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Foreword

 

 
C2TN - Radiation for Science and Society 
 
We are very pleased to walk you through C2TN´s scientific, technical, education, training and services 
endeavors and achievements of 2018! 

C2¢bΣ ŀŎǊƻƴȅƳ ŦƻǊ ά/ŜƴǘǊƻ ŘŜ /ƛşƴŎƛŀǎ Ŝ ¢ŜŎƴƻƭƻƎƛŀǎ bǳŎƭŜŀǊŜǎέ ƛǎ ŀƴ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ wŜǎŜŀǊŎƘ ¦ƴƛǘ 
of Instituto Superior Técnico (IST), Universidade de Lisboa, established in 2013, located in Campus 
Tecnológico e Nuclear, the IST science and technology pole. It groups several tens of researchers 
(physicists, chemists, biologists, geologists, among others) recognized internationally as the 
Portuguese experts in matters related to Nuclear Sciences and Technologies and applications of 
Ionizing Radiation. This stems from the unique combination of C2TN´s knowledge, skills and 
competence with its experimental facilities. 

Indeed, C2TN has specialized scientific equipment, laboratories and infrastructures, some unique in 
Portugal, used as nodes in research networks: Laboratories for Synthesis & Characterization of 
Materials (licensed to handle radioisotopes), including at Low Temperature and High Magnetic Fields; 
facilities for Synthesis, Characterization & Preclinical Evaluation of Radioactive Tools for Nuclear 
Molecular Imaging and Therapy; Clean Rooms; Luminescence, Radiocarbon and Tritium Dating; 
Spectroscopy facilities - Mössbauer, X-ray fluorescence, Inductively Coupled Plasma Mass 
Spectrometer; alpha and gamma spectrometry laboratories; liquid scintillation counters; irradiation 
facilities for metrological verification of radiation detection equipment; linear electron accelerator; 
and access to Tandem and Van de Graaff accelerators and a Gamma Irradiation Unit, located in the 
Campus. 

During 2018, C2TN strengthened its role in the Portuguese Scientific and Technology System and in the 
international arena. The main axes of activities undertaken aimed at strengthening C2TN´s excellence 
in RD&I and to reinforce: 

i) Internationalization, pursuing the collaboration with reference institutions worldwide, in European 
platforms, international organizations and networks, nurturing new links and consolidating existing 
ones; 

ii) Engagement of young researchers, students and stakeholders in Portugal and abroad, fostering new 
collaborations between C2TN and RD&I and academic institutions, hospitals, municipalities, 
environmental, industrial, energy and services companies; 

iii) Outreach, dissemination and communication of Science and its activities. 

C2¢bȰǎ Ƴƻǘǘƻ άwŀŘƛŀǘƛƻƴ ŦƻǊ {ŎƛŜƴŎŜ ŀƴŘ {ƻŎƛŜǘȅέ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƻǳǘǎǘanding contributions of C2TN to 
several societal challenges, namely: 

a) Better management of cancer and neurodegenerative diseases with more effective and 
personalized diagnosis and treatments; 
b) Assessment of detrimental effects due to the exposure to ionizing radiation of patients and medical 
staff, aiming at the Quality and Safety of health care; 
c) Radiological and nuclear emergency response and preparedness; 
d) Prevention of infectious diseases and outbreaks; 
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e) Improving the air quality and reducing the carbon footprint; 
f) Environmental protection, management of natural resources and global changes; 
g) Sustainable agro-industry and food safety; 
h) Cultural Heritage leverage and safeguard; 
i) Advanced materials for applications in physics and engineering, electronic sensors and devices, 
energy conversion, cybersecurity and medical applications. 

During 2018, a number of C2TN´s members, previously holding Post-Doc fellowships, were hired as 
researchers with a fixed term contract, under the new Government policy on scientific research 
employment and the corresponding newly approved Decree-Law; although not removing the 
precarious contractual link of those researchers, the aforementioned policy partially attenuates the 
uncertainties that affect the sustainability of part of C2TN´s human resources. 

The scientific strength of C2TN is highlighted by the number (10) of projects led by its researchers that 
ǿŜǊŜ ŀǇǇǊƻǾŜŘ ōȅ ǘƘŜ C/¢ ŘǳǊƛƴƎ нлмуΣ ŦƻǊ ŦǳƴŘƛƴƎ ǿƛǘƘ ŀ ǘƻǘŀƭ ŀƳƻǳƴǘ ŜȄŎŜŜŘƛƴƎ н aϵ ƻǾŜǊ ŀ ǇŜǊƛƻŘ 
of 3 years. Additionally, C2TŃs researchers also participate in a number of other projects led by other 
institutions that were also approved for funding by the FCT in a particularly competitive call 

During 2018, C2TN members pursued their participation in European projects or were members of the 
consortia that submitted new research projects to the Horizon 2020 programme of the European 
Union. International collaboration further proceeded through exchange of students and researchers 
to/from reference international centres.  

Outreach activies expanded and consolidated during 2018 with intense participation at national and 
regional level. 

Building on the success of the previous meeting, the wealth and pluridisciplinarity of C2TN´s activities 
were exhibited during the 2nd C2TN Annual Meeting, held in December of 2018, with the participation 
of external experts. 

The highlights of C2TN´s activities during 2018, detailed in the sequence, follow closely its structure, 
namely the organization in 6 interdisciplinary Groups: 

i) SS ς Solid State: New Materials with Unconventional Electrical and Magnetic properties and 
characterization using Low Temperature and High Magnetic Field Techniques 
ii) NET ς Nuclear Engineering and Techniques, Nuclear Physics, Geo-environments and Cultural 
Heritage using neutrons, radioactive nuclei and ion beams 
iii) RPS ς Radiation Protection and Safety: Dosimetry, Radiobiology, Environmental Radioactivity, 
Radioecology, Radioactive Waste and Metrology 
iv) RS ς Radiopharmaceutical Sciences: Nuclear Tools for Molecular Imaging and Theranostics 
v) REI ς Environmental Processes, Archaeological Material Culture & Macromolecular Materials using 
Nuclear Analytical Techniques and Ionizing Radiation 
vi) QEf ς f-Element Chemistry 

with the RD&I activities synergistically interwoven into 3 Thematic Strands: i) Advanced Materials ii) 
Radiopharmaceutical Sciences and Health Physics iii) Earth Systems, Radioactivity & Cultural Heritage. 

The most important asset of C2TN is its members.  

The Executive Commission would like to acknowledge and thank all C2TN members for their efforts, 
contributions and accomplishments that made possible the positive journey throughout 2018! 

 

C2TN Executive Commission 
Pedro Vaz ς President  
Fernanda Margaça ς Vice-President  
Dulce Belo - Vogal 
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C2TN Organization and Coordination 
 

 

Considering the complementary know-how, common interests and facilities, the C2TN members are 

organized in six Research Groups: Radiopharmaceutical Sciences (RS), Radiological Protection and 
Safety (RPS), Radiation, Elements and Isotopes (REI), Nuclear Engineering and Techniques (NET), f-

Element Chemistry  (QEf)  and  Solid  State (SS). For the period 2015-2020, the 6 groups of scientists 

will converge and collaborate on 3 main Thematic Strands   (TS): 

 

 

Scheme 1 shows the C2TN research groups and their contribution to the three Thematic Strands. Within 

these TS the role of the groups is well established and the overall research objectives are  in line  and  nicely  

intersect with the  EU Horizon 2020 initiative. 
 

RESEARCH  GROUPS 

 

THEMATIC STRANDS 

 

The Research Group Coordinators are: 

RS ς António Rocha Paulo; RPS ς Pedro Vaz; REI ς Maria de Fátima Araújo; NET ς Maria Isabel Dias; 
QEf ςJoão Paulo Leal; ES ς Manuel Leite de Almeida 

The Thematic Strands Coordinators are: 

RSHP ςAntónio Rocha Paulo; ESRCH ς Maria Isabel Prudêncio; AM ς Manuel Leite de Almeida  
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C2TN in Numbers

 
Information on the number of researchers from C2TN and peer ς reviewed publications, the correspondent 
impact factor,  Ph.D. and M.Sc. completed  theses and values on the budget of C2TN is given for 2018 and 
compared with the corresponding values in previous  years. 
 

C2TN STAFF  C2TN CONCLUDED THESIS 

 

 

 

  

C2TN PUBLICATIONS  C2TN FUNDING 
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Radiopharmaceutical Sciences and Health Physics (RSHP) 

 

 
Researchers of the RSHP thematic strand applied their know-how, techniques and infrastructures to 
carry out research on Radiopharmaceutical Sciences, Radiation Protection and Dosimetry, Biological 
Effects of Ionizing Radiation (IR) and Metrology, aiming to contribute to the following major topics: 

¶ Design, Synthesis and Pre-Clinical Evaluation of Radioactive Tools for Molecular Imaging and 
Theranostics; 

¶ Evaluation of Biological Effects of Ionizing Radiation; 

¶ Medical Dosimetry and Metrology of Ionizing Radiation. 

The scientific output of the RSHP team was: 36 papers in peer-reviewed journals, 1 book chapter, 5 
proceedings, 12 lectures in conferences, 1 Ph.D., 7 M.Sc. and 4 graduation theses. The team has 
ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ н ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƴŦŜǊŜƴŎŜǎ ŀƴŘ ǎǳƳƳŜǊ ǎŎƘƻƻƭǎΦ ¢ƘŜ ǘŜŀƳΩǎ 
research work has been supported by European and FCT competitive funding, with a noteworthy rate 
of ŀǇǇǊƻǾŀƭ ƻŦ wϧ5 ǇǊƻƧŜŎǘǎ όŎŀΦ м aϵύ ƛƴ ǘƘŜ нлмт-FCT call. There was also a high degree of 
internationalization with participation in European Union Technology Platforms and Networks, namely 
MELODI, EURADOS NERIS-TP, IGD-TP and EURAMET, several COST actions and the MCurie ITN 
MEDICIS-Promed.  
Highlights of the R&D activities performed during 2018 are presented below.  
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RADIOLABELED ANTIBODY FRAGMENTS FOR TARGETING OF THE TEM1 RECEPTOR 

The endosialin/TEM1 receptor is a suitable 
target for antibody-mediated therapy due to 
its minimal expression in normal healthy 
tissues and its overexpression in several 
human solid cancers. The preclinical 
evaluation of a small panel of antibody 
fragments - scFv-Fc - targeting the TEM1 
receptor was undertaken after radiolabeling 
with 125I. A preliminary screening to identify 
the most promising fragments was followed 
by an extensive in vitro characterization in 
cell lines expressing either the human or the 
murine receptors, assessing binding affinities 
and specificity towards the TEM1 receptor. Biodistribution studies in tumor-bearing mice were also 
performed, paving the way for further investigations on the pre-targeting approach to this receptor, 
using radiometals and clickable chelators already developed by the Radiopharmaceutical Sciences 
Group. 

 
 

EVALUATION OF HIGH-Z MATERIALS AS RADIOSENSITIZERS 

The main challenges of radiation therapy of 
cancer are the side effects of ionizing radiation in 
surrounding healthy tissues and the acquired 
resistance of tumor cells to radiation. One 
approach to enhance the efficacy of 
radiotherapy is the use of radiosensitizers to 
selectively increase the dose at the tumor site. 
High-Z (atomic number) materials have emerged 
as new tools in oncology to improve cancer 
therapy, based on their radiosensitizing 
capabilities. Using the CTN irradiation facilities, 
we have studied the effect of different types of 
electromagnetic radiation on U87 glioblastoma 
cells pre-loaded with iodinated molecules or 
gold nanoparticles, as radiosensitizers. In 
general, the presence of the radiosensitizers led 
to an enhanced radiocytotoxicity, most probably 
due to an increase on ROS production, cell cycle alterations and induction of apoptosis. 
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RADIATION EXPOSURE OF THE PORTUGUESE POPULATION IN RADIODIAGNOSTIC PROCEDURES (X-
RAY AND NUCLEAR MEDICINE EXAMS) 

The use of ionizing radiation (IR) in medical imaging has drastically improved diagnostic outcomes, but 
has also resulted in an increase of the exposure of the population to man-made IR. This is a cause of 
concern, both from a radiation protection and Public Health perspectives. To address this issue, this 
work studied the exposure of the Portuguese population to IR due to radio-diagnostic procedures (x-
ray and nuclear medicine exams) in the 2013-2017 period. The estimated total collective dose due to 
nuclear medicine exams was of 0.088 mSv/person in 2013 and 0.090 mSv/person in 2017. 
  

 
 
 
 
 
 
 
 

 

 

 

 

 

Nuclear medicine exams X-ray procedures 
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Earth Systems, Radioactivity and Cultural Heritage (ESRCH) 

 

 
During 2018, the scientific output of the ESRCH team included the publication of 48 papers in peer-
reviewed journals, 9 book chapters, 18 international conference proceedings, 8 invited and 32 
contributed lectures in international conferences and the completion of 3 PhD and 8 MSc theses. Team 
members have also given 15 seminars and were responsible for 15 courses given in universities and 
polytechnical schools, along with the participation in 22 scientific committees of evaluation painels. 
The team research has been supported by EC (LIFE, ERA-MIN, Interreg Sudoe and Interreg 
Mediterranean), FCT, IAEA, and bilateral projects. Overall, ESRCH team has participated in 6 European 
research contracts, 2 bilateral research projects, 5 research contracts with IAEA, 5 research projects 
funded by FCT and 3 industrial research contracts.  
A significant participation in the scientific and technical activities of European Union Technology 
Platforms and Networks, namely ALLIANCE, IGD-TP and NERIS, and in the COST ACTIONS CA16109 and 
ES1407 has also taken place. During 2018, the team has also prepared and submitted several common 
projects under calls from EC, FCT, Interreg Sudoe and Horizon 2020. Two contracts were established 
with private companies. The ESRCH team has also prepared one patent, along with the development 
of a new algorithm and one prototype during 2018. In order to promote and disseminate the work 
developed within this thematic strand, ESRCH members participated in 12 different events, namely 
performances and exhibitions, that were held in Portugal and abroad. 
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TRANSFER AND RELATED DOSE ASSESSMENT OF NATURAL RADIONUCLIDES IN PLANTS AND 
MOSSES GROWING ON A PHOSPHOGYPSUM STOCKPILE IN PORTUGAL 

Phosphogypsum (PG) is a phosphate industry sub 
product with enhanced concentrations of naturally 
occurring radioactive materials (NORM). A PG 
stockpile remains as the legacy of a disabled 
phosphate plant near a suburban area in the south 
bank of Tejo estuary. Herbaceous plants (Plantago 
coronopus) and moss (Bryum argenteum) have been 
covering the PG surface, so this stockpile can be used 
as a natural laboratory to quantify the transfer of 
radionuclides to the vegetal biota and assess the 
absorbed dose resulting from exposure to ionizing 
radiation. Dose assessment related to the natural 
radionuclides uptaken by plants and mosses was 
performed using the ICRP reference wildgrass coupled 
with the Monte Carlo code MCNPX. Dosimetric 
calculations show that internal doses are similar to 
external doses in herbaceous plants but can exceed 2 orders of magnitude in moss. The estimated 
doses are in the order of the natural background for ICRP reference wildgrass (< 0.01mGy d-1). 
 
 
ANTIMICROBIAL ACTIVITY OF IRRADIATED AROMATIC AND MEDICINAL PLANTS 

Irradiation is a safe food processing 
technology increasingly recognized 
and supported by several 
international organizations. The 
intent of this study was to deepen 
the knowledge on effects of gamma 
radiation on the antimicrobial 
potential of extracts of different 
plant species used in traditional 
medicine. It is important to explore 
the use of green solvents that 
reduce the impact on the 
environment and on human health, which also facilitate the incorporation of these extracts in products 
within different industrial sectors (pharmaceutical, cosmetic and food). This study reveals the 
antimicrobial potential of hydroalcoholic extracts in both anti-viral and antibacterial assays, and 
evaluates a new extraction approach as a process to improve value to aromatic plants as bioactive 
agents. The results highlighted that gamma radiation treatment up to a dose of 10 kGy promotes the 
antibacterial activity and preserves the virucidal potential on the hydroalcoholic extracts of studied 
plant species.  
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CHARACTERIZATION OF CLAY-SIZED FRACTION OF VOLCANIC SOILS USED FOR AGRICULTURE ς 
BRAVA ISLAND (CAPE VERDE) 

Mössbauer spectroscopy and INAA were used in 
order to acquire a better knowledge of iron 
forms and the geochemistry of trace elements 
in volcanic soils developed on sediments and 
phonolitic pyroclasts from Brava Island (Cape 
Verde), used for agriculture. High 
concentrations of arsenic, bromine, and 
antimony were found in the clay-size fraction, 
where only Fe(III) was detected and all the Fe 
oxides are nano-sized. The existence of 
significant amounts of these elements and 
vitreous phases in fine particles of soils 
contribute to their mobility and accumulation in 
plants, by absorption and by dust deposition. 
 
 
 
LEAD AND COPPER IN WESTERN PROVINCES OF THE ROMAN EMPIRE: PROVENANCE, PRODUCTION 
AND USE 

Copper-based alloys and lead implements were 
widely employed by the Roman Civilization having 
a variety of urban and warfare applications. 
Archaeometallurgical research was focused in 
collections from Conimbriga, Augusta Emerita 
and Mirobriga (Lusitania province) and Bracara 
Augusta (Galaecia). Elemental and isotopic 
composition of complex hydraulic systems (lead 
pipes) assigned raw materials to the Iberian Pyrite 
Belt (argentiferous jarosite ores) and Sierra 
Morena and Ossa Morena Zone (galena ores). 
Elemental and microstructural study of 
anthropomorphic attachments of situlae 
evidenced a conservative metallurgy, mostly 
composed of leaded copper and leaded bronze. In 
general, recycling practises became a common 
activity during the Empire, suggesting a technology strongly influenced by economic factors. The 
unrefined typology and massive production of those decoration items also agrees with the low 
incidence of the more expensive brass alloys, thus evidencing a local production quite different from 
the exquisite Roman artefacts from the core of the Empire. 
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Advanced Materials (AM) 

 

 

The research activities under this thematic strand have been focused in different advanced materials, 
with emphasis on multifunctional and unconventional electrical and magnetic materials, with 
potential applications in the fields of electronic and optoelectronics, health, catalysis and energy. 
These activities were possible thanks to a valuable combination of a wide range of complementary 
techniques existing at C2TN for both preparation and characterization of materials, enabling to address 
current challenges in materials science research and contributing to the establishment of more 
detailed correlations between the structure and the physical properties.  

A significant part of the activities in this area has been possible by the operation and development of 
infrastructures and research tools, rare or even unique at national level, which have been placed open 
at the benefit of a large external community through an extensive network of scientific collaborations. 
These facilities include materials modification by ion implantation, neutrons, gama and electron 
irradiation, several ion beam techniques for elemental composition analysis and the Low 
Temperatures and High Magnetic Field Laboratory with facilities for the study of electrical transport, 
magnetic properties of materials and Mössbauer spectroscopy. 

During 2018, the scientific output of the team involved in Advanced Materials studies was: 44 papers 
in peer-reviewed journals, 3 book chapters, 3 proceedings, 7 invited and 19 contributed lectures in 
conferences, 1 PhD, 3 MSc and 1 graduated completed theses, and 2 patents. The team research has 
been supported by European, FCT and bilateral projects, with several new projects being secured this 
year. The team has participated in the organization of 2 conferences and workshops and 1 
international training courses. A significant participation in the scientific and technical activities of 
European Union Technology Platforms and Networks, namely COST ACTIONS CA15128 CM1105, 
TD1004 has also taken place. During 2018 the team has also prepared and submitted several common 
projects under calls from EC, FCT, CERN-FCT, and Horizon 2020. 

The activities had contributions from different research groups (ES, ETN, QEf, and REI) as more detailed 
described in their reports. The following major achievements in 2018 are highlighted. 
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MULTIFUNCTIONAL MATERIALS 

Moessbuer spectroscopy was used as a key technique to study the 
role of electron charge transfer and magnetic ordering of the Fe 
cations on a material combining conducting and magnetic electrons 
and based on anilate coordination polymer. 

 
 
 
 
 
DEVELOPMENT OF CHITOSAN-BASED MATRICES BY RADIATION TECHNOLOGIES FOR BIOMEDICAL 
APPLICATIONS 

Chitosan-based matrices with poly(vinyl pyrrolidone) (PVP) were 
obtained by gamma irradiation from a Co-60 source. Radiation dose, 
copolymer concentration and synthesis procedure were found to 
tailor matrix porosity and surface roughness, giving materials with 
enhanced properties to be applied as skin substitute capable of tissue 
regeneration  

 
 
 
 

  
NANOSTRUCTURED COMPOUNDS CONTAINING f-BLOCK ELEMENTS AND VALORIZATION OF CO2 AS 
FEEDSTOCK 

Nanostructured bimetallic oxides containing 4f-
block elements (La, Ce, Pr, Sm, Dy, and Yb) and 
nickel supported on silica and alumina obtained by 
electrospinning, when tested as catalysts for the 
methanation of CO2 were found to exhibit 
enhanced activity and selectivity towards the 
production of methane and stability on the gaseous 
stream. 

  
 

  
 

Activity and selectivity of several catalysts for the methanation 
of CO2. 
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AMPHOTERIC BEHAVIOUR OF Be AS DOPANT IN GaN 

The amphoteric nature of Be in p-GaN, n-GaN and as-grown nid-

GaN was revealed using the b-emission channeling technique 
with implanted radioactive 11Be (13.8s). Results show a balance of 
substitutional BeS vs interstitial Bei depending on doping type and 
implantation temperature. 

 

  














































































































































































































