of red cells with deformed shape of nucleus as different
type of invaginations and ramifications as well as formation of double-nucleus cell, schistocytes (cells
without nucleus), parietal nucleus, microcytes, nucleus and cytoplasm vacuolization, micronuclei etc.
Our studies in peripheral blood of fish from water bodies within the CEZ have shown an increased level
of abovementioned morphological damages of erythrocytes, which is generally for pray fish in 4-16
times and for predatory fish in 7-15 times was higher in comparison with fish from the reference water
bodies with background levels of radioactive contamination. Data analysis of the dynamics of
structural defects and disorder of the cell proliferation in peripheral blood of fish that habitat water
bodies with high levels of radioactive contamination, allows us to assume a genome instability and
increase the accumulation of chromosomal and genetic defects in organisms of fish that can be
transmitted to future generations.
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Georgii Davydov, Petr Skorobogatov
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This work is devoted to research of the impact of single and multiple latch-up on subsequent
behavior of modern ICs.

Nowadays, a huge amount of research and investigation on latch-up effect in integrated circuits is
available. Several methods, as well as specialized ICs and electronic blocks, for latch-up parrying have
been developed. Physical models of “latent damage” from single event latch-up with following IC
failure during exposure in latch-up state, have been discussed. However, a question is constantly left
out of consideration - how can successfully parried single (or multiple) latches change the subsequent
behavior of IC?

In this work, results are introduced from:
- the analysis of latch-up studies for more than 100 modern IC types;

- the consideration of the impact of multiple latch-up on subsequent radiation behavior, based on
the example of SRAM IC;

- the consideration of obtained dependence of IC’s durability from the time of its exposure in latch-
up state.

Acknowledgement. The introduced research was performed in cooperation with RFBR
(scientific project 14-29-09210)
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We aimed to study the karyotype structure of human adult stem cells after X-ray irradiation. The
object was cultured endometrial mesenchymal stem cells (eMSC) isolated from desquamated
endometrium of menstrual blood of the healthy woman. eMSC at the 9th passage were irradiated with
the sublethal dose 5G. Irradiated cells were cultivated under standard conditions and at the 13th
passage they were underwent to karyotyping assay with G-banding technique. The cytogenetic analysis
revealed that the progeny of irradiated cells exhibited genetic instability. Most cells (more 80%) had
chromosomal abnormalities. Most types of karyotypic changes were aneuploidy (chromosomal copy
number) and chromosome breaks (near-centromeric and terminal). Within a particular karyotype
various chromosomes may be involved in breaks. Chromosome 1, 4 and X were involved in
chromosomal rearrangements not randomly. According to literature data chromosome 1 and 4
exhibited morphological instability in liquidators of the Chernobyl nuclear power plant accident
underwent radionuclide exposure but their dosimeter interpretation is unclear. Not irradiated eMSC
at the 13th passage (80%) had standard karyotype. Deviations from normal karyotype were random.
Chromosomal breaks were not registered.

Our findings show that sublethal X-ray irradiation of eMSC results in multiple disorders of the
genetic apparatus structure at the karyotype level.

Acknowledgement. The work was supported by the Russian Science Foundation (project 14-50-
00068) and the Russian Foundation for Basic Research (project 14-04-01820).
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The aim of this study was the comparative cytogenetic analysis of endometrial mesenchymal stem
cells (eMSC) in vitro after exposure to different types of exogenous stress - sublethal dose of X-rays (5
Gr) and sublethal heat shock (45 ° C for 30 min). For analysis of chromosomes we used the G-banding
technique.

It was found that both stresses induced changes in the structure of eMSC karyotype. In both cases
more 80% of the analyzed cells had karyotypic abnormalities. The main types of chromosome
rearrangements were aneuploidy and chromosomal breaks. Chromosomes 1 and 4 were involved in
breaks more often than other chromosomes both after heat shock and irradiation. The number of
chromosomes involved in rearrangements as a result of heat shock was larger than after X-ray. In both
cases chromosomal breaks were found in centromeric and distal loci.

Overall, karyotype destabilization in stem cells exposed to a heat shock and X-ray was similar. It is
typical for cells with disturbed cell division program. X-gal assay showed that cells after shock entered
to replicative senescence which prevents their immortalization/transformation.

Acknowledgement. The work was supported by the Russian Science Foundation (project 14-50-
00068) and the Russian Foundation for Basic Research (project 14-04-01820).
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Humans are exposed to ionizing radiation under a variety of conditions, primarily associated with
medical treatment. While the risks related to those situations are well established, there is considerable
uncertainty with respect to other types of human radiation exposure such as during space travel and
radiotherapy. The health risks for people exposed to high-LET radiation include possible cognitive
deficits. The pathogenesis of radiation-induced cognitive injury is unknown but may involve loss of
neural precursor cells from the subgranular zone (SGZ) of the hippocampal dentate gyrus.

The aim of this work was to investigate the accelerated carbon ions effect on cognitive functions in
mice.

Experiments were performed on male outbred albino SHK mice at age of two months. The animals
were caged under the standard conditions in animal facility of the ITEB RAS (Russia). Mice were
irradiated with U-70 particle accelerator at IHEP (Russia) in a dose of 70 ¢Gy by accelerated carbon
ions with an energy of 450 MeV/n in the Bragg peak. The gafchromic EBT3 films (USA) and neutron
monitor were used to verificate the carbon beam profile and to control the dose. Non irradiated animals
were exposed to the same handling procedures, but the machine was not active for them. In order to
avoid undesirable behavioral side effects of different anesthetizing agents we used non anesthetized
animals as control in the present study.

Two months after irradiation mice were tested to assess total activity, spatial learning, long-term
and short-term hippocampal-dependent memory (open field, Barnes maze, novel object recognition).
After evaluation of cognitive activity the histological analysis of dorsal hippocampus was carried out to
assess its morphological state (Nissl staining) and to reveal late neuronal degeneration (Fluoro Jade-
B staining).

It was found that in irradiated mice the total activity was significantly reduced in “open field” test
compared to control animals, indicating the development of the anxiety. Both groups of the animals
demonstrated a good learning to the final day of training in a maze Barnes, however, in long-term
memory test, the control animals showed fewer errors locating the escape box compared to the
experimental group. The Nissl staining method revealed a reduction of the number of cells in the dorsal
hippocampus of the irradiated mice, with the most pronounced reduction in cell density observed in
the dentate gyrus hilus of the experimental animals. In addition, the length of the CA3 field of dorsal
hippocampus was significantly reduced, and the number of cells in it was slightly reduced. Experiments
with the use of FJB-staining have not shown the FJB-positive staining in the dorsal hippocampus in
animals two months after irradiation. Thus, the presence of morbid cells in irradiated as well as in
control groups was not detected.
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Significant radiation tolerance is one of the main requirements for integrated circuits operating in
extreme environment. We have created a 2D- model of the bipolar structure using a general-purpose
software platform COMSOL Multiphysics. We have modeled an impact of different pulse ionizing
radiations on the semiconductor devices taking into account the ionization distribution over the
structure cross-section.

The electron/hole pairs under pulse radiation are generated simultaneously however their spatial
distribution may significantly different. In the case of gamma-radiation, we have the practically
uniform carrier distribution over the volume. The X-rays create non uniform ionization connected with
attenuation in surface metallization and additional electron emission from heavy metal (if it exists).
The laser photons with energy of more Si bandgap can ionize the device; however, its distribution is
sufficiently non-uniform due to surface metallization reflection.

As a result we have described the transient radiation effects of bipolar structure under gamma-, X-
rays and laser irradiations. We have found that carrier distributions are different for each type of
radiation. This led to the sufficient different of ionizing current amplitudes. However, the ionizing
current forms are not very sufficiently different.

By using Comsol 5.1., it is shown again that pulse gamma and X-ray ionizing dose rate bipolar
structures reaction may be modeled by pulse laser radiation with appropriate energy.
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Metal chalcogenides have been largely studied over the last decades because of their excellent
physical and chemical properties. However, the focus of early work has largely been on Cd- or Pb-based
metal chalcogenides. But these are toxic heavy metals, and have a limited application in commercial
applications. Therefore, chalcogenides with similar properties but less toxic constituent elements are
desirable.

Copper-Indium sulphide (CIS) represents a promising “green” and “safer” alternative to the II-VI
systems. It has a direct band gap in the visible region (Eg = 1.5 €V), a large optical absorption coefficient
(a > 105 cm™1), and high photostability.

The physical, chemical and luminescence properties of CIS powders are exceptionally dependent
on the particle size, morphology and coper/indium molar ratio, which in terms depend on the synthesis
methods and conditions. CIS powders usually are obtained by precipitation in organic compounds,
under inert gases.

Here we report a new air-stable synthesis of copper-indium sulphide powders. The used method is
ultrasound-assisted precipitation in ethylene glycol with the reagent simultaneous addition technique
(SimAdd). The reagents used are sodium sulphide and different molar ratio of copper and indium
chloride.

The CIS powders were characterized by thermal analysis, FT-IR and UV-Vis spectrometry, SEM,
EDX, X-ray diffraction and photoluminescence spectroscopy. A correlation between the Cu/In ratio,
the photoluminescence and morpho-structural characteristics of CIS powders was established.

Acknowledgments. This work was supported by a grant of the Romanian National Authority for
Scientific Research, CNCS — UEFISCDI, project number PN-II-RU-TE-2014-4-1391.
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The main scientific objectives of the Russian-European mission “ExoMars 2020” are: search for
signs of life on Mars in the past of the planet and now, study the water and geochemical environment
on the surface and in the subsurface layers, research of gas impurities in the Martian atmosphere, and
others. These ambitious scientific problems are solved by the delivery of Descent module (DM)
developed by Lavochkin Association (Roscosmos, Russia) and Rover (ESA development), equipped
with scientific instrumentation complex, on the surface of Mars.

During flight the Descent module equipment is exposed to the damaging effect of space ionizing
radiation and of 17 radioisotope heat units (RHU)) based on plutonium-238 dioxide and placed on DM
and Rover.

Moreover, the contribution to total absorbed dose from RHU radiation (as the calculations show)
substantially dominates compared with the space ionizing radiation contribution especially for devices,
placed in close proximity to the radioisotope sources.

The dose calculations were performed using of a licensed software package “LocalDose & SEE”
(developed by Lavochkin Association), which allows to calculate of various radiation effects on the
spacecraft three-dimensional model and is modified taking into account the location and impact of
radioisotope RHU.

The report presents the spacecraft 3d-model and the results of dose calculations from external
(space) and internal (RHU) radiation sources for specific groups of devices that are part of the DM and
the Rover.

196



[

, -

RAD20 /

INFLUENCE OF ELECTRON IRRADIATION ON OPTICAL
AND ELECTROPHYSICAL PROPERTIES OF La3Gas 5Ta05014 CRYSTALS

Evgeniia Zabelina', Nina Kozlova!, Anna Kozlova?,
Anatoly Siminel?, Oleg Buzanov3, Dmitry Spassky4

1 National University of Science and Technology “MISiS”, Moscow, Russia

2 Istitute of Applied Physics of the Academy of Sciences of Moldova, Chisinau, Republic of Moldova

3 Fomos-Materials, Moscow, Russia

4 D.V. Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University, Moscow, Russia

Lanthanum - gallium tantalate (Las3Gas,5Ta05014, langatate, LGT) is one of the crystals from
langasite family, LGT belongs to the class of symmetry 32. Langatate crystals are currently used in the
field of piezo electronics and are promising materials for laser and nonlinear optics. The main problem
that still limits application of these crystals is undetermined. A comprehensive study of the properties
of these crystals grown in different conditions, before and after the post growth treatments can clarify
origin of defects. The defect origin data will allow to affect their concentration to reduce it to an
acceptable level. For instance, the transfer of charged particles, primarily point defects, determines
conductivity and, consequently, the resistance of the crystals. Point defects in crystals are observed in
the transmission spectra as absorption bands.

Here we present results of our study of optical and elecrophysical properties of LGT crystals before
and after electron irradiation. All investigated samples were cut from crystals grown in “Fomos-
Materials” using Czochralski method in iridium crucibles, growth atmosphere — Ar and Ar + (2%) O-.

Electron irradiation was performed using a linear accelerator of the LU type which emits electrons
with a narrow-band energy spectrum (~ 6 MeV) in a short-pulse (~ 5 ms). The electron radiation doses
were 10, 102, 1013, 104 and 10% c¢cm2. Optical transmission spectra were measured using UV-Vis-Nir
spectrophotometer «Cary-5000» with the accessory UMA (Agilent Technologies) at non-polarized
light, p- and s- polarization and at different angles of sample. The luminescence was excited at T = 300
Kand T = 95 K by second (Aex= 532 nm) and third harmonic of YAG:Nd3* (Aex = 355 nm). Investigation
of the defects was carried out by the X-ray diffuse scattering (XRDS) method using the X-ray
diffractometer D8 Discover (Bruker-AXS, Germany) in three-crystal scheme. Electro physical
properties and their temperature dependences were measured using Keithley 6517 A electrometer
(USA), work range 10 to 2 x 104 Q, DC.
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Various dielectrics such as, TiO», HfO-, Al.Oj3 etc., have been studied to replace to conversional SiO-
gate dielectric layers for state of the art MOS based technologies. However, very little of them have
knowledge in the literature about their radiation responses. Charge trapping and relevant irradiation
responses of the devices are important for qualification of high-k devices for a long-term reliability of
high-k materials. Hence, we investigate irradiation effects on the series resistance (Rs) and interface
state (Dit) characteristics of the Sm-0; MOS capacitors. The influences of the radiation were studied
from analysis of the C-V and G/w-V curves. The results demonstrate that both Rs and Dit characteristics
critically changed with Co- 60 gamma irradiation. Positive Sm*2and Sm+*3 atoms ionized by irradiation,
is the possible reason of the generated trap densities in the devices. In addition, it is also found that
the Rs correction should be performed for accurate calculation.

Acknowledgement: This work is supported by Ministry of Development of Turkey under
Contract Numbers: 2012K120360, 2016K121110, and AIBU- BAP with contact Number: 20140302706.
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In rubber industry fillers are used to enhance specific properties of elastomeric materials based on
different nano particles have gained attention due to their ability to improve the properties and
irradiation resistance. The uniform filler distribution in the cross-linked material is desired. It is a
challenge to create a favorable interaction between different network precursors, and thus avoid
agglomeration of the nano particles. The main focus of this work was to investigate thermal
degradation of carbon black reinforced elastomers based on two network precursors: chlorinated
copolymer of isobutylene and isoprene (CIIR) and chlorosulphonated polyethylene (CSM). Both used
rubbers are categorized as predominantly irradiation cross-linkable types. It is well known that
materials based on CIIR have very good properties including the compression set, good adhesion, the
compatibility to other rubbers, good thermal and oxidative stability, excellent moisture resistance, and
low gas permeability. It has been used for inner tubes, hoses, tank linings, friction pads,
pharmaceutical stoppers, tyres, and conveyor belts. Elastomeric materials based on CSM are using in
many applications such as sheeting cable and membrane, cable jacketing, flexible magnets due to its
outstanding resistance to degradation by the heat, ozone and oxidation. Properly formulated CSM
compounds offer strong adhesion to various substrates and good dynamic properties. The curing of
rubber blends was carried out in an electrically heated laboratory hydraulic press. The size of carbon
black primary particles was 40—48 nm. The samples CIIR/CSM (50/50 mass %) were irradiated in air
at ambient conditions using 100, 200 and 400 kGy doses by the Co-60 irradiation unit. Thermal
stability of materials was assessed by thermogravimetry (TGA). The sample mass losses (0.5; 10; 30
%) were calculated for the respective TGA curves. Radiation-initiated reactions can be classified as: (a)
scission and (b) cross-linking. Cross-linking during irradiation does not require unsaturated or other
more reactive groups, and the mechanism generally varies with the network precursor concerned. The
preliminary observation in this work leads to conclude that stability of prepared elastomeric nano-
composites increases with irradiation up to 200 kGy dose after that it decreases. The results show
positive synergistic influence of gamma irradiation and carbon black particles on the thermal stability
of composites. Obtained materials may be suitable for industrial applications requiring elastomers of
good thermal stability and radiation resistance.
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Radiation-induced effects in chalcogenide semiconductor glasses (ChSG) deal with destruction of
covalent chemical bonding following structural relaxation (radiation-induced physical ageing) towards
novel state. Destructed bonds can be renewed intrinsically via direct interaction of bond-constituting
atoms with nearest neighbors forming a channel for intrinsic bond switching, or extrinsically due to
interaction with some impurities. In the first case, the diamagnetic pairs of over- and under-
coordinated atoms possessing an excess of positive and negative delectrical charge appear in ChSG. In
the latter case, some kinds of impurity products can be formed at the surface, the most essential being
induced by interaction with oxygen, which replace chalcogen in its bonding within glassy network.
Thus, the intrinsic radiation-induced effects occur to be permanently admixed with extrinsic impurity-
related ones, forming complicated picture of competitive input in the overall balance of radiation-
induced effects. Under such conditions, the methodology allowing unbiased observation of “pure”
radiation-induced effects attains vital importance, especially from viewpoint of practical
implementation of induced functionality. In this work, we present an adequate methodological
solution of this problem exemplified by high-dose gamma-induced effects in glassy arsenic sulfide.

Two types of experimental measuring protocols can be utilized to study gamma-induced optical
changes, these being realized in direct and backward measuring chronology. In the former, the optical
transmission spectra are recorded ex-citu for the the same ChSG in before-irradiated and after-
irradiated states. The second measurements are performed in-situ giving optical spectra for the same
irradiated and annealed sample. The smallest inaccuracies are shown to be provided within the latter
measuring protocol owing to elimination of errors associated with (1) sample reinstallation in a
spectrometer chamber and (2) time separation between subsequent cycles of optical spectra recording
for initial and gamma-irradiated samples. As a result, the impacts of impurity-related and intrinsic
effects on the optical transmission spectra can be effectively separated. It is shown that impurity-
related processes (connected mainly with surface oxidation) depress optical transmission in near-
band-gap region, while intrinsic ones shift optical absorption edge towards larger wavelengths.
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In this work, the effects of gamma radiation on the electrical characteristic, incorporating interface
state density Dit and series resistance (Rs) characteristics of Al/ZrSiO4/p-Si (MOS) capacitors have
been studied. MOS samples were irradiated by a Co-60 gamma-ray source from o to 12 grays at a dose
rate of 0.0055 Gy/s in order to examine gamma radiation response. Capacitance—voltage (C—V) and
conductance—voltage (G/w—V) measurements were recorded at 1 MHz. The effects of the radiation
were determined from analysis of the C-V and G/w-V curves. A slight chance in the capacitance curves
were noted while an enhancement in conductance characteristics is found with increasing irradiation
dose. In addition, for both the capacitance and conductance curves, flat band voltages were shifted with
increasing radiation dose. Slight changes in the series resistance (Rs) and interface state density (Dit)
values were observed with increasing irradiation dose.
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The irradiation experiments on chicken eggs were lead on a pulse repetitive nanosecond accelerator
URT-0.5. Biological samples were exposed by electron beam with energies up to 500 keV, 50 ns pulse
duration, pulse repetition rate of up to 200 pps. To determine the allocation of absorbed dose (AD) in
the depth in the polyethylene we conducted by a gray wedge. Using the film dosimeter measurement
AD electron beam on the surface of the shell (removed from the eggs) and under the shell and beneath
the absorber (polyethylene 80 microns thick) was performed. To determine the distribution of the
bremsstrahlung AD inside chicken eggs used thermoluminescent dosimeters (TLD-500). These
researched allow us to conclude that the irradiation of an electron beam with AD 5 kGy sufficient to
complete disinfection on the surface of an egg, inside the AD by bremsstrahlung will not exceed 800
Gy.
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Effects of space radiation on semiconductor devices can be classified in three groups: Total Ionizing Dose (TID)
effects, Single Event Effects (SEEs) and Displacement Damage (DD) effects. TID is the cumulative effect of the
deposited dose in the semi-conductor device during the mission duration. TID tests can be performed with a photon
or electron beam. SEEs are caused by deposited energy when a high energy particle passes through the semi-
conductor device. SEEs can be soft, which can be corrected with the reset of the device or hard, which results in
device malfunction. SEE tests can be performed with a proton or ion beam. Unlike TID and SEE, DD is not an
ionization effect, but is the result of changes of atomic positions in the lattice due to inelastic scattering of a high
energy particle. DD can only be tested with an ion beam.

Semiconductor devices must be developed and qualified according to the space radiation environment in their
destined orbit. Simulations in SPENVIS [1] are carried out to estimate the worst-case radiation environment during
mission time. Irradiation tests must be performed according to these results.

Turkish Atomic Energy Authority (TAEA) Saraykoy Nuclear Research and Education Center (SANAEM) has a
60Co source in the Gamma Irradiation Facility with an activity of 250 kCi [2]. This source can be used for TID tests
according to ESA ESCC No. 22900 standard. TID tests for Solid State Power Amplifier (SSPA) modules developed
by ASELSAN in Turkey were performed in 2016 [3]. TID tests for DDA3 pin diodes developed by TUBITAK BILGEM
UEKAE in Turkey were also performed at this facility and tests of MOS devices are underway. First, these results
will be presented.

Currently, SEE tests cannot be performed in Turkey. METU-Defocusing Beam Line (METU-DBL) project aims
to construct a beam line to perform SEE tests for the first time in Turkey. METU-DBL aims to perform SEE tests
for solar panels, multi layer insulation, Lithium-ion battery and its control card for IMECE satellite which is an
experimental satellite foreseen to be launched after 2020. The project was funded in 2015 by Turkish Ministry of
Development. METU-DBL will enable to having a beam that conforms to the ESA ESCC No. 25100 standard.
Construction of METU-DBL has been started at the TAEA SANAEM Proton Accelerator Facility. METU-DBL will
serve space, particle, nuclear and medical physics communities starting from 2018. While the studies are going on,
a preliminary setup is being constructed towards first tests in March 2017. Solar cells, DDA3 pin diodes and newly
developed materials in Turkey will be tested at the preliminary test setup of METU-DBL.

In this talk, simulation of space radiation environment and radiation effect test results will be presented. The
status of the METU-DBL project as well as the results of the TID and preliminary SEE tests will also be reported in
this talk.

Key words: Space radiation, radiation effects, irradiation tests
References:

[1] https://www.spenvis.oma.be/intro.php
[2] Zati U nal. Personal communication.

[3] R. Uzel, M. B. Demirko z, A. O zyildirim, O. Kalkan, and H. I. Atasoy. In- Situ Total Ionizing Dose Tests of
SSPA Components. In ESA’s AMICSA 6th International Workshop on Analogue and Mixed Signal Integrated
Circuits for Space Applications , Gothenburg, Sweeden, June 12 - 16, 2016, 2016.
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Carbon doped Al.03 (Al-05:C) has exceptional optically stimulated luminescence (OSL) and
thermoluminescent (TL) properties for application in ionizing radiation detection. Al.O3:C ceramics
are already used in the commercial TLD and OSL dosimeters; however, potential of the enhanced
performance of these materials is still widely studied. Particularly, the use of nanostructured
counterparts is considered.

In this study, optical properties of the Al.O3:C nanopowders prior and post irradiation were
studied. Al-O3:C nanopowders with different carbon concentration have been produced by the method
of pulsed electron evaporation [1]. This method allows the production of nano-powders of high melting
temperature oxides with high specific surface area. Moreover, the process is conducive also to high
concentrations of structural defects in the nano-particles which have a significant role in the
luminescent properties of the materials. Irradiation with 5MeV electron beam was performed with the
dose range from 1Gy up to 100kGy. Optical properties were studied by the means of Dark field micro
spectroscopy system which allowed also to measure individual spectrum for different phases in the
material if present. Additionally thermal properties of the powders were studied by the means of
TG/DTA system.
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A recent progress in the field of chalcogenide glasses (ChG) makes possible a wide usage of these
disordered materials for xerography and lithography, CD-erasable media, chemical sensors, low-loss
IR transmitters, memory-switching devices, photo- and radiation-sensitive recording elements, etc.
Nevertheless, it is known that atomic structure and, consequently, physical properties of ChG (as well
as any other melt-quenched solids) are changing with time, essentially limiting their practical
application. The above processes are known as natural physical ageing. Different external influences
(like photo- or y-irradiation, high temperature, pressure, etc.) could be effectively used for resolving of
the natural physical ageing problem by accelerating of this process.

We examined the ability of ternary GexAs:Sei-2x ChG (0.05 < x < 0.30) to be subjected by natural
and radiation-induced physical ageing, using conventional differential scanning calorimetry (DSC)
applied in a so-called backward-rejuvenation chronology. It was shown that 2 years of natural storage,
as well as high-energy gamma-irradiation (the absorbed dose was near 1 MGy), led to significant ageing
effect in the glasses with x < 0.14. The observed gamma-irradiation induced changes are much higher
than natural storage-induced once. Within 0.14 < x < 0.25 domain, no changes were detected in the
glass transition peak parameters testifying in a favour of possible optimally-constrained phase. This
result contradicts to the conclusions on self-organization in this system within 0.09 < x < 0.14 range
followed from temperature-modulated DSC measurements [P. Boolchand, D.G. Georgiev, T. Qu, F.
Wang, L. Cai and