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Laboratory testing and preanalytical errors: Where are we in 2022?

Dragana Pap
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Background. Standardization of conditions under the principles of good clinical practice (GCP),
monitoring of modern medicine according to evidence based medicine (EBM) and good laboratory
practice (GLP) reduces the possibility of action of various factors. Inaccurate results of laboratory
testing are results mostly of errors in preanalytical phase. Inadequate preparation of the patients and
skills of medical phlebotomists are sources of errors in preanalytical phases. The aim of this
retrospective study is monitoring, documenting and preventing errors in pre-analytical phase for
better health care of patients.

Methods. The study has been done from 2017 to 2021 yrs and involves monitoring, documenting
and preventing errors with aspect to phlebotomy in clinical biochemical laboratory of primary health
care, in Students Health Protection Institute. Errors are classified according to IFCC
recommendation as quality indicators: insufficient sample volume, inappropriately labeled sample
and sample damage.

Results. The study has shown that the most common errors are insufficient sample volume and
sample damage (0.97 %). Inappropriately labeled samples were significantly lower and completely
eliminated during period of study (2017 was 0.34 %, 2021 was 0 %; p<0.01). No significantly
decrease in number of sample damaged (2017- 0.50 % - 2021- 0.30 %) was shown and insufficient
sample volume (2017- 0.43% - 2021-0.32%) were constantly persisting during the period of study.

Conclusion. Factors of quality such as: personnel, education and training of employees,
dependence on adequate equipment, innovation of services, quality and standardization of
performed services through the application of quality management system (QMS) is necessary.
Through permanently improvement of the QMS, implementation of certification and accreditation of
laboratories according to the ISO15189, 2018- (QM / QA) standard for medical laboratories with a
special requirement of the entire laboratory testing and implementation of LIS (Laboratory
Information System), the standard for POCT-ISO22870: 2006 Point of care testing, clear,
transparent and available procedures, errors from pre-analytical phase can be minimized. Special
attention should be paid on errors that continue to exist in the study. A smaller number of errors in
pre-analytical phase mean more accurate, precise and valid results, correct and fast diagnosis,
satisfied patients and principle of cost benefit with guidelines: “no blood sample is better than a bad
blood sample” and “more is better”. The more you perform on each service attribute —the more
satisfied the customers will be in health care system.

Keywords: Accreditation, laboratory testing, GLP, preanalytical errors, health care, patients
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Modulated electrohyperthermia (mEHT) during
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Objectives. Advanced cervical cancer treatment long-term results are not so impressive in
patients with bulky tumors and lateral parametrium involvement. Modulated electrohyperthermia
(oncothermia), based on alternating high-frequency electric field (13.56 MHz), modulated by fractal
harmonic oscillations 0-5 KHz, performed by capacitive coupling of asymmetric electrodes,
incorporated in chemo- or radiotherapy, shows clinically significant sensitizing activity, but
molecular mechanisms of impressive biological effects are still unclear and cannot be completely
associated only with mild hyperthermia (39-42C) during mEHT session.

Aim. To assess mEHT effects on treatment results, toxicity and tumor apoptosis in advanced
ITb-IVa cervical cancer patients with bulky tumors and lateral parametrium involvement.

Methods. 197 pts, T2b—T4aNo-1 cervical cancer, were randomised in 2 groups, with or without
mEHT. Conformal EBRT (3D-CRT, IMRT) in 2Gy, 46—48Gy for pelvic or extended paraaortic fields
was performed in all pts; concomittant Cisplatin 4omg\m2 or Carboplatinum AUC2 weekly — in
138 pts (68 pts in research branch A (mEHT+EBRT+chemo), 70 pts — in control C branch
(EBRT+chemo). 59 pts with contradictions to chemosensatizing were treated in research branch B
(29 pts, mEHT+EBRT) and control branch D (30 pts, EBRT). mEHT (EHY-2000) was performed
before irradiation in 90-120Wt for 60-90 min, 3 times a week, mean 10—13 fractions per course — in
97 pts, research A and B (mEHT+EBRT) branches, 1027 mEHT sessions in total. For dynamic tumor
apoptosis assessment, we used 20-genes panel. Expression was evaluated in 4 quadrant cervical
tumor samples (to avoid tumor cell heterogeneity influence) in 9o patients (30 pts. from A, B,
C subgroups, statistical pairing method), taken before treatment, at half-course dose 25-30Gy and
after the last EBRT session.

Results. Tumor apoptosis was expressed in all tumor samples, significantly higher in A vs B and
C (p<0.05), B vs C (p<0.05) branches in intergroup comparison. BCL2, p16INK4a and BAG1
expression level after the treatment had a predictive value for complete local response. 12 mnth,
36 mnth and 60 mnth OS in pts with mEHT (98% + 1.8%, 90.7% + 3.8%, 87%=< 5.6% respectively)
was significantly higher, than the same values in pts after conventional radiation and chemoradiation
(p<o0.05 for all comparisons), as well as DFS (88.4% + 2.8%, 81% + 6.9%, 69.9% + 4.1% Vs 77.4% +
1.6%, 57% + 4.3%, 54% + 2.4% respectively (p<0.05 for all comparisons). No difference in early and
late toxicity (skin, bladder, rectum, sigmoid, vagina) were observed between research and control
groups.

Conclusion. mEHT enhances radiotherapeutic effects on tumor cell apoptosis and significantly
improves the immediate and long-term results of chemoradiation and radiotherapy alone in
advanced cervical cancer patients, with acceptable local and systemic toxicity.
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Background. Very important factor in curing cancer is an efficient immune system. Regulatory
T cells (Tregs) are currently under extensive investigation in different forms of human cancers. Tregs
maintain the immune cell homeostasis. Recent papers have demonstrated previously elevated
number of Tregs in lung, breast, pancreatic, ovarian, melanoma, digestive system cancers, CLL, T cell
ALL, and B cell NHL. Elevated number and increased suppressor properties of Tregs are sometimes
observed after cancer treatment. Therefore, an intensive further intensive study sensitivity of Tregs to
the toxic effects of chemo(radiation)therapy and combine therapy is necessary.

Objective. Purpose of this investigation - determination of the level of Tregs in the peripheral
blood of patients before and after treatment of different forms of human cancers.

Materials and methods. This study was approved by the A. Tsyb MRRC, Obninsk. The
peripheral blood were obtained at diagnosis and after chemo(radiation) therapy for
lymphoproliferative disorders (Hodgkin lymphoma, HL; non-Hodgkin lymphoma/B-cell chronic
lymphocytic leukemia, NHL/CLL,140 tests) and after combined therapy for colorectal cancer, CC,
108 tests. In our work, we studied the population of CD4+CD25highCD127low/— Tregs of peripheral
blood. In addition, their level was compared with the dynamics of the relative and absolute number
of T- (CD3+CD19-) and B- (CD19+CD3-) cells. All of the antibodies were obtained from
BD Bioscience, USA. In the control group 50 peripheral blood samples were tested. Data were
analyzed using Statistica software version 8.0. Parametric Student’s t-test was used. Significance
level was p < 0.05.

Results. The aim of our study was to confirm the observation of an increased level of Tregs in the
peripheral blood of patients with HL, NHL/CLL and CC made by other researchers. Statistical
analysis revealed the untreated patients showed an increase in the relative and absolute numbers of
Tregs than control number of regulatory lymphocytes. We assessed the response of circulating Tregs
following chemo(radiation) therapy for HL, NHL/CLL and combined therapy for CC. It has also been
shown that the sensitivity of Tregs to chemotherapy of lymphoproliferative diseases and to the
combined treatment of CC was less than other types of immunocompetent cells (T and B cells).
Therefore, they can be considered more resistant cells in relation to the implemented treatment.

Conclusion. Tregs are group of cells that might play important role in the development of
cancer including HL, NHL/CLL and CC. Their elevated in peripheral blood might be linked to the
development of the disease. Tregs can be considered more resistant cells in relation to the
implemented treatment. These results indicate that the level of Tregs may influence on the final
therapeutic effect. Tregs are a potential target of immunotherapy. Targetting their might represent as
therapeutic option to enhance the final antitumor effect. Larger studies are now warranted to validate
these findings and determine their clinical implications.
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Background. The study of the relationship between changes in immunity and the rate of tumor
growth allows us to form a new understanding of the progression of antitumor immunity dysfunction
during the development and progression of lymphoproliferation.

Purpose. This study was conducted to compare quantitative parameters of lymphocyte
subpopulations in the different extent of proliferation of mature small lymphocytic lymphoma and
B-cell chronic lymphocytic leukemia based on the results of peripheral blood tests.

Materials and methods. For this purpose, a unique model of lymphoproliferative disease was
used. This model represents localized disease (small lymphocytic non-Hodgkin lymphoma, SNHL)
and common systemic disease (B-cell chronic lymphocytic leukemia). According to the World Health
Organization (WHO) classification of lymphoid tumors, B-cell chronic lymphocytic leukemia (B-CLL)
and small lymphocytic lymphoma (SNHL) are considered one nosological group. Immunocompetent
cells (relative and absolute numbers of T- and NK-lymphocytes, CD3, CD4, CD8 and CD16),
immunophenotype and size of a tumor clone were determined by a two-platform method using
6-color flow cytometry by the expression of the CD19, CD20, CD23, CD5, CD79b, FMC7, CD22, CD43
and CD38 antigens, immunoglobulin kappa light chains (Igk) and lambda light chains (IgA). Before
the onset of disease-specific therapy, the data of 25 patients with SNHL were compared to those of
101 patients with B-CLL (27 patients had proliferation of tumor B-lymphocytes in 35-79% and
74 patients in 80-99%). 50 practically healthy people (blood donors) served as a control.

Results. The analysis of the initial amount of NK-cells and T-lymphocyte subpopulations in
SNHL revealed preserved Kkiller/cytotoxic cells of the congenital and adaptive immune response
(CD16+, CD8+), decreased CD4+T-cell count and CD4/CD8-ratio. With developing B-CLL, a
significant increase in the number of major subpopulations of normal residual lymphocytes occurred,
which was indicative of an elevation of immunoreactivity due increased proliferation. However, the
degree of their elevation was considerably lower than the increase in the size of a malignant B-cell
clone, which suggested that anti-tumor immunity tended to become more exhausted.

Conclusion. The degree of lagging reactivity of antitumor immunity and the acceleration of the
development of antitumor immune dysfunction is clearly interrelated with the rate of progression of
lymphoproliferation in SNHL/B-CLL. Comparison of the immune response with the size of a
proliferating clone in blood can serve as an additional criterion for assessing the competence (degree
of dysfunction) of anti-tumor immunity and as a probably prognostic factor in SNHL/B-CLL.
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for the work of the health institution
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Many of the challenges that health organizations face today are different in their work and
depend on regulations, changes in business, competition, but also insufficient amounts of all
resources. The main goal of health organizations is to achieve high quality service. Today, the health
sector is facing competition that leads to the need to gather information about current and potential
users of adequate medical services. The efficiency and quality of services provided by health care
institutions largely depends on the qualifications of the staff and the quality of the work of the entire
team. This should be set in conditions of increased need for better and more accurate diagnosis of
various diseases and better treatment of patients. Therefore, the leaders of the organization of the
health institution have a difficult task in terms of implementing strategic management in order to
better organize good working conditions in the team and create success in the treatment of patients.
The success that the health institution will achieve depends on the education of employees, but also
the application of new technologies, but also the procurement and provision of modern and adequate
equipment. All this together can lead to significant and notable results in treating patients and
achieving success and progress. An appropriate strategy is needed that will be implemented, but also
overcome the challenges of today. That is why human resource management is one of the important
tasks of an organization to survive in a changing environment and achieve success. There are three
important goals in this. First of all, it is necessary to solve the problem and define the terms related to
the process of human resource planning. The second part is the one related to achieving
competitiveness and specificity of the health institution. The third part included continuous training
of health workers through scientific research, education and training and adaptation of innovations
in health. Based on all the achieved results, it is necessary to draw conclusions and give guidelines for
further work, which indicates the need for continuous monitoring and constant creation of plans for
the future.
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Introduction. In recent years, the analysis of data on the number of births and deaths in Serbia
has shown that there is a steady trend of declining birth rates: That is why a strategy has been
developed to raise the birth rate.

Objectives. The aim of this paper is to present an overview of measures to prevent falling birth
rates in the Republic of Serbia, as well as to assess their effects.

Materials and methods. In this paper, various databases are reviewed and analyzed, selected
references are analyzed, systematized and presented in this paper.

Results. The most significant proposed measures to overcome the current situation are the need
to increase the parental allowance and the salary allowance for mothers. Like the parental allowance,
the salary allowance for mothers is defined by the Law on Financial Support to Families with
Children. One of the recommended measures would be that families whose monthly income for the
last three months does not exceed the established threshold are entitled to child allowance. In 2020,
the Republic Health Insurance Fund enabled insured women up to the age of 43, who are being
treated for infertility, to be entitled to an unlimited number of attempts at biomedically assisted
artificial insemination. The state has also adopted a Strategy for Encouraging Birth, and based on the
already proposed plan, statistics show that in the previous decade there was a slight increase in the
fertility rate, which amounted to (1.43 in 2013; 1.46 in 2016; 1.46 in 2018. 1.49, and 2019. 1.52).

Conclusion. It is still early to talk about the effects of the measures, given that some of them
have only recently been introduced and that it is necessary to pass a certain period of time to see the
results. The historical context, economic and social factors, but also the global pandemic of the
SARS-COV-2 virus should be taken into account. With all this in mind, we emphasize that it is
necessary to continue to find new solutions and lead a better implementation of existing measures in
order to have better results in the future. We hope that will happen.

Keywords: Population policy, population, birth rate, health system
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With the advent of the Internet and social networks, we are increasingly encountering the term
“Cyberbullying” — electronic violence, harassment through digital technologies, mobile phones,
correspondence platforms and the like. It is a behavior that is repeated with the intention of
intimidating, embarrassing and humiliating a certain person. Live abuse and cyberbullying can often
go hand in hand, with cyberbullying leaving a digital footprint that can be helpful in stopping it. The
Cyberbullying survey was conducted in April 2022 on 150 respondents of both genders, aged 16-25 in
Serbia, with an online Questionnaire containing 16 questions with offered answers. The results of the
research indicate that 90% of the respondents have heard about violence on social networks, over
30% stated that they have experienced some kind of violence on social networks. It was determined
that women are more exposed to cyber violence, most often by the opposite sex, most often on
Instagram (24.7%) and Facebook (19.3%), and a larger number of respondents report violence to
friends rather than parents. The negative consequences that cyber violence has left on the victim are
mostly emotional (30%). The largest number of respondents (85.3%) believes that the best form of
protection is blocking and reporting a person who is trying to commit violence.

The results of the research confirmed our hypothesis about the significant prevalence of violence
on social networks, the complexity of its manifestation and the impact on the mental and emotional
state of victims. Further research of this social phenomenon on a larger sample is necessary in order
to create prevention and protection measures as successfully as possible.

Keywords: Electronic violence, social networks, internet, research
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Introduction. Healthcare professionals have a key role to play in the introduction, application
and use of technology in clinical practice. Lack of technical expertise and technological
understanding poses a challenge to the quality of health services, which affects the overall quality of
life of patients. Experience so far shows that computer literacy, which is the basis for the
implementation of the health information system, varies according to gender, age and years of work
experience.

The goal. Determine whether computer literacy depends on the gender, age and years of service
of health professionals.

Methods. The research was conducted according to the type of cross-sectional study, in the
population of health workers employed at the Health Center in Jagodina and the General Hospital in
Cuprija. Yesterday’s sample consisted of 142 respondents. Analysis of variance was used from
statistical tests. The value of p<o0.05 was taken as the level of statistical significance of the
differences.

Results. The sample consisted of 78.2% of respondents and 27.2% of respondents; in both
groups of respondents, the average achievement on the literacy scale is around 17 points. Age 40 and
over is 59%; younger respondents showed a higher level of knowledge than older respondents
(F = 4.949, p = 0.003, df = 3). The largest percentage of respondents have a work experience of
10-29 years; respondents with less years of work experience have more knowledge of computers
(F =7.239, p = 0.000, df = 3).

Conclusion. Computer skills depend on age and years of service.
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Rabies is a disease that poses a huge threat, both in medical and veterinary aspects. To control the
relevance of traditional vaccine strains, it is necessary, among other things, to monitor changes in the
genome of various “wild” strains.

The selection of sequences for the study was carried out according to the description in the
GenBank database. Phylogenetic analysis of nucleotide sequences was carried out using the MEGA X
program with an open license. The construction method was the maximum likelihood method
incorporated in the program algorithms.

Before phylogenetic analysis, automatic alignment of sequences was carried out, which was
incorporated in the MEGA X program using the Alignment Clustal W algorithm. Two phylogenetic
trees were built: according to the N (nucleoprotein) gene sequences and according to the
G (glycoprotein) gene sequences.

Analysis of phylogenetic trees showed the presence of clusters of closely related sequences from a
number of regions (Lipetsk region, Tyva, Altai) with the simultaneous presence of heterogeneous
clusters into which sequences from different regions were combined. From the point of view of
molecular evolution, this fact suggests that in a number of regions of the country there are
conditions for the isolated circulation of genetic variants. At the same time, carriers of the rabies
virus are migrating from region to region. After adding to the analysis additionally those nucleotide
sequences that were obtained in other countries, it is possible to see the distribution of rabies virus
gene sequences obtained in Russia over various groups of sequences. Therefore, we see the absence
of a single phyletic group with the sequences of any other countries. These results are confirmed by
constructing trees for both genes. It can be assumed that in the future the heterogeneity of strains
will continue to increase, and in the future, updating of vaccine strains of the rabies virus will be
required.
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Introduction. Static magnetic fields (SMFs) are permanent magnetic fields that could be either
natural or artificial (upward and downward oriented). Upward oriented SMF corresponds to the
North (N) geographic pole, and downward oriented SMF corresponds to the South (S) geographic
pole. The magnetic deep unipolar (MADU) oriented strips and magnetophores are the SMFs of small
induction, unipolar N oriented towards the body, that have therapeutic effects on various tissues and
systems, including osteochondral tissues and their diseases such as osteoarthritis s. osteoarthrosis
coxae.

Purpose. The aim of this work is to show the effectiveness of treatment the osteoarthritis
s. osteoarthrosis coxae by applying the MADU strips and magnetophores on affected regions,
reflexogenic (acupuncture) zones and reflexogenic (acupuncture) points according to traditional
Chinese medicine.

Materials and methods. The SMFs in form of MADU strips and magnetophores are applied to
the skin and have 10-15 times weaker induction compared to the tested and approved levels
prescribed by the World Health Organization (WHO). The MADU strips were applied for the period
ranging from 6 months to 5 years, and magnetophores from 14 to 21 days during every 3 months.

Results: The therapy effectiveness was evaluated on the group of 87 patents: 31 (35.60%) male
and 56 (64.40%) female concerning subjective and objective health status. The improvement was
achieved in 69 (79.30%) patients: 24 (34.80%) male, 45 (65.20%) female in the period ranging from
6 months to 5 years (p<0.01; X2 test). The health status was unchanged in total 7 (22.60%) male and
11 (19.70%) female, i.e. it was really unchanged 13 (14.90%) patients, and was worse in 5 (5.70%)
patients (4 female and 1 male).

Conclusion: The SMFs in form of MADU strips and magnetophores applied from 6 months to
5 years on affected hip regions provided regenerative processes of the bones, cartilage and soft tissues
as a result of the influence on vascular, metabolic and enzymatic processes. Due to its principal
effects, the application of this non-invasive and environment friendly medical device opens new
possibilities in providing efficacious health care and better quality of life.

Keywords: Static magnetic fields, small induction, unipolar [north (N)] oriented, MADU strips,
magnetophores, hip joint, reflexogenic (acupuncture) zones, reflexogenic (acupuncture) points
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Introduction. Static magnetic fields (SMFs) are permanent magnetic fields that could be either
natural or artificial (upward and downward oriented). Upward oriented SMF corresponds to the
North (N) geographic pole, and downward oriented SMF corresponds to the South (S) geographic
pole. The magnetic deep unipolar (MADU) oriented strips and magnetophores are the SMFs of small
induction, unipolar N oriented towards the body, that have therapeutic effects on various tissues and
systems, including osteochondral tissues and their diseases such as osteoarthritis s. osteoarthrosis
genu.

Purpose. The aim of this work is to show the effectiveness of treatment the osteoarthritis s.
osteoarthrosis genu by applying the MADU strips and magnetophores on affected regions,
reflexogenic (acupuncture) zones and reflexogenic (acupuncture) points according to traditional
Chinese medicine.

Materials and methods. The SMFs in form of MADU strips and magnetophores are applied to
the skin and have 10-15 times weaker induction compared to the tested and approved levels
prescribed by the World Health Organization (WHO). The MADU strips were applied for the period
ranging from 6 months to 5 years, and magnetophores from 14 to 21 days during every 3 months.

Results: The therapy effectiveness was evaluated on the group of 158 patents: 73 (46.20%) male
and 85 (53.80%) female concerning subjective and objective health status. The improvement was
achieved in 39 (24.68%) patients: 18 (22.78%) male, 21 (26.58%) female in the period ranging from
6 months to 5 years (p<0.01; t-test). The health status was unchanged in 108 (68.35%) patients:
50 (67.13%) male and 58 (69.57%) female), and was worse in 11 (6.97%) patients: 5 (6.78%) male and
6 (7.16%) female.

Conclusion. The SMFs in form of MADU strips and magnetophores applied from 6 months to
5years on affected genu regions provided regenerative processes of the bones, cartilage and soft
tissues as a result of the influence on vascular, metabolic and enzymatic processes. This application
enables patients to have a better quality of life by alleviating or eliminating difficulties in everyday life
activities.

Keywords: Static magnetic fields, small induction, unipolar [north (N)] oriented, MADU strips,
magnetophores, knee joint, reflexogenic (acupuncture) zones, reflexogenic (acupuncture) points.
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Introduction. Static magnetic fields (SMFs) are permanent magnetic fields that could be either
natural or artificial (upward and downward oriented). Upward oriented SMF corresponds to the
North (N) geographic pole, and downward oriented SMF corresponds to the South (S) geographic
pole. The magnetic deep unipolar (MADU) oriented strips and magnetophores are the SMFs of small
induction, unipolar N oriented towards the body, that have therapeutic effects on various tissues and
systems, including vascular tissues and their disorders or diseases.

Purpose. The aim of this work is to show the effectiveness of treatment of vascular diseases by
applying the MADU strips and magnetophores on affected regions, reflexogenic (acupuncture) zones
and reflexogenic (acupuncture) points according to traditional Chinese medicine.

Materials and methods. The SMFs in form of MADU strips and magnetophores are applied to
the skin and have 10-15 times weaker induction compared to the tested and approved levels
prescribed by the World Health Organization (WHO). The MADU strips were applied for the period
ranging from 4 months to 10 years, and magnetophores from 14 to 21 days during every 3 months.

Results. Effectiveness of therapy was evaluated on the group of 72 patients (26 males and
46 females) concerning subjective and objective health status: 51 (70.83%) with vascular stenosis and
21 (29.16%) with angiopathia diabetica. In the period ranging from 3 to 12 months, the improvement
was achieved in 38 (52.77%) (14 males and 24 females), respectively 31 (60.78%) (10 males and
21 females) with vascular stenosis vs. 7 (33.33%) (4 males and 3 females) with angiopathia diabetica
[p<0.01; Kolmogarov-Smirnov (K-S) test]. The health status was relatively unchanged in 19 (26.39%)
patients (6 males and 13 females), and was worse in 15 (20.83%) patients (4 males and 11 females).

Conclusion. The SMFs in form of MADU strips and magnetophores applied from 4 months to
10 years on affected regions provided vasodilatation and possible regenerative effects on the blood
vessels, lymphatics and soft tissues as a result of their influence on metabolic, enzymatic, humoral
and neuronal, i.e. neurohumoral and neurohormonal processes.

Keywords: Static magnetic fields, small induction, unipolar [north (N)] oriented, MADU strips,
magnetophores, vascular diseases, reflexogenic (acupuncture) zones, reflexogenic (acupuncture)
points
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Introduction. Static magnetic fields (SMFs) are permanent magnetic fields that could be either
natural or artificial (upward and downward oriented). Upward oriented SMF corresponds to the
North (N) geographic pole, and downward oriented SMF corresponds to the South (S) geographic
pole. The magnetic deep unipolar (MADU) oriented strips and magnetophores are the SMFs of small
induction, unipolar N oriented towards the body, that have therapeutic effects on various tissues and
systems, including osteochondral tissues and their disorders or diseases.

Purpose. The aim of this study is to show possibilities of the musculosceletal spine system
treatment applying the MADU strips and magnetophores on affected regions, reflexogenic
(acupuncture) zones and reflexogenic (acupuncture) points according to traditional Chinese
medicine.

Materials and methods. The SMFs in form of MADU strips and magnetophores are applied to
the skin and have 10-15 times weaker induction compared to the tested and approved levels
prescribed by the World Health Organization (WHO). The MADU strips were applied for the period
ranging from 6 months to 5 years, and magnetophores from 14 to 21 days during every 3 months.

Results. The therapy effectiveness was evaluated on the group of 38 patents (9 male, 29 female)
concerning subjective and objective health status. The improvement was achieved in 25 (65.79%)
patients (6 male, 19 female) in the period ranging from 3 to 9 months [p<0.01; Kolmogarov-Smirnov
(K-S) test]. The health status was unchanged in 8 (21.05%) patients (2 male, 6 female), and the
health status was worse in 5 (13.16%) patients (4 female and 1 male).

Conclusion. The SMFs in form of MADU strips and magnetophores applied from 6 months to
5 years on affected spinal regions provided regenerative processes of the bones, cartilage and soft
tissues as a result of the influence on vascular, metabolic and enzymatic processes. Due to its
principal effects, the application of this non-invasive and environment friendly medical device opens
new possibilities in providing efficacious health care and better quality of life.

Keywords: Static magnetic fields, small induction, unipolar [north (N)] oriented, MADU strips,
magnetophores, spinal joints, reflexogenic (acupuncture) zones, reflexogenic (acupuncture) points.
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Track-etched membranes (TM) are membranes with a unique structure, the production method
of which allows achieving the necessary transport and retention characteristics. TM from PET have a
high potential for use in corneal surgery (for the treatment of bullous keratopathy). The bullous
keratopathy is a severe and progressive disease associated with a violation of the endothelial layer of
the cornea, an increase in stromal edema, the formation of bullae. The study of the effect of PET TM
eye implantation on the morphological changes of Harderian glands (HG) will expand fundamental
knowledge about this type of glands.The purpose of this research is to determine the morphological
changes in Harderian glands after implantation of PET TM into the anterior chamber of the eye. The
PET track-etched membranes were obtained by irradiating the polymeric film with the 4°Ar+8 ion
beam with the radiant energy of 41 MeV, which was followed-up by the chemical etching in an
aqueous solution of NaOH with the concentration of 1.5 N in the range of temperature 72—82°C.
10 pubescent male Sylvilagus bachmani rabbits weighing 2.5-3.0 kg were used. The animals were
divided into 2 groups: 1st group (n = 5) — the intact (control) group; 2nd group (n = 5) — animals with
an implanted PET TM into the anterior chamber of the eye. The overall duration of the experiment
comprised 30 days. Sampling (HG) was performed on day 30 after the start of the experiment for
morphology studying. The counting and photographing of HG cross-sections was carried out at a
magnification of 400 times using a Mikmed-6 microscope (LOMO, Russia) and an MPKS digital
video camera (LOMO, Russia). The specific volumes (%) of the epithelium and stroma of the HG
were calculated using Avtandilov’s ocular insert. The epithelial/stromal ratio (ESR) was also
calculated. The optical coherent tomography of cornea was carried out on Cirrus HD-OCT 5000
(Germany). As a result of the research, the implantation of PET TM into the anterior chamber of the
eye is accompanied by the development of minor reactive changes in the HG, such as edema of the
interlobular stroma, vascular congestion in HG, which cause with nonspecific reactive changes in the
gland.

Sources of funding: The research was conducted with the financial support of the Russian Foundation for
Basic Research (RFBR) as part of the project N2 20-08-00648.
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Polycaprolactone (PCL) is a biodegradable polyester and is widely used material as medical
implants. Of particular interest is the use of PCL as a corneal implant for the bullous keratopathy
treatment. In addition, despite the abundance of literary sources on the use of PCL in medicine, there
is no information regarding the effect of this polymer on morphological changes in Harderian glands
(HG) during implantation of the PCL films. The purpose of this research is to determine the
morphological changes in the HG after the implantation of PCL films into the corneal stroma of the
eye.

The feedstock for films was obtained by dissolving PCL (Netherlands) in the chloroform (CHCl3).
10 pubescent male Sylvilagus bachmani rabbits weighing 2.5-3.0 kg were used. The animals were
divided into 2 groups: 1st group (n = 4) — the intact (control) group; 2nd group (n = 6) — animals
with an implanted PCL film with a diameter of 8.0 mm in layers of the cornea’s own substance closer
to the Descemet’s membrane. The overall duration of the experiment comprised 30 days. Sampling
(HG) was performed on day 30 after the start of the experiment for morphology studying. The
counting and photographing of HG cross-sections was carried out at a magnification of 400 times
using a Mikmed-6 microscope (LOMO, Russia) and an MPKS digital video camera (LOMO, Russia).
The specific volumes (%) of the epithelium and stroma of the HG were calculated using Avtandilov’s
ocular insert. The epithelial/stromal ratio (ESR) was also calculated. The optical coherent
tomography of cornea was carried out on Cirrus HD-OCT 5000 (Germany).
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Background. The development of cognitive functions is associated with the maturation of the
brain in childhood and adolescence.

The aim was to analyze the association of cognitive functions and childhood obesity with
differences in the structure of white matter and neurovascularization.

Methods. The study was carried out in accordance with the standards of Good Clinical Practice
and the principles of the Helsinki Declaration. The protocol of the study was approved by the Ethics
Committee of the Siberian State Medical University (No. 8108 of 27.03.2020). We included 64 obese
patients aged 12-18 years and 54 patients were in a control group. We conducted a general clinical
examination, neuropsychological testing (the Raven test with the calculation of the IQ coefficient, the
MoCA test, the Ray test 1 and 2 versions), and analyzed the tractography and contactless perfusion of
the brain obtained using magnetic resonance imaging (MRI) in obese children selected according to
the protocol. Statistical data processing was carried out using Statistica Statsoft (version 10).

Results. There was a decrease in scores on the MoCA and Raven tests, as well as IQ in obese
adolescents (p<0.05). While there were significant differences in the two groups according to version
1 of the Ray test (p<0.05). While in the version 2, the variants of the groups were comparable.
Perfusion analysis showed changes in vascularization in the left areas of the white matter: reduction
of perfusion in the occipital lobe and its increase in the temporal lobe area. When according to MR
tractography of the white matter was noted a decrease in fractional anisotropy in the area of the
hook-shaped beam on the right and left, and in the anterior and posterior adhesive pathways. These
changes correlated with neuropsychological scales.

Conclusion. Obese children had a violation of the integrity of the white matter and
neurovascularization of the brain, which were associated with a deficiency of cognitive functions.
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Non-destructive testing is capable of detecting defects of important components, where a failure
could pose a significant hazard and cause severe economic losses. Currently, imaging techniques
utilizing gamma or X-ray sources are mainly used and allow to examine of devices ranging in size
from units to tens of centimeters, but for industrial-sized large components, these methods usually
fail. The utilization of fast neutrons in radiography is a promising alternative, especially for industrial
applications. Currently, due to the higher neutron-matter interaction probabilities, most
neutron-imaging systems use thermal neutrons originating from research reactors. Due to the
intention of on-site inspection of revealing the possible ruptures and failures, this option is not
applicable. The paper presents the newly developed neutronic models of printed circuit heat
exchangers where the specific ruptures are defined. Next, neutron transport simulations are
performed to investigate the different irradiation geometries, various neutron sources, and backfill
materials to access the principal detectability of these ruptures in the industrial environment. Finally,
conclusions are drawn ant the best backfill material and neutron source is identified in the simplified
model.
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The “Fricke solution” chemical dosimeter was first introduced in 1927, while in the mid-1980’s
gels infused with ferrous sulfate were proposed as a three-dimensional dosimeter for radiotherapy.
Since then, intensive studies have been performed on gel dosimetry. However, gel dosimeters are not
yet adopted as a routine technique in 3D dosimetry in radiation therapy due to two main
shortcomings: spontaneous oxidation and diffusion of Fe3* ions carrying dosimetric information.

GTA-PVA Fricke gels based on a polyvinyl alcohol (PVA) matrix chemically cross-linked with
glutaraldehyde (GTA) provide an excellent performance (d’Errico et al., Radiation Measurements
106 (2017) 612-617) and were proposed by our collaborative group for the present studies. The
production of these gels is relatively simple since it essentially requires high temperature dissolving
and mixing of all chemical reagents. The addition of a crosslinker allows to easily form a transparent
gel at room temperature. This synthetic gel dosimeter offers a sensitivity comparable to that of
natural polymer matrices, such as gelatin or agarose, and a lower diffusion coefficient. In addition,
the GTA concentration determines the degree of matrix crosslinking and, in turn, affects the gel
diffusion coefficient. After irradiation, gels can be read using commonly available optical
instruments, such as a spectrophotometer, or magnetic resonance imaging.

In this study, GTA-PVA Fricke gels were independently characterized in terms of gelation time as
a function of temperature, GTA concentration, dose response and stability over time, as well as
diffusion characteristics. Our own results and intercomparisons with previously reported literature
data support the reliable reproducibility and easy applicability of this technology.
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Effective radiation treatment of most materials and biological objects requires a uniform dose
distribution throughout the entire volume of the treated object.

Radiation treatment with accelerated electrons ensuring dose uniformity, within the permissible
dose range for each category of objects, is a complex task. The method of varying energy of the
electron beam, which is used to solve this problem, does not allow for varying the energy within a
single irradiation session, which increases the time and cost of radiation treatment. Our research
team proposed a method for increasing the uniformity of the absorbed dose throughout the volume
of the object under treatment involving the use of aluminum modifier plates [Mos. Univ. Phys. Bull.
76, 2021]. This method makes it possible to increase dose uniformity highly efficiently; however, it
requires laborious computer calculations to select the optimal thickness and material of modifier
plates.

The purpose of this study was to optimize the calculations of irradiation parameters for a quick
assessment of the dose distribution over the volume of the treated object. The main task was to
obtain an analytical expression describing the spectrum of an electron beam after passing through
aluminum modifier plates of various thicknesses.

After passing through the modifier plates, the electron spectrum was decomposed into two
components: the first one, which describes the change in the energy of primary electrons, is a
modified Landau distribution with the parameters depending on the electron energy and the
thickness of the modifier plates; and the second one, obtained by linear interpolation of a set of
monoenergetic electron beams with different analytically calculated weights.

To obtain an analytical expression and its verification, a computer simulation was carried out on
Geant4 toolkit, using Monte Carlo method. We simulated the spectra of monoenergetic beams with
the energies ranging from 1 to 10 MeV with a step of 0.5 MeV after their passage through 1-5 mm
aluminum modifier plates with a step of 0.5 mm. The spectra obtained by the simulation were used
to calculate the approximating expression coefficients and the errors of the constructed model in
order to determine the area of its applicability.

The resulting approximating expression allows, without additional computer modelling, to
calculate the spectrum of electrons with initial energies from 1 to 10 MeV after passing 1-5 mm thick
aluminum modifier plates. In the range of applicability, the analytical expression gives an error of
spectrum reconstruction after passing through the plates no more than 10% and no more than 5%
when restoring depth dose distributions from the calculated spectra.

Thus, this analytical expression allows to quickly and highly accurately select the optimal
thickness of modifier plates, which guarantees the best dose uniformity over the volume of the
treated object with the specified parameters.
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During irradiation treatment it’s important to ensure the uniformity of the dose distribution
absorbed by the object treated with electrons. This study explores the relationship between the
minimum and the maximum values of the dose that can depend on the initial electron energy, the
geometry of object, its density and chemical composition [IOP Conference Series: Earth and
Environmental Science, v.365, p. 012002, 2019].

This paper proposes a method of improving dose distribution homogeneity of an object using the
combination of aluminum plates of different thickness.

Such methods are used in proton irradiation therapy to modify Bragg peak in order to maximize
the dose uniformity at the specified depth in tissues [Spiral comb filter. Medical Radiology, 1987,
vol.32 no.8, p.76-80].

The initial monoenergetic spectrum of electron beam disperses after passing through the
combination of aluminum plates of different thickness. The total dose distribution in an object is a
superposition of dose distributions created by electrons of different energy.

The purpose of the study is to determine the multipliers for dose distributions generated by
monoenergetic electrons of different energy in the object to ensure that the relationship between the
minimum and the maximum values of the dose absorbed by different parts of the object tends to
100 %.

Computer simulation of the passage of electrons with the energy ranging from 1 MeV to 10 MeV
through a water cube with the edge of 155 mm was carried out using the Geant4 toolkit. The
irradiation method used in the simulation involved 0.5 to 6 mm thickness aluminum plates placed
between the object and electron output.

The simulation shows that the use of the combination of aluminum plates allows to increase the
dose uniformity to 60% for the objects with the thicknesses up to 100 mm during electron irradiation
with the initial energy of 10 MeV. To compare 10 MeV monoenergetic beam irradiation provides
similar uniformity for the object with the thicknesses not greater than 60 mm.
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Every year the significance of radiation technologies is expanding in science, in different
countries of the national economy and medicine. The development of radiation technologies makes it
possible to solve a wider range of problems and introduces significant changes in established
technological processes. For example, the method of processing objects with ionizing radiation has
become widespread in industry and has now replaced chemical and thermal methods of processing
for some categories of objects. Processing products with accelerated electron beams is one of the
most efficient methods of processing. To ensure the high quality of the resulting products, it is
important to control the absorbed dose in volume of the object. Since the uneven processing can lead
to an irreversible change in the physicochemical and organoleptic characteristics of the processed
object.

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

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

A phantom of PETG plastic was made for experimental verification of the method, consisting of
50 2.5 mm thick plates with the possibility of deployment of dosimetric films in 0.5 mm deep
grooves. A series of irradiation of the phantom was carried out with the addition of aluminum
modifier plates 1 - 5 mm thick, as well as irradiation without modifier plates. An industrial
continuous electron accelerators UELR-10-15-S-1 and ILU-14 was chosen as a source of ionizing
radiation, operating on a mode with a maximum effective processing energy of 10 MeV and a surface
dose of 35 kGy.

The experimentally obtained values of the absorbed dose versus depth in layers of cubic
phantoms made of PETG plastic after beam processing demonstrated that the addition of a 2 mm
thick aluminum plate leads to an increase in the degree of irradiation homogeneity (the ratio of the
dose on the phantom’s surface to the maximum absorbed dose in the phantom’s volume) from
0.82t0 0.97.

The results of this work allow us to make a conclusion that it is possible to use aluminum modifier
plates to increase the absorbed dose distribution homogeneity over the depth of the irradiated object
during processing with accelerated electrons.

100



AAP22
Absorbed dose in humerus for breast cancer and regional lymph
nodes involement simulated by FOTELP-VOX code comparison
with calculations by treatment planing system

Milena Zivkovic', Dragana Krstic',
Tatjana B. Miladinovic?, Aleksandar Miladinovic3, Dusan Cocic'

1 University of Kragujevac, Faculty of Science, Kragujevac, Serbia
2 Institute for Information Technologies, University of Kragujevac, Kragujevac, Serbia
3 University Clinical Center Kragujevac, Medical Physics Department, Kragujevac, Serbia

Determining the dose of scattered radiation absorbed by specific body organs and tissues in
radiotherapy is very important. In this study, we chose the humerus as one of the radiosensitive
tissues in the human body to determine the absorbed dose in patients with breast cancer and lymph
nodes involvement who have undergone radiotherapy. In addition to direct dosimetry, another way
to determine the absorbed dose to an identified organ of the human body is the FOTELP-VOX
simulation. Selected three patients were treated at the University Clinical Center Kragujevac during
2021. Technique for making radiotherapy plans were designed for each patient using the CT scans.
All plans were done on the treatment planning system ECLIPSE- Version 15 (Varian). The results of
the comparison of the calculated dose in the tumor and humerus using simulations show that the
bulk dose to the humerus was not large. However, clinicians and radiotherapists need to be aware of
the magnitude of the risk in order to expose the humerus as little as possible. Exposure to radiation
of this muscle can significantly affect shoulder function. The FOTELP-VOX code, a modification of
the general-purpose FOTELP code, used in this study has proven to be a valid practical way to
perform accurate calculations of three-dimensional dose distribution from the interactions of
particles in a complex target such as the human body.
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Accelerator-produced radioisotopes are increasingly used in modern medicine, for imaging, for
cancer therapy, and for combinations of diagnostic and therapeutic purposes (theragnostics).
Promising radioisotopes resulting in interesting clinical trial outcomes as well as the emerging need
for efficient and low-cost standard isotopes lead to a strong request of specific accelerator systems
dedicated to radioisotope production.

While cyclotrons are the standard apparatus in this domain, linear accelerators can provide a
viable alternative in operations of comparable beam specifications. Linacs offer the advantage of
modularity, compactness, and reduced beam loss with lower shielding requirements while being also
cost-effective for production of low-energy proton beams, or of intense beams of heavier particles.

After a review of radioisotopes produced with low-energy protons or helium, two linac-based
isotope production systems are presented. The first is a compact RFQ-based system for PET
(Positron Emission Tomography) isotopes, and the second is an alpha-particle linac for production of
alpha-emitters.

A novel numerical calculation method for radioisotope production has been developed and
applied for the yield estimation of three PET (18F, 11C, 43Sc) and one Targeted-Alpha-Therapy,
TAT, (211At) radioisotopes. The dose quantities available for patient administration in a medium-
size hospital, for each one of the linac-based isotope production systems have been also calculated,
also considering the radiopharmaceutical preparation time.
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Introduction. Suturing as a procedure of joining the lips of the lembo or wound, is important in
the beginnings of the healing process. This procedure helps to pass the healing process from the
procedure per secundam to the stages of healing per primam, thus logically reducing the healing time
of the wound. The element that remains in the individual selection of the dentist applying the suture
is the selection of the suture material. At moment when some types of sutures are offered for use,
some elements should be considered in the selection of the suture depending on the constituent
material, the cross-section of the suture elements on whether it collects bacteria in the “pits” created
by the material. The presence of bacteria is a source of infection and possible delay in healing of the
sutured wound.

Materials and methods. Experimental study performed by applying different types of sutures,
on soft tissues taken from goat head, in vitro, in terms of code of ethics. After application, the suture
tensile force was checked by applying a dynamometer with a traction force of 25 cm / mm then
re-examination of the suture tensile force was performed after 3 days of storage of the secondary
tissue under conditions of the presence of physiological solution.

Results. Sutures have tensile forces distinct from each other, but which are also influenced by
the type of yarn used for suturing the reduction of tensile force after 3 days of application was
significant but higher in absorbable sutures.

Conclusion. The marketing of suture types offers a variety of materials, from which the
selection of the most suitable suture type for specific application cases is a personal indication of the
dental surgeon, based on professional experiences and knowledge in the field.

Keywords: Types of suture, material, tensile force, in vitro, experiment
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Determination of radiation doses from internal sources raises specific difficulties. Due to the lack
of complete control over radiation uptake in the human body, in particular the magnitude of
radionuclide accumulation in target areas and the effective half-life. The ongoing development and
increasing use of new radionuclide therapy methods, create an urgent need to develop reliable and
effective manner of dosimetric evaluation. This study describes dosimetric evaluation of 20 patients
treated for neuroendocrine tumors (NET) who received radioactive lutetium in the form of
177Lu-DOTATOC therapy with activity in the range of 2 - 8 GBq. A minimum of three SPECT/CT
imaging examinations were performed for each patient, and the images were analyzed quantitatively
to calculate activity accumulated in organs and target areas, and effective half-life. Radionuclide
uptake in different target areas were compared with radioactive accumulation in analogous regions in
a diagnostic study performed before Lu-177 therapy in eight of these patients, using 9gmTc-HYNIC-
TOC. The average accumulation difference was 4.8% for liver (R-squared = 0.7761, Pearson
correlation r = 0.88), 0.39% for kidneys (R-squared = 0.8267, Pearson correlation r = 0.91) and 2.1%
for spleen (R-squared = 0.8572, Pearson correlation r = 0.93) and 0.067% for local accumulation hot
spots (R-squared = 0.9992, Pearson correlation = 0.9996). The data obtained from imaging analysis
were exported to external software, where model calculations were performed based on MIRD
scheme. Dosimetric calculations were performed for the specific organs targeted by the therapy - the
liver, kidneys and spleen. Additionally, local hot spots of increased accumulation corresponding to
the patient’s tumors were determined, and doses were also calculated for these areas. Treatment
clinical outcome was assessed using the Response Evaluation Criteria In Solid Tumors (RECIST)
scale and associated with appropriate calculated doses. In general, the accuracy of prediction was
significantly higher for uptake hot spots than for organs at risk. This may be attributed to the
different metabolic activity of organs and the overall physiological state of the individual patients. In
addition, Lu-177 treatment turned out to be highly kidney-sparing, as determined by biochemical
markers of renal function.
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The effectiveness of CT and cone beam CT (CBCT) examination of the temporomandibular joint
(TMJ) is determined by the sensitivity and independence of the method used for analysis of the
image obtained. The optical system of the human eye cannot detect changes in the radiographic
(graphics) information within 10%.

Objective. To improve the quality and objectivity of the analysis of CT and CBCT of the TMJ by
the creation of parameters of the x-ray image.

Diagnostic techniques. Bilateral TMJ CTs and CBCTs at follow-up involved standardized
acquisition protocols of 62 CTs and 54 CBCTs of the TMJ by the creation of parameters for the visual
information pattern of the x-ray image.

Results. We found that, for qualitative analysis of the x-ray image of the anatomical region, it is
possible to use graphics information from the image obtained, with a one-pixel scale of sensitivity.
For the visual information patterns of the x-ray image, we applied the Bounded Knapsack Problem.
We interpreted the number of pixels on the x-ray image with specific grey gradations as a sequence of
normalized square areas, corresponding to 256 grey gradations within the range (0; 1). We placed the
indicated squares orthogonally without any intersections in a square with an unregulated area N2 2.
We used the perimeter of the figure formed from the normalized squares to create a numerical
evaluation of the dynamics of the changes in the x-ray image design.

Conclusion. In the dynamics of quality observations of a patient, parameters of image
information and the numerical parameter of the package may be used as predictors of structural
changes of the investigated anatomical region that cannot be detected by the naked eye in an X-ray
image.
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X-rays are used in medical imaging. The derived image demonstrates the information created by
X-rays interactions. The diagnostic quality of the final image depends upon the X-ray energy
spectrum, which affects subject contrast and noise. Another important part is the X-ray detector. It is
consisted either by a scintillator component coupled to semiconductor, (indirect detection), or by a
semiconductor that converts the X-rays to electron-hole pairs which impinge onto an electronic
circuit (direct detection). An intermediate solution is the use of a Computed Radiography cassette
(CR). CR has a scintillator component with introduced defaults in its lattice. The defaults trap the
radiation excited electrons and prohibit the spontaneous optical photon generation. The cassette is
then excited by a LASER beam provoking the de-excitation of the trapped electrons. The optical
photons generated are collected by a photocathode and digitized. The software of the CR manipulates
the image according to the examination type. This work has examined the effect of the software
manipulation to image quality. A theoretical model based in the linear cascade system theory was
utilized. The model took into account the incident X-rays, their absorption in the CR, the generation
and trap of electrons, the LASER excitation, the optical photon generation, emission and capture at
the photocathode. The model predicted the electrons per incident X-ray, as well as the pre-sampled
Modulation Transfer Function (MTF), which defines the spatial resolution of the system. The model
data needed were obtained from literature. The calculation of optical photon transport was done by
an analytical solution of Boltzmann diffusion equation. The MTF of the LASER beam was simulated
as the sum of two Gaussian distributions. The theoretical MTF results were compared to published
experimental results and were in reasonable agreement. In order to find the effect of the software a
PTW edge phantom were irradiated by a BMI GMM X-ray generator and imaged by a FujiFilm, ST-VI
cassette and a Capsule-X scanner. The images were shown in ‘chest’, ‘patella’ and ‘PDR’ mode to
simulate a high latitude, a high contrast and a generic imaging window respectively. The MTF was
estimated by Fourier transforming the differentiated PTW imaged edge profile. The contrast was
obtained by irradiating the Artinis CDRAD low contrast PMMA phantom and a 3D printed phantom,
for ‘breast’ imaging conditions. The data were processed through ImageJ and Octave free software.
The best MTF agreement was found for patella imaging conditions in the subscan direction. Higher
value MTF experimental results were found for the ‘patella’ presentation software algorithm and
lowers for the ‘chest’. The image contrast was found to be affected by the phantom type. The PMMA
phantom showed better agreement with the experimental results. Since image quality parameters are
phantom material based, each new phantom should have a reference image.
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Introduction. Endo-perio lesions are lesions that differ from each other, depending on the different
classifications of these pathologies, in close connection with the place of onset of infection, and then, the
appearance of primary signs of inflammation. Despite the different classifications of endo-perio lesions, the
oral flora that promotes the onset of the lesion is different, also depending on the site of onset of infection-
inflammation.

Aim of the study. The study is cross-sectional based on the collection of radiographic data on the
occurrence of endo-perio lesions presented on accurate periapical radiographs. As a primary goal or
objective, the study has the evaluation of radiographic signs of endo-perio lesions, to enable the
radiographic diagnosis of lesions and then the division according to the subdivisions of the endo-perio
lesion classification system.

Materials and methods. In the study, 104 periapical radiographs of patients presented in a dental
clinic were reviewed, with objective and subjective complaints of the presence of endo-perio lesions.
Radiographs were classified according to periapical radiographic accuracy criteria, criteria set by Prichard.
Accurate periapical radiographs were used to classify endo, perio, endo-perio lesions. Endo-perio lesions
were classified based on the classification of Simon et al. and the Torabinejad and Trope classification.

Results. The division of radiographs depending on the fulfillment of the accuracy criteria showed that
81% of the radiographs met the periodontal and radiographic criteria simultaneously. 9% were perio
correct and radiologically incorrect; perio erroneously and radiologically correct, were in 6% and recently
in both erroneous evaluation criteria were 5% of the cases included. The distribution of radiographs
depending on the presence of endo or perio lesions varies as follows: endo lesions occurred in 32 cases or in
38% of radiographs; perio lesions occurred in 22 cases or in 26% of radiographs and endo-perio lesions
were in 30 cases, or in 36% of radiographs included in the study. According to the classification Simon et
al. radiographs were divided: class a 40%, class b 20% class ¢ 7% class d 10% and class 23%. According to
the Tobabinejad and Trope classification endo-perio lesions were by classes specifically: class a 60% class b
17% class ¢ 23%.

Conclusion. The relatively low percentage of inaccurate radiographs, both for radiographic criteria
and for periodontal criteria, can also be justified as human error. The tangible percentage in sensitive and
visible values is when the error occurs for radiographic criteria, or when the error occurs for both
radiographic and periodontal criteria. The use of an accurate radiograph is what matters during
periodontal examination. The main violation of the accuracy criteria of radiographs is mostly related to the
displacement of the cone in the up-down direction, which is performed in support of the routine protocol in
performing periapical radiographs. The values in the study showed results on the frequency of occurrence
relatively the same for both endo lesions and periodontals and in cases of occurrence of endo-perio
combination. This data confirms the fact that endo-perio lesions have the same possibility of occurrence,
both for endo-only lesions and for perio-only lesions. Despite the different types of endo-perio lesion
classification, the distribution across the classification classes shows the same values in equal percentages
for true combined endo-perio lesions. For other subclasses, classifications with several subclasses are more
sensitive to the course and prognosis of endo-perio lesions, but difficult to determine which class this lesion
belongs to.

Keywords: Endo-perio lesions, Prichard criteria, periapical radiography, Tobabinejad and Trope
classification, Simon et al.
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Introduction. The prosthetic and functional value of a tooth depends on the continuous effect
of forces applied on the occlusal surface or on the incisal edge of the tooth. Resistance to forces
exerted on the tooth, without damage to the periodontal ligament, is performed by adjusting the size
of the force versus the duration of its application. This element presents with widening or narrowing
of the radiographic width of the periodontal ligament.

Materials and methods. The teeth included in the study are classified as function teeth, with
light function and without function depending on the presence of the point of contact and the
presence of occlusion. The same teeth are taken in equal amounts and numbers depending on the
group of teeth: molar, premolars, canine and incisors. Periodontal ligament width measurements
were performed at the neck of the tooth, between the tooth axis and at the apex of each tooth. 204
measurements in total, for each of the groups of teeth.

Results. The width of the periodontal ligament varied in values for teeth with function: incisive
0.24, canine 0.37, premolar 0.34 and molar 0.36; mesial surface 0.3 distal surface 0.296; for slightly
incisor teeth 0.073, canine 0.12, premolar 0.14 and molar 0.1, medial mesial surface 0.13 and distal
surface 0.13; teeth without function: incisor 0.06, canine 0.13, premolar 0.1 and molar 0.06, mean
mesial 0.08 and distal 0.09.

Conclusions. Forces applied to the teeth included in the study were within the limit and not at
the limits of trauma from the occlusion, nevertheless there is a difference in apparent greater width
in cases of application of forces on the periodontal ligament and radiographic tightness in cases of
lack of application of occlusal forces. The tooth with the points of contact and the presence of the
antagonist creates the complexity of the discharge of occlusal forces from the occlusal surface
according to the longitudinal axis of the tooth in the periodontal ligament and in the absence of
indoor reaction of the periodontal ligament the transmissions of forces to the joint are felt.

Keywords: Axial force, function, periodontal ligament, periapical rtg, incisor, premolar, molar,
canine
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Introduction. Stomach cancer is a pathology that is not uncommon in our country and that
includes almost all age groups but much more common in the geriatric age. The study is organized in
two parts: in the general part which gives an anatomo-physiological description of the stomach
intertwined with the clinic and the necessary examinations and in the special part that is presented as
an exposition of stomach cancer intertwined with the study conducted in our clinic.

Materials and methods. In the study were examined about 50 patients with gastric cancer,
operated in the clinic, for a period of 2 months. The defined order of diagnostic examinations for
gastric cancer is as follows: Careful physical examination to find pathological signs that may be
subject to biopsy such as. palpable lymph nodes or palpable liver; Double contrast radiographic study
of the upper gastrointestinal tract to capture intraluminal pathology; Endoscopy with biopsy and
cytology; Diagnostic laparoscopy; Diagnostic and / or treatment laparotomy.

Results. The incidence of pathology on the female-male ratio is presented in a 2: 1 ratio that is
completely consistent with those of other authors. The disease is seen most often between the ages of
50 and 70 with a peak at the age of 60 in about 60% of cases. Gastric cancer is very rare under the age
of 30 in 4% of cases predominates antral cancer which does not match the data of the literature
where it is seen that cardiac cancer is presented with an increase of almost 2 times (from 21% to 44%)
these last four decades. It turns out that in our country predominates a larger percentage of patients
with blood group O (I). The occurrence of gastrointestinal hemorrhage in patients with stomach
cancer is one of its signs, but as seen it is rare 4%. A predominance of abundant hemorrhage is seen,
melena 20%, hematemesis 4% compared to the occult form 4%. What stands out is that the
examination that has diagnosed in almost all cases is fibrogastroscopy that is accompanied by
preoperative biopsy in 72.8% of cases. The only case where preoperative fibrogastroscopy was not
performed was a case of perforation of the stomach cancer (emergency). The accuracy of the
preoperative biopsy is 68%, having a false negative of about 32%, having no white laparotomy in
these patients. This may be due to a small sample of biopsy material, a shallow sample that is not at
the right depth, or a few places.

Conclusion. Although the largest number of inhabitants lives in the countryside, especially the
main age group affected by stomach cancer, there is a slightly higher number of patients from the
city. This contradicts the above data since the lower socio-economic strata live in the village. In the
literature on this problem there are different opinions for and against the predominance of blood
group A (II) in stomach cancer. According to all data in the literature, epigastric pain and weight loss
are the most common symptoms presented to the patient in the study a slight predominance of
weight loss compared to epigastric pain was observed.

Keywords: Fibrogastroscopy, laparotomy, hematemesis, melena, epigastric pain, stomach
cancer, endoscopy
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Optimal assessment of imaging systems and patient dose is an important task in digital
mammography. Digital detector technology makes it possible to use objective, computational
methods to compare digital mammography systems. In our work we compared two digital systems
using different quantitative methods to determine the differences between them, to select the better
option for specific applications:

e Siemens Mammomat Inspiration unit with direct conversion, amorphous selenium detector
(pixel size 85 um), W/Rh anode/filter combination used clinically and,

e GE Pristina Senographe unit with indirect conversion, CsI scintillator and a-Si detector
(pixel size 100 um), Mo/Mo and Rh/Ag anode/filter combinations.

We compared different performance aspects of mentioned systems using;:

e effective Modulation Transfer Function (eMTF)
o effective Normalized Noise Power Spectrum (eNNPS)
o effective Detective Quantum Efficiency (eDQE).

Measurements were performed for using polymethyl methacrylate (PMMA) of three thicknesses
(20, 40 and 70 mm) as breast substitute material with an anti-scatter grid. A/F combinations and
exposure levels (mAs) were set by automatic exposure control (AEC) system. For the GE unit,
additional measurements were made using a Mo/Mo combination for 40 mm PMMA. We also
analyzed average glandular dose (AGD) levels for each PMMA thickness.

In mammography, it is crucial to detect the smallest possible lesions. In our study, spatial
frequencies up to 0.5 mm were omitted from the analysis. Noise examination showed significant
difference in system performance. For the Siemens unit, eNNPS appeared to be constant for the
spatial frequency range that was considered, but the GE system’s eNNPS varied across the spatial
frequency domain. There was also a significant difference between A/F configurations in GE unit,
where lower noise for the same PMMA thickness was observed with Rh/Ag. eMTF also varied
between the two systems, with the Siemens unit recording higher values regardless of PMMA
thickness. However, this strong advantage was not seen in respect to eDQE. For the Siemens unit, the
highest values of eDQE were observed with the thinnest phantoms. In contrast, the highest values
observed for the GE system occurred with the thicker phantom. Additionally, AGD analysis shows
that by using a thinner phantom, dosage with the GE unit can be reduced up to 20%, but this is
accompanied by a significant drop in system performance and higher noise in lower spatial frequency
range. On the other hand, eDQE and noise were improved using the thicker phantom, with dose
reduction up to 13%.

Analysis of computational parameters in different types of mammography systems can provide
valuable information on the performance of these units under semi-clinical conditions. This
information may potentially be useful for optimization of imaging, especially regarding which unit to
choose for specific breast thicknesses.
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Infrared radiation (IR) covers the region of the electromagnetic spectrum with wavelengths from
750nm to 1400nm. It is emitted by all objects at temperatures above absolute zero and the amount of
radiation increases with temperature of the object. It is not detectable by the human eye.
Thermography is a type of infrared imaging in which a thermographic camera can convert the
invisible radiation into a visual image providing a temperature distribution map of an object’s surface
without any contact with it.

Venipuncture is a necessary procedure to gain intravenous access thus collecting blood samples
for clinical testing and intravenous therapy. Certain groups of people might have difficult veins to
access, such as patients with chronic disease or patients with fear of needles. Patients with difficult
venous access (DiVA) may undergo multiple venipuncture attempts. In such cases the procedure is
always painful and very stressful, and it could delay the diagnosis or the intravenous treatment.

In order to reduce the patient’s stress and pain, various methods have been developed to create a
real-time venous image on the selected area and project the most appropriate vein to draw the blood
sample or place a peripheral intravenous catheter. These methods are usually based on infrared
radiation, due to the generally higher temperature of blood relative to the surrounding tissue as well
as its infrared radiation absorption characteristics.

This study aims to record the use of infrared “light” to obtain a real-time image of the venous
system of the venipuncture sites, such as the cubital area and the hand, in order to select the right
vein for drawing the blood sample in the first attempt with as less pain as possible for the patient.

Potential venipuncture sites were imaged thermographically and the obtained images were
analysed qualitatively and quantitatively to evaluate vein projection in each case. Results indicate the
effectivity of infrared thermography on providing an image that could assist on the choice of the
appropriate venipuncture site regardless the medical professional’s experience.
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Cancer is one of the dangerous and deadly diseases of our age. Every year more than 8 million
people, unfortunately, die for cancer-related causes. Lung, stomach, and lymphoma cancers are
among the leading types of cancer that cause death. Early diagnosis is vital in the treatment of cancer
while the standard diagnosis of cancer is made with a series of tests that cost a long time and
financially. Due to this situation, many studies have been carried out on the subject recently. This
study is about production and development of graphene-field effect transistor (GFET) based
biosensor for using in the early diagnosis of lung cancer. In this study, some microRNAs related to
lung cancer were preferred as biomarkers to increase the sensitivity and selectivity of the biosensor.
In addition, the sensory region of the device was modified with graphene to increase the electrical
properties of the biosensor and its compatibility with the biomarker. The results of the preliminary
study present a promising picture for the future.

Keywords: Biosensor, GFET, miRNA, Lung Cancer
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The exposure of humans to an external, emotion arousing, stimulus causes activation of certain
brain regions which in turn lead to certain physiological responses, among them alteration of the
heart and circulatory function of the subject. The resulting changes in blood supply can have an
impact on the temperature of the person rather on its whole body or in specific regions. This study
attempts to investigate whether experiencing an emotion can cause measurable alterations in human
facial temperature distribution.

The facial temperature of people exposed to a series of audiovisual media specifically designed to
activate certain emotions is recorded by an infrared camera. The type of experienced emotion is
stated by the exposed individual. Quantitative processing of the obtained thermographic images aims
to determine if the experienced emotion altered the facial temperature map.

The results indicate that detecting emotions through changes of facial temperature is a promising
technique, worth of further investigation. The method is non invasive, cheap and could have an
important role in BCI applications.
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Purpose. To theoretically determine the effect of 3% uncertainty in the received dose per
fraction during radiotherapy on the tumour control probability, taking into account the process of
tumour resensitization. The investigation is carried out for irradiation with different timing schemes
and dose per fraction.

Method. The good clinical outcome relies on high dose accuracy delivered to the malignant
structure. It is commonly accepted that 3% dose uncertainty is currently achievable. In order to
investigate the impact of such uncertainty, a MATLAB code has been developed that simulates
tumour irradiation with different fractions and dose per fraction. The dose per fraction has a
normally (Gaussian) distributed uncertainty of 3%. Initial parameters used for the TCP calculation
are taken from [Stavrev et al: The Impact of Different Timing Schedules on Prostate HDR-Mono-
Brachytherapy. A TCP Modeling Investigation; Cancers 2021, 13(19), 4899]. Zaider-Minerbo-
Stavreva (ZMS’s) TCP model [Stavreva et al: Effect of resensitization on TCP modeling of
fractionation; Med. Phys. 32(3), 2005] was used for the calculations, as well as linear-quadratic (LQ)
model of cell killing. Histograms of the tumour control probability corresponding to the respective
prescribed dose were obtained and analyzed.

Results. Two different methods of irradiation are considered. The conventional radiotherapy
(20 fractions with 2.4Gy per fraction (20x2.4Gy); 25x2Gy and 30x2Gy), and hypofractionated
radiotherapy (3x15Gy; 4x11Gy; 5x9Gy; 5x10Gy). For the first case (20x2.4Gy) TCPmean = 43.2+- 4.8%
(1 standard deviation) is obtained when resensitization is taken into account and TCP without
deviation in dose per fraction is calculated TCP=43.1%). In the case with 25x2Gy: TCPmean= 30.8+-
4.0% and TCP=30.6%. For 30x2 Gy: TCPmean= 98.10+-0.24% and TCP=98.1%. When using SBRT
technique and 3x15 Gy dose prescription: TCPmean= 99.90+-0.06% and TCP=99.9%. For 4x11Gy:
TCPmean= 94.2+-2.1% and TCP=94.5%. For 5x9Gy: TCPmean= 89.4+-3.3% and TCP=89.8%. And for
5%10 Gy: TCPmean= 99.80+-0.08% and TCP=99.8%.

Conclusion. Uncertainties in dose delivery in patient play significant role on treatment outcome
in some treatment regimens, especially where TCP is relatively low (the steepest part of the curve —
between 20% and 80%). In most of the considered SBRT regimens, the obtained TCP is more than
90% and dose uncertainty plays statistically insignificant role on treatment outcome
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A combination of radiation therapy (RT) and photodynamic therapy (PDT) can be another way of
a treatment effectiveness increase. In order to study the possibility of mutual enhancement of
photodynamic and radiation therapy, experiments were carried out on irradiation of human lung
adenocarcinoma cells A549 with light with a fixed wavelength and X-ray radiation with an energy of
60 keV. A modification of chlorin E6, which has an absorption peak at a wavelength of 663 nm, was
used as a photosensitizer. Using the MTT test and flow cytometry, the survival rate of irradiated cells
and the level of apoptosis, as well as some other reactions of cells to irradiation, were investigated.
The cytometry used a kit containing FITC-labeled Annexin V, staining buffer and propidium iodide. A
steady increase in apoptosis was found under the simultaneous effects of photodynamic and
radiation therapy, exceeding the additivity of these two independent treatments.The main qualitative
conclusion from the experiments carried out is as follows: the level of apoptosis of tumor cells under
the combined effect of PDT and RT significantly (by 35-40%) exceeds the sum of the levels of
apoptosis from separately performed PDT and RT. The statement that PDT and RT reinforce each
other while being performed simultaneously has a high reliability in the ordinary t-test p <0.001. The
discovered synergy of the two types of tumor therapy can reduce treatment-induced damage to
normal tissues and organs.

Acknowledgments: The work is supported by the RFBR grant No. 20-02-00102 “Study of the effectiveness
of synchronous photodynamic and radiation therapy”.
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Monitoring of the health status of domestic dogs included seasonal measurements of blood serum
indicators of dog breeds: Beagle, Pomeranian, German Shepherd, Russian-European Laika, Bull
Terrier, Black Russian Terrier, Toller, Jack Russell Terrier, Sheltie, Labrador Retriever, Shih Tzu,
Dogo Argentino, Briard, Toy Terrier, Pug, Dachshund, Yorkshire Terrier, Kerry Blue Terrier,
Rottweiler, French Bulldog, Zwerk Schnauzer, Scotch Terrier, Bullmastiff, English Bulldog, Chinese
Crested, Biewer York, Maltese, King Charles Spaniel, American cocker spaniel, Russian spaniel,
Golden Retriever. Based on the results of biochemical studies of the blood serum of healthy and sick
domestic dogs of different ages and sex, carried out during the year, the parameters of the breed and
seasonal features of the functioning of the homeostasis system were revealed. In addition, the
characteristic directions of the combined changes in the activity of enzymes and the concentration of
trace elements in blood serum in diseases of the cardiovascular system, kidneys and liver of dogs of
non-invasive etiology were determined.

Of considerable interest for practical application are the data obtained in the work, indicating the
possibility of using seasonal monitoring of the activity of homeostasis enzymes as a test system for
the simultaneous assessment of the functional activity of the cardiovascular and endocrine systems of
dogs with internal non-communicable diseases. The developed parameters should be taken into
account to create roadmaps for therapeutic and diagnostic measures in veterinary medicine. The
facts may be of interest for the development of methods of pharmacology, experimental medicine,
individual selection of drugs and gerondoprotectors, diagnosis and therapy of internal
non-communicable diseases and malignant neoplasms.
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The values of redox potentials of alkaline hair hydrolysates from different deer species —
reindeer, sika and red deer — were studied. Hairs were taken from different parts of the body of
healthy animals of different sex and age (males, pregnant and non-pregnant females, cubs), living in
different climatic zones. In Russia, the reindeer lives in the north of the Russian-European plain, in
the Ural mountains, in the Siberian taiga and in the Far East. It inhabits both flat and mountainous
regions, lives in the tundra, forest-tundra, and coniferous forests. The Ussuri spotted deer is one of
the rare species of animals; in Russia it lives in the Primorsky Territory. The red deer is represented
mainly by the subspecies of the Altai deer (maral), which lives in Russia - in the mountain forests of
Altai, in the Sayans and in the Baikal region in Siberia.

The redox potential of hair was determined according to the author’s method [Utility model
patent No. 171788 “Device for determining the parameters of the photoredox effect in alkaline
solutions of keratins”, DOI: 10.21175/RadProc.2020.20]. 20-25 samples from each of 8 habitats were
examined. Significant differences in the values of redox potentials depending on the type of animal
were revealed; no dependence of the redox potential on age, gender, area of residence and climatic
conditions was found. In reindeer samples, the potential during incubation in the dark was in the
range of 55-57 mV, when irradiated with visible light, the range was 50-53 mV, and then, upon
incubation in the dark, it returned to the original dark values.

In sika deer wool, the potential during incubation in the dark was in the range of 48-51 mV, when
irradiated with visible light, the range was 40-41 mV, and then, upon incubation in the dark, it
returned to the original dark values. In red deer hair, the potential during incubation in the dark was
in the range of 60-64 mV, when irradiated with visible light, the range was 56.5-58.5 mV, and then
returned to the original dark values when incubated in the dark.
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To determine the causes and specific mechanisms of disruption of biochemical, physiological and
other processes in the irradiated body, it is necessary to study post-radiation changes in the structure
and functioning of cells [Int. J. Biosen. Bioelectron. 2018;4(6):242-247]. The paper presents the
results of a biophysical study of the frequency of dielectric relaxation (fa) of water molecules in blood
cells (erythrocytes) of breast cancer patients (n = 32), under conditions of radiation exposure to the
tumor (a single focal dose was 6 Gy), which were obtained for using the method of microwave
dielectrometry, at a frequency of 9.2 GHz [AS Cancer Biology. 2018; 2(10):55-60]. The value of the
real part of the dielectric permittivity (¢’) was determined by the change in the resonant frequency of
the resonator with the sample relative to the empty resonator, and the imaginary part of the dielectric
permittivity (¢’’) was determined by the magnitude of the attenuation of the microwave field power
due to the introduction of a dielectric into the resonator. The temperature of the test sample was
recorded with an accuracy of + 0.1 °C. Blood from healthy donors was used as a control (n = 30).
Statistical processing of the obtained data was performed using the MATLAB program and Mann-
Whitney nonparametric test.

For the real and imaginary parts of the complex dielectric permittivity and the frequency of
dielectric relaxation of water molecules in the suspensions of erythrocytes of donors and patients
dependences on the range temperature of 2-47 °C were obtained. The activation energy of the
dielectric relaxation time of water molecules in the studied systems and the magnitude of the degree
of hydration of the erythrocyte membranes of donors and patients before and after irradiation were
calculated. It was found that at temperatures of 10-12 ° C, 20-23 ° C and 30-36 ° C structural changes
of erythrocyte membranes of donors and patients with malignant neoplasms are observed, which are
accompanied by changes in activation energy. The increase in activation energy in the range of
8-12 ° C, the frequency of dielectric relaxation of water molecules in erythrocyte membranes of
patients may be associated with a global structural transition in cell membranes, which affects both
peripheral proteins of the cytoskeletal complex and integral proteins of membrane 3, in particular
membrane proteins [2018 IEEE 8th International Conference Nanomaterials: Application &
Properties (NAP)]. It is established that radiation therapy approximates the value of the frequency of
dielectric relaxation (fa) of water molecules in suspensions of erythrocytes of patients to the
indicators of healthy donors. The breakpoints of the Arrhenius dependency diagrams lie in the range
of temperatures known as critical, in which the velocities of many physiological processes associated
with erythrocyte membranes change.
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Marek’s disease (MD), a lymphoproliferative disease of chickens, is a serious problem for the
poultry industry. The causative agent, an oncogenic DNA-containing alphaherpesvirus, has the
ability to persist both in the host and in the ecosystem. In this case, the virus evolves, which leads to
the emergence of more virulent populations of Marek’s disease virus (MDV) pathotypes. In
addition to virulent strains of MDV of the first serotype, there are two non-oncogenic ones in nature:
the second serotype is the chicken herpes virus (CHV) and the third serotype is the turkey
herpes virus (THV). The purpose of this work was to conduct a theoretical and experimental
substantiation of the possibility of developing new vaccine preparations against Marek’s disease.

Research results. Dry and reconstituted with saline ultrasonic lysates of cells infected with
CHV and THYV were subjected to thermal denaturation. The specificity, antigenic and infectious
activity of heat-treated and untreated cell lysates were determined by ELISA and titration on cell
cultures of SPF chicken embryos.

In drug samples of turkey herpes virus, dry-heat-treated at 100°C, the infectivity of the virus
sharply decreased after 15 minutes (by 98%) and completely disappeared after 30 minutes. Structural
components of the antigen cross-reacting in ELISA with an antibody to MDV and with an antibody
to THV were completely preserved during the entire period of heat treatment. Therefore, with this
method of exposure to dry preparations, viral antigens reacting with an antibody to MDV and an
antibody to THV proved to be thermostable.
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There is a serious concern that food shortage will be a major issue across the globe in the coming
decades due to the population growth and the potential effects of climate change. However, food
shortage has been a long-lasting problem in developing countries. This situation is worsened due to
decrease in germination of infested seeds and food spoilage due to the toxicants. Irradiation with
sources such as 137Cs, %Co or electron beams is commonly employed as remedies to
enhance/safeguard the food supply. As the purpose of irradiation is to induce photochemical
reactions without causing nuclear transformations, we are of the view that low energy X-ray
irradiation is more effective than gamma rays of higher energies due to higher attenuation
coefficients at lower energies. Therefore, we embarked on irradiation with compact X-ray beams of
less than a few hundred keV to study the efficiency of such beams.

For irradiation, we use X-RAD225 with 225 kVp rating at a current of about 13 mA with a dose
rate of about 4-5 Gy/minute. We prepared fusarium infested wheat durum seeds and stored them in
a refrigerator prior to irradiations. We arranged samples of 100 seeds each for irradiation levels of
500, 1000, 1500, 1750, 2000, 2250, 2500, 3000 Gy. Post irradiation, we tested the seed germination
in these samples. Unirradiated fusarium infested and clean (uninfested) seeds were used as controls.
Our results show that irradiated infested seeds germinated significantly better than unirradiated
infested seeds. From our measurements, we estimate that about 40-50% of seeds germinate showing
promise that such treatment will contribute to address the food shortage.

In coming months, we will test the germination in the field soil setting to confirm the usability in
real farm operations. It is believed that this method, if successful, will enable to employ field
deployable irradiation system to be taken to the farmlands in rural areas, making it unnecessary for
heavily fortified irradiation facilities, currently in use.
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Today, radiation technology is widely used in the food industry. Irradiation of food products
ensures food safety and allows to increase the shelf life of products. Radiation processing with
carefully selected dose range, dose rate, irradiation method, etc. effectively suppresses pathogens,
while preserving the taste and other properties of the product.

The degree of exposure to irradiation affects the biochemical processes occurring in foodstuffs.
One of the most sensitive components to ionizing radiation are lipids consisting of fatty acids. The
hydroxyl radicals formed during radiolysis of water cause oxidation processes of fatty acids, which
can decompose into volatile compounds, such as alcohols, aldehydes and ketones.

The aim of this work is to determine the dependency of volatile organic compound concentrations
in poultry meat on the irradiation dose when exposed to a beam of accelerated electrons with the
energy of 1 MeV.

Chilled turkey and chicken meat were chosen as an object of the study. The samples were
irradiated with 1 MeV electrons using UELR-1-25-T-001 accelerator. The samples were irradiated
with 0.25, 0.5, 1, 2, 5, 10 kGy, and 20 kGy. Identification of organic volatile compounds and
determination of their concentrations were performed using a GC Agilent 8890 MSD 5977 E gas
chromatography-mass spectrometer with a vapor sample input.

It was shown that after the radiation processing the dependency of concentrations of alcohols
(hexanol-1, octen-1-0l-3, pentalol-1), aldehydes (nonanal, hexanal, octanal, heptanal, acetal, pentalol)
and ketones (3-methylbutanone-2, 2,3-butanedione, butanone-2, acetone, pentalol-2) on the
radiation dose had a non-linear character.

Based on the analysis of the obtained dose-dependent concentrations of organic compounds in
poultry samples, it was concluded that two competing processes occur in all of the samples studied:
the breakdown of a chemical compound and the formation of molecules of a given compound due to
the breakdown of other compounds. For each group of substances, similar changes were observed in
concentrations depending on the rate of decomposition of fatty acids, the rate of formation of stable
molecules, the rate of breakdown of the compound itself into molecules, the rate of free-radical
processes, enzymatic and oxidative processes in the samples, etc.

The applicability of the proposed model for the description of changes in chemical parameters of
poultry meat from the radiation dose was shown for all identified organic compounds.
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Gamma irradiation could be used as a safe method for disinfection and shelf-life prolongation of
bee bread and bee pollen. By means of the using of ionizing radiation can be avoided proteins and
sugars deterioration, no changes to flavor, taste and texture also were observed. The effect of gamma
treatment of the honey bee products on antiradical activity was evaluated by Electron paramagnetic
resonance (EPR) spectroscopy and also the total phenolic content was spectrophotometrically
determined. An analysis of some main phenolic constituents before and after gamma treatment was
performed by high performance liquid chromatography (HPLC).

The antiradical activity of extracts was assessed by the DPPH free radical scavenging activity
(FRSA). The EPR study shows that FRSA increased after irradiation with 5 kGy for both samples,
more significantly in bee bread. Radiation treatment with 10 kGy leads to an increase in antiradical
activity in pollen, while in the bee bread decreasing was observed. The EPR results are in good
correspondence with the determined contents of polyphenol compounds. It was found that phenolic
content values increased after bee bread and pollen irradiation depending on the dose. The HPLC
analysis of tested samples showed that irradiation leads to change in the concentration of identified
polyphenols and the formation of some new ones was observed in regard to non-irradiated honeybee
products.

The study shows that gamma treatment has a greater effect on phenolic compounds and
antioxidant activity of bee bread compared to pollen samples.

Acknowledgments: The authors thank the Bulgarian National Science Fund - Bulgarian Ministry of
Education within the framework of Project “KP-06-N 39/12” for the financial support.
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Royal jelly is characterized by high consumer and market value. Unique qualities make it
indispensable in various fields of food industry, medicine, cosmetics and others. Royal jelly is
extremely rich in healthy compounds, such as enzymes, proteins, amino acids, lipids, phenolic
compounds, vitamins and minerals, antioxidants and is one of the first in our personal list of foods
that significantly improve health. Bee products must not be sterilized by heat treatment to prevent
the decomposition of sugars and proteins. Therefore, cold decontamination with gamma rays is
becoming more popular. The EPR spectra of royal jelly samples before and after irradiation show
Cu2* ions. After gamma-irradiation a narrow signal appeared whose intensity increases significantly
with the increase in the dose used. It is attributed to O-centered free radicals. The kinetic behavior of
gamma-induced free radicals with time was studied for a period of 150 days after irradiation. Gamma
rays induce the largest amount of free radicals in samples irradiated with 10 kGy and the difference
between those sterilized with 5 and 10 kGy is insignificant. There is a clear difference at 1 kGy. Free
radicals recombine over time after irradiation or were quenched by antioxidant molecules. The
O-centered radicals are stable for 5 months in royal jelly samples thus the gamma irradiation enables
identification in this time interval. The effect of gamma irradiation on free radical scavenging activity
of royal jelly extracts was studied by using the stable free radical 1,1-diphenyl-2-picrylhydrazyl
(DPPH) and the antioxidant activity was represented in Trolox Equivalents. The results show that
after irradiation the DPPH free radical scavenging activity of studied samples has different dose
dependence.

Acknowledgments: The authors thank the Bulgarian National Science Fund at the Bulgarian Ministry of
Education within the framework of Project “KP-06-N 39/12” for the financial support.
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The complex formation in a liquid-liquid extraction system containing iron(II), 4-nitrocatechol
(4NQC), 2,3,5-triphenyl-2H-tetrazolium chloride (TTC), water and chloroform were studied. Under
the optimum conditions, the extracted complex has a composition of 1:1:2 (Fe—4NC-TTC) and could
be represented with the formula (TT+)2[Fel!(4NC2-)(OH)-]. Theoretical calculations were performed
at the HF/3-21G* level in order to elucidate the geometric structure of the complex and electron
distribution according to the crystal field theory. The results showed that the most stable
configuration is tetrahedral low-spin structure. Some equilibrium constants (association,
distribution, and extraction) and characteristics (absorption maximum, molar absorption coefficient,
recovery factor, Beer’s law limits, etc.) concerning the application potential of the studied extraction—
chromogenic system were determined.

Keywords: Iron, liquid-liquid extraction, 4-nitrocatechol, spectrophotometric determination

Acknowledgments: This work was supported by the Plovdiv University Scientific Fund
(grant No. SP21-HF-004).
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The [*8F]-fluorodeoxyglucose ([*8F] FDG) is produced in the Clinic of Nuclear Medicine at the
University Hospital “St. Marina” - Varna (Bulgaria) for clinical routine purposes, using a nucleophilic
method for radiofluorination. The [*8F-] anion is produced in a BG-75 biomedical cyclotron by
bombarding 20-enriched water with the 80(p, n)*8F nuclear reaction. [*8F]-FDG is one of the most
widely used radiopharmaceuticals. It is used in oncology, cardiology and neurology. Apart from being
a universal PET - radiopharmaceutical [*8F]-FDG can be used as a convenient prosthetic group for
indirect labeling of aminooxy functionalized compounds by chemoselective oxime bond formation.
The oxime ligation is widely used for the synthesis of cyclic peptides, large proteins by assembling
fragments, protein-polymer conjugates, oligonucleotide conjugates, glycoconjugates and labeled
bioconjugates.

We developed a method for oxyme formation between [8F]-FDG and a bifunctional
tetrazine derivative which is appropriate for the further biorthogonal reaction. Our procedure is
applicable for standard clinical laboratory settings. The synthesis is carried out in weakly acidic
conditions - pH 4-4.3; at 70°C and in the presence of p-methoxyaniline as a catalyst. The reactions
were monitored by radio-TLC and HPLC.

Acknowledgments: The authors are grateful for the support provided by the Research Fund at the Ministry
of Education and Science (contract Ne KP-06-N29 / 4).
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Natural bentonites exhibit high removal capacity for some radionuclides as cesium, and
strontium and are widely used as permeable reactive barriers (PRB) isolating the radioactive waste in
geological facilities for disposal of long-lived intermediate- and high-level radioactive waste.

This work focuses on the adsorption properties of Greek bentonite from Kimolos island (Cyclades,
Greece), after irradiation. The irradiation was performed using an 24:Am source for different time
(one up to five days) and the Cs- and Co-sorption, was investigated in aqueous solutions using the
batch system. The experiments were performed using as tracers 37Cs and °Co and y-ray
spectroscopy. The initial concentration of the Cs* solutions in contact with bentonite was in the range
of 25-1500 mgL™?, with pH ranging from 4-6. For Co2*+ solutions the initial concentration range was
10-1000 mgL?, with pH ranging from 5-6. The effect of different parameters such as pH,
concentration, competitive ions (Na*) and temperature (20, 25, 35, 45 °C), on the sorption onto
bentonite was also studied.

The structural changes of the sorbents were examined before and after irradiation through XRD
analysis, as well as Fourier transform infrared spectroscopy (FT-IR), and scanning electron
microscopy (SEM-EDS) were applied for the materials characterization. The environmental
compatibility of the non-irradiated material after loading was assessed using the Toxicity
Characteristic Leaching Procedure. Furthermore, the sorption in binary Cs-Co system was
investigated with concentration ratio 1:1, 2:1 in order to determine the selectivity of the
non-irradiated bentonite in regard to these metals.

The sorption isotherms were satisfactorily reproduced by the Langmuir and Freundlich equations
with Langmuir model to give better correlation coefficients. The kinetic experiments and the
calculation of the thermodynamic parameters (AH, AS° and AG®) indicated that Cs- and Co-sorption
were spontaneous and exothermic processes.

From the batch experiments it was concluded that the adsorption capacity of bentonite for Cs was
increased while for Co it decreased significantly after irradiation. XRD showed that the irradiated
bentonite has increased montmorillonite and less quartz content compared to the non-irradiated and
also after Cs adsorption the irradiated bentonite loses its crystallinity.

From the binary Cs-Co system study it was concluded that for ratio 1:1 the bentonite selectivity is
Co2*>Cs* and the adsorption capacity for both metals was decreased due to antagonistic effects, while
for 2:1 coexistence of Cs resulted in significant decrease in Co-uptake onto bentonite.

The TCLP tests showed that the Cs- and Co-loaded materials can be safely disposed.
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The actinide elements (U(VI), Th(IV), Am(III), Pu(IV)) exhibit many oxidation states and show a
complex environmental chemistry. The hydrolysis of the actinides plays the determining role in the
interaction processes with many substances. The presence of actinides in the environment is
connected to several reasons, such as nuclear and conventional energy production, nuclear weapons
and production and use of fertilizers. On the other hand, their transport depends on the geologic
environment, the temperature and pressure profiles, the pH of the local waters, the redox potential
(Eh) and concentration of inorganic (e.g. carbonates) or organic (e.g. humic acids) ligands.

The removal of uranium, thorium and europium (as chemical homologue for trivalent actinides)
from aqueous solutions can be performed by sorption techniques using a variety of materials. At the
radiochemical laboratory of the Chemistry Department of AuTh different sorbents such as natural
and synthetic zeolites and clays, organic and inorganic compounds as well as nanoparticles have been
developed and tested for retention of actinides under different conditions (pH, concentration, contact
time, temperature, ionic strength). Depending on their properties the sorbents exhibit enhanced
sorption capacity and can be successfully used in waste treatment technology.

The conditions of elaboration of the tested sorbents, the characterization and their sorption
behaviour will be presented along with examples of applications in waste and natural water
treatment.
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Bioinspired hybrid nanofibers on the basis of polystyrene and Spirulina biomass: pristine and
modified were produced. These nanofibers were characterized by scanning electron microscopy,
Fourier transform infrared, and thermogravimetric analysis. The hybrid nanofibers have been
utilized as adsorbents for the removal of copper and manganese ions from synthetic solution in batch
mode at pH =7, during two-hour experiment. The sorption capacity of produced nanofibers was
assessed using neutron activation analysis. The maximum adsorption capacity was achieved for
nanofibers with maximum Spirulina biomass loading: q=8.7 mg/g for copper and 7.3 mg/g for
manganese (with pristine biomass); q=8.2 mg/g for copper and 7.0 mg/g for manganese (with
modified biomass). The obtained results showed that the hybrid nanofiber could be successfully
applied for metal removal from industrial effluents.
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Anthropogenic activity is the main factor contributing to soil pollution with various toxic metals,
including Cr(VI), which dictates the need for decontamination. Often, the traditionally used
remediation methods (soil removal, stabilization/solidification, physicochemical extraction, and soil
washing) are not sufficiently efficient. Among gentle soil remediation, options can be considered. The
aim of this study is to assess the ability of Nostoc linckia to remediate soils contaminated with Cr(VI)
in association with other metals. Metal uptake by biomass was assessed using neutron activation
analysis, while the components of Nostoc biomass were determined using specific methods. The
capacity to accumulate chromium from the contaminated environment (Cr in association with Fe, Ni,
Cu, and Zn) by the Nostoc linckia is kept at a high level for three generations of cyanobacterium, and
the capacity to accumulate Fe, Ni, Cu, and Zn is growing over the cultivation cycles. The process of
accumulation of heavy metals is associated with significant changes in the biochemical composition
of Nostoc biomass. Due to the high bioaccumulation capacity and the specific growth mode with the
formation of crusts on the soil surface, the edaphic cyanobacteria Nostoc linckia is an important
candidate for the bioremediation of soil contaminated with chromium in association with other
metals.
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The reaction conditions required for direct radiofluorination are not suitable for labeling sensitive
biomolecules. In this case, it is necessary to apply indirect labeling using pre-fluorinated groups,
known as “prosthetic groups”. The ['8F]-fluorodeoxyglucose ([*8F] —FDG) molecule is suitable for use
as a prostatic group in the indirect labeling of various aminooxy-functionalized compounds by
chemoselective oxime formation. The oxime ligation is particularly attractive because it is a very
efficient reaction in aqueous systems under mild acidic conditions.

The easy availability of [*8F] -FDG makes the labeling methodology attractive and allows it to be
done in a very short time, about 20-30 minutes. [*8F] -fluorodeoxyglucose ([8F] FDG) is produced in
the Clinic of Nuclear Medicine at the University Hospital “St. Marina” - Varna (Bulgaria), using
nucleophilic fluorination for clinical routine purposes. The ['8F-] anion is produced in a BG-75
biomedical cyclotron by bombarding 80-enriched water with the 80(p, n)*8F nuclear reaction.

We developed a method for oxime conjugation between ['8F]-FDG and bifunctional tetrazine
production in a clinical laboratory setting. We tracked and evaluated the factors that influence the
oxime formation reaction. Carry out the synthesis temperature during treatment and vary the pH in
the range of 3 to 7.5. We monitored the effect of temperature in the range from 20°C to 80°C. We also
evaluated the effect of the catalyst. This helped us to optimize the methodology and the obtained
radiochemical yield.

Acknowledgements: The authors are grateful for the support provided by the Research Fund at the
Ministry of Education and Science (contract N2 KP-06-N29 / 4).
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In this article the assessment of the radiological risk in marine area close to an oil factory at
Kavala Gulf in North-Western Greece is presented. As it is known oil and oil products are
characterized as Naturally Occurring Radioactive Materials-NOPMs due to the presence of natural
radionuclides as uranium, thorium, and radium. In the present study, a two-year survey was
performed in marine area close to an oil factory. The radioactivity of natural radionuclides 238U,
226Ra, 232Th and 4°K was measured concerning their spatial and temporal variation. The study
includes beyond of sea water samples of sediments, and seaweed. Both are a critical index of marine
ecosystems and reflect the quality of water pollution because they act as a reservoir of pollutants, and
their situation is less variable in time. The measurements were performed by y-and a-ray
spectrometry during two seasons in 2019 and 2020 and the values were compared to that of a
reference site and literature data. Selective metals concentration was determined by XRF (X-ray
Fluorescence). Moreover, radiation and pollution risks were estimated by determination of different
contamination factors, and the results showed that the radiation hazard due to 0il-NORMs and the
environmental pollution in this area was moderate.
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The removal of uranium, thorium and europium (as homologue for trivalent actinides) from
aqueous solutions was explored using by biosorption in batch-type systems. New biosorbents were
tested such as winery and food by-products in raw and modified form after chemical or/and thermal
modifications. and at variable actinide initial concentrations. These sorbents due to the presence of
functional groups which have affinity to actinides can be successfully applied for removal of the
above metals from radioactive waste.

The experiments were performed using radioactive tracers (e.g. 152Eu) and gamma-spectrometry
as well as optical spectroscopy (UV-Vis). The effect of different parameters such as pH,
concentration, competitive ions (Na*) and temperature on the sorption was also studied.
Modification of the biosorbents was tested as a possible method for improvement of their sorption
efficiency. The modification was achieved after chemical treatment with NaOH, NaCO3; and NaCl
reagents and thermal modifications at high temperature (500-600 °C). Maximum sorption capacity
was observed for the chemically treated sorbents.

Characterization techniques as FTIR, XRD, XPS and SEM-EDS and mathematical models were
used to explore the biosorption mechanism which in most of the cases is combination of different
processes (physical or chemical sorption or ion exchange) whereas desorption tests demonstrated the
safe disposal of the loaded sorbents.

The results showed significant sorption capacity of the tested materials for most of the
radionuclides under investigation demonstrating that it is possible to use them for applications in
waste treatment technology.

Keywords: Actinide sorption, winery waste, biosorbents, gqmax; thermodynamic and kinetic
parameters, uranium, thorium, europium
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The management of soil quality in the vicinity of industrial areas is very important for ecosystems
and human health and sensitive techniques should be employed for precise assessment of chemical
elements (heavy metals and toxic elements) in soil and further evaluation of potential ecological and
health risk.

In this paper two multielemental and non-destructive analytical techniques were used in
combination for the elemental quantification in soils located around a large integrated iron and steel
works in Southeastern part of Romania: instrumental neutron activation analysis (INAA) and X-ray
fluorescence analysis (XRF).

INAA was applied at IBR-2 nuclear reactor of Frank Laboratory of Neutron Physics (FLNP), Joint
Institute of Nuclear Research (JINR) at Dubna and energy-dispersive XRF at INPOLDE
interdisciplinary international research center of “Dunarea de Jos” University of Galati, Romania,
using a Genius spectrometer, Skyray Instruments Inc. The total concentrations of 43 major, minor
and trace elements (Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Co, Cu, Zn, As, Br, Rb, Sr, Y, Zr, Nb, Mo,
Sb, I, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Dy, Tm, Yb, Hf, Ta, W, Au, Hg, Pb, Th and U) were determined.

The results obtained for various depths in the interval (0-30 cm) were used to assess the
migration degree of selected elements in the soil matrix along the depth and the distribution
patterns. For selected heavy metals, toxic and radioelements it was calculated the migration index in
soil depth in the regions affected by metallurgical industry, which might have important impact on
underground water, aquatic resources and process of transfer from soil to vegetation and crops. For
toxic elements, a comparison with world and legislated concentration values was performed and a set
of single and complex indices and potential risks to human’s health were assessed.
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Trace and toxic elements present in industrial waste materials and soils negatively affect the
environment and ecosystems health and, for their quantification, high precision analytical techniques
should be employed.

In this paper, two ion beam analysis (IBA) techniques, Particle Induced X-Ray Emission (PIXE)
and Particle Induced Gamma-ray Emission (PIGE), were used in complementarity with energy-
dispersive X-ray fluorescence analysis (EDXRF) for the determination of total concentrations of
several major, minor and trace elements in various industrial wastes (chemical, shipbuilding) and
soils located around chemical industry in Romania.

Thick target PIXE and PIGE were applied at the 3 MV Tandetron at Horia Hulubei National
Institute for R&D in Physics and Nuclear Engineering (IFIN-HH), Romania, using a 3 MeV proton
beam as projectile particles. The elements determined by PIXE were: Na, Mg, Al, Si, P, S, Cl, K, Ca,
Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Br, Rb, Sr, Ag and Pb. In the case of PIGE, the elements of interest F,
Na, Mg, Al, Si, Mn and Fe were determined based on the nuclear reaction of (p,p“y) type of the
protons “p” on the target samples, as well as on the (p,ny) type reaction in the case of Mn. EDXRF
was employed at INPOLDE interdisciplinary international research center of “Dunarea de Jos”
University of Galati (UDJG), Romania, for the quantification of K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn,
As, Rb, Sr, Y, Zr, Nb, Mo, Sn, Sb and Pb.

The non-destructive multielemental techniques proved to be very useful for the waste
management and hazards monitoring in environment and identification of a large series of trace
elements in complex environmental studies, some of them being toxic for living organisms and
humans and others contributing to the elemental cycling in natural environments.

The obtained results will complete the compositional schemes obtained by using atomic
absorption spectrometry for the investigated materials at INPOLDE research center of UDJG,
Romania.
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Believed to be scientifically exhausted 25 years ago, radon (Rn) research is livelier than ever.
Steps towards regulation since the late 2000s (IAEA: International Basic Safety Standards; GSR
Part 3; EU: European Council Directive 2013/59/Euratom) and integration into the general
radioprotection regime (e.g. ICRP-137, Occupational Intakes of Radionuclides: Part 3) motivated
various research projects, and their number seems to be still increasing. It turned out that
compliance with action according to regulation, aimed to prevent, mitigate and remediate Rn
exposure in a quality assured manner raised questions that warranted thorough investigation. In this
contribution, we address a few. Among them are:

Hazard and risk. Until not long ago, the terms have mostly been used interchangeably.
However, this blurs an important difference which has consequences for Rn abatement policy.
Hazard denotes the physical cause of a detriment, but only under certain conditions (summarized as
the vulnerability factor) and the presence of persons affected, it becomes risk. While it is important to
know the geographical distribution of hazard (leading to Rn maps), policy that aims to reduce the
detriment to society (represented by collective risk) also requires to investigate the distribution of
risk. Due to different factors contributing, Rn hazard and risk maps look differently.

Decision QA. Decisions to comply with regulation can have far-reaching economical and
political consequences. They must therefore be legally proof, which means that their elements must
be QAed. This implies QA of all steps whose result is a decision; therefore one speaks of the QA chain.
Part of QA is estimation of uncertainty, which for decisions means assessment of the chance of ill-
decision.

Temporal dynamic of radon concentration. Maps that visualize the spatial dynamic of Rn
concentration usually have long-term means as their target variable. However, indoor Rn in
particular is known to be subject to strong temporal variability. This is practically relevant if
decisions about action must be based on measurements shorter than one year. The question is:
Under which circumstances and how can one derive reliable decisions about whether certain action
(such as remediating a building) is necessary?

Mapping techniques: Maps are important tools to visualize the presence of ambient hazards
and resulting risks, and thus are important as decision support. This has motivated, among other, the
European Atlas of Natural Radiation (do0i:10.2760/520053) which covers Rn among other agents that
may represent environmental hazards. Global Rn mapping is in discussion since recently. Progress in
mapping techniques is still ongoing, in particular regarding inclusion of multiple predictors and
classification problems, typically delineation of Rn priority areas.
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Radon is an important source of indoor air pollution not only in dwelling, but in public buildings
and workplaces. The evaluation of the results of radon measurement in public buildings and
workplaces could not be as for dwellings, due to different forms of utilization, constructional
conditions, time of exposure, heating and ventilation conditions etc. Therefore, the approach to
managing radon exposure in buildings with public access and workplaces depends on many factors.
The measurements in public buildings and workplaces were started under the Bulgarian National
Action Plan years before with passive detectors. In order to investigate the peculiarities of the radon
and its progeny the direct measurement for 24 hours in different environment in public buildings
was performed under the national project of National Science Fund of Bulgaria, in the framework of
grant No KIT-06- H23/1/07.12.2018.

Materials and methods. The radon concentration measurements were carried out with
AlphaE, which is based on a silicon diode diffusion chamber, developed by a cooperation of the
Munich Helmholtz Centre and Saphymo GmbH, Germany. The radon progeny was measure with
DOSEman PRO of SARAD GmbH, which collected the radon daughter products at the surface of a
filter. The semiconductor detector placed directly above the filter and connected to an alpha
spectroscope, allows the independent determination of the filter activities of radon progeny. The
measurements were performed for 24 hours simultaneously with both devices. The measurements
were performed for 24 hours simultaneously with both devices. The study was carried out in the
treatment rooms with mineral water of spa hotel and specialized rehabilitation hospitals in
Narechen, Asenovgrad, where the radon in water in spring is 428 Bq/l (measured in 2019). The other
place was an old mine made into a museum in Pernik town.

Results and discussion. The average values of the results for the period in baths of the spa
hotel for the radon concentration (CRn) was 250 Bq/ms3 and for equilibrium equivalent concentration
(EEC) was 111 Bq/m3, so the determined equilibrium factor (F) was 0.44. The measured value of The
Potential Alpha Energy Concentration (PAEC) was 618.7 nJ/m3. The results for the treatment room
in rehabilitation hospital CRn = 332 Bq/m3, EEC = 122 Bq/m3; F=0.37 and PAEC=678.8 nJ/ms3. The
highest values of the radon were measured in treatment room “pavilion” and were as follows:
CRn = 3254 Bq/m3, EEC = 1284 Bq/m3; F=0.39 and PAEC=7148 nJ/m3. The results for the
underground gallery in the museum were CRn = 109 Bq/m3, EEC = 35 Bq/m3; F=0.32 and
PAEC=195 nJ/m3, because there is ventilation system that works almost all the time. The evaluation
of the radon exposure was performed, using the ICRP recommendation.

136



AAP22
CR-39 detector-based Radon dosimetry
system calibration in the self-decay mode

Jakub Liiley', Vendula Filova', Pavol Blahusiak?,
Branislav Vrban', Stefan Cerba', Ivana Bonkova?, Vladimir Ne¢as'

1 Slovak University of Technology in Bratislava, Institute of Nuclear and Physical Engineering, Bratislava,
Slovakia
2 Slovak Institute of Metrology, Bratislava, Slovakia

This paper describes a cooperation of Slovak University of Technology in Bratislava (STU) and
Slovak Institute of Metrology (SMU) in the verification of the calibration factors for the solid-state
nuclear track (SSNT) detector utilized for radon dosimetry and establishing traceability for STU
laboratory. The SMU operates the Air Radon Standard which consists of radon chamber and
calibrated radon atmosphere monitoring system. A specification of the radon chamber is that the
radon concentration changes during the exposure time. The radon atmosphere is created by the
insertion of a specified amount of radon gas into the chamber, which subsequently decay over time.
The STU laboratory is equipped by the TASLImage™ system for radon dosimetry with corresponding
TASTRAK CR-39 type detectors and diffusion containers. These containers allow radon to diffuse
inside and prevent dust and radon progeny to enter the container. Each diffusion container is
characterized by its own diffusion rate, which should be considered in the metrology calibration
approach, especially when the radon chamber is operated in the decay mode. Therefore, several
measurements were carried out to determine the optimal condition for conversion factor verification.
The experiments were conducted for multiple radon concentrations in the range which the radon
chamber can reliably provide (100 Bq.m-3 to 10 kBq.m-3) and in combination with several times of
exposure. Based on the achieved results the default calibration factor was verified, and optimal
calibration approach was determined. To improve capability of the radon measurement, a custom
diffusion container design was proposed. The design incorporates compact dimensions with an
aerosol filter at the entrance to the container. This allows to increase an entry hole and thus increase
the diffusion rate. Subsequently, the homogeneity of radon atmosphere in the chamber was tested.
Small dimensions of the diffusion container allowed to create tight mesh of the detectors within the
chamber and the spatial distribution of the radon concentration was determined.
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Radon exposure is a real environmental problem closely related to public health. Monitoring
indoor radon levels is of crucial importance especially for the people, who live in the regions with
medium or high level natural radiation. The atmospheric radon level of the dwellings in Turkey is
around 80 Bq/ms3, however, much higher indoor radon concentrations have been observed in Isparta
city centre. In this work, an IoT-based radon monitoring system is introduced, which can measure
indoor radon concentrations continuously through an electronic radon detector connected wirelessly
to an SBC (single board computer). This individual monitoring arrangement can transfer and store
the obtained data to the internet environment with the aid of the code developed in Python language.
Thus, one can process and visualise the data anywhere by using a PC connected to the internet. The
performance of our system was tested in a dwelling located in Isparta city centre. The indoor radon
concentration of this house was previously determined as ~ 700 Bq/m3 in autumn 2018. The ground
floor of the building was then insulated in 2019. After the mitigation process, the long-term
measurement efficiency of our radon monitoring system was tested at the same measurement point
for 8 months between the dates of 1 June 2020 and 31 January 2021. The system successfully
accomplished the continuous radon measurement task by recording 5848 hourly data ranged from
2 Bq/ms3 to 178 Bq/m3 with an average of 59 Bq/ms3. So, the results of the test measurements verified
the effectiveness of the mitigation. Within the limitations of this study, it can be stated that this cost-
effective system can be used confidently to determine atmospheric radon levels in enclosed spaces.
Additionally, the proposed system also makes temporal indoor radon behaviour research simpler in
long-term measurement studies.

Keywords: Isparta, indoor radon, active measurement technique, Raspberry Pi, wireless
communication, IoT, Python, ThingSpeak, continuous monitoring
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This study provides information about the general health of the population, the risk perception
due to radon exposure, and the socio-demographic characteristics of the target age groups through a
survey in which participated 152 people. The questionnaire was part of the Public Opinion Survey
(STEAM project) in the framework of the IAEA technical cooperation project RER9153: Enhancing
the Regional Capacity to Control Long Term Risks to the Public due to Radon in Dwellings and
Workplaces. This survey includes 152 respondents who took part in an Internet through email and
WhatsApp application questionnaire conducted from October 2020 to March 2021 in Albania. The
purpose of the questionnaire was to investigate what attitudes people had towards their health and
towards radon as a possible health risk factor. The results of this survey which was the first social
survey focusing on the radon problem and conducted throughout the country can be used as a basis
for planning communication strategies and national radon programs. The survey revealed that in
Albania people were poorly aware of radon risk perception on their health. Random sampling error
did not exceed 5% for the 95% confidence interval calculated according to the sample size based on
the desired accuracy with a 95% confidence level by reference (Gill et al., 2010).

139



AAP22
Radon detector development using a PIN photodiode

Lorenzo Visca', Antonio Amoroso', Roberta Calabria', Giorgio Cotto',
Aldo Crosetto?, Marco Giovanni Maria Destefanis’, Elisabetta Alessandra Durisi’,
Francesco Mallamace', Pier Paolo Trapani?, Lorenzo Zamprotta'

1 University of Torino, Physics Department, Torino, Italy
2 External collaborator, Torino, Italy

An active device for radon detection in air has been developed in the frame of a project financially
supported by the Physics Department of the University of Torino with the aim to create a monitoring
network of radon concentration in the University workplaces.

The device, characterized by low cost and by the possibility to monitoring several parameters
beyond radon level, uses a commercial sensor, a Hamamatsu planar photodiode (S3590-09), with an
area of 10x10 mmz2, sensitive to alpha particles.

The electronic chain is constituted by a charge to voltage preamplifier, a shaper amplifier and a
discriminator that drive the digital output.

All the SMD electronic components, integrated in an approx. 30 by 50 mm PCB, have been
chosen in order to minimize the power consumption. This guarantees the possibility to use the
detector for a long period without a charger or without any batteries replacement. The device
operates with low voltage power supply that is used both for the electronic components and for the
photodiode polarization obtained by means of a voltage multiplier.

The device can be used not only as alpha particles counter (using the digital output) but also for
alpha spectroscopy, connecting the analogue signal output from the shaper amplifier to an MCA
analyzer.

In this paper, the final prototype will be presented along with the preliminary experimental
results.

The spectroscopic performances of the device have been tested, integrating the sensor in a
commercial aluminum box and acquiring the alpha particle spectrum from a calibration source
(Am241-Cm244-Pu239) and from an autunite rock sample used as radon source.

The radon sensitivity of the detector, in terms of cph/Bq/m3, has been assessed comparing the
performances of our prototype with the ones of a professional commercial radon detector
(RAD7 Durridge inc.).

A 3d-printed plastic case has been realized in black PAi2 for light shielding, while the
electromagnetic shielding has been realized using a conductive paint, electrically linked to the
ground.

Further developments will be focused on the integration of temperature, pressure and RH
sensors, data acquisition system using a commercial CPU (Arduino/PIC) and data download using
SD Card or USB port.
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The aim of this study is to assess the variation of indoor radon concentrations as a function of the
construction year of the dwellings. It is based on the data gathered during the Greek Radon survey
performed in the framework of the Greek Radon Action Plan (GRAP). The GRAP has been
established as a ministerial decision since 2020. Under the GRAP three actions have been designed
to cover all topics referred to ANNEX XVIII of the European Council Directive 2013/59/EURATOM.
One of the main elements of the first action is the implementation of a representative nationwide
survey in dwellings. In parallel with the survey, which is ongoing, a radon measurements
management system is developed to host all measurements from all contributing laboratories. The
system is developed under Angular framework connected to a Microsoft SQL Database. For better
user experience, a dynamic map plug-in had been established through an API connected to a
Regional Database. The user inserts an address and in return gets all the hierarchical “regional”
structure of Greece and the coordinates of the point. The measurements from past surveys are, also,
incorporated to the database. Besides the location and the radon concentration, several other data
are entered. Among them are the construction year of the dwelling, the ventilation method and
frequency, building materials, energy saving status etc. The database is connected to the Power BI
platform to visualize the data. Through this platform we checked the correlation between the
construction year and the indoor radon concentration in the country and in the individual
prefectures where data were sufficient as Attica, Thessaly etc. The first observation from this
correlation was that the radon concentration decreases substantially as we move from the oldest
dwellings to those constructed to the 60’s, which is totally understandable since old dwellings present
more structural problems such as cracks and gaps. Dwellings built from the 1960 to 2000 show no
trend. Newly built dwellings tend to show an increase in radon concentration, even in areas as Attica
where radon concentration is really low. This can be attributed to the Regulation of Energy Efficiency
of Buildings, which was established in the country the last decade. The Greek Atomic Energy
Commission (EEAE) in 2021 published guidelines for the reduction of radon concentration in new
buildings. These recommendations refer to the whole of the country and not only the possible prone
areas. The data coming from the analyses of the indoor radon measurements justifies the decision of
EEAE to publish guidelines for all new dwellings.
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Several measurement campaigns were carried out aimed at characterizing areas with radon 222Rn
potential in the Metropolitan Area of Tenerife Island (Spain), where 42.6% of the population of the
island inhabit (928,604 inh.), almost a fifth part of the population of the Canary archipelago. The
island has a volcanic origin and a very heterogeneous geology, and it was classified as radon risk zone
2 by the Technical Building Code of Spain.

In this work three variables have been selected to study the radon potential: terrestrial gamma
radiation (TGR), geogenic radon potential (GRP) and radiosotopic composition of top soils (4°K,
226Ra, 232Th). A total of 235 measurements of TGR have been distributed in a 3 km x 3 km grid,
beings its density proportionally to the percentage of the urban area, up to 10 measurements in grids
that cover urban areas and 3 measurements in sparsely populated areas. The values obtained at each
point have been taken with a manual radiometer (Ludlum Model 3019) placed 1 m above the surface.
The cosmic component was subtracted by means of UNSCEAR 93 formula adapted for the latitude of
the Canary Islands. GRP is a magnitude which combines both radon activity concentration in soils
(80 cm) and permeability. It was proposed by Neznal et al. (M. Neznal, M. Neznal, M. Matolin, I.
Barnet, and J. Miksova, The new method for assessing the radon risk of building sites, 2004). A total
of 57 values are available in the study area, making one measurement per 3 km x 3 km grid at least. A
soil sample has been taken at each GRP measurement point, analysing their radioisotope content by
high resolution gamma spectrometry.

On the other hand, a direct measurement campaign for indoor radon activity concentration (IRC)
was carried out in dwellings and workplaces. Duplicated CR-39 dosimeters were used for
measurements in a representative building enclosures (RBE) of the buildings (inhabited rooms with
sufficient lighting and natural ventilation closer to the ground, preferably on the ground floor). A
total of 263 measurements have been carried out, distributed mainly in the areas with the highest
population.

In this work, the results will be discussed with the aim of defining a map of priority action areas
against the radon risk in habitable building enclosures that better adjusts to the geological reality of
the study area, and looking for a method applicable to the rest of the Canarian geography that allows
improving the current existing maps.

142



AAP22
A novel sensitive radon and thoron
DVD-based detector for environmental monitoring

Dobromir Pressyanov', Dimitar Dimitrov?

1 Faculty of Physics, Sofia University, Sofia, Bulgaria
2 Mining and Geology University, Sofia, Bulgaria

In the last years, the interest in measuring low radon (222Rn) levels in the environment has raised
significantly both to precise radon exposure estimates and to serve climate changes research. As the
information about atmospheric radon can be usable in modeling the greenhouse gases transport, it is
planned to include sensitive radon detectors/monitors in climate monitoring networks. Usually, the
detection limit of the existing passive radon detectors is close to the environmental concentrations
that should be measured. In this respect new sensitive radon detectors should be designed for more
precise quantitative radon measurements, incl. at levels < 10 Bq m3. In the same time data about
thoron (22°Rn) in the atmospheric air is very scarce, although it is needed to gather information about
environmental thoron exposure as well as to take thoron into account, as thoron contribution to the
signal may bias radon measurements.

In this report we describe a simple and sufficiently sensitive radon and thoron detector based on
DVDs. DVDs consist of two thinner disks stuck together one of which is made of polycarbonate. After
splitting the two parts, the inner surface of the polycarbonate half is used as track detectors of large
area and low background. The background track density is usually < 4 ecm2 and after thermal
annealing it may be reduced to 0.5 cm2. The detector for radon consists of a spindle for 25 DVDs
used as a large “diffusion chamber”. Inside the spindle one DVD is fixed on the base with sensitive
surface looking to the interior. Another DVD is fixed outside the spindle and is used as thoron
detector. After exposure the radon DVD is etched electrochemically on the surface, while that used
for thoron is etched at depth 64 um. The signal at that depth can be used, after subtracting the radon
contribution to it, to determine thoron concentration, as described elsewhere (Rom. J. Phys. 58
(2013) S221-S229). The detector was calibrated by exposures to reference radon and thoron
concentrations using the exposure facility described by Pressyanov et al. (J. Envir. Radioact. 166
(2017) 181-187). Numerical estimates showed that after 3 months of exposure the limits of detection
might be < 0.3 Bq m3 for radon and < 2 Bq m3 for thoron. The thoron interference on radon results
is 2.3%. If the background is preliminary reduced by thermal annealing detection limits of 0.1 and
0.6 Bq m3 are achievable for radon and thoron, respectively. This sensitivity, together with the
simple design of this detector make it useful for measuring the environmental radon and thoron
levels in the outdoor air, as well as for measurements indoors, when high sensitivity is required.
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Significant number of electronic radon monitors has emerged in the last two decades. These
detectors offer an interesting possibility for continuous radon monitoring in dwellings and
workplaces. However, prior their wide-scale usage, the electronic radon detectors should be a subject
of sound metrological assurance in which many aspects of their performance should be tested.
Among these are: calibration factor, linearity of response, temporal response, thoron cross-
interference, etc. In this work, we will present results from such metrological tests of two types of
electronic radon detectors: RadonEye+2 and AlphaE, performed in Sofia University and in the
French primary metrology laboratory LNHB (Laboratoire National Henri Becquerel). We will show
results from the calibration and studies of the temporal response of 30 RadonEye+2 detectors and
one AlphaFE detector. To facilitate the application of these detectors, we developed a database for
storage, online visualization and analysis of the radon data gathered continuously by them. The
features of the database and the applicability of the electronic detectors for field studies will be
discussed. Pilot results from the applications of such detectors in radon surveys in dwellings and
workplaces will also be presented and discussed.
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Water plays an important role in human life and essential for food security, making it one of the
major route of exposure. This study investigated radon activity of water in some selected places
within a university community in Osogbo, Osun State, Nigeria was carried out. Fifteen (15) water
(from wells and boreholes) were collected and the radon concentration was measured using
DURRIDGE RAD7 H20 accessory radon detector. The results of the radon activity ranged from
6.3 + 1.7 BqL* to 60.8 + 5.6 BqL* with a mean of 21.33 + 2.95 BqL™.

Nine (9) out of the fifteen (15) water samples measured were observed to be higher than EPA’s
maximum contaminant level of 11.1BqL-* while the other six (6) water samples were within the range.
The annual effective dose values lie within the recommendation of International Commission on
Radiological Protection of 3-10mSv/y. The 222Rn activity concentration in the study could be termed
as safe and not detrimental to human health.
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Bulgaria is a country in the eastern part of the Balkan Peninsula, in Southeastern Europe. The
presence of many mountains and karst areas is a prerequisite for the many caves in the country, but
only some of them are managed and accessible for tourists. Tourist caves are a case of special
environmental conditions that may be affected by high radon concentration. The typical remedial
actions like forced ventilation, sealing or reducing pressure in the source rock could-not be applied
because these measures would be affecting and damage the environment in caves. The purpose of the
study is continuous measurement of radon concentration in six popular Bulgarian tourist caves
(Bacho Kiro, Magura, Veneca, Saeva dupka, Snejanka and Uxlovica), analysis of the diurnal variation
and exposure assessment. The direct, continuous radon measurements were performed with TERA
(TSR3D) system (Tesla, Czech Republic). The 29 spectra were considered for evaluation radon
variations during the day and night. The period of the measurement was carried out was the autumn
of 2019, only one cave (Bacho Kiro Cave) was measured during the winter. Direct measurements
duration was from 24 hours to 96 hours. The measurements were performed at different points
(gallery, halls or other cave formation) in each of the caves. The number of the points depends on the
size of the caves and the length of the route for tourists. All the data were compiled into Microsoft
Excel spread sheets for analysis and evaluation. The radon exposure was assessed, as the ICRP
recommendation and coefficients was applied. The average radon concentration in the different caves
varied from 590 Bq/m3 (Magura cave) to 5970 Bq/m3 (Veneca cave). The radon concentration varied
at different measurement points in the in the cave itself. The variation in most caves was
approximately 1 to 2 kBq/m3 between points. This is probably due to the size of the various cave
formations, such as halls and galleries and the air exchange between them, as well as their depth.
Only in two caves (Magura and Snejanka caves) there is no significant difference between the values
in the cave, which could be due to their size or that they have only one hall. No significant variations
in radon concentrations were observed between night and day in a 24-96 hours’ period measurement
in the investigated caves. It was found that temperature and humidity in the caves are constant for
the measurement period. The temperature is low and humidity is high these facts and poor
ventilation rates, determine the weak diurnal variation in radon concentration. A difference was
found in cave with two entrances. In cave Magura are large fluctuations between the values measured
at the entry and exit compared to those inside the cave. Most likely, these differences are due to the
natural ventilation of the entrance with variations from 10 Bq/m3 to 640 Bq/m3 and the exit with
variations from 165 Bq/ms3 to 927 Bq/ma3.

146



AAP22
Indoor radon monitoring in two seasons
in the public kindergartens of Tirana city

Margarita Kuqali, Dhurata Kugqi

Faculty of Mathematics Engineering and Physics Engineering, Polytechnic University of Tirana, Tirana,
Albania

Nowadays, the health effects of radon exposure are well confirmed, so the purpose of this study is
to evaluate the radon concentrations in the indoor air of kindergartens, which are frequented by the
young population. This study evaluates the radon (Rn-222) concentration in the indoor air in
kindergartens in Tirana city. The measurements have been made in 23 kindergartens during winter
period, using alpha track detectors (RadTrack Cr-39).

This study is a continuation of a study conducted in the same kindergartens but during the spring
period of the previous year. The results of both seasons comply with each other. In all kindergartens
except kindergartens 20 and 60, the measured values are lower than the value of 200 Bq m3 set for
new buildings. The highest radon concentration value of 410 Bq / m3, with effective dose of
2.87 mSv y?, is measured in kindergarten 60 during the spring period.

This study is recommended to be followed by other studies for all the kindergartens in the biggest
cities of Albania, where do live most of the population.
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Radon gas (222Rn), which is recognized as one of the leading causes of lung cancer after smoking,
has been included in the legal framework within the Basic Safety Standards (BSS) Directive —
Directive 2013/59/Euratom, in which EU member states are obliged to identify areas (known as
Radon Priority Areas - RPAs) where annual average radon concentration is expected to exceed the
national reference level in significant number of buildings. This led to several activities in EU, such as
conducting new or improved national radon surveys and delineation of RPAs.

Some of the objectives of the recently finished EMPIR 16ENV10 MetroRADON project were to
propose methodology for identification of the RPAs and to investigate the influence of geogenic
radon on the indoor radon concentration. Within the ongoing metrological project, EMPIR 19ENVo01
(traceRadon), one of the goals is to improve methods of RPA identification by including radon flux
measurements.

Recently performed literature review has revealed that only a few simultaneous measurements of
indoor radon and radon flux were performed worldwide. In order to shed a light on relationship
between radon flux and indoor radon concentrations, authors have started this kind of investigations
in selected dwellings in Serbia.

At each measuring location: indoor radon concentrations, radon in soil gas and radon flux from
soil were measured. In addition, as these are the first radon flux measurements performed in Serbia,
authors have performed an intercomparison of available methods of radon flux measurements.
Direct measurements were performed using: accumulation of radon in charcoal -canister,
accumulation of radon in an H-chamber of 960 ml volume measured with a short-term ST electret of
E-PERM, and using active device RTM1688-2 of SARAD GmbH and corresponding accumulation
box. At the same time, gamma dose rate was measured at 1m above the ground, and soil sample was
collected for determination of 226Ra concentration in soil. Radon flux was then estimated using
empirical relation between measured gamma dose rate as well as 226Ra concentration in soil and
radon flux. Advantages and disadvantages of each applied method for radon flux determination are
analysed. Finally, influence of radon flux on indoor radon concentration is discussed.
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