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ABSTRACT 
 

 

Analytical applications often require the noninvasive and simultaneous elemental mapping of samples with spatial 

resolution and chemical sensitivity. Particle Induced X-ray Emission (PIXE) is a well-established technique that can be 

used for mapping the lateral distribution of chemical elements. Generally, elemental images are obtained in dedicated 

beam lines by scanning the samples with a primary beam (i.e., low energy protons) focused down to a dimension of few 

tens of microns or less. In recent times, a Full Field PIXE method has been developed as a novel alternative to the scanning 

approach. A broad beam irradiates the sample at once; X-ray fluorescence induced by the primary radiation is detected 

through a polycapillary installed in front of a position- and energy-sensitive detector allowing the fast elemental imaging. 

This work discusses the possibility of performing the FF-PIXE with a commercial and low cost CCD detector coupled to 

a 1:1 straight shaped polycapillary. This system, named Full Field X-ray Camera (FF-XRC), has been recently developed 

at the LANDIS laboratory of INFN-LNS and IBAM-CNR in Catania (Italy). The use of a special photon counting 

technique allowed the use of the device for the energy and laterally resolved X-ray fluorescence spectroscopy. The 

FFXRC is operated with an in-house programmed software programmed in Matlab. It controls the device and allows 

performing on the fly the elemental imaging of samples with a region of interest (ROI) method. At the end of a 

measurement, it creates the spectra of each pixel allowing analyzing collected datasets with a least square fitting imaging 

procedure available in external software (for instance in PyMCA). The low cost of the system, compact dimensions and 

the easy-to-use electronics (only a USB cable and an office PC is necessary to control the instrument) make this device a 

valid tool for Full Field imaging applications. The FF-XRC camera has been installed in a FF-PIXE end station at the 80° 

beam-line of the INFN-LNS operated with a low energy proton beam of wide dimensions extracted in the air. The 

beamline is served by a 13 MV TANDEM accelerator that provides, among others ions, proton beams up to 25 MeV 

energies. Proton energy can be tuned down to about 5 MeV and a maximum current of 1 mA can be delivered to users 

for experiments. A sample holder equipped with a 4 axis travel system is positioned at about 14 cm from the Kapton 

window. This air path allows to degrade proton energy down to a value of about 3 MeV, better suited for performing 

PIXE measurements on samples. The beam dimension is about 30 mm diameter that fully cover the field of view of the 

detector. Results of the use of the novel FF-PIXE end station in applications of interest in Cultural Heritage and 

Geochemistry are presented and discussed.  
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ABSTRACT 
 

 

Halite (rock salt) is a mineral, which is one of the most common occurring on the Earth. Halite has the ability to store 

information on the absorbed dose of ionizing radiation in its crystal structure. The recovery of the dose is possible using 

modern luminescent methods, such as optically stimulated luminescence (OSL).  

Due to high sensitivity to radiation and strong luminescence signal, halite seems to be promising for retrospective 

reconstruction of absorbed dose. However, the prospective effectiveness of these methods depends on the knowledge 

about luminescence kinetics in the material. Dosimetric properties of halite are determined by complex processes leading 

to luminescence emission. One of the phenomena hindering interpretation of OSL signal is regeneration effect (RE). This 

effect relates to self-renewal of the OSL signal between subsequent continuous wave OSL (CW-OSL) readouts [1,2,3]. 

Theoretical explanation of this phenomenon is still not clear. However, possibly it relates to simultaneous localized and 

delocalized transitions of trapped charge carriers [2].  

This work presents studies on long lasting luminescence in halite. The method of variable delay OSL (VD-OSL), 

designed specifically to study RE [2], was used to determine the time scale of regeneration in halite depending on various 

factors, e.g. dose, measurement temperature and storage after irradiation. The samples were collected from the salt mine 

in Kłodawa (Poland). Irradiation was made using laboratory 90Sr/90Y β source. The equipment used for VD-OSL 

measurements was custom-made OSL reader HELIOS-1 [4], as well as commercially available Risø TL/OSL reader [5]. 

 

[1] Biernacka, M., Mandowski, A. (2013). Radiation Measurements, 56, 31-35. 

[2] Mandowski, A., Biernacka, M. (2014). Radiation Measurements, 71, 265-269. 

[3] Biernacka, M., Majgier, R., Maternicki, K., Liang, M., Mandowski, A. (2016). Radiation Measurements, 90, 247-251. 

[4] Mandowski, A., Mandowska, E., Kokot, L., Bilski, P., Olko, P., Marczewska, B. (2010). Elektronika: konstrukcje, 

technologie, zastosowania, 51(2), 136-138. 

[5] Bøtter-Jensen, L., Bulur, E., Duller, G. A. T., Murray, A. S. (2000). Radiation Measurements, 32(5), 523-528. 
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ABSTRACT 
 
 

The aim of the presented study was to determine the influence of ionizing radiation on the development of Arabidopsis 

thaliana as well as the degree of accumulation of selected elements using the radiotracer method. Arabidopsis thaliana is 

a small annual flowering plant in the mustard family (Brassicaceae). Its rapid life cycle and ability to growth in the 

laboratory make it a model organism for the study of plant physiology, biochemistry and development  

In order to perform the experiment 98 plants were used. They were divided into seven groups treated with different 

ways between 20th and 40th day of their life cycle. Among them there were three groups treated with radioactive solutions 

of sulphur S-35, iron Fe-59 and the mixture of radioactive sulphur and iron (S-35 plus Fe-59). The next three groups were 

treated with nonradioactive solutions of sulphur, iron and the mixture of sulphur and iron. There was also one control 

group which was treated with distilled water. 

Forty days after planting the plants were gently pulled out of the ground and washed with distilled water. Then they 

were morphologically tested (the plant size, stem length, leaf number, rosette quality etc.). The next step was the 

determination of the content of chlorophyll A and B as well as the content of carotenoids. The radiometric methods were 

used to analyse the radionuclide content in analysed samples.  

The results of the investigations allowed to determine the influence of physical and chemical factors such as the 

radiation influence and concentration of selected elements on the growth plant process.  
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ABSTRACT 
 
 

For over a century, X-ray radiation plays an important role in the cultural heritage area. X-ray techniques belong 

to the fundamental methods used in the investigation and conservation of works of art. They have been developed over 

the last decade thanks to the recent use of new and advanced analytical techniques. 

Computed tomography (CT) is one of the most powerful non-destructive techniques and therefore it is used for the full 

volume inspection of an object. It provides morphological and physical information on the inner structure of  investigated 

objects. The only disadvantage of this technique is its cost and therefore it is rarely used as a standard tool in the 

investigations of cultural heritage objects. 

Few years ago the collaboration between Radiology and Diagnostic Imaging Department (John Paul II Hospital) and 

Laboratory of Conservation Chemistry and Physics (Academy of Fine Arts in Cracow, Poland – Faculty of Conservation 

and Restoration of Works of Art) started.  

For the last two years we have examined many sculptures and wooden panel painting, inter alia, the Crucifix from the 

oldest church in Kraków, Church of St. Adalbert or the globes from the Museum of Collegium Maius. Using this technique 

we are able to look inside the object and localize every single change in the wood, joins of different elements or any other 

elements added through the ages. The other main advantage of this technique is also the possibility of creating 3D scans. 

For this presentation we have chosen two sculptures made of different kinds of wood. 

The first one is the gothic sculpture, Saint Mary’s sculpture of the crucifixion group from the church in Gryfów Śląski. 

The other one is also gothic, it’s also Saint Mary’s sculpture of the crucifixion group but from the church in Gorysławice.  

The DSCT investigation has provided  important information on the condition of two sculptures and the spatial 

distribution of layers with different attenuation of X-ray radiation (ground layers, fillings, paint layers). 
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ABSTRACT 
 
 

Using focused ion beams of MeV energy provides set of complementary methods, referred to as a nuclear microprobe, 

for microanalysis and micro-mapping of major, minor and trace elements in environmental samples. Particle Induced X-

ray Emission (PIXE) is typically complemented by ion backscattering spectrometry (BS) or scanning transmission ion 

microscopy (STIM), particularly useful in the evaluation of the specimen matrix of biological materials. PIXE is able to 

simultaneously detect almost all elements present in environmental materials, at sensitivities down to parts per million. 

Nuclear reactions induced by the ion beam also enable analysis of light elements, not accessible by PIXE (e.g. F, B, Li, 

Be,…). 

In this presentation we will show selected examples from a broad range of environmental studies realized using the 

nuclear microprobe at iThemba LABS (South Africa), from analysis and mapping of uranium distribution in coal ores, 

through projects related to ecophysiology, such as changes in elemental distribution related to mycorrhiza and plant-insect 

herbivore interactions, to nutrient biofortification of a staple food and phosphorus toxicity affecting farming of protea 

plants.   
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ABSTRACT 
 
 

The study was performed in 16 countries in the frame of the International Atomic Energy Agency (IAEA) Regional 

Technical Co-operation  (TC) project entitled “Supporting Air Quality Management (Phase II)”. The aim of the project 

was to increase the knowledge about the status of atmospheric pollution in the TC Europe Region by broadening access 

to nuclear (or related) analytical techniques together with source apportionment and long-range transport tools. The major 

objective of the project was to establish a monitoring network for the purpose of: (1) verifying the compliance to European 

regulation on admissible values for mass concentration of air particulate matter (APM) and regulated metals (Pb, Cd, Ni, 

As), (2) source apportionment studies and long-range transport of pollutants at regional and global scale. Samples of 

PM2.5 fraction of air particulate matter  were collected in each country at urban background (13 cities located in Albania, 

Bosnia and Herzegovina, Bulgaria, Croatia, Greece, Hungary, Kazakhstan, Lithuania, Republic of Macedonia, 
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Montenegro, Republic of Moldova, Poland, Portugal), suburban (1 city located in Turkey) and background (2 sites located 

in Azerbaijan, Serbia) locations from January  2014 to January 2015 every 3rd day (24 hour sampling). Some countries 

extended sampling to December 2015. In total  2067  samples were collected and analyzed in all countries mentioned 

above. Annual average mass concentration of PM2.5 fraction was in the range of 9.8(±4.1)  µg/m3 for Kazakhstan  - 

55(±43) µg/m3 for Turkey. During winter they were in the range 11.8(±7.9) µg/m3 for Greece to 69(±36) µg/m3 for  

Republic of Macedonia while during summer the values were from 4.1(±1.4) µg/m3 for Lithuania  to 31.8(±8.2) µg/m3 

for Republic of Macedonia. Elemental composition of PM2.5 was   determined by XRF or PIXE as well as ICP-MS. 

Source identification and apportionment by positive matrix factorization model (PMF) was performed for concentration 

data from 14 countries. Twelve different sources of PM2.5 were identified as follow: secondary aerosol, biomass burning, 

traffic, oil combustion/refinery, steel, smelting, Ca-enriched, winter sanding, mineral dust, marine aerosol, incineration 

and cement production.  
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ABSTRACT 
 
 

The late X century in Poland is the time of development of a Polish medieval state, together with introduction of 

denarii, being an attribute of independency and authority of the first Polish rulers. The scarcity of denarii from this time 

period is remarkable as there are only about two hundred and fifty items currently above ground. The biggest fraction of 

this set is housed in a National Museum in Cracow and this collection was the object of the current study, which aim is 

to determine the denarii surface elemental composition. The major elements detected for these denarii are Ag and Cu, 

while minor elements such as Pb, Fe, Au, Bi, and Zn may also be present. In a previous study [1], this collection was 

examined using micro-X-ray fluorescence (XRF) spectrometry and multiple conclusions have been drawn, mostly based 

on the quantitative determination of major elements. In the current study particle induced X-ray emission (PIXE) 

spectroscopy was employed with the aim of cross–comparing the results obtained with both techniques and performing a 

better quantification of the denarii elemental composition, especially for trace elements. An evaluation of the results 

generally shows a slightly higher Ag content determined by PIXE relative to XRF, in the 90-97% Ag range. This 

assessment of the data suggests that the majority of the denarii analyzed are characterized by Ag surface enrichment, 

which is a common process observed in archaeological silver-copper alloys. This observation is possible when one 

considers the lower penetration depth of the protons used in the PIXE analysis relative to that of the primary X-rays 

generated by the Rh tube used in the XRF examination. Although the data obtained from both techniques offer information 

about the composition of the base alloy, it is important to consider that deposition of corrosion products at the surface of 

the denarii may be also accountable for the variations observed due to the use of different micro-sampling locations with 

each of the two instruments. The two techniques evaluated offer a promising tool for numismatic studies since they 

provide a way of conducting nondestructive quantitative analysis of silver-copper alloys used in historical denarage. 

 

[1] J.M. del Hoyo-Melendez, P. Świt, M. Matosz, M. Woźniak, A. Klisińska-Kopacz, Ł. Bratasz, Nucl. Instrum. Meth. In 

Phys. Res. B 349 (2015) 6. 
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ABSTRACT 
 
 

According to the latest urban air quality database, a majority of cities with more than 100 000 

inhabitants do not meet WHO air quality guidelines [1]. Social initiatives as well as a city authorities 

activities aiming at implementation of the mitigation strategies cause interest increase in research 

towards better understanding of parameters and mechanisms influencing on air quality in urban 

environment (sources of particulate matter and gaseous contaminants, spatial and temporal variability 

of air quality, impact of atmospheric dynamics on the air quality, and several others). 

Krakow belongs to four largest cities in Poland and simultaneously ranks among the most polluted 

cities in Europe. With nearly one million inhabitants, rapidly growing car traffic and significant 

industrial activities, Krakow agglomeration represents a typical urban environment in the eastern 

Europe. Characteristic features of the local climate are generally weak winds (annual average around 

2.7 m s-1) and frequent temperature inversions, extending sometimes over several days, particularly 

during winter seasons. These factors favor accumulation of pollutants originating from surface 

emissions in the city atmosphere. There is an ongoing discussion on the role of different emission 

sources of total suspended particulate matter (TSPM) in the city's atmosphere, such as traffic, low- 

and high-level emissions related to burning of coal for heating purposes, resuspension of street dust, 

and some others. 

The presented work was aimed at exploring possibilities of using carbon isotope composition of total 

particulate matter collected in Krakow atmosphere, for better characterization of TSPM sources in 

the city, with the focus on seasonal changes of the character and intensity of those sources. Archived 

samples of TSPM deposited on filters (sampling interval between 5 and 20 days) and spanning the 

period 2005 - 2010 [2] were used for this purpose. For each year one pair of filters representing 

summer and winter conditions was selected.  

The measurements of 13C and 14C content in the total elemental carbon collected on filters revealed 

large seasonal variability of these two parameters. The mean fossil-fuel carbon fraction (pFF) derived 

from AMS radiocarbon analyses was 66.2 and 38.1%, for winter and summer samples, respectively. 

There was a strong positive correlation of pFF with 13C, suggesting intensified burning of coal as 

the main source of fossil fuel derived carbon during winter in the city. Intensified burning of fossil 

fuels during winter was also reflected in larger percentage of fossil carbon in gaseous CO2 present in 

the city atmosphere (ffCO2) during winter. The linear relationship observed between pFF and ffCO2, 

when extrapolated to ffCO2 = 0 suggest that during summer ca. 30% of  fossil carbon in TSPM 

originates from sources not related to burning processes (most likely wearing of car tires and asphalt).  
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ABSTRACT 
 
 

In this work we present a new full-field X-ray fluorescence imaging system for non-invasive investigations of cultural 

heritage objects. Recently the XRF imaging has been demonstrated to be a very effective tool for mapping of elemental 

distribution which offers possibility to study spatial distributions of inorganic pigments in artworks. The technique is 

useful to investigate provenance of the object as well as to study the artist technique and becomes very popular in the art 

conservation research. Compared to popular scanning macro-XRF systems, the full-field XRF technique allows one 

simultaneous imaging of large area of samples. Due to lack of the measurement head that moves very fast and very close 

to the investigated object this approach ensures greater safety for the investigated object. Moreover, the infinite depth of 

field of the pinhole camera allows one to investigate non-flat surfaces.  

Our system is equipped with two Varian VF-50J low power air-cooled X-ray tubes and employs 10x10 cm2 Gas 

Electron Multiplier (GEM) detector, custom developed Application Specific Integrated Circuits, and custom developed 

readout and data acquisition system [1,2]. An XRF image of the irradiated area is projected on the surface of the detector 

by a pinhole camera. The in-house developed prototype of the instrument enables adjusting the geometry of the 

measurement in order to optimize the excitation conditions for chosen projection parameters. Moderate energy resolution 

of GEM detectors limits elemental selectivity of the system, however, in many applications, especially for initial fast 

screening of large area objects, the GEM based systems can be very useful. By optimization of the front-end electronics 

and detector readout system significant improvement of the energy resolution has been achieved compared to typically 

reported values of 20-25% for 5.9 keV line.  

In this work first XRF images obtained with the new system are presented. The measurements were performed on 

several phantoms painted with different pigment compositions and with overlapping paint layers. Obtained result shows 

great potential of the described technique in the area of art work analysis. Methods of data analysis and prospects for 

further applications of the developed system will be discussed.  

The authors would like to acknowledge The National Centre for Research and Development for financial support 

within Applied Research Programme (project no.  PBS3/A9/29/2015). 
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ABSTRACT 

 
 

X-rays, discovered by Roentgen in 1895, and gamma-rays, two years later - by the Skłodowska – Curie couple, were 

quickly applied in medicine. By now, this “good” ionizing radiation has saved an uncountable number of human lives 

through advances in radio-diagnostic, nuclear medicine and radiotherapy procedures. The same ionizing radiation turned 

“bad” some 50 years later when, from unprecedented progress in nuclear physics research, nuclear bombs destroyed 

Hiroshima and Nagasaki. In the aftermath of the Second World War, peaceful and controlled nuclear fission was promised 

to supply nuclear energy “too cheap to measure”. While that expectation was not to be borne out, nuclear power industry 

became an important element of world economy and politics. The “Ban-the-Bomb” movement of last century’s 60’s 

which opposed weapons of mass destruction was later also to turn against nuclear energy - for the “bad” radiation it 

produced. The benefits to human health of the same “good” radiation, appear to be totally ignored by any such movement. 

The 1986 Chernobyl and 2011 Fukushima nuclear power plant accidents were further taken to prove the apparently great 

hazards of “bad radiation” from nuclear energy. However, the actual long-term individual doses received or radiation 

effects of these accidents were not perceptible against naturally occurring doses, cancers or genetic effects, as by now 

clearly stated by ICRP or UNSCEAR. The reasons for the “radiophobic” social perception of radiation risk are therefore 

worth discussing, as is the role played in this context by the LNT (Linear-no-Threshold) principle. LNT, recommended 

by the ICRP, which is applied world-wide by national regulatory bodies for radiation protection. Based on these 

recommendations, over 300,000 people around the Chernobyl NPP and over 16,000 people around the Fukushima NPP 

were relocated, which destroyed the local social structures, and caused actual human death, due to stress, grieving, 

insomnia, depression, anger or alcoholism, and not to radiation-induced cancer. The human loss due to relocations from 

the Chernobyl area is unknown, but some 1600 deaths are attributed to the Fukushima relocations. Current research on 

health effects of low doses of radiation also suggests the possibility that a dose threshold may exist below which either 

no radiation effects occur or adaptive response or hormesis  (i.e. beneficial effects due to the human immune system) 

arise, similar to the beneficial effects in immunization or low level physical exercise. This calls for a discussion of a 

possible revision of the LNT principle in radiation protection.  
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ABSTRACT 

 
 

Brain tumours are still one of the least understood types of cancer. In order to successfully combat the disease it is 

very important to learn about the mechanism of its formation. It is believed that trace elements play an important role in 

neoplastic processes. For this reason, information on the differences in their levels and spatial distribution in healthy and 

cancerous tissues may contribute to the knowledge concerning biochemical reactions involved in oncogenesis.  

The samples were collected intraoperatively during the resection of a brain tumour. Among the samples analyzed, 

there were tumours with different grades of malignancy, according to the latest World Health Organisation (WHO) 

classification, and non-cancerous control samples. The samples were studied with Particle Induced X-ray Emission which 

enabled obtaining high resolution maps of selected elements contained in the tissue. The studies were carried out in the 

Microanalytical Center of the Jozef Stefan Institute in Ljubljana. The analysis revealed that elements such as Na, Mg, P, 

S, Cl, K, Ca, Fe, Cu and Zn were present in all tissues analysed. Preliminary analysis showed that the average 

concentration of iron decreases in cancerous tissues with high malignancy grades as compared to the control samples. 

Also, an increase in the concentrations of zinc and phosphorus was noted in highly malignant samples (III and IV 

malignancy grade according to WHO). These results may contribute to the understanding of biochemical processes 

involved in oncogenesis. 
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ABSTRACT 
 
 

A new deuterium-deuterium (D-D) neutron generator has been developed for wide range of 

applications. These applications include medical (i.e., Boron Neutron Capture Therapy, BNCT), 

homeland security (i.e., Prompt Gamma Activation Analysis, PGAA and Fast Neutron Activation 

Analysis, FNAA) and industry (PGAA and Neutron Radiography). The plausibility of BNCT 

treatment of the cancer using neutrons from a DD-110 is assessed by calculating the distribution of 

photon equivalent dose on a breast phantom using Monte-Carlo (MCNP6) simulations. Beam Shaping 

Assemblies (BSA) is investigated and an optimized configuration is proposed. The radiography 

facility used in the measurements and simulations employs a fully high-voltage-shielded, D-D 

neutron generator. Both fast and thermal neutron images were acquired with the generator and a 

Charge Coupled Devices camera. To shorten the imaging time and decrease the noise from gamma 

radiation, various collimator designs were proposed and simulated using MCNP6. Design 

considerations included the choice of material, thickness, position and aperture for the collimator. 

Optimization of a D-D neutron generator based Explosive Detection System (EDS) was performed 

using Monte-Carlo simulation. The shape and the thickness of the moderators and shields are 

optimised to produce the highest thermal neutron flux at explosive position and the minimum total 

dose at the outer surfaces of the explosive detection system walls. In addition simulation of the 

response functions of NaI, BGO, and LaBr3-based γ-ray detectors to pure chemical elements is 

described.  
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ABSTRACT 
 
 

A high-caloric diet is considered as one of the most significant risk factors for developing  cardiovascular and 

neurological alterations. Recent evidence highlights that overnutrition may alter the electric activity in the brain areas 

triggering appetite and craving, gradually leading to food addiction, which may result in major obesity [1]. In order to 

understand the impact of a high-caloric diet on brain electric activity, the interplay between changes in molecular 

components  (lipid, protein) and metal ions (Na+, K+, Cl-) must be studied in the brain, which may shed some new light 

on the neurochemical patomechanisms underlying obesity [2]. In our study, we aimed at showing, whether or not, 

impacting the brain electric activity by transcranial direct current brain stimulation (tDCS) has any behavioral and 

biochemical effects on lipid, protein secondary structure and levels of metal ions in obese rats [3]. For doing so, thin brain 

tissue sections were taken from electrically- and sham-stimulated rats on a high-caloric diet. The samples were raster-

scanned with modern elemental and molecular micro-imaging techniques: synchrotron X-ray fluorescence (SRXRF) and 

Fourier transform infrared (FTIR) spectroscopies. The contribution will aim at outlining the details of our unique brain 

stimulation procedure, and comparing the most striking elemental and molecular changes invoked in the appetite-

triggering brain areas in obese (stimulated/unstimulated) rats. It will be demonstrated that the clinical efficacy of the 

anodal-type tDCS has a stronger impact on the brains. Perturbation in the levels of elemental components will be shown 

to stay in line with the molecular changes in terms of lipid peroxidation, and those involving protein secondary structure 

components. The study demonstrates that by stimulating the brains of rats addicted to a high-caloric diet, the feeding 

behavior can be significantly changed resulting in decreased appetite and craving. Therefore, our brain stimulation 

protocol paves the way for novel treatments for challenging metabolic syndromes causing major obesity. 
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ABSTRACT 
 
 

Ovarian cancer is the seventh most common cancer among women worldwide, and mortality rates from this 

cancer are higher than for the other gynecological cancers. The knowledge about elemental  distribution in 

various areas of the ovarian tissues affected by the cancer can help us to understand the cancerogenesis process. 

The purpose of our studies was to investigate if the spatial distribution of selected minor and trace elements 

changes in different types of ovarian cancer tissues.  

In our study 18 human ovarian samples were used. For each sample two subsequent slices were cut with use 

of cryo-microtome: one for the histopathological analysis (on microscopic slide) and the second one for the 

elemental imaging (on ultralene foil). The slice thickness of 20 µm was chosen.  

The preliminary experiment was conducted with use of laboratory microbeam X-Ray Fluorescence setup [1]. 

The setup is equipped with the low power Mo X-ray tube with a polycapillary lens and SDD detector. The X-

ray tube was operated at full power (50 kV / 1 mA). The acquisition time was 60 s per pixel and the average 

scan area was about 12 mm2 (the measurement step was 100x100µm2). Experiments were performed in air. 

The main experiment was conducted at the International Atomic Energy Agency end-station at X-ray 

Fluorescence beamline of Elettra Sincrotrone Trieste facility. The beam was monochromatized with the RuB4C 

multilayer  monochromator – the energy of 10 keV was used. The beam spot size and step size was 250x120 

μm2. The fluorescence radiation was detected with a SDD detector. The experiment was performed in vacuum 

( 2·10-7 mbar). The time of the measurements was 5 s per pixel and the average scan area was  

30 mm2. 

In both experiments the difference of elemental composition of the neoplastic area and the stromal area of the 

ovarian tissues were revealed. K-means clustering and positive matrix factorization were applied for data 

analysis. The results of elemental analysis were confronted with the results of the histopathological 

examination. 
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ABSTRACT  

     

 The present work aimed to study the influence of different radiation doses on a polymer blend at cryogenic and room 

temperature by means of crosslinking formation, pore size, morphology, topography and mechanical properties. The 

scaffold was prepared based on two formulations, one composed by gelatin (7%, w/w) and PVA (5%, w/w), and the 

second by gelatin (10%, w/w) and PVA (5%, w/w). The formulations were separately solubilized in distilled water and 

heated up to 80 ºC under constant stirring for 1 hour. Posteriorly, both blends were disposed in circular glass moulds. Half 

of samples was frozen for at least 24 h and then irradiated at 15, 25 and 50 kGy. The other half was cooled at 4 ºC for at 

least 24 h and then irradiated using the same doses. After irradiation both sample groups were frozen and freeze dried. 

The scaffold was characterized in terms of structure and morphology by mechanical assays, differential scanning 

calorimetry, scanning electron microscopy, optical coherence tomography and infrared spectroscopy. In addition, platelet 

adhesion and release, and cytotoxic assays were also performed. Samples irradiated at 15 kGy presented pore size 

diameter of around 1.4 µm and porosity of 54%, while samples irradiated at 25 kGy, presented pore size diameter of 

around 1.1 µm and porosity of 49%. Optical coherence tomography showed that gelatin control samples presented more 

superficial degradation as irradiation dose increased, while PVA control sample presented higher integrity, indicating that 

this polymer is less sensitive to gamma radiation. The system presented suitable mechanical properties and the platelet 

adhesion and release assays showed that the scaffold presented adequate pore size range to host and release the platelets, 

and non-cytotoxic to platelets, featuring adequate properties to be applied as dressing for wound treatments.      
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ABSTRACT 
 
 

An investigation has been done to study the response of various EPR dosimeters (Alanine, 

Ammonium tartrate, Lithium oxalate, Sodium carbonate, potassium methionate, Strontium sulfate, 

Barium dithionate) focusing in low and intermediate photon energy. Different gamma sources of 

energy ranging from 0.021 to 1.25 MeV (103Pd, 170Tm, 99Tc, 192Ir, 137Cs, 65Zn and 60Co) which they 

are commonly applied in radiation technology, were used. The significant variation appeared in Zeff 

value due to the variations in the dominance of photo interaction process at different energy regions. 

Compton scattering is a dominant mode of photon interaction, the Zeff can be represented by a mean 

effective atomic number. Auto-Zeff software and single value XMuDat program used to compute the 

Zeff and then the obtained values were compared.  

 

                                                           
* corresponding author: Mohamed Rushdi: mohdrushdi000@gmail.com 



29 
 

DETECTION OF IRRADIATED SPICES BY 
THERMOLUMINESCENCE – AN INTERCOMPARISON STUDY 
 
Ivana Sandeva*, Hristina Spasevska, Margarita Ginovska, Lihnida Stojanovska-Georgievska

 
 

Faculty of Electrical Engineering and Information Technologies, Ss. Cyril and Methodius University in 

Skopje, Rugjer Boshkovik bb, PO Box 574, 1000 Skopje, Republic of Macedonia 

 

Keywords: thermoluminescence, food, irradiation 

 

 

ABSTRACT 
 
 

The following study represents the results of the thermoluminescence (TL) analysis done on different spices in two 

laboratories. 

Food is irradiated in order to reduce the number of harmful microorganisms and toxins, thus prolonging its shelf life, 

delaying ripening and preventing sprouting. European and national legislation specifies the special requirements for 

irradiated food, including its proper detection. TL is one of the most used physical methods for detection of irradiated 

food. When minerals found in food are exposed to ionizing radiation during the irradiation process, they accumulate 

radiation energy by which some electrons jump to higher energy states. On their way back to ground state, they may 

remain trapped in some imperfections of the crystal lattice. When these minerals are exposed to heat trapped electrons 

are released, they recombine with holes and a TL signal is obtained. Because of the variety of food samples, a control 

sample cannot be used, so analysis is done twice for each sample. The first measurement is done after the isolation of 

minerals and detection of the TL signal, whereas the second measurement is done after exposing the sample to a certain 

dose of ionizing radiation and detecting the TL signal for the second time. By these measurements two TL glow curves 

are obtained, which represent the dependence of the TL intensity on temperature. TL glow ratio gives the ratio of the 

maximum TL intensity from the first and the second measurement. The magnitude of the TL glow ratio, as well as the 

shape of TL glow curves can identify the sample as irradiated or unirradiated. 

Measurements are done on three samples, including unirradiated paprika standard, irradiated paprika standard and 

unirradiated black pepper. Minerals are isolated according to the standard EN 1788 Foodstuffs - Thermoluminescence 

detection of irradiated food from which silicate minerals can be isolated. All samples are correctly identified as irradiated 

or unirradiated in both laboratories. Obtained results from the two laboratories are in accordance with each other.  
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ABSTRACT 
 
 

In many fields of process monitoring, nuclear methods constitute a technically indispensable tool. However, the use 

of open or encapsulated radioactive sources is increasingly under public scrutiny, often because of misunderstandings or 

lack of knowledge.  In order to sufficiently mitigate these perceived shortcomings and make the use of nuclear monitoring 

methods acceptable by process owners and the public, one has to substantiate reduction of any unnecessary human or 

environmental risks associated with such technologies. 

For open radioactive sources, i.e. mainly in the form of radiotracers (aqueous, organic or particulate), focus are now 

on increased application of short-lived radionuclides whenever these can be used. Short-lived radionuclides are 

commonly produced by neutron irradiations in nuclear reactors or by charged particle reactions at particle accelerators. 

Hence, due to transportation time and logistics, there is an upper practical limit to the distance of their use from the 

radionuclide production facilities. Typical industrial examples are off-shore petroleum production in remote areas or 

onshore process industry in countries which do not host such production facilities. Therefore, there is an increasing focus 

on developing industrial brands of radiotracer generators, which are based on a secular equilibrium between the long-

lived mother and the short-lived daughter radionuclides. This presentation will give some examples of such generators 

and define the status of their development. 

Additionally, many long-lived encapsulated radioactive sources used in fixed mountings today (two examples are 
60Co and 137Cs) may, in principle, be substituted by the use of small neutron generators which can be turned on and off 

on demand. The recent years’ development and availability of such transportable neutron generators give, in fact, several 

new technical possibilities, some of which are summarily mentioned here: 1. on site production of short-lived 

radionuclides for injection into processes, 2. on-line mounting onto transportation pipelines for in-situ and on-line 

generation of short-lived tracers directly in the process stream, 3. application of prompt gamma-ray spectra from neutron-

induced nuclear reactions generated in the process stream (PGNA) for monitoring of specific mass movement, 4. the use 

of neutron transmission (thermal and fast neutrons) or reflection (thermal neutrons) monitoring of specific mass 

movement, 5. generation of prompt gammas in external fixed target for gamma transmission experiments (mass density 

measurements), and more. This presentation will also describe some of these emerging possibilities in some detail. 

The use of equipment and methods described here leads to reduced radiation exposure and virtually no left-over 

activity or radio-contamination after the monitoring process is completed. 
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ABSTRACT 
 
 

The Faculty of Physics and Applied Computer Science at the AGH University of Science and Technology has a long 

and rich history of nuclear methods usage, including radiometric methods. At the Faculty, there are several laboratories 

in which the nuclear methods are used. Particular attention should be paid to the unique radiochemical laboratory with 

unsealed radioactive sources. Due to the specifics of working in the laboratory, there are both liquid and solid radioactive 

waste produced. They generate  radiological hazard, therefore the proper management of such waste is essential for 

environmental protection. Particular attention should be paid for personal safety and radiological protection.  

The laboratory has both scientific and didactic profile. For better estimation of effective radiation dose for stuff and 

students, it is desirable to perform the detailed analysis of the radioactive waste produced during the teaching process. 

Under typical conditions the following radionuclides are used: Fe-59, Co-60, U-238, S-35, I-131, Br-80, Br-82 and 

Mn-56.Different nuclides are not mixed in one container, they are stored in separate containers. The dose rate at the 

container surface is measured by radiometer. The activity and the concentration of radioactivity are the basis for the 

classification of radioactive waste. Up to now such parameters were estimated roughly on the base of the initial conditions, 

but quantitative analysis was not done before.  

The presented study is aimed at detailed quantitative analysis of radioactive waste generated in the laboratory with 

unsealed sources during the teaching process.  
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ABSTRACT 
 
 

In this research work, we tackled the neutron-gamma discrimination at the output of Stilbene organic scintillation 

detector as a blind source separation problem. Thus, the output signals of the used detector have been considered as 

mixtures of several unknown sources which we tried to recover using Nonnegative Matrix Factorization algorithms. Thus, 

the blind source separation now raises great interest. In fact, it plays an important role in many diverse application areas: 

telecommunications, biomedical engineering... Recently, they have been used to solve the pileup problem at the output 

of HPGe detector used in gamma spectrometry. This encouraged us to apply them to analyze the output of Fission 

Chamber in order to achieve online neutron flux monitoring inside a research reactor.  

The computation of performance index of separability of each tested algorithm has allowed us to select the Regularized 

Lee-Seung method as the most efficient nonnegative matrix factorization algorithm which permits to achieve the best 

neutron-gamma discrimination. The recovered independent components issued from the application of this algorithm are 

then characterized using their time-scale representations. For that reason, we used the continuous wavelet transform, 

based on the Mexican Hat function. The visual reading of the obtained scalograms allowed us to define a qualitative 

criterion for neutron-gamma discrimination task. 
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ABSTRACT 
 

 

Radioisotopes are used in several applications in industry, where the radioisotope injected into the system and the 

radiation detectors are used for obtaining the output signals. The output signals are analyzed to provide information about 

the system behavior or to determine the system problems. In some cases, the system is multi-phase system, in such cases; 

more than radioisotope is used, resulting a mixture of radioisotopes signals. The main problem is in such cases is the 

separation of these signals from each other. This paper presents an efficient method based on advanced signal processing 

techniques for separating mixed two radioisotopes signals from each other. Two different radioisotopes (Technetium-

99m (Tc99m) and Barium-137m (Ba137m)) were injected into a physical model for simulation of chemical reactor (PMSCR-

MK2) to obtain the radiotracer signals using data acquisition system connected to radiation detectors. Some signals 

enhancement steps are performed such as; background correction, radioactive decay corrections, and signal denoising 

filtering, then applying the signal separation methods. The separation methods that used are; time domain separation 

method, independent component analysis separation method, and principal components analysis separation method. The 

results show that the signal enhancement steps improve the separation process. Also the results show the superiority of 

the principal components analysis separation method to the other separation methods. 
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ABSTRACT 
 

 

Todays, gamma spectrometric method is commonly used in routine radioactivity measurements. In this context, the 

accurate and precise measurement of low level activity in the samples is always an important issue in a nuclear analytical 

laboratory. The most reliable way is that a direct calibration n can be performed using standard radioactive sources of the 

same geometrical dimensions, density, and chemical composition, compared with the samples of interest. However, for 

all radionuclides of interest, standard sources are not often available for all foodstuff, environmental, industrial raw 

materials and geological minerals.  

In recent years, the close-counting geometry is commonly used in HPGe detectors to obtain more accurate results 

from the samples with low activities,especially re-entrant beakers (e.g.,Marinelli etc). In this study, in-house gamma-ray 

calibration sources were prepared with use of a novel epoxy resin ( =1.14 g cm-3 ) as a base matrix mixed with 

radioactive 152Eu standard solution. To validation, 152 Eu isotope is quite suitable for detector calibration in a wide 

energy range from 121.78 keV to 1408.01 keV. The homogeneity of the produced in-house gamma-ray sources was tested 

in a 5ml glass ampoule and 6ml vials in the well of a p-type HPGe detector with a 44.8% relative efficient. The 

homogeneity is found to be better than 99.5%. For the characterization of the produced sources, the efficiency transfer 

functions were derived from ANGLE 4 and MEFFTRAN softwares, respectively.  

The characterization of in-house source prepared in a Marinelli beaker was then performed by using an n-type 78.5% 

relative efficient HPGe detector. For the case of a close counting geometry, some coincident gamma-rays from 152Eu 

radionuclide was chosen to determine the necessary corrections for TCS effects by using GESPECOR software. Self-

absorption effects in matrix composition were also applied to measure the accurate activity contained in beaker. For the 

efficiency calibration curves, experimental data were checked by using efficiency transfer functions. As a result of the 

work, the source preparation procedure was validated for in-house gamma-ray sources within the accuracy of 4-5% for 

the source activities. The chosen epoxy resin has high stability and durability and gives a well homogeneity. It has also 

some advantages such as its low effective atomic number and low density, and other physical properties to produce a 

radioactive source.  
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ABSTRACT 
 
 

A broad field of applications is based on ionizing radiation penetration properties, and its precise detection is linked 

to open and sealed radiation sources’ utilization. Optimization of industrial processes is essential not only for efficient, 

safe and sustainable industrial operation, but also to save materials, energy, protect the environment and reduce plant 

shutdown time, thus leading to high economic benefits – hence leading to socio-economic development of humanity. 

Complex industrial processes (particularly multi-phase systems) including environmentally related processes (such as 

harbors and dams, oil fields and ore/coal mines), are manifested in many industrial and environmental systems. It is 

therefore essential to have suitable means to investigate such systems for process optimization and trouble-shooting – 

preferably without shutting down the plant/process. Radiotracers and sealed source techniques are best-suited methods to 

address these problems faced by industry. Nuclear techniques (radiotracers and sealed sources), in most of the cases, 

provide on-line investigations without shutting down the plant/process. New emerging and advanced technologies based 

on radiotracers and sealed source applications (like gamma Computed Tomography (CT)/Single Photon Emission 

Computer Tomography (SPECT), Computer Aided Radioactive Particle Tracking (CARPT), Radiotracer Residence Time 

Distribution (RTD, remote sensing and in-situ radionuclide analysis (Route-monitoring gamma-ray mapping are being 

invented and introduced for routine use.  Automation and improvements in instrumentation and hardware, such as tracer 

injection systems, detectors and data acquisition systems are developed for safer and reliable application. Utilization of 

radionuclide generators for on-site production of radiotracers for industrial applications is important to overcome non-

availability of radiotracers especially for those Member States that do not have nuclear reactors and radiotracer production 

facilities. All these end-user addressed applications are based on science developed in the universities and research 

centres, which demonstrate and transfer new applications to industry to be used in a safe and proper manner. It is a joint 

input of scientists and professionals working in the field to the main UN Millennium Goals of achieving a resource-

efficient and climate-change-resilient economy and society, protecting and sustainably managing natural resources and 

ecosystems, and ensuring a sustainable supply and use of raw materials and other environmental resources, in order to 

meet the needs of a growing global population within the sustainable limits of the planet's natural resources and eco-

systems. This universal humanistic role of science and technology was articulated by     Madame Curie, a lady who was 

born exactly 150 years ago in Warsaw as Maria Skłodowska. She developed a new innovative and effective tool – ionizing 

radiation, which broke new ground in physics and chemistry and also opened the door for advances in engineering, 

biology and medicine. 
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ABSTRACT 
 
 

The industrial use of ionizing radiations, such as gamma and electron beam (e-beam) radiation, is regulated and 

authorized by international organizations (EU, EFSA, IAEA, FAO, WHO)  for several purposes: medical devices 

sterilization, materials modification, heritage preservation and food decontamination. However, there is mistrust among 

the general public regarding food irradiation due to the wrong association with an induced radioactivity on the product. 

Therefore, several obstacles have to be overcome in order to promote food irradiation as a safe and useful application of 

ionizing radiations. The increasing demand for safe and healthy food is another issue that could help to promote the use 

of these technologies. In Europe, the preservation of food by irradiation is strongly regulated but is still not very popular, 

in spite of several food safety issues, such as pathogens contamination or insects’ infestation that could be easily solved 

by an environment friendly technology, without the use of chemical fumigants. We will present briefly the recent state-

of-art of food irradiation research in Portugal, selecting the main results of three collaborative projects funded by national 

and international agencies, regarding the effects of gamma radiation on physical and chemical parameters of selected 

materials: fruits, vegetables and mushrooms, toward the objective to keep the focus on this valuable tool for food 

processing. 
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ABSTRACT 
 
 

Natural polysaccharides (cellulose and chitin) and polyphenols (lignin), being the most widespread renewable 

materials, represent rather tempting feedstocks to obtain valuable chemicals. In the course of conversion the moderate 

fragmentation resulting in monocyclic products such as furans, phenols, benzenediols and pyridines would be rather 

desirable. However conventional processing technologies give few such products or are multistage and thereby expensive. 

High-temperature radiolysis could serve as more proper way to form monocyclic organic products. Irradiation of 

natural polymers results in formation of high-molecular cation-radicals and macroradicals which possess low thermal 

stability. The moderate fragmentation of radical intermediates occurs at temperatures below a threshold of pyrolysis 

initiation. As a rule, primary cleavage of chemical bonds takes place between macromolecule base units. As a result of 

removal of a monocyclic fragment the residual macromolecule remains in the form of a radical that provides possibility 

of its further fragmentation via the chain mechanism. 

Main products of pyrolysis are lightest fragments (CO, СО2, Н2О, СН4) together with the heavy charred residue. In 

turn, radiolysis provides higher yield of monomeric derivatives such as furans (from cellulose), vanilloids, monoatomic 

and dihydric phenols (from lignin), and pyridines (from chitin). Accordingly, high-temperature radiolysis of lignin 

possesses the important advantages over pyrolysis. 

The report describes a technique of biopolymers conversion to monocyclic compounds and the mechanism of the 

radiation-thermal transformations. 
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ABSTRACT 
 
 

Severe nuclear accidents have been shown that under extreme conditions the high temperature reaction between 

zirconium alloys and water leads to intense generation of hydrogen and possible hydrogen-oxide mixture explosion.  From 

the nuclear reactor safety point of view the strong improvements are required in the areas of: nuclear fuel composition, 

cladding integrity and the fuel - cladding interaction.  

Zirconium based alloys have very good water corrosion and radiation resistance at normal working conditions of nuclear 

reactors. Due to these properties it is commonly used as cladding material for fuel elements. However, in the case of Loss 

of Coolant Accident – LOCA - conditions, the extremely fast oxidation of zirconium at steam atmosphere or and air/steam 

mixture occurs. 

The concept of Accident Tolerant Fuels (ATF) and Accident Tolerant Materials (ATM) has been developed recently for 

this purpose. Advanced cladding technologies for the increasing of claddings’ corrosion resistance are investigated in 

order to two ideas:  

(i) developing of new materials for claddings production - as for example: SiC composites, FeCrAl alloys, 

ferritic martensitic alloys, 

(ii) protective coatings on Zr alloys - as for example: on the base of silicon, ceramics MAX, FeCrAl alloys, SiC, 

MoSi2 

Scientific works are carried out in different institutes and laboratories in the world. The state of art and perspectives of 

ATM materials will be presented.  
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ABSTRACT 

 
 

Electrodeposition is most commonly used method for alpha source preparation, thus resulting in the quality of analysis 

of actinides in the samples. The source for alpha spectrometric measurements should be prepared as a uniform and stable 

source. The aim of this study is to obtain the optimum parameters for 241Am alpha source prepared from standard solution 

by using in-house electrodeposition unit. Then, the effect of pH, electrodeposition time, current, the distance between 

electrodes and cathode disc type on the chemical yield and homogeneity of the electrodeposited sources are investigated. 

In the preparation of 241Am source on a disc, ammonium sulfate solution is mainly used as the electrolyte and a spiral 

shaped Pt is used as anode in the deposition cell. 241Am deposited discs were measured by alpha spectrometry with use 

of 450 mm2 and 600 mm2 PIPS detectors for about 4 days. The homogeneity of the electrodeposited sources is examined 

by using SEM images. To obtain the auto radiographic images, a CR cassette having a phosphor layer, is used because it 

is sensitive to ionizing radiation. The homogeneity of the discs and the radial activity distribution were evaluated by using 

Image J program.  

As a result, it is found that the chemical recovery of at least 70% is obtained for the 241Am electrodeposition at the 

optimum parameters which are pH=3.5, current= 0.1 A, deposition time= 3h, distance between electrodes=1 cm and disc 

type = nickel plated stainless steel. The reasonably good energy resolution for the present PIPS detectors is obtained when 

compared to a multinuclide calibration source (Analytics) containing 241Am.  
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ABSTRACT 
 
 

The studies are connected to the increasing interest in substitution of traditional packaging by the materials prepared 

basing the natural and biodegradable polymers.  Due to perspective of radiation technologies for polymers modification 

and due to potential application of the materials for packaging of the products predicted for radiation 

decontamination/sterilization, the necessity appeared for studying the radiation effects in such materials.  

Our previous studies have shown that it is possible to improve the properties of the starch based films by applying 

ionising radiation [1-3]. The present studies deal with search of new biodegradable materials based on  starch-PVA and 

starch-PVA-nanocellulose systems. These studies concerns the effects of using different starch and PVA substrates, 

addition of several differently structured nano- and micro-sized celluloses, changing of the starch:PVA ratio and 

nanocellulose content in the composite materials. The effects of gamma and electron irradiation (performed with doses 

in the range from 1 kGy till 75 kGy),  on the films with modified composition to was investigated in purpose to search 

for the conditions that enables to improve the films properties as well as in purpose to determine the sensitivity of the 

potential packaging materials to ionising radiation. The trials for additional functionalization of the materials were also 

conducted on the way of a supplementary chemical treatment. The focus was on addition the selected natural substances 

(that are known to reveal antioxidant or antimicrobial activity), or  selected monomers (that are expected to improve the 

films properties), on the various steps of the films preparation.  

Mechanical and hydrophilic/hydrophobic properties of the non-irradiated and the irradiated films, and migration 

phenomena taking place in liquid food simulants depend on the sample composition and on the conditions applied during 

syntheses and irradiation [4-6]. Irradiation with low doses enables to obtain the films with selected compositions 

characterized by improved functional properties. It has also appeared possible to obtain the films showing antioxidant 

activity and to modify this activity as well as a characteristic release the active component from the films by modification 

of the chemical composition and irradiation condition. The results were related to the chemical processes involved in 

films and to their modified  microstructure and showed the potential of using the selected compositions  for packing some 

groups of food, including the products predicted for radiation decontamintion.   
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ABSTRACT  
 
  
The use of gold nanoparticles for diagnosis and treatment of cancer has received great attention over the last decade. 

Particularly, the possibility to use them for theranostics has increased the interest in the medical and scientific community. 

Weak technological aspects are related to the low biological affinity and non-specific toxicity. The use of albumin is of 

highlighted interest as albumin has been associated to inorganic particles to overcome biopharmaceutical challenges, 

including site-specific delivery and other biopharmaceutical advantages. The current work addresses the use of radiation 

and its effects over the crosslinking of bovine serum albumin onto gold nanoparticles. The idea of crosslinking the albumin 

onto gold surface aims to improve the stability of the protein layer onto gold nanoparticles in biological systems. Gold 

nanoparticles were synthesized by green technology using resveratrol and albumin capping was performed by 

physiosorption followed by irradiation at doses of 2.5, 5, 7.5, 10 and 15 kGy using 60Co as a radioactive source. 

Nanoparticle properties were assessed by dynamic light scattering, UV/Vis spectrophotometry and transmission electron 

microscopy. Protein crosslinking was monitored by fluorescence studies and stability of the nanoparticles was evaluated 

by zeta potential and titration with sodium chloride. The results evidenced the formation of a protein layer onto gold 

nanoparticles and revealed a protein crosslinking by means of bityrosine as a function of irradiation dose. Stability was 

considerably improved by the presence of the protein layer and the crosslinked protein layer.   
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ABSTRACT 

 
 

Amphetamine-type stimulants are among the most prevalent and widespread commonly abused drugs. 

Amphetamine and its derivatives were detected in aquatic environment. This study aimed to demonstrate experimentally 

the ability of γ-irradiation combined with persulfate anions (S2O8
2–) to degrade and mineralize the amphetamine in 

aqueous solution. An initial amphetamine concentration of 125 µM in distilled water was completely degraded by a γ-ray 

dose of 2.8 kGy. Generation of the sulfate radical (SO4
●–) from the fast reaction of added S2O8

2– with hydrated electrons 

(eaq
−; keaq−

/S2O82– = 1.1 × 1010 M−1.s−1) improved the efficiency of amphetamine degradation and mineralization. A γ-

ray dose of 0.667 and 0.350 kGy in the absence and presence of S2O8
2– anions degraded 90% of the amphetamine, 

respectively. For γ-ray/free O2 and γ-ray/S2O8
2– systems, 11.5 and 7 kGy was required for 50% amphetamine 

mineralization, respectively. Addition of HCO3
– anions lowered the amphetamine degradation yield, whereas N2 gas, 

SO4
2–, and Cl– anions had a negligible effect. 
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ABSTRACT  
  

Limitations of correct evaluation of keff in Monte Carlo calculations, claimed in literature, need to be addressed more 

thoroughly. Respective doubts concern: the proper number of discarded initial cycles, the sufficient number of neutrons 

in a cycle and the recognition and dealing with the keff bias. Calculations were performed to provide information on these 

points with the use of the MCB code for several types of reactor cores: critical and subcritical, thermal and fast. Presented 

are results of testing the calculation results for: stability of variance, relation between standard deviation reported by 

MCNP and this from the dispersion of multiple independent keff values, the second order standard deviations obtained 

from different numbers of grouped results. All obtained results for numbers of discarded initial cycles from 0 to 5500 

were analyzed leading for interesting conclusions. Exemplary results are presented in the figure below.  

 

Fig. Results of the dependence of average keff  on the number of discarded initial cycles for PWR and HTR cores (average values 

from 60 independent calculation results).  
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ABSTRACT 
 

 Zirconium alloys are extensively used in nuclear technologies. Long, thin wall cylindrical zirconium alloy tubes 

serves in nuclear reactors  as claddings for nuclear fuel. They enable hermetic confinement of the nuclear fuel pellets 

loaded inside and  prevent the nuclear fission fragments from escaping the fuel into the coolant and contaminating it. The 

zirconium alloys have been selected for the operation in nuclear reactor due to low cross section for zirconium thermal 

neutrons absorption, sufficiently good corrosion resistance in water environment at working condition of reactor and 

sufficiently good stability of their mechanical properties under the influence of neutron irradiation.  At normal operating 

conditions of light water reactor (360°C, 195 bar) the zirconium claddings slowly oxidise as the result of the chemical 

interaction with cooling water and are replaced when oxidation reaches level of 16 % .  

 Unfortunately, completely unsatisfactory is resistance of zirconium claddings to high temperature oxidation in the 

water steam and water steam containing hydrogen. Such conditions are expected in the case of severe accidents related 

to the loss of active cooling (LOCA nuclear accident). Due to the exothermic character of zirconium oxidation reaction, 

oxidation processes accelerate rapidly at higher temperatures (exceeding 800°C) leading to the catastrophically fast 

oxidation of claddings and to the  generation of large volume of hydrogen liberated in  the course of oxidation reactions.  

The accumulation of hydrogen is dangerous due to the possibility of chemical explosion of oxygen-hydrogen mixture. 

Such events, although rare, negatively influence the public opinion acceptance for the development of nuclear energy. 

Moreover, the costs of removing of damaged reactor core and restoration of accompanying damages to the environment 

are enormously large.   

After nuclear accident in Japan (Fukushima 2014) the safety of nuclear installation became a hot topic. The concept 

of Accident Tolerant Fuels (ATF) that are much more resistant to oxidation in the accident event  have been elaborated. 

The most revolutionary proposition consists in replacing zirconium alloys claddings with those made of silicon carbide.  

Others, possible for implementation in short time perspective, consist on deposition of external coating over conventional  

zirconium alloys claddings. Such coatings should be made of material able to develop protective scale in high temperature 

water vapor environment. Possible candidates include MAX ceramic, zirconium silicide or zirconium silicate coatings.  

The studies on the zirconium oxidation processes and countermeasure actions have been started in Institute of Nuclear 

Chemistry and Technology five years ago in the framework of strategic program “Technologies supporting of safe nuclear 

power engineering” .  Following these initial studies the more detailed research program  has been elaborated involving  

participation of partners from other institutes. The main goal of this program consist in the developing the methods of  

modification of surface layer of zirconium claddings by different physical and chemical methods. Among the physical 

modifications methods the following techniques have been applied: - high-intensity pulsed ion-plasma beams treatment 

of the samples enabling  melting of the surface layer  and doping of electrodes material into the melted surface layer, 

- coatings deposition by magnetron sputtering of zirconium silicide or chromium targets, 

- melting of the aluminium or silicon particles deposited on the surface of zirconium alloy using TIG technique. 

Two chemical methods applied include plasma electrolytic oxidation  and slurry diffusion method for slurries containing 

aluminium or silicon compounds.  

The results of the experimental works concerning synthesis method, characterization of the coatings, as well as 

autoclave and furnace tests will be reported. 
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ABSTRACT 
 
 

The National Centre for Nuclear Research commenced operations on September 1, 2011.  The Polish Govermment’s 

decision to merge POLATOM Institute for Atomic Energy (IEA) and the Sołtan Institute for Nuclear Studies (IPJ) has 

ended an almost 30-year-long period , during which the Swierk Research Center remained fragmented. The former 

Institute for Nuclear Research has been brought back to life under a new name and with a new set of tasks to acomplish. 

NCBJ conducts pure and applied research in widely understood nuclear physics, elementary particle physics, astroparticle, 

plasma physics. The Institute specializes in akcelerator physics and technology, material research with nuclear techniques, 

the developmnet of spectrometric techniques, nuclear electronics. The Institute operates the multifunctional nuclear 

research reactor  MARIA.  Radioizotope Centre POLATOM is located in the structure of NCBJ. POLATOM develops 

techniques for practical application of radioizotopes in various sectors, among them majority of products and services is 

used in health care.  

I will present the current scientific activity of NCBJ, plans and vision for the future development. 
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ABSTRACT 
 
 

The estimation of accurate neutron flux spectrum is particularly important for research and development of nuclear 

systems to their usage. The nuclear material properties varies over irradiation time and particles spectrum. However it is 

impossible to directly measure the neutron radiation, what encourages for developing indirect methods of energy 

distribution assessment. The method proposed in this article bases on the Monte Carlo sampling from multivariate normal 

distribution with Bayesian inference for unfolding neutron spectrum [1,3]. 

It is essential to perform a reliable characterization of the neutron spectral distribution in particular new research or 

prototype nuclear installation, e.g. ITER (International Thermonuclear Experimental Reactor) [4]. The information of 

particle fields including the estimation of covariance matrix can provide a full range knowledge about predicted neutron 

spectrum inside an investigated material. The method has been developed at the AGH University [1,2] and has been 

implemented in our team. The proposed algorithm uses the Monte Carlo method to generate random samples from a 

multivariate normal distribution (MVN) using a priori neutron spectrum. Subsequently, a weight, which is in fact the 

likelihood of MVN probability density function, is assigned for each randomized spectrum using the Bayesian inference 

approach. The weighted distribution is used to obtain a new multivariate normal distribution with covariance matrix, 

which gives a better estimate of neutron spectrum. The iterative execution of proposed algorithm allows to get satisfactory 

results of neutron spectrum unfolding. 

This new approach of unfolding process is practically insensitive to first guest of a priori neutron spectrum in contrary 

to other currently existing methods. Moreover in our novel methodology we directly obtain full information about the 

uncertainties of every energy group by computing the covariance matrix of MVN distribution. The preliminary results 

reveal a promising potential of Bayesian approach to the neutron spectrum unfolding process. 
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ABSTRACT 
 
 

In the pressurized water reactor (PWR), water is used as a coolant and neutron moderator. In the primary circuit the 

coolant is exposed to a mixed flux of fast neutrons and gamma rays. Irradiation of liquid water results in the formation of 

strong oxidants: short-living radicals (OH, HO2) and stable molecular products (H2O2, O2). These corrosive agents pose 

severe problems with intergranular stress corrosion cracking (IGSCC) leading to material degradation. The harmful 

corrosive effect is additionally strengthened by low pH, ca. 5.8 at the operating temperatures ~300 °C. In order to control 

the oxidizing environment, chemicals like hydrogen, hydrazine, ammonia, and LiOH are usually added to the coolant. 

To assess the electrochemical corrosion potential knowledge of chemical reactions occurring in the primary circuit 

under operating conditions is needed but difficult to gain because of high temperature (275-315 °C), pressure (~155 bar), 

and intense radiation field. Hence, computer simulation and modeling are necessary to predict time profiles and steady-

state concentrations of oxidizing species under varying operational modes. Recently proposed hybrid method [1] provides 

a comprehensive numerical approach, combining diffusion-kinetic modelling of the radiation track chemistry and kinetic 

simulation of secondary reactions in the bulk coolant. In this work the hybrid method has been used to characterize 

concentration of harmful oxidants in different parts of the PWR primary circuit. We report the effect of temperature, 

radiation composition, and dose rates. Our aim is to single out principal reactions contributing to the formation of H2O2, 

HO2
•, •OH and O2. The effectiveness of hydrogen and LiOH addition in suppressing the formation of O2 and H2O2 is 

simulated and discussed.  

[1] D. Swiatla-Wojcik, Radiat. Phys. Chem., 127 (2016) 236-242.  
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ABSTRACT 
 
 

The aim of the studies was an assessment of social and socio-economic impacts of nuclear programme in Poland. 

These issues are very important for Poland - the country that is just beginning to develop nuclear power. In order to 

analyze the socio-economic impacts of nuclear programme at the national level, two types of economic models: 

EMPOWER model and Computable General Equilibrium (CGE) model were reviewed and applied. 

EMPOWER is a generic extended Input-Output (I-O) model for impact assessment of nuclear power plants (NPP) 

proposed by IAEA. It allows for calculating not only direct and indirect but also induced effects, labor market response 

and feedback from financing of investments. Based on preliminary calculations it was seen that as a result of the start 

of construction of a NPP in Poland, the GDP as well as other macroeconomic variables increase slightly. It also turns 

out that in the situation, when the investment for the construction of a nuclear power plant reaches its maximum, 

macroeconomic variablesreact much more strongly. 

The purpose of the simulations using CGE model was to examine under what external conditions (parameters) a 

power generation using nuclear technology in a given year is cost-effective. Three different scenarios were considered: 

(i) analysis of the impact of the expected climate and energy policy on the profitability of nuclear power, (ii) analysis 

of the impact of changes in the capital cost for the price of electricity production, and thus on the economic viability of 

the nuclear project and (iii) analysis of the impact of the mechanism of a fixed price for the production of energy from 

nuclear power on the profitability of the nuclear power in Poland. 

In parallel, to study the economic effects, the efforts have been made towards the development of methods for 

analyzing social impacts of implementation of Polish Nuclear Energy Programme (PNEP). Chosen methodological 

approach combines information from both qualitative and quantitative data in order to obtain results which are 

spectrum of knowledge from existing data (public opinion polls) and the qualitative sociological research.  Internet 

monitoring of the nuclear discourse is being conducted as well as the analysis of public perception and expert 

assessment of nuclear Energy.  The study uses Q-methodology to investigate the subjective perspectives of people and 

identifiy 4 main points of view  on implementing PNEP. 
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ABSTRACT 
 
 

 In this work we present a concept of optimization for steady state reactor burnup simulations. Presented approach 

is based on the gradient method [1]. Suggested aim function bases on results comparison with a reference simulation 

(discrepancies of nuclide field, few-groups cross sections or keff). For the purpose of numerical study we use continuous 

energy Monte Carlo burnup code SERPENT [2] and the assembly geometry from Pressurized Water Reactor [3]. State-

of-art methodology and good practices of Monte Carlo burnup simulations are applied. The input parameters under 

optimization are the number of active neutron cycles and the time steps grid. Total execution time is constrained for 

considered simulations performed on one node of cluster computer. We manage to predict the simulation time length with 

accuracy of few %. Our results show that, depending on aim function, the optimal simulation results are observed for 

substantially different time mesh / neutron precision. For example better depletion results at end-of-cycle are observed 

when tens of steps are set, while more accurate cross-sections are predicted when several time steps are in use. Our 

methodology is applicable for Monte Carlo and deterministic codes and it gives some new clues for code users. 
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ABSTRACT 
 

 
The topic of the paper is the assessment of the In-Vessel Retention (IVR) strategy in context of the thermalhydraulics 

computations with the use of the CFD software. This strategy is considered and investigated under the European H2020 

IVMR project for the existing and future water cooled power plants, although some of the project results can be 

extrapolated to the other more innovative reactor types. The issues investigated in the project are multiple involving the 

mechanical, thermal and strictly computational ones, while the calculations presented in this paper are covering the 

specific phenomenon study – the focusing effect, which is the main risk to the Reactor Pressure Vessel wall under severe 

accident conditions. The focusing effect is present in the thin metallic layer formed on the top of the molten corium pool 

after its stratification. In the paper the used CFD tool and its capabilities – the use of the turbulence models, are discussed 

in relation to the experimental data from the scaled water tests, which is one of the steps in the project activities. The 

computations are giving the indicators for the efficient mesh and model set ups for the chosen CFD code. In this step the 

assessment of the code is done to check it in frame of its suitability for use to the safety analysis for the water reactors. 

The discussion of the results is leading to the second phase, where the prototypical computations are performed for the 

full scale reactor case under severe accident conditions in the high power PWR. 
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ABSTRACT 
 
 

This work is carried out within the project radioactive waste utilization problems by means of QUINTA assembly 

simulating ADS (Accelerate Driving Systems). The deeply subcritical Quinta assembly has about 500 kg of natural 

uranium and the lead shielding. The assembly was irradiated by proton and deuteron beams with energy from 0.66 to 8 

GeV retrieved from the accelerators located in the JINR laboratories, Dubna. The (n, xn) threshold reaction method based 

on yttrium activation detectors let us to evaluate average neutron flux spectrum of energy hire than that of fission neutrons 

and near the maximum evaporation energy ( about 40 MeV). The neutron flux density measured in the three different 

neutron energy ranges: 11.5 – 20.8 MeV, 20.8 - 32.7MeV and 32.7 – 100 MeV will be presented as well as theirs 

comparison. 
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ABSTRACT 
 
 

The Computational Fluid Dynamics (CFD) methodology was invented to bring answers related to mass and energy 

transport phenomena in a greater resolution than any measuring technique can provide the data without disruption the 

flow. The benefits of its implementation are observable in various aspects of life, including hydraulic systems (like 

sanitations or HVAC), transportation, medicine, sport etc., however the results of CFD analyses for nuclear applications 

are doubtful to some extent. The reason is its inherent uncertainty that is hard to assess and hard to accept without extra 

explanations and margins implementations due to safety issues. A multi-parametric nature and no simple recipe for a 

single case, i.e. choice of domain discretization, physics applied or simplifications due to computational hardware 

limitations - to outline at least few of them - makes it impossible to be accepted in a conservative society of nuclear 

engineers. 

This particular paper is not to solve any of the above. It is to bring to attention of the wider audience and briefly 

discuss another topic that needs further investigation which is geometric precision of CFD-grade experiments. It is 

because the main stream of current CFD specialists world-wide discussion concerns the insufficient resolution of the input 

data (limited to capabilities of the particular measuring hardware) given by the experimentalists and their impact on the 

final CFD results. There is however another unknown that seem to be systematically overlooked, meaning a precision of 

the manufacturing. 

CFD analyses are generally based on blueprints that are not necessarily 1:1 to the manufactured object. However, this 

should be of a particular importance when nuclear safety plays the first role. This paper is to present the difference in 

CFD results between the analysis based on blueprint design and on real geometry extracted thanks to 3D scanning and 

industrial computer tomography system combination available at the National Centre for Nuclear Research. The object 

of interest will be a unique rod-type fuel assembly designed for testing in matrix of the MARIA Research Reactor. 
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ABSTRACT 
 

 

Ionizing radiations in the form of gamma rays, energetic electrons and X-rays (Bremsstrahlung) are being used for 

many practical applications. Successful irradiation processes provide significant advantages in comparison to typical 

thermal and chemical processes, such as higher throughput rates, reduced energy consumption, less environmental 

pollution, more precise control over the process, and the production of products with superior qualities. In some 

applications, radiation processing can produce unique effects that cannot be duplicated by other means. High-energy, 

high-power gamma X-rays or electron beams can modify the physical, chemical and biological properties of materials 

and commercial products on an industrial scale. Many gamma sources and electron accelerators with a variety of 

specifications were built and installed for these purposes. These technologies have been evolving for more than fifty 

years, and this field is still expanding. The biggest industrial use of ionizing radiation is the modification of the properties 

of polymers, including rubber. Ionizing radiation finds use in a variety of industrial applications such as wire and cable 

insulation, tire manufacturing, production of polymeric foams, heat-shrinkable films and tubing, curing of coatings, 

adhesives and composites, printing, and other technological development.  Cross-linked PE pipes (PEX) for house 

application are processed with application of electron accelerators. Other applications of ionizing radiation include 

synthesis of hydrogels, radiation curing of polymeric composites, production of Teflon additives, radiation-cured 

flexography, coatings, adhesives, paints and printing inks. The ability to fabricate structures with nanometric precision is 

of fundamental importance to any exploitation of nanotechnology including graphene. Beside lithography, ionizing 

radiation became a perfect tool for formation and synthesis of nanoparticles and nanocomposites. The other major use of 

this technology is the sterilization of medical devices. Approximately 50% of the single use medical devices in the UK 

and 40–50% of all disposable medical products manufactured in North America are sterilized by ionizing radiation. There 

are other important fields from the social point of view: environmental protection and cultural heritage preservation. 

Municipal and industrial activities of mankind lead to environmental degradation. Radiation technology may contribute 

to environmental protection to a great extent. Efficient technologies for gas, liquid and solid wastes treatment were 

developed. Ionizing radiation is the most effective one regarding biohazards’ control even in sealed containers. The 

preservation of world cultural heritage is a key issue for maintaining national identity, and understanding the exchanges 

among civilizations throughout history. Cultural heritage (CH) artefacts that are based on paper, textiles or wood are 

prone to biological attack under improper conservation conditions. Application of ionizing radiation for the disinfection 

of CH artefacts has been successfully demonstrated in recent years with participation of museums and libraries. 
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ABSTRACT 
 
 

X-rays application for radiation processing was introduced to industrial practice and in some circumstances is found to 

be more economically competitive and offer more flexibility than gamma sources. Recent progress in high power 

accelerators development gives opportunity to construct and apply reliable high power electron beam to X-rays converters 

for industrial application. The efficiency of the conversion process depends mainly on electron energy and atomic number 

of the target material, as it was determined in theoretical predictions and confirmed experimentally. On the other hand 

lower price of low energy direct accelerators and theirs higher electrical efficiency may have certain influence on 

economic results as well. There are number of other parameters which can effectively change process economic results 

like average beam power level, spare part cost, optimal shape of electron beam and electron beam utilization efficiency. 

All these parameters and related to them expenses may affect unit cost of radiation facility operation and have significant 

influence on X-ray process economy. The optimization of X-rays converter construction is also important, but it does not 

depends on type of accelerator. The paper discusses the economics of radiation processing with high intensity of X-rays 

stream emitted by conversion of electron beams with different energy (2, 5 and 7 MeV). The evaluating and comparing 

costs of alternative technical solutions were included to predict unit cost of Xrays facility operation.    
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ABSTRACT 
 
 

The radio frequency pulse accelerators type ILU cover the energy range 0.8-10 MeV, their power is up to 100 kW. 

BINP produces ILU types of RF accelerators for E-beam and X-ray processes. These accelerators have wide energy and 

power diapasons of electron beam. It allows use them for different applications in radiation chemistry, medical device 

sterilization and food irradiation. Talk includes description of accelerators and the examples of real radiation complexes 

in industry. Accelerators use for design new perspective radiation technologies in scientific institutes also. 
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ABSTRACT 

 

 

Background of the study 

Chromium(VI) heavy metal is a major water contaminant in most industrial effluents, due to its carcinogenicity and its 

impact on ecosystems, while Chromium (III) is non-toxic and is an important element for human metabolism. Large 

quantities of Cr(VI)-contaminated wastewater are produced by chemical-intensive industries and discharged into aquatic 

environments. The objective of this study is to evaluate the radiation induced reduction of Cr(VI) to Cr(III) by O2ˉ• free 

radical radiolytically produced in aerated solution at neutral pH in the presence of formate.  

 

Methodology 

The degradation of Cr(VI) was investigated by continuous and pulsed electron beam irradiation by a 2.5 MeV van de 

Graaff in aerated solution at neutral pH, which is close to natural conditions in most wastewaters. Pulse durations of 0.6, 

1.2 and 2 μs were used. The dose obtained was between 7 and 500 Gy per pulse. The bleaching of Cr(VI) was observed 

spectrophotometrically at 370 nm.  

 

Results 

The degradation of Cr(VI) increased linearly with the absorbed dose and was significantly enhanced by the added formate. 

More than 99% of Cr(VI) was removed after a dose of 5 kGy at near neutral pH. To explain the mechanism of this 

removal, a kinetic model was proposed. Cr(VI) is first reduced by O2ˉ•. This reduction is followed by a disproportionation 

of Cr(V) into Cr(IV) and a partial recovery of Cr(VI). In a second step Cr(IV), rather than Cr(V), oxidizes O2ˉ• in a one-

electron reaction leading to the formation of the stable and non-toxic Cr(III) product. A partial recovery of Cr(VI) is 

observed over a period of ca. 5 ms following a second order kinetics with a rate constant 8.0 x 106 M-1 s-1.  

 

Conclusion 

This laboratory study shows that EB irradiation might be effective and economical in the remediation of large volumes 

of industrial wastewater contaminated with chromium. It is an alternative means to conventional chemical methods of 

treating effluents. 
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ABSTRACT 
 
 

The main source of air pollutants such as NOx and SO2 are exhaust gases generated during the combustion of fuels 

used in the power and transport sectors. It is estimated that in 2020, pollution from marine sources will exceed the level 

of pollution from all land-based sources. The concentration of harmful oxides in the off-gas varies with the type of fuel. 

One of the most commonly used fuels on cargo ships is diesel oil, which contains high concentrations of both NOx and 

SO2. Therefore, it is necessary to use a gas purifying method before releasing them into the atmosphere. The removal of 

nitrogen oxides is a difficult process, often requiring the use of expensive catalysts (the most commonly used is Selective 

Catalytic Reduction). However, as international emissions regulations on nitrogen and sulfur oxides tighten, current 

removal methods are becoming increasingly insufficient. Therefore, it is necessary to look for new cost effective solutions 

to remove both nitrogen and sulfur oxides with high efficiency simultaneously. 

The current study assesses the concept of combining two methods used to clean up the exhaust gases: Electron Beam 

(EB) and Wet Scrubbing. Electron Beam Flue Gas Treatment (EBFGT) was first demonstrated in the 1970s in Japan. 

Since then, this method has been investigated and developed by scientists from different countries, among others in USA, 

Germany, China, Romania and Poland. However, achieving high efficiency when pollutant inlet concentrations are high 

is very difficult and requires high energy inputs. Absorption methods are commercially used around the world for the SO2 

removal, but the poor NO solubility, which is the main component of NOx generated during fuel combustion, does not 

permit the simultaneous removal of both pollutants.  

The research is based on the use of hybrid technology to create a synergistic effect and to achieve higher process 

efficiency. Furthermore, different wet-scrubbing solutions are used in the current study to optimize the removal of 

pollutants, while also receiving a post-process liquid that could potentially be recycled. 
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ABSTRACT 
 

 

In recent years, our scientific activity was focused on production and application of radionuclides for PET technique, 
43,44Sc, and for therapeutic use 47Sc and 211At. 43Sc (t1/2 = 3.89 h) is an ideal β+ emitter for PET diagnosis. It can be used 

as an alternative to 68Ga, because 43Sc has a longer half-life and forms theranostic pair with β- emitter 47Sc, that is important 

in planning radionuclide therapy. On the other hand 47Sc- low energy β- emitter is an attractive candidate for 

radioimmunotherapy. In our work we propose a new way for cyclotron production of 43Sc in 42Ca(d,n)43Sc nuclear 

reaction, and 47Sc by proton irradiation of 48Ca target in p,2n reaction. The proposed methods allow to obtain high activity 

of 43Sc and 47Sc.  

Among the others α-emitting radionuclide 211At has attractive properties for use in targeted radionuclide therapy, 

especially for small tumours  and cancer metastasis. 211At is produced via 209Bi(α,2n)211At  nuclear reaction and has a 7.2 

h half-life - a sufficient time for its production, synthesis, transportation and medical application. However, many astatine 

compounds that have been synthesized are unstable in vivo, providing motivation for seeking other 211At labeling 

strategies.  In our work we propose to utilize formation of strong bond between astatine and Rh3+ cation and metallic gold 

to bind the 211At to biomolecules.  

We have shown that gold nanoparticles labelled with 211At functionalized with substance P and trastuzumab presents a 

prospective solution for the use of the 211At as a therapeutic tool for targeting glioma cells and HER2 positive breast and 

ovarian cancers.  

According to 99mTc crisis, there is growing interest in the large scale cyclotron production of 99mTc via the 
100Mo(p,2n)99mTc reaction. In this field we elaborated a simple and fast method for the separation of clinical grade 99mTc 

from macroscopic levels of cyclotron irradiated molybdenum targets. 
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ABSTRACT 
 

 Linear accelerators applied in contemporary radiotherapy generate X-ray and electron beams with energies up 

to 20 MeV. These high-energy therapeutic beams induce undesirable photonuclear (,n) and electronuclear (e,e’n) 

reactions in which neutrons and radioisotopes are produced. The originated neutrons induce secondary reactions, mainly 

simple capture reactions (n,). In these reactions  radioisotopes are also produced. [1-4] 

 In this work measurements of the non-therapeutic neutrons and the induced gamma radiation were performed 

for a new medical accelerator - the Varian TrueBeam. This accelerator is a new generation of Varian medical linac making 

it possible to generate the X-ray beams with a dose rate higher than in the case of the previous models by Varian. This 

work was carried out for the X-ray beams with nominal potentials of 10 MV (flattening filter free), 15 MV and 20 MV, 

and for a 22 MeV electron beam. A helium chamber and the induced activity method were used in the neutron 

measurements. The identification of radioisotopes produced during emission of the therapeutic beams was based on 

measurements of the energy spectra of gamma-rays emitted in decays of the produced nuclei. The gamma-ray energy 

spectra were measured by means of the high-purity germanium detector.  

 The correlation between the neutron fluence and the kind of a beam and nominal potential was observed. The 

strongest neutron fluence  of  3.1 x 106 cm-2 Gy-1 and 2.0 x 106 cm-2 Gy-1 for the thermal and resonance energies, 

respectively, was measured during emission of the 20 MV X-ray beam. The thermal and resonance neutron fluence 

measured for the 15 MV X-rays was somewhat less, at 1.1 x 106 cm-2 Gy-1 for thermal neutrons and 6.7 x 105 cm-2 Gy-1  

for resonance ones. The thermal and resonance neutron fluences were smallest for the 10 MV FFF beam and the 22 MeV 

electron beam and were around two orders of magnitude smaller than those of the 20 MV X-ray beam. This work has 

indicated that the neutron reactions are dominant because of relatively high cross sections for many elements used in the 

accelerator construction. The detailed analysis of the measured gamma-ray spectra made it possible to identify 11 

radioisotopes induced during TrueBeam delivery. In this work the following radioisotopes were identified: 56Mn, 122Sb, 
124Sb, 131Ba, 82Br, 57Ni, 57Co, 51Cr, 187W, 24Na and 38Cl. The obtained results were presented in [5]. 
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ABSTRACT 
 
 

The Early Neutron Source project is part of the IFMIF (International Fusion Material Irradiation Facility) project 

under a Bilateral Agreement between EU and Japan.  

The DONES (DEMO-Oriented Neutron Source) system is designed to provide an accelerator-based D-Li neutron 

source that produces high energy neutrons at sufficient intensity to simulate the first wall neutron spectrum of future 

nuclear fusion reactors.  The DONES plant will produce a 125 mA deuteron beam, which can be accelerated up to 

40 MeV, and shaped to have a nominal cross section of 100 mm x 50 mm that impinge on a liquid lithium curtain. The 

stripping reactions generate a large number of neutrons that interact with material samples located behind the lithium 

target. 

The DONES Accelerator System includes an injector, a Low Energy Beam Transport section, a Radio Frequency 

Quadrupole (RFQ) accelerator, a Medium Energy Beam Transport (MEBT) section, a Superconducting Radio Frequency 

Linear Accelerator (SRF-L) and a High Energy Beam Transport Line (HEBT). 

The aim of this work was to optimise the SRF-L to meet two requirements at the same time: (a) beam energy of at 

least 40 MeV at the end of the linac, (b) energy losses of less than 1 W/m in the worst region. To obtain reliable results, 

we used two calculation codes: TraceWin and GPT (General Particle Tracer) to simulate the accelerator facility from the 

exit of the RFQ to the entrance of the HEBT. Based on technical data provided by CEA (French Alternative Energies and 

Atomic Energy Commission), we investigated 66 variants of the accelerating system. Calculation results of beam energy 

losses, statistical parameters of the beam and beam density in analysed phase spaces were obtained and compared in both 

codes. At present, the best result obtained is 40.19 MeV beam energy and 8.36 W/m peak energy loss. 

On the basis of these results, changes were introduced in the construction of SRF-L. 
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ABSTRACT 
 
 

 The ARIES H2020 project started on 1st May 2017 and will study many aspects of particle accelerator R&D. It 

follows on from several earlier projects, the most recent being EuCARD2. One work package, called ISA, will focus on 

the Industrial and Societal Applications of accelerators, in particular the use of low energy electron beams for many 

industrial and environmental applications, the use of higher energy electron beams for cancer therapy, nuclear physics 

studies, etc and the use of ion beams for the production of radioisotopes for imaging and therapy. 

 This paper will introduce ARIES and the the ISA network. It will describe what we plan to do in the network 

and show how this follows on from work done in EuCARD2. It should be noted that the ISA network kick-off meeting 

will follow NUTECH and all participants are welcome to attend. 
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ABSTRACT  
  
 

Polycapillary lenses are the most common choice for the focusing of X-rays into micro-beams. Due to the high gain 

of X-ray intensity, small focal spot (few tens of microns) and ability to work together with sources of the cone-shaped 

beams like X-ray tubes this kind of X-ray optics is very popular in laboratory devices for micro-XRF and micro-XRD 

techniques. Those methodologies are commonly used for non-destructive analyses of biological materials, environmental 

samples as well as cultural heritage objects. The knowledge of the spatial distribution of radiation emitted by such kind 

of optics is crucial for analyses of fragile samples and for design of radiation protection shielding.  

The aim of this study was to measure the spatial distribution of the dose in the beam formed by polycapillary lens with 

use of thermoluminescent detectors (TLDs). The X-ray beam was formed by an X-ray tube integrated with a polycapillary 

lens (X-BEAM, X-ray Optical Systems, USA)with the nominal focal spot of 17 um FWHM (at 17.4 keV) at the working 

distance of 4.4 mm.  

In the study one hundred LiF:Mg,Cu,P TLDs (MCP-N, IFJ PAN, Poland) were applied. Detectors were prepared for 

the measurements according to the manufacturer recommendation. In particular, preirradiation annealing (240°C, for 

10min), irradiation (calibration source Cs-137, dose 1mSv), postirradiation annealing (100°C, for 10min), and readout 

(three step plateau heating mode: 150°C for 10s, 245°C for 15s, 245°C for 15s) were provided. Individual Response 

Factors (IRF) as well as calibration curve were calculated and applied.   

Measurements were done for several distances, e.g. 18.6cm, 37.4cm and 56.2cm from polycapillary exit. TLDs 

(dimeter 4.5mm) were distributed in a form of the matrix. One detector was placed close to the focal spot. The times of 

irradiation were: 5min for all matrix of detectors and 1 min for the detector in the focus beam. The X-ray tube operating 

point was 50kV, 1mA. The readout process was performed immediately after irradiation.  

The obtained results were discussed and compared with the theoretical values. This study confirms a high usefulness 

of TLD for the spatial dose distribution estimation. Due to high accuracy and convenience of TLDs it will be extended.   
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ABSTRACT 

  
  

Hydrometallurgical processes are widely used for the recovery of valuable metals including gold, copper, rare 

earths, uranium etc. The technique of extractive metallurgy involves aqueous chemistry for the recovery of metals from 

the various raw materials such as ores, concentrates, recycled or residual materials and wastes. The main advantages of 

hydrometallurgical processes include less energy demand in comparison to pyro-metallurgical processes, are simpler in 

operation and do not lead to toxic   gases emission. Radiotracer techniques are suitable tools for process investigation 

since most of the elements involved may be activated and their radioactive isotopes easily detected. Various parameters 

as separation efficiency, process kinetics and flow dynamics of hydrometallurgical systems can therefore be qualitatively 

and quantitatively evaluated. There is a need for detailed investigations to be carried out to optimize process parameters 

in order to develop an efficient technology.  

Scientific objective of our project is elaboration of efficient method for recovery of copper and critical metals from 

the various raw materials, even these which contain very low quantity of these elements. Various leaching processes are 

being considered. Several leaching media such as H2SO4, HNO3, organic acids were applied and multistep leaching 

processes was investigated. Radiotracer method is a very effective tool for the process investigation. The samples of 

copper ore were activated into nuclear reactor. The parameters of the neutron activation were calculated. Radioisotope 
64Cu was selected as an optimal tracer and it was used for optimization of the leaching process. Optimal leachant and 

conditions of the process were selected for process up scaling.  
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ABSTRACT  
  

  

Lignin, being the basic component of wood, since ancient days was the main source of wood tar. Due to diversity of 

valuable properties, tar had application as lubricant, protective impregnant for wooden and leather products, insect 

repellant, odorant, cosmetic and edible ingredient, spice for meat, natural dye for production of paints, chemical reagent, 

etc. Till now tar is widely used as bio-protection agent.  

In the last century tar has been recognized as inexpensive and available polymerization retarder, in particular, as 

inhibitor of styrene thermopolymerization. Such ability of tar results from presence of various phenols. However 

inhibiting effect of wood tar is rather small as phenols in tar are diluted with other components which are not possessing 

inhibiting properties.  

Both composition and inhibiting properties of tar improve essentially when tar is forming in the course of an irradiation 

of lignin or lignocelluloses. Triple increase in productivity of lignin-to-tar conversion takes place via radiation-stimulated 

distillation of the lignin moreover the obtained tar represents a concentrate of phenols and benzenediols. The inhibiting 

ability of tar can be increased additionally due to presence of heavy alkanes at feedstock being irradiated.  

The report informs of a technique of electron-beam distillation of lignin and of composition distinctivenesses of tar.  
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ABSTRACT  
  

  

The copper mining and ore processing is one of the most stable and profitable branch of the Polish economy and one 

of the fastest growing industry. However, commonly used technologies lead to high losses of valuable and so-called deficit 

metals in solid wastes streams. The development and implementation of hydrometallurgical technologies is a solution 

which is feasible for a higher elements recovery efficiency and decreasing hazardous impact of the wastes storage on the 

environment. Radiotracer methods are the suitable tool for process investigation since most of the elements involved may 

be activated and their radioactive isotopes can be easily detected. The separation efficiency, process kinetics and flow 

dynamics of hydrometallurgical systems can be therefore qualitatively and quantitatively evaluated.  

As a radiotracer, isotope of copper 64Cu was selected. Samples of flotation tailings and pure copper were irradiated 

and activated in MARIA Research Reactor (Świerk, Poland). Parameters of neutron activation were: neutron flux 1∙1014 

n∙cm-2∙s-1 and 15 to 50 minutes of irradiation time. Activated sample (up to 30 MBq) was mixed with an inactive portion 

of the milled flotation waste. Leaching process is conducted in a glass reactor equipped with pump, filter system and 

gamma-spectrometer. Spectrum measurement is obtained using the scintillation detector NaI. The dissolution of the 

material takes place using various acids and a wide range of their concentrations. The level of leached of copper (as well 

as other metals) is calculated on the basis of the ratio of height the peaks in the spectrum.  

Acknowledgements. The study is being performed in the frame of IAEA CRP F22065 “Radiometric Methods  

Applied in Hydrometallurgical Processes Development and Optimization” and Polish Ministry of Science and Higher 

Education co-financing grant “Rozwój radiometrycznych i radioznacznikowych technik dla procesu 
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ABSTRACT  
  

The growing presence of ionizing radiation in all areas of life requires development of various measurement 

methods to ensure maximum radiation safety. Aside from industrial, scientific and energetic applications, ionizing 

radiation is increasingly present in medical diagnosis and cancer treatment. Our work is focused on the development of 

the remote device aimed to control the real dose delivered to the treated tissue volume during radiotherapy session in a 

real time based on luminophores. Luminophore, in dosimetric applications, is a material which is able to cumulate the 

information about the absorbed dose during its irradiation and which emits the light during its excitation (by light in the 

case of optically stimulated luminescence) or which emits the light spontaneously (radioluminescence, RL).   

Several luminophores, such as Al2O3, LiAlO2 and LiMgPO4, produced in a form of crystals grown by micropulling 

down method (MPD) at the Institute of Nuclear Physics PAN, were investigated in regard to their dosimetric properties. 

Especially, radioluminescence and time-resolved optically stimulated luminescence (TR-OSL) were studied. For the 

measurements of RL and TR-OSL a special home-made OSL reader called HELIOS-3 was applied. HELIOS-3, the third 

device from HELIOS series developed accordingly to the individual research needs, is equipped with two rings of blue 

and green LEDs for stimulation, PMT with an electromechanical shutter placed in front of the photomultiplier tube for 

UV light detection, fast electronic controller and a set of optical and interference filters. Besides TR-OSL also RL 

measurements were performed using the special holder enabling to use x-ray needle source for in-situ irradiation of the 

investigation sample and its RL readout in a real-time.   

The preliminary investigation showed that Al2O3, LiAlO2 and LiMgPO4 luminophores are very sensitive to ionizing 

radiation and are characterized by the good signal repeatability and linear dose response.   

  

  

Acknowledgments  
This work was supported by the National Science Centre, Poland (No. UMO-2016/21/B/ST8/00427).  

 

                                                           
* corresponding author: Barbara.Marczewska@ifj.edu.pl 
 
 
 
 
 
 
 
 



73 
 

DETECTION OF IONIZING PARTICLES TRACKS  
USING RADIOLUMINESCENCE OF LITHIUM  FLUORIDE  
 
B. Marczewska*, P. Bilski, W. Gieszczyk, M. Kłosowski, T. Nowak, M. Naruszewicz    

  
Institute of Nuclear Physics Polish Academy of Sciences, PL-31342 Krakow, Poland  
  
Keywords: radioluminescence, track detectors, dosimetry, lithium fluoride  
  
  

ABSTRACT  
  

  

Lithium fluoride (LiF) is a material exhibiting several luminescence phenomena, which are applicable for radiation 

detection and dosimetry. One of them is radiophotoluminescence (RPL), which is  fluorescence of color centers created 

by radiation.  Ionizing radiation produces in LiF crystals mostly F centers (anion vacancies trapping electrons), which 

often  aggregate into more complex defects, like  F2 and F3
+ color centers. F2 center is composed of two anion vacancies 

with two bounded electrons, while F3
+ of three vacancies with two electrons.  When these centers are excited with blue 

light (wavelength near 445 nm), they emit photoluminescence peaked at about 670 nm (related to F2) and about 525 nm 

(related to F3
+).  

At the IFJ PAN in Kraków LiF single crystals were grown with the Czochralski method.  The cut and polished 

crystal samples were then exposed to various radiation types:  alpha particles, protons, neutrons.  The samples were 

analyzed using Nikon Ni-U wide-field fluorescent microscope equipped with  DS-Qi2 CCD camera and 100x objective. 

The intensity of RPL in the acquired in that way images allowed for visualization of tracks of single alphas and protons, 

as well as secondary products of neutron interactions.  Detection of neutrons seems to be the most perspective application 

of this methods, as the natural lithium contains 6Li isotopes, which have a very high cross-section for (n,α) reaction.  The 

obtained results are the first successful application for fluorescent detection of particle tracks other material than aluminum 

oxide and the first successful attempt to use for this purpose a standard wide-field fluorescent microscope.  
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ABSTRACT  
  

  

In order to improve the metal surface resistance for oxidation at high temperatures the protective layers are used. 

Zirconium and zirconium alloys, due to their good water corrosion and radiation resistance at normal working conditions 

of nuclear reactors, is commonly used as cladding material for fuel elements. But in the case of LOCA conditions their 

high susceptibility to oxidation at high temperatures leads to the fast degradation of the zirconium claddings.  

The work carried out in the ICHTJ Material Research Laboratory concerned the possibility of using 

zirconiumsilicon coatings for zirconium alloy LWR cladding material to enhance their accident tolerance.  

Silica and silica-zirconia films, with different ZrO2 contents, were prepared by the sol-gel method. The zirconyl 

nitrate and tetraethoxysilane (TEOS) were used as precursors of zirconia and silica, respectively. The silica or 

silicazirconia sols were deposited over zirconium alloys by dip-coating method at room temperature, dried and calcined 

at different temperatures. The obtained films were characterized by optical (OM) and scanning electron (SEM) 

microscopy, X-ray diffraction (XRD) analysis and energy dispersive spectroscopy (EDS). The prepared samples were 

investigated with autoclave tests: water, 360°C, 165 bar, 7 days.  

The sol gel method seems to be promising for the fabrication corrosion protective coatings on the surface of 

zirconium alloys.  

  

  

Acknowledgements  
The financial support of IAEA Research Contract No. 19026/R0 and by Polish Ministry of Science and Higher Education 

under decision 3689/IAEA/2017/0 is kindly acknowledged.  
 

 

 

                                                           
* corresponding author: m.milkowska@ichtj.waw.pl   



75 
 

REMOVAL OF ABSORPTION ARTEFACTS IN THE MACRO-XRF 
IMAGING OF PAINTINGS  
 
P. M. Wróbel  

  

AGH University of Science and Technology, Faculty of Physics and Applied Computer Science, Al. 

Mickiewicza 30, 30-059 Krakow, Poland  

  

Keywords: X-ray fluorescence imaging, X-ray absorption artefacts,   

  
  

ABSTRACT  

  
 

The macro-XRF technique allows imaging and identification of hidden paint layers what makes it much more 

versatile as compared with X-ray radiography. One of the main disadvantages of macro-XRF technique is the fact that 

characteristic X-rays from deeper paint layers are absorbed in the covering layers. This effect manifest itself in form of 

artefacts that may impede proper interpretation of acquired images. In previous work a new methodology  of correction 

of those effects that is applicable to the case of polychromatic excitation [1] was introduced. In this approach the problem 

of empirically chosen correction parameters [2] that introduces a human factor that may distort the result of correction 

was also overcome.   

In this work an upgrade of the methodology of correction of image artefacts from X-ray absorption effects is 

shown. The K-means clustering was applied for segmentation of the areas of different paint layers structure. This approach 

allows to improve the calculation of correlation coefficients and opens up an opportunity for further automation of the 

correction process. Additionally a discussion about possibilities of correction of absorption effects in the system of more 

than two paint layers is given.  
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ABSTRACT 
 
 

Crosslinked polyethylene foams are characterized by good thermal insulation properties, low density, low thermal 

conductivity, high sound absorption and chemical resistance. These properties cause their wide use in construction, 

automotive, packaging industry and sport. The process for preparing chemically/radiation crosslinked foams consisted of 

the following steps: preparation of powder mixtures, pellets extrusion, film extrusion, foaming of crosslinking materials. 

The process of radiation crosslinking of polyethylene with gamma radiation (ɣ) and electron beam (EB) from the point 

of view of density of foam was tested. Particular attention was paid to postradiation oxidation effect of the polymers. The 

study used two types of radiation sources of varying the dose rate: gamma radiation (4 kGy/h) and electron beam (14 000 

kGy/h). Radiolysis studies of the polymers used were analyzed secreted amount of hydrogen (GH2, approximately 

proportional to the number of radicals) and radiation yield of oxygen absorbed by the polymer, GO2. Film was prepared 

with different contents of the following ingredients: polyethylene (LDPE) type Malen  FGAN 23-D003, 

Azodicarbonamide type Unicell D1500TSK - foaming agent, zinc oxide, zinc stearate,  Tracryl PO 3501, Irganox PS 802 

FL. The temperature profile along the barrel was: 100, 110, 125 and 125°C. The polymer film was obtained by the lab 

equipment consisting of the single screw extruder type Plasti – Corder PLV 151 (Brabender) with the flat die and polishing 

rolls. The screw parameters were: working length 25D and compression ratio 3:1. The experimental stand was equipped 

with a device for measuring temperature of heating zone of the plasticizing  system and the head. Screw rotation speed 

was 75 rpm. Foaming process was conducted in silicone oil bath at 225°C for 1.5 min. Gas chromatograph Shimadzu 

(thermal conductivity detector, molecular sieves 5A) was used from the dose of radiation in the range of 5 to 20kGy. 

Samples were irradiated in air, in closed vessels with gas phase subjected to gas chromatographic analysis at room 

temperature. Total apparent density (ρa) was determined from crosslinked and foamed samples. Three samples for each 

film were studied. The dimension of samples was approximately 50 mm × 50 mm. Overall dimensions of the samples 

were measured in accordance with European standard. The determination was performed on a test stand equipped with 

scanning electron microscopy Hitachi SU8010 (Japan, 2011) and Cressington sputter coater module measuring thickness 

of the sputtered gold layer (Germany, 2011). The microscope is equipped with a cold cathode field emission, SE and BSE 

detectors and EDX detector for X-ray microanalysis. One of advantages of diffuse reflection spectroscopy (DRS) is the 

possibility to investigate polymers in any shape. The principle of measurement consists in directing the beam of analyzing 

light on the surface of the sample. Part of light is reflected back unchanged, but another is bent into the sample and after 

inside reflections is leaving the sample with spectral information about compounds formed in the result of irradiation 

and/or compounds present before and destroyed. In our investigations the spectrophotometer JASCO V-670 equipped 

with reflection device was used.  
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ABSTRACT  
  

  

The aim of this study is to investigate the effect of several moderator materials on the thermal neutron measurement 

capability of a CdZnTe detector irradiated in a mixed neutron-gamma field. Thermal neutrons produced from water 

moderated a 37GBq  241Am-Be neutron source is used for the irradiations.  

In this study, thermal neutron fluxes were measured at different irradiation positions by foil activation method 

using dual 197Au(n, ɣ)198Au and 55Mn(n, ɣ)56Mn monitor reactions. The neutron induced gamma ray spectra were measured 

in the well of a p-type, 44.8% relative efficient HPGe detector (Canberra Inc.). Then, a 5x5x5 mm3 CdZnTe detector 

(Spear, eV Products Inc) was irradiated in the irradiation tube of 241Am-Be source unit to determine sensitivity factors of 

detector in terms of cps per neutron·cm2.s-1. The CdZnTe detector was covered in 1 mm thick cadminium (Cd) cylindirical 

box to absorb completely the incoming thermal neutrons to measure epithermal neutron component. To achieve this the 

cadmium covered CdZnTe detector is placed in a well-thermalized neutron field in the irradiation tube of the 241Am-Be 

neutron source. The gamma-ray spectra were acquired simultaneously and then the most intense gamma-ray which is 558 

keV (0.74ɣ/n) peak area was evaluated to estimate thermal neutron flux. The epithermal component was estimated from 

the bare detector irradiation because the epithermal neutron cut-off energy is about 0.55 eV at 1mm thick Cd filter. Then 

the measured count rates from the 558 keV and 651 keV photopeaks of 114Cd calibrated by using the measured neutron 

fluxes at different irradiation positions. In order to enhance the thermal neutron detection sensitivity of CdZnTe, several 

moderators such as PTFE, polyethylene, polystyrene were tested. At the same time, to reduce gamma components of 

mixed field 0.5-1.0 mm Pb box was fitted in annular cylinders covering the detector.  The present results indicate that 

CdZnTe detector with use of some moderator materials covers has a potential to serve a neutron detector in the mixed 

gamma neutron fields such as reactors, neutron generators, electron linear accelerators (linacs) and cyclotrons or use of 

isotopic neutron sources. The detailed results will be discussed in this presentation.  
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ABSTRACT  
  

  

This paper presents algorithms for breast cancer classification from mammogram images. Background of breast 

cancer images are performed as a preprocessing step using Wave Atom (WA) transform. Also, a noise reduction algorithm 

based on digital filters is introduced. These filters are Median, Wiener and average filters. Comparison between these 

filters is presented. Furthermore, image enhancement based on generalized histogram equalization method is evaluated. 

Image segmentation is also implemented. Two different algorithms are evaluated to perform image segmentation. These 

algorithms are image segmentation using Particle Swarm Optimization (PSO) and image segmentation using hidden 

Markov random field model and its expectation-maximization (HMRF-EM). The pectoral muscle was extracted from a 

breast cancer image using Kirsch's templates. Then, the textural features are extracted from the breast cancer images. A 

simple feature reduction program code is implemented that reduce the extracted features from 22 to 6 only. Accordingly 

to their effectiveness, better execution time is obtained for image classification.  
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ABSTRACT  
  

  

The studies are connected to practical application of biopolymers, modification of  biopolymers and the products 

manufactured basing biopolymers by applying ionising radiation, and to the radiation sterilization of such  products. The 

interest increases in use of biopolymers for packaging purposes [1-3]. This concerns also packaging of the products 

predicted for radiation decontamination. Addition of nanocelluloses into polymer and biopolymer materials appears one 

ability to improve properties of such materials related to packaging application [3]. Recently, the trials are also conducted 

to modify by radiation techniques the structure and properties of nanoparticles, including nanocelluloses  

Interaction of nanocelluloses with water constitute an important issue in relation to dressings or to personal care 

products based on nanocelluloses, and in relation to packaging materials. We have previously proven that differential 

scanning calorimetry (DSC)  constitutes the appropriate method for studying interaction of biopolymers with liquids. The 

method enables to distinguish various states of water in cellulosic material [4], as well as to evaluate the crystalline 

properties of biopolymer systems plasticized by water [5-6]. Similarly, millimeter wave (mm waves)  spectroscopy 

enables to evaluate interaction of water with various materials, including biopolymers and food.  

Our present study concerned the influence of gamma irradiation on the interaction of nanocrystalline cellulose 

(NCN) with water, carried out by differential scanning calorimetry (DSC) and millimeter wave spectroscopy.  Powder 

NCN and gel solutions of NCN were  irradiated with gamma rays applying doses of 5 and 25 kGy. The differences were 

discovered between the non-irradiated samples and these irradiated by means of both methods. A decrease in the content 

of non-freezable strongly bound water was discovered after irradiation with a dose of 25 kGy. However, the differences 

were found between the directions of the changes caused by irradiation with a dose of 5 kGy and by irradiation  with a 

dose of 25 kGy. In particular, the increase in participation of the interstitial water or of bulk water content in the fraction 

of the freezable water can be deduced, depending on the applied irradiation dose.  The results can be related to the 

differences in  participation of the degraded and crosslinked products in the materials subjected to irradiation applying 

both doses.    
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ABSTRACT  
  
  

Increasing interest in production of the high quality, safe and durable food of induces the concern in application of 

the active packaging. The special interest is directed to the antioxidant and antimicrobial systems. Plant extracts and 

essential oils or antimicrobial polysaccharides alike chitosan, are commonly tried, beside to antibiotics and synthetic 

antimicrobial or antioxidant substances. It seems worth to mention that these ingredients reveal often both antimicrobial 

and antioxidant activity. The advantages were also discovered of using the nanocomposite active systems, expected to be 

more effective as compared to micro or macro scale materials. As it is profitable that  the materials reveal appropriate  

activity at prolonged time duration, the characteristic of release the active component  appears an important property. 

Various strategies are applied for preparation of the active packaging [1-2]. Recent development in packaging materials 

based on natural and  biodegradable  polymers directed a search for use such packaging also as matrices for active 

components. Lately, radiation technologies were applied for manufacturing and modification of the properties of active 

packaging. The possibility for decontamination of the packed products made additionally interesting to study the 

irradiation effects on the properties of active packaging.    

Our previous work concerned optimization of the methodology for preparation the films based on starch-

PVAnanocellulose system supported by gamma and electron radiation. Present studies deal with immobilization of the 

active components into the polymer network during the films preparation, and the trials of grafting the active components 

onto the synthetized films, supported or followed by irradiation.  Thymol, gallic acid  and sorbic acid were introduced 

into the composition on the various steps of prepration. The methods appropriate in each case for evaluation the activity 

of the resulting material as well as the method for testing of the release of active components from the irradiated nad 

nonirradiated materials were adapted.  

The results show that it is possible to obtain the materials characterized by antioxidant activity (strong or moderate, 

depending on composition) basing the starch-PVA-nanocellulose system and to affect this activity, and the characteristic 

of release the active ingredients, on the way of modification of the films composition and the conditions of preparation 

and irradiation.   
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ABSTRACT  
  

  

Recovery of the heavy metals and other useful materials from industrial wastes are becoming extremely important 

to the society, industry and environment. The other hand, the selective separation of uranium is a very important in the 

context of energy production and treatment of nuclear wastes.  In the project, three kind of resources are being considered 

as a potential sources of uranium: flotation tailings from the Polish cooper industry, phosphogypsum - a major product of 

phosphoric acid production and phosphates rocks using in Polish phosphoric acid  industry (from Marocco, Syria and 

Tunesia). Methods used to extract uranium from its ores may potentially be adapted to recovery uranium from scarce 

uranium resources.[1]. Apart from uranium other valuable metals (e.g. thorium, vanadium or lanthanides) can be 

recovered to improve the economy of the process. The leaching of these metals from examined raw material is carried out 

by leaching in stationary reactor with mixing (a stirred reactor anchor type). The metals can be also leached with using 

the helical membrane contactor equipped with rotating part [2] and in autoclave.  The perolactive leaching is being 

considered as a leaching method  of phosphate rocks. It is a simulation of heap leaching - the industrial mining process  

that is used for the extraction of precious metals from low-grade gold and copper ores [3]. Appropriate selection of the 

parameters should allow controlling the process efficiency.  

ICP-MS analysis is using to determine the total uranium, thorium and other metals content in post-leaching 

solution. This analytical technique is favourable since it enables to measure directly the mass concentration of total 

uranium without any chemical separation. It allows also analysing the content of big variety of other metals that 

accompany uranium in its resources.   
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ABSTRACT  
  

  

Two historic churches were chosen for air particulate matter investigation. The first one located in South Poland 

and the second in South-West Poland. At both sites samples of PM1 (particulate matter containing particles with 

aerodynamic diameter less or equal 1 µm) and PM2.5 fractions (particulate matter containing particles with aerodynamic 

diameter less or equal 2.5 µm) were collected indoor and outdoor, during winter and summer. Concentrations of PM1, 

PM2.5, the elements as well as black carbon (BC) and black smoke (BS) were determined. Additionally, in a church, the 

influence of an incense on the concentrations of elements, PM1, PM2.5, black carbon (BC) and black smoke (BS) was 

evaluated. In winter, in Niegardow church, higher indoor concentrations of K, V, Fe, Cu, Zn and Pb were observed than 

outdoor ones. In Gryfow Slaski church, the I/O ratio for almost all elements was about one, but for calcium it was equal 

to 4 in PM2.5 fraction. Ca can be accumulated in the church. In summer, the concentration of Ca inside was significantly 

higher than outside. The presence of indoor calcium can be explained either as deterioration of walls or this element can 

be brought on shoes of visitors.  
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ABSTRACT  

  

The aim of the work was an investigation of membrane fouling using radiotracers. Membrane fouling is the process 

of blocking the membrane due to deposition of particulates, colloids, and other macromolecular compounds on the surface 

or in the pores of the membrane that results in permanent and often irreversible change in permeability; it causes increase 

in flow resistance, and in consequence, a decrease in filtration efficiency. There are many methods which are widely 

applied for membrane fouling investigation [1-3], usually based on the use of sophisticated equipment. Tracer techniques, 

which are non-invasive methods are the alternative way for the study of processes proceeded inside the membrane 

apparatus [4]. They do not require complex equipment to be used. Furthermore, radiolabeled compounds have an 

advantage over non-active tracers because of very high sensitivity of detection, which gives the opportunity for using very 

low concentration of the tracer, as well as for remote detection of radiation through the layers of other materials present 

in the apparatus.   

In the paper the application of the short lived isotope -140La for the study of the kinetics of the membrane fouling 

is presented. The results of the studies were confirmed by two other techniques: the Fourier Transform Infrared 

Photoacoustic Spectroscopy (FT-IR/PAS) and the Scanning Electron Microscopy (SEM).   

The results have shown that the radiometric method has a great potential for membrane fouling investigation and 

can be an alternative to other methods used for investigation of this phenomenon.   
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ABSTRACT  
  

  

Radiation technologies are successfully applied for the sterilization of medical devices, for the hygienization and 
preservation of agri-food products, for the modification of materials and in the protection of the environment.  

Libraries, museums and archives are still looking for optimal decontamination methods because the commonly 
used fumigation with ethylene oxide has many disadvantages. Fumigation with ethylene oxide is a time-consuming 

process. Moreover the toxicity of ethylene oxide to environment and humans leads to gradual withdrawal of this 
technology by more and more countries. The successful recovery of water-damaged library and archival materials depends 

on timely response to a disaster. Therefore fast and effective treatment method that enables decontamination of thousand 

volumes in short time is desired. Previous investigation confirmed that irradiation with high-energy electron beam is very 
effective and ,simultaneously,  safe for the paper object method of paper decontamination.   

In this work influence of different drying protocols of paper samples on their mechanical, optical, chemical and 
thermal properties were studied. Office paper samples were damped in the controlled way in the climatic chamber. Further 

wet samples were dried by freeze-drying and natural air-drying and finally irradiated with high-energy electron beam of 
dose 5 kGy. Effect of different drying protocols and irradiation on the tensile strength, color, pH and thermal properties 

of the office paper was studied.   
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ABSTRACT  
  

  

Large volumes of books and archival collections are affected by bioburden because of improper storage conditions 

or accidents such as floods. The microbiological degradation of archives and books can be efficiently inhibited with 

radiation processing. However, advanced studies of material properties before and after radiation decontamination should 

ensure degradation monitoring and process validation. Moreover paper is complex material which properties depends on 

the manufacturing process, fillers present and further paper application. Because of paper complexity different methods 

should be used in order to carry out investigation of mechanism of paper degradation.  

Some of the research methods appears very suitable for this aim others don’t provide information we are looking for.   

The aim of this work was to evaluate applicability of different instrumental methods for evaluation of optical, 

mechanical, thermal and chemical properties of paper after electron beam irradiation. The morphology of samples was 

evaluated using scanning electron microscopy (SEM) coupled with Energy-dispersive X-ray spectroscopy (EDX) that 

enabled to determine paper samples composition. The influence of electron beam irradiation on cellulose was observed 

by pH measurements of paper, thermogravimetric analysis (TGA) and electron paramagnetic resonance (EPR). Paper 

colour, the most prone to changes paper parameter were studied with colour spectrophotometer. Moreover mechanical 

properties of paper were examined before and after irradiation as well. Study of the optical properties as well as 

observation of the radicals created in the result of irradiation with EPR method were very helpful in assessment of dose 

effect on paper properties. Contrary investigation of mechanical properties of the paper after irradiation with different 

electron beam doses appeared to be not precise enough method to supply valuable information on paper degradation.   
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ABSTRACT  
  

  

The most significant source of radioactivity of the cooling water in the nuclear reactor primary circuit and the 

water in the spent fuel storage basins is radiocesium. 137Cs and 134Cs are two radioactive cesium isotopes produced by 

nuclear fission of  235U and they are washed out from fuel cladding flaws. These radionuclides pose a potential threat to 

humans and to environment, because they exhibit high solubility and high mobility in the environment and have long 

half-live. 60Co is predominant radioisotope produced by activation of corrosion product present in primary cooling water 

loop as well as in water in spent fuel storage basins. Radiocobalt due to its long half-life and high gamma decay energy 

is a serious threat for the environment as well as for the humans.  

Therefore radioisotepes removal from nuclear wastewater is still an absolutely crucial issue for human health and 

for the environmental safety. Ion exchange process is very often applied for this purpose, because requires simple and 

compact equipment and is very effective at low concentration of the radioactive species dispersed in the large volume of 

liquid into a small volume of solid which can be easily disposed. Moreover presence of different harmful for people and 

environment radionuclides in the low-level radioactive waste (LLRW) motivates to elaboration of new sorbents effective 

in multi-ion systems.   

Management of the sorbent with radionuclides bound in its matrix is very challenging. Among many methods of 

radioactive waste immobilization vitrification is considered as the best one. The main advantages of the method are 

possibility of the incorporation of large number of the elements into the matrix and production of durable and small 

volume wastes which prevents leaching of radionuclides to the environment.  

In this work the complete method beginning from synthesis of silica modified with potassium-nickel 

hexacyanoferrate and ethanolamine (SiEA-KNiFe) sorbent through different radionuclides sorption in different process 

configurations to the vitrification of the spent sorbent with sol-gel method is presented. Influence of process parameters 

on sorption efficiency of different radionuclides was studied in order to process optimalization. Moreover morphology 

and composition of glasses obtained after spent sorbent vitrification was determined with SEM and EDX methods. Finally, 

leaching test was carried out in order to confirm stability of sorbent embedded in obtained glasses.  
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ABSTRACT  
  

  

During the last few decades, the use of tracer techniques in dealing with a variety of hydrological and 

hydrogeological problems have proved their value in improving the assessment , development of water resources. In this 

regard , the methodologies based on observations of temporal and spatial variations of naturally occurring isotopes, often 
referred to as  { environmental isotope techniques} , are widely employed as an integral part of the routine investigations 

related to various hydrological systems, and particularly in regional groundwater aquifers.  
A substantial  amount of isotope data  was so far collected and published from hydrological applications of natural 

isotopes, however, it is often used for qualitative inferences to be made of the system under study, and improve 
understanding of processes and dynamics of water circulation. The need for improved methodologies for quantitative 

evaluations to be made from isotope data with regards the relevant physical parameters of the system has been recognized. 
This has been the main motivation to intent the progress on mathematical models for quantitative evolution of isotope 

data in hydrology.   
Isotope-hydrology (Stable and Radio isotopes)  have been previously used to investigate water resources, 

interconnection between  different aquifers ,relationship between surface and groundwater as well as direction of recharge 
,etc.  Now a day ,mathematical modeling by using isotopes are used in modern ecosystem studies, for investigating the 

source, direction, quantity and transport of pollutant, moisture isotope fluxes in present and past climate systems ,as well 

as transit time estimation in catchments hydrology.   
Focusing our discussion on the use of environmental tracers in water molecule itself such as , 18O, 2H, and 3H. 

These ideal tracers are applied by precipitation and are generally distinct isotopically, which makes them reliable tracers 

of subsurface flow and groundwater recharge mechanism.  

Two case studies were chosen, the first case illustrate calculation of the mean residence time for groundwater in 

the investigated area, using Tritium isotope. The age of groundwater was found in the range from few tens to several 

hundreds of years, reflecting the recharge mechanism and possibility of contamination. The second case study was applied  

using deuterium isotope balance approach to separate  evaporation and seepage rates per year in lake area.   
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ABSTRACT  
  

Accelerator ILU-6 was installed in 1988, at the Department of  Radiation Chemistry and Technology pilot plant 
for the purposes of research and technology applications using the electron beam within the range of energy 0,5 – 2 MeV. 
This device is standard produced in the Institute of Nuclear Physics in Novosibirsk, the above range of electron energy is 
typical for industrial applications, eg. radiation modification of plastics (polymerization, cross-linking). The development 
of technologies related to surface treatment (grain hygienisation, thin foil crosslinking) requires the use of electron beams 
with energies in the range of 300keV or less. This has created a need to examine the possibility of the accelerator systems 
operating parameters change to lower energy of accelerated electrons while ensuring the safety and stable operation with 
regard to design requirements and constraints.  

Analysis of accelerator equipment work conditions have shown, that reducing the electron energy level to 0.15 
MeV - 0.3 MeV requires  pulse power supply  switching system modifications in order to lower high frequency power 
generator voltage, while maintaining the actual current level of RF generator pre-excitement pedestal.  

Electrical tests of existing pulse modulator for RF generator provided information that there is a certain limit of 
voltage pulse power reduction possibility, the major reason is thyristor switch instability at low current rates. In this case, 
an alternative system has been proposed. Based on transistor switches having no such restrictions and ensuring flexibility 
of generated pulse parameters selection. The change in electron gun circuitry was also necessary in order to improve 
electrons emission at low electric field strengths in the space around the cathode.  

The electron beam produced by IŁU-6 accelerator was tested by irradiation of  dosimetric foils  (200 m thick PVC 

and 19 m B3). For this energy range more suitable dosimeter is B3, due to its low thickness, it is possible to draw more 
accurate layer-by-layer dose depth profile in B3 stack.  

Now the range of electron beam energy possible to obtain is from about 120keV (limited by electrons absorption 

in 50 m titanium foil) to 350 keV at pulse current of 50mA. Other parameters of accelerator i.e. pulsing rate selection, 
pulse duration and scanning width remain unchanged.  
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ABSTRACT  
  

  

The trace elements play an important role in human health and their imbalance may be involved in the pathogenesis 

of different diseases [1]. Therefore, the monitoring of their concentrations in various tissues and body fluids may be of 

great importance for nowadays medicine and biology [2]. The modern analytical methods are mainly focused on the 

elemental speciation and on measuring low concentrations of elements. In the present study the literature based 

comparison of advantages and disadvantages of different analytical techniques (AAS – atomic absorption spectrometry, 

AES – atomic emission spectrometry, ICP-AES – emission spectrometry with inductively coupled plazma, ICP-MS – 

inductively coupled plasma mass spectrometry) used for the evaluation of elemental content within samples of biological 

origin was done. Moreover, the typical methods of tissue samples preparation were discussed.  

The total reflection X-ray fluorescence (TXRF) spectroscopy offers very low detection limits (ppm-ppb) and the 

same it may be extremely useful for the detection of even very subtle anomalies in the elemental composition of the tissue 

[3]–[5]. In the present study the TXRF method was used for the determination of major, minor and trace elements in the 

body organs taken from the normal male Wistar rats. The brain, heart, liver, kidneys, spleen and muscles were the subject 

of the study. The results from the TXRF study were compared with the available literature data obtained with other 

analytical techniques and using different ways of sample preparation.  
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ABSTRACT 
 

 

The growing concern over the environmental pollution of non-biodegradable polymer wastes has been triggered a 

tremendous amount of research on the development of biodegradable polymers [1,2]. A variety of biodegradable aliphatic 

and aliphatic-co-aromatic polyesters has been developed to replace non-biodegradable polymers. Among these 

biodegradable polyesters, PBAT (Fig.1.) is a polymer derived from oil with mechanical properties similar to those of 

polyethylene. 1,4-Butanediol along with the terephthalic acid monomer are responsible for the rigid domain, while 1,4-

butanediol along with the adipic acid monomer are responsible for polymer flexibility. PBAT is one of the most flexible 

biodegradable polyesters with one of the highest elongation at break values [3].   

  
Chemical structure of poly[(butylene adipate)-co-terephthalate]  

The study aimed to investigate the direct effects of electron beam radiation on physical and chemical properties of 

PBAT at regular intervals. PBAT (Ecoflex f blend c1200) was provided by BASF. Copolyesters films were irradiated in 

the atmosphere air at ambient temperature with a 10 MeV electron beam generated in a linear electron accelerator 

Elektronika 10/10. The total absorbed dose ranged from 25 to 200 kGy.   

The obtained results indicate the low impact of radiation processes on the mechanical and thermal properties of the 

samples for the studied dose range. The macroscopic consequences of the processes involve crosslinking, chain scission 

and oxidation that influence significantly physicochemical features. The material exhibits a linear relationship between 

both the volume of hydrogen emitted and the volume of oxygen consumed as a function of the absorbed dose. Determined 

radiation yield of emitted hydrogen is 0,02 M/J. The crosslinking process  is confirmed by decreasing melt flow index 

and increasing viscosity in moltenstate as a function of dose. DRS spectroscopy showed the relationship between 

increasing dose and normalized intensity of absorption band (350 nm) is monotonic in the range of use dose.    
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ABSTRCT  
  

  

The paper describes methodology developed for the numerical reconstruction and modelling of Th-Pb  

(Thorium - Lead) assembly available at the Department of Nuclear Energy, Faculty of Energy and Fuels of AGH  

University in Krakow, Poland. The numerical study is the first step towards integral irradiation experiments in  

Th-Pb environment. The Continuous Energy Monte Carlo Burnup code (MCB) available on supercomputer Prometheus 

of ACK Cyfronet AGH, was applied for numerical modelling [1]. The assembly consists of a hexagonal array of ThO2 

fuel rods and metallic Pb rods [2]. The design allows different arrangements of rods for various types of irradiations and 

experimental measurements. The intensity of the fresh neutron source, intended for integral experiments equals about 108 

n/s, which corresponds to the mass of about 43 μg 242Cf. The source was modelled in the form of Cf2O3-Pd cermet wire 

embedded in two stainless steel capsules [3]. In the paper we present a set of neutronic parameters obtained in numerical 

simulations related to the interaction of neutron radiation with matter in the vicinity of Cf sources i.e.: cross sections, 

reaction rates, activities and doses. In addition, we consider neutron induced isotopic changes in ThO2 rods for various 

irradiation times.   

  

  
Fig. 1 Th-Pb fuel assembly (right) and its numerical reconstruction (left).  
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ABSTRACT  
  

  

First order kinetic of 210Po and 210Pb bioaccumulation in each of the morphological moss parts has been used as a 

simple method of 210Po source identification in the air. In this study estimation of supported and unsupported 210Po 

contribution in the air has been also realized. PCA and CA statistical methods confirm source apportionment. Significant 

content of anthropogenic 210Po radionuclide in relation to measured value of specific activity in leaves has been observed.  

The aim of this study is applying of the interesting 210Pb and 210Po radionuclides distribution in moss body profile 

to identification of 210Po sources and estimation of its contribution.  

Sampling sites were selected in two regions: first in Lodz city Centrum and second in non-polluted forest located  

tents of km from residential region.   

The uptake of mineral nutrients, including natural radionuclides, by moss is a complex, dynamic process, consisting 

of direct transport via leaves and slow migration from adjacent soil. The analysis of the natural 210Po and  
210 

Pb radionuclides’ distribution in the different parts of moss can provide valuable information concerning the levels and 

sources of atmospheric pollution. Disproportions in the 210Po and 210Pb accumulation in different parts of the moss have 

been measured. The highest specific activities of both radionuclides were found in the rhizoids, and the lowest in the 

leaves.  

Moss leaves are the best parts to use for analysis of the level and origin of fresh aerial particulate matter pollution. 

Comparison of the 210Po specific activities in the moss leaves from unpolluted areas with those from urban sites allows 

an estimation of the additional, anthropogenic influx of 210Po into the atmosphere.   

Based on the radiometric and statistical analysis results one can  conclude that the 210Po and 210Pb concentration 

distributions depend on seasonal changes in contributions of different  emission sources. The pollutants accumulated in 

the moss tissues rather come from sources of the atmospheric deposition, than from contaminated soil.    
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ABSTRACT  
  
  

Operation of nuclear power reactors results in generation of radioactive waste in various chemical and physical 

forms. Next to the most problematic high level radioactive waste (HLW), not less attention is paid to separation and 
immobilization of low (LLW) and intermediate level waste (ILW). These wastes are mostly generated as a result of the 

pellet-cladding interactions, thermal and radiation degradation and construction materials corrosion processes occurring 

in reactor core and followed by releasing radioactive contaminants into primary cooling circuit. Separation of radioactive 
isotopes from cooling media is a main goal of the continuous water purificationprocesses.Resulting concentrated 

radioactive solutions, sludges and solid wastes must be subsequently immobilized in a safe and long-term stable waste 

forms.  

The choice of the proper waste matrix material must take into accountchemical properties, physical form and 
activity of the radioactive waste to be disposed. For low and intermediate level waste the most common matrices 

areasphalts, bitumens, polymeric resins and cementitious composites. Technologies used for radioactive waste 
immobilization are being continuously improved. One of such new group of materials being developed are 

mineralpolymeric materials based on sulfur polymers – sulfur polymer concrete (SPC). Sulfur polymer composites seem 

to be very attractive materials due to their properties: good mechanical behavior, very good properties of radionuclides 
retention and very low diffusivity within the SPC matrix.  

In this work long term stability and leaching behavior of SPC composites based on mineral fillers will be presented 

regarding immobilized Sr-90 and Am-241 radionuclides – typical radioactive contaminants generated during nuclear 
power reactors operation. As mineral fillers phosphogypsum, fly ash and lignite slag were used as the main radionuclides 

immobilization phases stabilized by various continuous phase components – sulfur polymers. Experimental procedure 

was based on a hot mixing (ca. 140°C) and pressing of sulfur polymer and mineral fillers with  

Sr-90 and Am-241 radioactive tracers. For verification of immobilization efficiency of the prepared composites, static 
IAEA long-term leaching test for solidified radioactive waste forms (ISO 6961:1982) was applied. Experimental results 

suggest good and satisfacory leaching behavior of fly ash and slag based SPC composites and much worse in case of 
phoshogypsum based matrix. Minor effect is observed in case of application of different sulfur polymer binder.  
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ABSTRACT  
  

Modern archeometallurgy is employing many analytical methods which are able to give answers concerning 

deposit and technological provenience of objects. The paper will present introductory results obtained during the 

realization of a research project which is devoted studies of silver coins and jewelry from Xth and XIth century in Poland.   
Until now there were no certain knowledge about sources of silver for making those objects. Of great need is data 

from ornaments which are a very large material, one of the largest in Europe, consisting of female earrings, pendants and 

other pieces of various types formally with origin in late antique art and further development in the first Slav state of 

Great Moravia in the ninth century AD.   
For studies of this material, at this stage 60 pieces, coming from Polish hoards, was used micro - invasion method 

LA – ICP – MS (Laser Inductively Coupled Plasma Mass Spectrometry), with specially constructed statistical method 

which allowed to obtain isotopic [Pb] composition. By using SEM/EDX allowed to trace morphological changes and 

obtain quantitative elemental composition.   
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ABSTRACT 
 
 

The “Helios” reader is equipment for optically stimulated luminescence measurements that could be used in 

dosimetry of ionizing radiation (e.g. energy, healthcare) as well as optical dating (e.g. archeology and conservation of 

art). Our innovative approach is to significantly simplify and miniaturizing of the device has enabled to reduce costs of 

manufacturing. The OSL nondestructive readout allows achieving information about the absorbed dose of radiation from 

the material without heating of the sample (as it is in the TL readout case). Moreover, the “Helios” reader also is dedicated 

to performing non-standard luminescence measurements in the basic physics research.  

The first “Helios” reader was prototyping and manufacturing in 2009 in the Institute of Physics Jan Dlugosz 

University in Czestochowa (AJD) by DSc Arkadiusz Mandowski Prof. AJD. 

Today exists a six prototype devices of this type. These devices work at the AJD and the Institute of Nuclear Physics, 

Polish Academy of Sciences in Cracow. The results of the OSL studies of the various compounds obtained using of the 

“Helios” readers were published in 17 high indexed scientific papers, which confirms the level of technological readiness 

of the device. First information of this solution was announced in 2010 [1]. 

This work presents the latest achievements on technological adaptation to the commercial use of the “Helios” 

reader. This portable device is equipped with durable outer casing and illumination to facilitate its operation. In addition, 

a user-friendly dedicated software will be available for installation on any Windows-based personal computer. We hope 

that the ease of use and the relatively low cost of the device will make it "must-have" in any given dosimetry laboratory 

and everywhere where measurements of ionizing radiation will be desirable. 

[1]. Mandowski, A., Mandowska, E., Kokot, L., Bilski, P., Olko, P., Marczewska, B. (2010). Elektronika: konstrukcje, 

technologie, zastosowania, 51(2), 136-138. 
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ABSTRACT 

 
  

Environmental samples are complex most often in terms of composition and structure, very often heterogeneous 

and sometimes variable over time, resulting in lack of repeatability at sampling due to rapid changes in material being 

analyzed. The purpose of the study was to determine the radionuclide. 210Po in honey samples of nectar and honeydew 

collected for analysis from two Polish voivodships: Lesser Poland and Lower Silesian Voivodeships.    

Bioindicators are organisms used as an indicator of the state of the environment. These are species with a low 

tolerance index, or in a specific way responsive to the substance. Popular bioindicator is honey. Bees collecting nectar, 

pollen and honeydew are often exposed to harmful substances used in agriculture collected on plants and carry these 

contaminants on the body surface  to the hive, and as a consequence impurities get into the honey. Bee honey can be 

contaminated by various treatments related to apiculture as well as xenobiotics in the environment. Its healing properties 

may be weakened by foreign substances that have come into contact with honey from the following sources: environment 

(ecotoxins), agricultural and apiculture practices, honey processing and storage. Increasing the intensity of agrochemicals 

associated with the desire to meet greater crop yields and the use of pesticides to control plant diseases or antibiotics in 

animals can lead to contamination of crops and food products, including honey produced by bees. Taking into account 

the fact that bees use the benefits of a radius of up to 3 km from the hive, the origin of the nectar can be determined with 

great accuracy. Bearing this in mind, bee products can be used as indicators of environmental pollution in a given area.   

The concentration of 210Po in the analyzed honey samples was in the range from 0.008±0.001 Bq/kg to 1.182±0.065 Bq/kg 

for Lesser Poland Voivodeship and from 0.012±0.001 Bq/kg to 7.564±0.036 Bq/kg for Lower Silesian Voivodeship. The 

highest concentration of 210Po was measured in both analyzed voivodships for honeydew honey. The smaller 

concentrations of analyzed radionuclides in the samples of honey, both nectar and honeydew, were characterized for 

Lesser Poland Voivodeship, where the average 210Po concentration was 0.390±0.026 Bq/kg for all analyzed honey 

samples, the higher values were noted for the Lower Silesian Voivodeship (0.777±1.711 Bq/kg) (Table 1, 2 and Fig 1). 

In the Lower Silesian Voivodeship there can be differentiated two areas: one area is concentrated around uranium mines 

(Kowary, Kletno) and gold mine (Złoty Stok) and the second one is the rest of the voivodeship. At present, uranium and 

gold mines are closed: uranium mining continued until the 1970s, while in the mine Złoty Stok exploited arsenic ore and 

recovered gold until 1962, when, as a result of unclear reasons, the mining and production of this ore was stopped and the 

mine was closed. The highest average 210Po concentration in the area around uranium mines (Kowary, Kletno) and gold 

mine (Złoty Stok) (within a radius of up to 10 km) was 2.451±2.509 Bq/kg, while the average 210Po in the rest of this 

voivodeship was only 0.094±0.091 Bq/kg. The average 210Po concentration in area around mines was 26 times higher 

than the average 210Po concentration in the rest of this voivodeship.   

Each honeybee plant has different characteric biological properties and each apiary has different characteristics, so that 

even within a single variety there may be differences. As a result of the study, an annual effective dose was calculated on 

the basis of 210Po concentration and the consumption in honey (assuming the annual consumption of honey in Poland is  

estimated   to   be about 0.61 kg per person), which was 0.286±0.294 µSv·rok-1 for Lesser Poland Voivodeship and  

0.569±1.252 µSv·rok-1 for Lower Silesian Voivodeship respectively (1.794±1.837 µSv·rok-1 for area around mines and  

0.069±0.067 µSv·rok-1 for the rest of the voivodeship).   
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ABSTRACT  

 
  

Environmental samples are complex most often in terms of composition and structure, very often heterogeneous 

and sometimes variable over time, resulting in lack of repeatability at sampling due to rapid changes in material being 

analyzed. The purpose of the study was to determine the radionuclides 210Po and 210Pb in lichen samples (Xanthoria 

parietina, Parmelia sulcata), Physcia adscendens, Physcia tenella, Caloplaca saxicola, Verrucaria Nigrescens, Lecanora 

conizaeoides and Amandinea punctata) collected for analysis from four Polish voivodships: Pomeranian, Kuyavian-

Pomeranian, Lower Silesian and Lesser Poland Voivodeships.   

Bioindicators are organisms used as an indicator of the state of the environment. These are species with a low 

tolerance index, or in a specific way responsive to the substance. Popular bioindicators are lichens.  

The highest concentrations of 210Po, 210Pb and 234U and 238U were measured for each province in lichen samples 

with crustose thallus (Caloplaca saxicola, Verrucaria nigrescens,  Lecanora conizaeoides  and Amandinea punctata), 

while smaller were observed for lichen samples with foliose thallus (Xanthoria parietina, Parmelia sulcata, Physcia 

adscendens and Physcia tenella) (Tab. 1, Fig. 1, 2). In the Lesser Poland Voivodeship the lichens are classified into 3 

groups of organisms growing in highly polluted air, which is probably related to the recent high concentrations of 

particulate matter: PM10, PM2.5 and benzopurene in southern Poland. The norms of particulate matter in the air were 

practically all the time exceeded. This can be attributed not only to the high emission of industrial dust, but also to the 

high supply of these elements to the environment with fertilizers and plant protection agents. Changes in the natural 

environment also entail changes in the composition of plants, which indicates the need for constant analysis of particular 

elements. The content of these radionuclides in the test samples may also be a good reference in later studies of 

environmental conditions in these areas.  
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ABSTRACT  
  

  

Air and food are the main sources of many chemical elements, also natural and artificial radionuclides transferred 

to human organisms. The intensity of radioisotopes intake depends on the place of residence, local radiation quantity, diet 

habits and food origin. So far, during annual radiation doses evaluations in Poland, the most often consumed food products 

were taken into account [1,2]. Also type of agriculture could affect the natural radionuclides content in food. Among 

naturally occurring radionuclides, their potential ingestion and internal expose, the most important seems to be 210Po and 

its parent nuclide 210Pb.  

The aim of the study was polonium 210Po activity determination in popular herbal teas available in Poland as well 

as its extraction efficiency when brewed. Previous research on maté teas showed that 15-21% of 210Po diffuse to water 

during infusion [3]. Obtained results allowed for calculating 210Po extraction from herbs to tea as well as estimating the 

annual effective radiation doses from 210Po decay ingested with tea.  
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ABSTRACT 

 

 

Air and food are the main sources of many chemical elements, also natural and artificial radionuclides, transferred to 

human organisms. The intensity level of radioisotopes intake depends on the place of residence, local contamination 

quantity, diet habits and food origin.  So far, during annual radiation doses evaluations in Poland, only basic, the most 

often consumed food products were taken into account. Also type of agriculture could affect the natural radionuclides 

content in food. Among naturally occurring radionuclides, their potential ingestion and internal expose, the most important 

seems to be 210Po and its parent nuclide 210Pb.  

Considering food origin, some products could be enriched with natural radionuclides when cultivated on soil with 

higher natural radioactivity background, e.g. Iran, India, Brazil, Sudan, China or Pakistan. These agriculture products 

would have higher amount of natural radionuclides due to accumulation and deposition processes. But some research 

showed higher topical radionuclides concentrations in soil of an arable fields when compared to surrounding ground. 

These situation was probably connected to fertilizers used in agriculture [1]. Manufactured phosphate fertilizers and their 

agricultural applications are considerable sources of environmental pollution [2]. Opposite, organic farming methods 

combine scientific knowledge of ecology and modern technology with traditional farming practices based on naturally 

occurring biological processes. While conventional agriculture uses synthetic pesticides and water-soluble synthetically 

purified fertilizers, organic farmers are restricted by regulations to using natural pesticides and fertilizers.   

The aim of the study was polonium 210Po and radiolead 210Pb activity determination in popular food products in Poland: 

fruits, vegetables and cereal products that came from different, mainly Polish, traditional and certificate Polish ecological 

agriculture. Researches showed the mineral fertilizers can impact on uranium and its daughter nuclides, as 210Po and 210Pb, 

content in soil, so plants and animals can accumulated heightened radioisotopes values. The idea was to compare products 

of two types of agriculture: traditional, where different types of fertilizers are allowed and applied; and ecological where 

natural fertilizers are allowed; and search for  dependency between 210Po and 210Pb concentrations in food products and 

agriculture type. Further the aim was to estimate the radiation doses from 210Po and 210Pb decays ingested with analyzed 

food products and answer the question: is more expensive ecological food is worth buying in case of 210Po and 210Pb?  

The results of 210Po and 210Pb determination showed their highest concentration were found in red currant, both 

traditional and ecological: 1.73±0.07 and 0.67±0.03 Bq.kg-1 dry mass for 210Po and 1.15±0.03 and 0.10±0.01 Bq.kg-1 dry 

mass for 210Pb respectively. However, the statistical tests showed there were no statistically significant differences among 

majority of results. Only “traditional apples and pears” contained more 210Po when compared to those “ecological”, Mann- 

Whitney (U test) p=0,12. 210Po concentration in traditional apples was calculated at 0.72±0.02, while in ecological at 

0.30±0,02 Bq.kg-1 dry mass.  
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ABSTRACT  
  

  

The distribution of the prescribed dose in certain physical limits is one of the most important goals that determine 

the effectiveness of radiotherapy treatment, directly and indirectly, through the preservation of healthy tissue around the 

tumor of concern. In planning the boundaries of space that need to be treated, all factors such as movement of internal 

organs, or those related to breathing, should be taken into account. The better these factors are accounted for, the position 

correction could be evaluated more precisely, which will contribute to decreasing the margins that are added towards 

ensuring that the tumor is in the range of radiation field. As a result of this approach, less healthy tissue is irradiated. In 

this line, the long-term data collection on repositioning could provide improvements of the protocol for positioning 

verification in radiotherapy. The pre-treatment repositioning system in radiotherapy, also known as onboard imaging 

system (OBI), could detect movement of internal organs at high resolutions, by use of low-dose digital imaging which 

provides simultaneous refocusing on the current location of the tumor with the reference point of the treatment plan. The 

absorbed dose from radiation exposure before the treatment is insignificantly small in comparison to the dose of 

radiotherapy, which justifies its use. Patient is on-line repositioned by visualizing bone-soft tissue anatomy in kV-kV or 

MV native imaging and cone-beam CT images. The analysis of position corrections data has been performed for 87 

patients, considering different region of radiotherapy treatment: abdominal, thoracal, head and neck, and breast. 

Measurements data for 1998 repositions have been performed in three directions (x; y; z) by use of the kVkV system, out 

of which 317 have been additionally analyzed with the CBCT method, and 550 with the MV system. Every reposition 

measurements contains data on the movement of patients, the average change made for every patient and uncertainty, 

represented in three directions (vertical, longitudinal, and lateral). As a conclusion, the analysis of the position corrections 

provide the evaluation model for verification system in radiotherapy, in order to increase the accuracy of radiotherapy 

treatment delivery and to reduce the side effects by reducing the margins of the radiation field during the treatment.   
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ABSTRACT 
 

 
Soda ash is an important substrate for production of glass, food or detergents. Most often Solvay process is used to 

obtain this product but the significant problem about that method is production of enormous amounts of wastes, solid as 

well as liquid, containing magnesium hydroxide, calcium carbonate and sodium chloride. These wastes are beeing stored 

nearby the factory or dumped into the groundwater, which cause severe environment pollution [1,2]. One of the way to 

solve that problem is to use sludge from process as a fertilizer. The condition is low concentration of sodium chloride. 

Use of ionising radiation can make sludge clearage proces easier by increasing sedimentation speed and easing filtration 

[3].  

To study the influence of ionosing radiation on Solvay proces waste research on the suspension from brine 

purification has been carried out. Raw brine was  purified in laboratory scale using solution of sodium carbonate and 

limewash. Obtained suspension was irradiated in gamma source and speed of sedimentation was measured. A positive 

effect of ionising radiadiation on sedimentation speed occured in comparison to non-irradiated suspension. To obtain 

constant composition of examined suspension model brine containing sodium chloride, magnesium sulfate and calcium 

chloride was developed. Measuring speed of sedimentation of solid particles precipitaded from model brine after 

irradiation shown that ionising radiation had no influence on that parameter. Experiments were carried out again but with 

addition of ferrous chloride and silicates (both occuring in brine as a pollutants) respectively. Only addition of silicates 

shown small efect in increasing speed of sedimentation after irradiation.  
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ABSTRACT  
  

  

The high perishability is a characteristic of the mushrooms consumed in fresh. Therefore, it is mandatory the 

application of effective conservation technologies to preserve and protect their chemical composition and nutritional 

value. Drying processes are widely used, but do not avoid the development of bacteria and fungi which have the ability 

to survive for long periods of time in dry foods, causing the loss of some nutrients and leading to food browning and 

oxidation of lipids and vitamins [1]. Irradiation appears as an alternative to food preservation assuring and maintaining 

its quality [2]. In this work, the effects of electron beam irradiation and storage time on nutritional and chemical 

parameters of wild samples of Macrolepiota procera (Scop.) Singer, previously submitted to a drying process (oven at 30 

ºC), were assessed. The wild mushroom samples were collected in Trás-os-Montes; electron beam irradiation (doses 0.5, 

1 and 6 kGy) was carried out in the INCT- Institute of Nuclear Chemistry and Technology in Warsaw, Poland and the 

analyses were performed over the storage period (0, 6 and 12 months). The results were compared with a control (non-

irradiated samples). The nutritional value was determined according to the official procedures of food analysis, while the 

profiles of fatty acids, tocopherols, mono and oligosaccharides were obtained by chromatographic techniques [1]. The 

irradiation showed a better capacity to maintain the nutritional and chemical profile, in comparison with the storage time. 

Effectively, the storage time had a significant effect in all parameters, but fatty acids undergone significant changes both 

with irradiation doses and storage time. Electron beam irradiation can be considered a suitable technique for conservation 

of mushrooms for long periods of time, attenuating the changes caused by the drying treatment.  
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ABSTRACT  
  

  

Irradiation technologies are being used by the food industry as an alternative to other preservation processes. Its 

impact in minor compounds or different food matrices is still an open field. The use of irradiation to improve bioactive 

properties has been reported as a result of an increase in the levels of phenolic compounds in the extracts obtained from 

cooked and derived plant products. Previous results [1] indicated higher values of phenolic compounds concentration on 

irradiated food products compared with those found in non-irradiated samples. In this work, the effect of gamma and 

electron beam radiation processing on fresh and dried mushroom compounds extractability was studied. The mushroom 

samples were bought directly from the producer and divided in two groups, fresh to be immediately irradiated and to dry, 

before irradiation with gamma and electron beam (doses 0, 1, 2 and 5 kGy), that was carried out in the irradiation facilities 

of C2TN (Lisbon, Portugal). The irradiated fresh samples were immediately lyophilized for subsequent analysis by High 

Performance Liquid Chromatography (HPLC) and the dried samples were grounded into powder also to be analyzed after 

irradiation. The results were compared with a control (non-irradiated sample), obtaining the yield for each irradiation 

process (gamma and e-beam) or sample type (fresh or dried). Food irradiation besides being a preservation technology, 

suggested to promote food bioactive compounds.   
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ABSTRACT 
  

  

Ionizing radiation has been used for many years as a safer and environmentally friendly alternative comparatively 

to chemical fumigants to decontaminate medicinal plants and other food commodities [1]. Perennial spotted rockrose 

(Tuberaria lignosa (Sweet) Samp.) is a highly quoted medicinal plant in the northeast region of Portugal rich in 

ellagitannin derivatives [2,3]. As polyphenols, these compounds play an important role in human nutrition and display 

several biological effects, including antioxidant, anti-inflammatory, antitumor, antibacterial, and anti-HIV replication 

activities [2-4]. However, little is known about the impact of ionizing radiation on the integrity and extractability of these 

high added-value compounds. This work aimed to investigate the effects of γ-rays irradiation on the extraction and/or 

degradation kinetics of ellagitannins from T. lignosa aerial parts. The plant material was submitted to irradiation doses up 

to 10 kGy in a cobalt-60 experimental chamber. Then, the non-irradiated and irradiated plant material was submitted to 

different solid-liquid extractions, according to a three-level full factorial design, using boiling water as extraction solvent. 

The ellagitannins were analyzed in a high-performance liquid chromatography (HPLC) system connected to a diode array 

detector (DAD) and a mass spectrometer (MS). Punicalin, punicalagin isomers, and punicalagin gallate isomers were the 

most abundant compounds. In general, the extractability of this group of phytochemicals was improved by the irradiation 

treatment (5 kGy) and longer extraction times (10 min). In addition, the 10 kGy dose did not induced adverse effects. In 

conclusion, this study demonstrated the suitability of γ-rays irradiation for preserving or improving the extractability of 

pharmacologically active compounds from T. lignosa aerial parts.  
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ABSTRACT  
  

  

The unsatisfactory low oxidation resistance of zirconium alloys claddings in air-water steam environment at 

elevated temperatures typical for the case of LOCA nuclear accident stimulated the research efforts on finding the solution 

to this problem. One of the method possibly to implement in short time perspective consists in applying external coatings 

to zirconium nuclear claddings made of materials that are able to develop protective scale in high temperature water vapor 

environment and thanks to that are much less prone to oxidation. The problem need to be urgently solved in order to 

preserve the position of nuclear energy in global electric power production and to increase the safety of nuclear 

installations and to avoid in the future consequences of such costly, catastrophic disasters like in Chernobyl in 1986 and 

in Fukushima in 2014. Possible candidates include MAX ceramic, zirconium silicide or zirconium silicate coatings.   

The zirconium silicide or zirconium silicate coatings are known for good resistance in high temperature conditions  

and for that reason are considered for application as environmental barrier coatings for high-temperature gas-turbine 

components. Up to now they are less explored for application as corrosion protective coatings for nuclear fuel pellets. 

However, review of existing literature and analysis of thermodynamic data indicates that silicon based coatings may offer 

excellent prospects in this field. Particularly, they may provide a more protective barrier than the native ZrO2 films formed 

on alloy cladding during routine nuclear plant operations, and to provide an exceptional protective barrier during high-

temperature accident scenarios. Phase diagram for zirconium-silicon systems clearly show existence of intermetallic 

compounds with different Zr/Si ratios and stability regions. For example ZrSi2 is stable up to 1620°C and  ZrSi is stable 

up to 2210°C etc.  Temperature range of stability for zircon (ZrSiO4) extends to 1673°C, were it thermally decomposes 

by solid state reaction giving ZrO2 and SiO2  

The present work is aimed on  the development of  the synthesis method of silicon-based coatings on zirconium 

alloys claddings and on evaluation of their properties at accident scenario as well as in the reactor normal working 

conditions. The TIG (Tungsten Inert Gas) welding method has been selected as primary modification method. The 

zirconium alloy samples externally coated with slurries containing silicon, silicon carbide or zirconium fine particles by 

dipping method were treated with TIG electrode at different current values  and different velocities of electrode. During 

the treatment the melting of the surface layer  has been observed. The surface TIG treated layer have been characterized 

by different methods like SEM taken on the surface and of the cross sections, XRD, EDX. The results of the experimental 

works concerning synthesis method, physicochemical properties of coatings and conclusions on applicability of the TIG 

method for surface layer modification of zirconium alloys will be presented.  
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ABSTRACT  
  

  

The highest efficiency in usage of the nuclear energy resources can be implemented in fast breeder reactors of 

Generation IV. It is achieved thanks to the ability of consuming Minor Actinides (MA) in the production of energy. One 

of the option to realize this benefit is full recycle of MA in order to close the nuclear fuel cycle. MCB, an integrated 

burnup calculation code, deals with the complexity of burnup process, which are applied to the European Lead-cooled 

Fast Reactor (ELFR). It copes with continuous energy representation of cross section, spatial effects of full core reactor 

model, yet automatically calculates nuclide production in all possible reaction or decay channels. The MA multirecycling 

can cause curium, berkelium and californium intensified buildup. Some of their isotopes are strong neutron emitters from 

spontaneous fission, which hinders the process of reprocessing. The implementation of novel methodology for trajectory 

period folding allows us to trace the life cycle of crucial minor actinides from the beginning of reactor life towards the 

state of adiabatic equilibrium. The result of performed analysis is presented showing the sources of strong contribution to 

the neutron production rate. Parametric sensitivity analysis method for selected reactions is carried out, revealing 

sensitivity of transmutation chains for production of neuron-emitter isotopes.  
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ABSTRACT 
  
  

The unsatisfactory low oxidation resistance of zirconium alloys claddings in air-water steam environment at 

elevated temperatures typical for the case of LOCA nuclear accident stimulated the research efforts on finding the solution 

to this problem. One of the method possibly to implement in short time perspective consists in applying external coatings 

to zirconium nuclear claddings made of materials that are able to develop protective scale in high temperature water vapor 

environment and thanks to that are much less prone to oxidation. The problem need to be urgently solved in order to 

preserve the position of nuclear energy in global electric power production and to increase the safety of nuclear 

installations and to avoid in the future consequences of such costly, catastrophic disasters like in Chernobyl in 1986 and 

in Fukushima in 2014. Possible candidates include MAX ceramic, zirconium silicide or zirconium silicate coatings.   

The zirconium silicide or zirconium silicate coatings are known for good resistance in high temperature conditions  

and for that reason are considered for application as environmental barrier coatings for high-temperature gas-turbine 

components. Up to now they are less explored for application as corrosion protective coatings for nuclear fuel pellets. 

However, review of existing literature and analysis of thermodynamic data indicates that silicon based coatings may offer 

excellent prospects in this field. Particularly, they may provide a more protective barrier than the native ZrO2 films formed 

on alloy cladding during routine nuclear plant operations, and to provide an exceptional protective barrier during high-

temperature accident scenarios. Phase diagram for zirconium-silicon systems clearly show existence of intermetallic 

compounds with different Zr/Si ratios and stability regions. For example ZrSi2 is stable up to 1620°C and  ZrSi is stable 

up to 2210°C etc. Temperature range of stability for zircon (ZrSiO4) extends to 1673°C, were it thermally decomposes by 

solid state reaction giving ZrO2 and SiO2   

The present work is aimed on  the development of  the synthesis method of silicon-based coatings on zirconium 

alloys claddings and on evaluation of their properties at accident scenario as well as in the reactor normal working 

conditions. The TIG (Tungsten Inert Gas) welding method has been selected as primary modification method. The 

zirconium alloy samples externally coated with slurries containing silicon, silicon carbide or zirconium fine particles by 

dipping method were treated with TIG electrode at different current values  and different velocities of electrode. During 

the treatment the melting of the surface layer  has been observed. The surface TIG treated layer have been characterized 

by different methods like SEM taken on the surface and of the cross sections, XRD, EDX. The results of the experimental 

works concerning synthesis method, physicochemical properties of coatings and conclusions on applicability of the TIG 

method for surface layer modification of zirconium alloys will be presented.  
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ABSTRACT  

 

  

The main sources of radon in the air of dwellings are soil, building materials and groundwater. Residential 

environments are built using materials that are manufactured from the raw ingredients extracted from the soil. Therefore, 

these materials can significantly contribute to the activity concentration of indoor radon if its exhalation rate is high. This 

study is aimed to determine the exhalation rate of 222Rn from different building materials as well as to evaluate the hazard 

indexes associated with other radionuclides (238U/226Ra, 232Th and 40K) present in studied samples by means of gamma 

spectrometry with hyper pure germanium semiconductor detector (HPGe, CANBERRA) with high efficiency (15%) and 

high resolution. Present study was conducted using the samples of materials widely used in various masonry buildings as, 

for example, the specimens of concrete and cement mortar. Obtained results allowed to compare the exhalation rate of 

radon using theoretical calculations based on one-dimensional and three-dimensional models. The activity concentration 

of radon in air was performed by AlphaGUARD instant radon detector connected to sealed up chamber with stored inside 

sample of building material. The radon exhalation rate, in Bq∙h-1∙m-2, found to the concrete was: 2.55 ± 0.03 for the one-

dimensional model and 0.461 ± 0.008 for the three-dimensional model. The exhalation rate of radon, in Bq∙h-1∙m-2, found 

for the cement mortar was: 1.58 ± 0.03 for the one-dimensional model and 0.439 ± 0.011 for the three-dimensional model. 

Calculated concentration index of activity was found of 0.3395 ± 0.0017 and 0.3106 ± 0.0017 and the radium equivalent 

(Raeq) index was found of 89.8 ± 0.4 Bq/kg and 82.8 ± 0.4 Bq/kg for concrete and mortar cement, respectively. 

Furthermore, obtained results were tested by building a concrete test cell (a cubic chamber with solid walls and hollow 

interior) using studied construction materials with the aim to simulate a dwelling in small dimensions to evaluate indoor 

radon activity associated only to concrete. Obtained results with such test cells extrapolated to common dimensions of a 

human living environment, produced the radon activity in air of 112 ± 9 Bq/m3, which is below the limit of 300 Bq/m3 

recommended by the International Commission on Radiological Protection (ICRP) as well as below 148 Bq/m³, 

recommended limit by the US Environmental Protection Agency (EPA). Even so, this value should be the subject of 

concern since that activity is related only to the contribution of concrete walls. These results show also that concrete and 

cement mortar can significantly contribute to the concentration of indoor radon of dwellings that are built with these 

materials.   
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ABSTRACT  
  

  

In this work high radionuclidic pure alumina 99Mo-molybdate (VI) gel is synthesis for separation of the generated 
99mTc radionuclide from small chromatographic columns. Mixtures of MoO3 powder wrapped in pieces of aluminum foil 

and FeCl3.6H2O are tagged with 99Mo radiotracer and dissolved. Thereafter, 0.5 ml H2O2 is added to product solute to 

oxidize Fe(II) to Fe(III) left to stand at room temperature for ~ 90 min. the formed Fe(III) mineral and the co-precipitated 

radionuclide impurities and separated by centrifugation. Supernatant is acidified to pH 5.5 with concentrated HNO3 acid 

to precipitate dissolved NaAlO2. In situ precipitated pseudoboehmite incorporated the 99Mo-eluatable 99Mo/99mTc 

generators. 99mTc radionuclide is eluted in 10 ml 0.9% saline solution at a flow rate of 1.0 ml/min with high elution yield, 

concentrated in 5 ml eluate and chemical, radiochemical and radionuclidic purity ≥ 99.99% suitable for use in nuclear 

medicine application.   
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ABSTRACT  
  

  

Application of the Lithium Lead eutectic (LiPb) concept to the planed Test Blanket Modules (TBM) needs reliable 

determination of the produced Tritium. Thus radiometric measurement of the Tritium Production Rate (TPR) in LiPb 

using Liquid Scintillation technique (LS) seams relatively easy, however this method needs validation. Presence of 

generated in Pb parasitic activities in thermal neutron field coming mainly from 2013Pb makes radiometric determination 

of Tritium content in LiPb in short time after irradiation impossible in practice. In this situation application of the 

calibrated monitors e.g. Li2O or LiOH becomes the most promising solution.   

We propose for calibration of the used Li2O or LiOH, commercially available, application of the thermal neutron 

absorption method with parallel LS measurement of the generated in 3H in the irradiated samples. Computed 3H activity 

by the program MCNP utilizing depletion of the thermal neutron flux is then compared with radiometric measurement 

results. Irradiated small samples of Li2O and LiOH (mass not exceeding 0.5 g) in neutron flux from 252Cf source 

thermalised in polyethylene block for period not less than 14 days showed 3H activity well agreeing, within measurement 

uncertainty, with that calculated for given Li isotopic composition. This method enables experimental determination of 
6Li abundance in lithium compounds - the abundance is a parameter of the used  program.   
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ABSTRACT 
  

  

The heavy ions accelerators are useful in wide range of human scientific activity. The use of this technique takes 

a place in fundamental and applied physics. The accelerators of heavy ions can be used for the irradiation of polymer 

foils. One of applications of ion track technologies is track membrane production based on etching of polymer foils 

irradiated with accelerated heavy ions. Combination of different physical and chemical treatments brings to appearance 

of special features of produced. As examples, the irradiation of foils with ions of non-identical energies from different 

sides brings the appearance of hybrid massive of pores. In recent years, special interest was paid to the asymmetrical 

membranes with the conical pores. Their fabrication includes the irradiation of a polymer foil with accelerated ions 

followed by one-sided chemical etching. Also the additional physical treatment was used for achievement of pore 

formation. As result the pore channels with non-cylindrical “bullet-like” shapes were produced (fig. 1).   

  

  
Figure 1. Several kinds of bullet-like pores produced by etching with non-symmetrical conditions from different sizes of 

membrane: a) one part of etching vessel contained the alkaline etchant and the other part was filled with a stopping solution 

[1]; b), c) the surfactants were used during etching and preliminary physical processing of irradiated foil was applied [2].  

New interesting effects were found during the observation of asymmetric membrane properties. For example diode-

like ionic conductivity was developed. It was found that under the asymmetric etching conditions an intense osmotic flux 

develops and has a strong effect on the nanopore geometry [3]. The surfaces and cross-sections of the obtained asymmetric 

pores were investigated with the use of field emission electron microscopes (FESEM) Hitachi SU8020 (Japan) and Zeiss 

Ultra Plus (Germany). The process of pore formation remains a subject of further studies. In this paper we introduce the 

examples of new properties and effects revealed during modification of membranes produced with irradiation by 

accelerated heavy ions.  
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ABSTRACT 
 
 

     Initially, high voltage source was developed and used in integrated with low power lamp- source of the x ray radiation. 

In consequence of developing works, in this supplier there has been widened his regulation range from     

50,000 V to 65 000,000 V with step of regulation 0,125V and maximum outputing electricity to 0,5 mA.In elaborating of 

source, main pressure was placed in gaining max stability for short and long term and to minimalize distortions like hum 

on the output in all range of working.For this purpose there has been designed and made special divider of high voltage.It 

is made of 176 well connected resistors, immersed in isolating oil and additional thermostatically maintained in 

temperature 55 celsius degree. 

Voltage reference has been built of 10 V integrated circuits with accuracy 0,5 ppm.  

To limit influence of noises from external electrostatic field, whole electronic system and high voltage divider have been 

made in elecstrostatic shielding. 

Specific feature of this electronic system is stability of parameters in full range of voltage regulations  and very fast 

reaction of response for regulations changes. 

The most important advantages of the device are also the long-term stability of the Vn work about +- 10ppm/6 months, 

lower limit of regulation from 50,000 V, resolution of regulations - 0,125 V and efficiency of converting energy (power) 

low voltage to high voltage of about 84%. 

The basic limitations are the low power of the high voltage source, the stability of the reference voltage and limited upper 

value of high voltage control up to 65 kV. 

Source can have different usage. In low power of the x ray lamp sourcesand can be use to making didactic systems. 

We are still working to increase upper range of regulating and achieve much better parameters of high voltage source. 
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ABSTRACT  
  
  

Exploitation of coal is inevitably linked with the necessity of drainage of mines and removal of gangue. Water and 

rocks are treated as waste products. They contain elevated concentrations of natural radionuclides, mostly radium and 

thorium. In water environment these isotopes either due to co-precipitation or adsorption on particles are removed from 

water column and stored in the bottom sediments. Waste rocks (ca. 0.4 t of rock per one tone of coal) are stored in gangue 

repositories and form reservoirs of elevated concentrations of radioactive isotopes.  

Results of measurements of radium 226Ra, thorium 228Th and potassium 40K activities in rocks and sediments 

originating from mines have been used for estimation of radiological hazard associated with exposure and usage of these 

materials. They helped to assess suitability of rocks and sediments as construction materials. Coefficients f1 and f2, radium 

equivalent, internal and external hazard index and absorbed dose rate are the most important parameters used in the 

evaluation of analysed samples of rocks and sediments.  

According to the widely accepted standards, gangue can be used as construction material even in densely populated 

areas. Their calculated factors f1 and f2 vary between 0.103 and 0.901 and from 14,0 to 85.9 Bq/kg, respectively. The 

maximum value of radium equivalent is equal to 251.1 Bq/kg. The internal and external hazard indexes are lower than 1. 

Gangue accumulated in repositories can be used for roads building or ponds and rivers embankment construction. Bottom 

sediments from the Brzeszcze retention pond are suitable for underground construction (railway and road tunnels). 

However, bottom sediments from Kaniów and Rontok Duży tanks could create serious problems in future because they 

do not meet radiological standards. All exposure factors are exceeded in this case. The f1 and f2 factors are between 14.4 

and 212.6 and between 2394 and 35490 Bq/kg respectively. The maximum value of radium equivalent is equal to 63170 

Bq/kg. The absorbed dose rate is also very high, between 0.8 and 27.8 µGy/h.  
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ABSTRACT  
  
  

The radiological risk in natural gas pipeline transport is mostly connected with radon (Rn-222) and its progeny: 

Po-218, Pb-214, Bi-214, Po-214 and Pb-210. The radon activity concentration in natural gas transported by gas pipelines 

varies in a wide range from dozens of Bq/m3 to several thousand Bq/m3 and mainly depends on the proximity of mines 

and geological structure of the deposit from which natural gas is extracted and transported. Additionally, radon progeny 

together with aerosols (in contrast to radon) are retained on filters. In the aftermath of successive radioactive decay of 

short-lived radon progeny, long-lived Pb-210 is accumulated on filters. The paper presents the study of the Rn222, Pb-

210 and gamma radiation dose rates connected with the transport of natural gas by the gas pipeline network in Poland. In 

the scope of the study the measurements of activity concentration of radon (Rn-222) in the gas samples (with alpha 

scintillation cells), radiolead Pb-210 in spent filter cartridges and dust samples collected from the gas pipeline network 

(with gamma-ray spectrometry) were performed. Additionally, gamma radiation dose rate at the selected points of the gas 

pipeline network were measured. The results show that the Rn-222 activity concentration in natural gas varies from the 

detection limit of the applied method (30 Bq/m3) to around 1400 Bq/m3. The elevated radon activity concentrations in 

natural gas of several hundreds of Bq/m3 and more are observed at locations where the gas directly comes from local gas 

mines or where there is a blend of the national gas with imported one. Relatively low radon concentration in imported 

natural gas is connected with the fact that this gas was imported from Russia. Therefore, the time elapsed from the gas 

extraction to the collection of samples was relatively long. In consequence, the concentration of Rn-222 in the gas 

significantly decreased due to radon decay (3.8 days). The Pb-210 activity concentration in dust ("blackpowder") from 

gas filters and spent filter cartridges is high and varies from 500 to 17000 Bq/kg and from 200 to 2900 Bq/kg respectively. 

The gamma radiation dose rates measured at the selected elements of the gas pipeline network are at the level of the 

natural background.  
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ABSTRACT  
  
  

Radiopharmaceuticals are the important tool in nuclear medicine application based on the use of specific 

radionuclides in the appropriate form for diagnosis and therapeutic applications. Very important issue in choosing 

appropriate radioisotopes for the therapeutic radiopharmaceuticals is the possibility of performing both “therapy” and 

“diagnosis” applications based on the decay characteristics, usually known as “Theranostics”. For instance, a single 

radionuclide such as 177Lu (with photon emission and beta decay)  can possess both decay characters, or two radioisotopes 

of  the same element (or similar elements) which exist with different decay characteristics (such as 67Cu as a beta emitter 

and 64Cu as a positron emitter) can be  used for these dual purposes. Very promising theranostic radionuclides are 67Cu 

and 47Sc. In 2016 the IAEA arranged a Coordinated Research Project (CRP) “ Novel methods for production of 47Sc and 
67Cu in nuclear reactor and cyclotron” focused on the development of radiopharmaceuticals labelled with new beta emitter 

radionuclides with theranostic properties.   

The target materials for 47Sc production in a nuclear reactor can be 46Ca and 47Ti for (n, ) and (n,p) reactions, 

respectively, and 67Zn and 68Zn for production of 67Cu using (n,p) and (n,d) reactions in nuclear reactor or 64Ni in (α,p) 

and the zinc isotopes in reaction with protons and deuteron in cyclotron.   

We are trying to develop the separation methods of microamounts of these radioisotopes from macroamount of 

target materials. We will present some preliminary results obtained with the use of precipitation, ion exchange 

chromatography, liquid-liquid extraction or extraction chromatography. Main objective in these methods will be the 

highest yield in the shortest time with a lowest amount of carrier.   
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ABSTRACT  

  

  
In this work, the gamma radiation of losartan, an emerging pharmaceutical polluant was studied. Losartan, one of 

the most consumed antihypertensive drug was irradiated at doses of 0.5 -7 kGy in aqueous solutions. Measuring the 

reduction in Chemical Oxygen Demand (COD) and Total Organic Carbon (TOC) during the irradiation process shows 

that the mineralization efficiency increases with increasing radiation dose. During the mineralization, four aromatic 
intermediates were identified by LC/MS/MS showing that irradiation process starts with the fragmentation of the molecule 

followed by reaction involving the hydroxyl radical, which is generated by the discharge of water.  
Finally, a kinetic study based on spectrophotometric measurement showed that the degradation process is a pseudo-

first order.   
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 ABSTRACT 

  
  

The effect of 60 –radiation on Erythrosine and Indigotine dyes solutions has been investigated by 

colorimetric measurements with doses varying from 0.1 to 5 kGy. Colors changes were observed and studied by the 

measurements of the variation of the a*, b* and L* as function of the dose. Color changes (ΔE*) were also calculated. 

For the reactive dyes, the result obtained shows that the degree of decoloration and the value of color difference (∆E*) 

increases quadratically with increasing of the value of radiation dose (D). Those color difference (∆E*) variations shows 

a remarkable dependence on the observed doses, signature of the optical activation of the color centers. The observed 

decoloration processes are described in terms of first-order kinetic equation. Fitted parameters allowed us to discuss the 

kinetic of the reaction and the possibility of use of those dye pigments as a routine dosimeter or irradiation indicator in 

the studied dose range.  
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ABSTRACT  
  

  

In Poland, radioactive waste comes from operation of the Maria research reactor, medicine, research institutes and 

industry. Liquid radioactive waste may contain a number of various compounds that hinder their processing. These may 

include organic compounds (oils, liquid scintillators, extracting solvents), heavy metals and large quantities of salt (high-

salinity wastes).  The special methods of treatment are needed to process such waste to assure safe disposal.  

The main method of liquid low-level radioactive waste (LLW) treatment is volume reduction by evaporation 

followed by solidification in concrete [1]. Such a method is not efficient for specific waste of more complex composition, 

energy consuming and non-selective. Institute of Nuclear Chemistry and Technology proposes new, less energy 

consuming technology based on hybrid methods. This technology consists of a few steps such as adsorption of organic 

compounds, destruction of residue organic matter suspended in water phase, membrane processes for concentration of 

radionuclides and capture of selected radionuclides.  

First step of liquid LLW treatment was sorption of organic matter on chemically modified activated carbon [2]. 

The destruction of organic residue in ozone stream [3] or under UV light [4] was carried out. After destruction of structure 

of organic ligands that complexed radionuclides they are released into the solution. In the final step the concentration of 

radioisotopes by the nanofiltration method was accomplished.   

The concentration of radionuclides was determined by using gamma spectrometry and ICP-MS method.  

Commercially available spectrophotometric tests (OWO® Nanocolor) were adapted for determination of TOC (Total 

Organic Carbon) in liquid phase.  
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ABSTRACT  
  
  

A subject of this study was a set of 6 bronze artefacts from Pomerania and one from Silesia, Poland. The main goal 

was to identify types of the materials in use and their origin. To achieve that goal two analytical methods capable of 

elemental analysis: neutron activation (NAA) and micro X-Ray Fluorescence technique were applied.  

The neutron activation analysis (NAA) was achieved with 239Pu-Be isotopic neutron source (5x106 neutrons/s; ca 

2,5 Ci) with the paraffin moderator and HPGe detector. Due to the different shapes of the tested samples and the lack of 

standard reference materials, the quantitative analysis of the chemical composition of the bronze was not performed. The 

lines 559 keV, 657 keV and 602 keV, 693 keV, characteristic of As and Sb respectively were registered. Characteristic 

gamma rays for isotopes Cu, such as the energy 1345 keV, due to the small neutron flux were observed, but the count rate 

was relatively small.   

The micro XRF analysis was done with use of the in-house developed laboratory setup consisting the low-power 

X-Ray tube with polycapillary lens and SDD detector. Due to the very small spot size of the primary beam (~20 µm) it 

was possible to perform the analysis in the areas not covered by the corrosion. The XRF analysis confirmed the presence 

of As and Sb and additionally some traces of Fe, Cr, Sn, Pb and Ni were detected.  

In this work the results obtained for all the samples with NAA and micro-XRF are compared and the capabilities 

of both methods are discussed. The presence of Cu, As, Sb and Sn in bronzes was detected which proves that the raw 

material was imported. Additionally the variable content of these elements proves that the tested samples have different 

origins. This indicates an intensive commercial trade occurring in northern Poland during the bronze age.   
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ABSTRACT  
  
  

International trade of flower bulbs, in addition to the positive, also has negative effects, including transfer of 
pathogens on the plant material. The most dangerous fungal disease of ornamental bulbous plants is fusariosis, caused by 
Fusarium oxysporum, which is a soil-borne pathogen. F. oxysporum produces mycotoxins which are highly dangerous to 
humans and animals. From the plant material these pathogens can get into the soil and gardening substrates, where they 
can survive for even over ten years. Currently to minimize the risk of pathogen spread, the flower bulbs are recommended 
to be soaked in fungicides solution.  

An alternative to the currently used chemical methods may be ionizing radiation. New approaches for 
microbiological decontamination process using ionizing radiation is related to limited penetration of electrons having 
energy below 300 keV. The advantage of such solution is that low energy e-beam machines do not require thick shields 
and can be applied for in-line irradiation. In previous experiments using a high energy electrons, laboratory and 
greenhouse experiments have shown that ionizing radiation eliminates or minimizes soil pathogens that infest the plants 
in greenhouse crops without affecting their growth and development.  

The aim of this work is to evaluate the effectiveness of low energy electron beam in elimination of plant pathogens 
and determination of germination properties of treated ornamental bulbs.  

The work programme of work to be performed include:  

• Determination of penetration ability of electrons having energy below 300 keV for selected ornamental bulbs,  
Determination of surface dose used for pathogens elimination,  
• Evaluation of the effectiveness of low energy electron beam in elimination of F. oxysporum from ornamental 
bulbous on different development stages  
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ABSTRACT  
  
  

Chemical, biological or toxic properties mainly depend on the form in which the element occurs. In the case of 
low total content of the element in the sample, the contents of the various chemical forms will be correspondingly lower. 
It is necessary to have analytical methods that can determine the content at levels of at least one order of magnitude 
smaller than in the case of the determination of the total content. The infant food products contain selected trace elements 
at very low level (of the order of several ng/g or less). Simultaneously, there is not known in the chemical form which 
they occur. Therefore, there is a need to develop such analytical techniques to ensure the extraction of analytes from the 
test material in unchanged chemical form, their enrichment, separation and determination. Unquestionable advantage of 
the NAA is independency of obtained results on the chemical form of determined element.  NAA is based on physical 
phenomena which takes place in the nuclei. There are no chemical matrix effect as may occur in analytical techniques 
based on atomic properties and changes therein. Novel application of LC-NAA method for speciation of As, Fe and Se in 
infant formula insure the determination of their species at very low level and insure the determination compounds which 
could be “invisible” (or dependent on atomic binding) the for other analytical methods.  
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