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Foreword

CTN- Radiation for Science and Society

We are very pleased to walk you througfT8’s scientific, technical, education, training and services
endeavors and achievements of 2018!

Ctb> IONRyeY T2N S/OYRIiREARS bMOYCGAMNBAE RaA Iy Ay
of Instituto Superior Técnico (IST), Universidade de Lisboa, established in 2013, located in Campus
Tecnolégico e Nuclear, the IST science and technology pole. It groups several tens of researcher
(physicists, chemists, biologists, geologists, among others) recognized internationally as the
Portuguese experts in matters related to Nuclear Sciences and Technologies and applications of
lonizing Radiation. This stems from the unigue combination GNG knowledge, skills and
competence wth its experimental facilities.

Indeed, €TN has specialized scientific equipment, laboratories and infrastructures, some unigue in
Portugal, used as nodes in research networks: Laboratories for Synthesis & Clwatoterof
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 Rooimsninescence, Radiocarbon and Tritium Dating;
Spectroscopy facilitiess Mdssbauer, Xay fluorescence, Inductively Coupled Plasma Mass
Spectrometer; alpha and gamma spectrometry laboratories; liquid scintillation counters; irradiation
facilities for metrdogical verification of radiation detection equipment; linear electron accelerator;
and access to Tandem and Van de Graaff accelerators and a Gamma ¢madiaiti located in the
Campus.

During 2018, &N strengthened its role in the Portuguese Scientifid Technology System and in the
international arena. The main axes of activities undertaken aimed at strengthefiing Cexcédnce
in RD&I and to reinforce:

i) Internationalization, pursuing the collaboration with reference institutions worldwid&uropean
platforms, international organizations and networks, nurturing new links and consolidating existing
ones;

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

ii) Outreach, dissemination and communicatiScience and its activities.

CebOad Y2302 awlRAFGAZ2Y F2NJ { GAdifig/cOnBibutiofiFof IN2AOA S & ¢
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 tozimg 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 reducirige carbon footprint;

f) Environmental protection, management of natural resources and global changes;

g) Sustainable agrindustry and food safety;

h) Cultural Heritage leverage and safeguard;

i) Advanced materials for applications in physics and engingeelectronic sensors and devices,
energy conversion, cybersgtity and medical applications.

During 2018, a number of”N’s members, previously holding Rbsic fellowships, were hired as
researchers with a fixed term contract, under the new Governmauitcy on scientific research
employment and the corresponding newly approved Dedraw; although not removing the
precarious contractual link of those researchers, the aforementioned policy partially attenuates the
uncertainties that affect the sustaibdity of part of C2TN"s human resources.

The scientific strength ofCN is highlighted by the number (10) of projects led by its researchers that
GSNB | LIINEPOPSR 0@ (KS C/ ¢ RdAZNAY3A HamyX F2N Fdzy RAY
of 3 yeas. Additionally CTN's researchers also participate in a number of other projects led by other
institutions that were also approved for funding by the FCT jrarticularly competitive call

During 2018, &N members pursued their participation in Europ@anjects 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 internationatentres.

Outreach activies expanded and consolidated during 2018 with intense participati@atianal and
regional level

Building on the success of the previous meeting, the wealth and pluridisciplinarityf Nf Cactivities
were exhibited during th&"? C2TN Annual Meeting, held in December of 2018, with théqipation
of external experts.

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

i) SS¢ Solid State: New Materials with Unconventional Electrical and Magnetic properties and
characterization using Low Temperature and High Magnetic Field Techniques

i) NET¢ Nuclear Engineering and Techniques, Nuclear Physicse@@onments and Cultal
Heritage using neutrons, radioactive nuclei and ion beams

iii) RPS; Radiation Protection and Safety: Dosimetry, Radiobiology, Environmental Radioactivity,
Radioecology, Radioactive Waste and Metrology

iv) R, Radiopharmaceutical Sciences: Nuclearl§ éar Molecular Imaging and Theranostics

v) REL Environmental Processes, Archaeological Material Culture & Macromolecular Materials using
Nuclear Analytical Techniques and lonizing Radiation

vi) QEfL f-Element Chemistry

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

The most importanasset of €N is its members.

The Executive Commission woukelto acknowledge and thank afT®l members for their efforts,
contributions and accomplishments that made possible the positive journey throughout 2018!

CTN Executive Commission
Pedro Vaz, President

Fernanda MargacaVicePresident
Dulce Bele Vogal
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C'TNOrganizatiorand Coordination

Considering the complementakpow-how, common interests and facilities, thé N members are
organized in six Research Groups: Radiopharmaceutical Sciences (RS), Radiological Protection and
Safety (RPSRadiaton, Elements and Isotopes (REljclear Engineering and Techniques (NET),
Element Chemistry (®Eand Solid State (SS). For the period ZZD, the 6 groupsf scientists

will converge and collaborate on 3 main Thematic Straf@s):

EarthSystems,
Radioactivity and
CulturalHeritage

Advanced
W EEELS
(AM):

Radiopharmaceutical
Sciences and Health
Physics (RSHP):
Biomedical Scienceand
Medicine

(ESRCH):
Environmental
Sciences

Engineering and
Material Science

Schemel shows theC’TNresearch groups and their contributida the three Thematic Strand&A/ithin
these TS the role of the grougsvell established and the overall resea@biectivesare inline and nicely
intersectwith the EUHorizor2020initiative.

RESEARCH GROUPS

Nuclear
Engineering f-Element
and Chemistry
Techniques

. Radiological
pharmaceuticalll Protection anc
Sciences

Radiation,
Elements and
Isotopes

_____________________________________________________________________________

Radic 1 EarthSystems, !
pharmaceutical Radioactivity : Advanced
Sciences & & Cultural Materials
Health Physics Heritage

THEMATIC STRANDS

The Research Groupoordinators are

RS Antonio Rocha Paulo; RP8edro Vaz; REIMaria de Fatima Araujo; NEEMaria Isabel Digs
QH ¢Joéo Paulo Leal; E®anud Leite deAlmeida

TheThematic Strands Coordinatoese:
RSHRANtonio Rocha Paul&eSRCEMaria Isabel Prudéncio; AMManuel Leite de Almeida
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CTNin Numbers

Information on the number ofesearchers from 4N andpeer ¢ reviewed publications, the carspondent
impactfactor, Ph.D.and M.Sc.completed theses and values on the budget @i\Cis given fo2018 and
comparedwith the corresponding/aluesin previousyears.

CTN STAFF CTN CONCLUDED THESIS
mm Permanent 164 mm PhD mm MSc

124 mm Contract 14
o Fellowships
E 104 12
; 8. § 10!
O 6 S
#* # 61

4
= 4.
R 21 2]

0 0.
CTN PUBLICATIONS CTN FUNDING

3.5 2018 Total funding ~1.1M €
2004 T
[ | 3.0
c S
+ (8]
S 204 5%
5100 -]
] 1.0
# 50
0.5
0 - -0

2013 2014 2015 2016 2017 2018
-Q1 -Qz Qj -Q4 —Average IF

BWFCT M European Others
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THEMATIC STRANDS SCIENTIFIC REPORT
2013
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Radiopharmaceutical Sciences and Health Physics (RSHP)

Researchers of the RSHP thematic strand applied their rmw techniques and infrastructures to
carry out research on Radiopharmaceuti8aiences, Radiation Protection and Dosimetry, Biological
Effects of lonizing Radiation (IR) and Metrology, aiming to contribute to the following major topics:

1 Design, Synthesis and Reéinical Evaluation of Radioactive Tools for Molecular Imaging and
Theanostics;

1 Evaluation of Biological Effects of lonizing Radiation;

1 Medical Dosimetry and Metrology of lonizing Radiation.

The scientific output of the RSHP team was: 36 papers innee&wed journals, 1 book chapter, 5

proceedings, 12 lectures in confeees, 1Ph.D, 7 M.Sc.and 4 graduation theses. The team has

LI NOAOALI GSR Ay GKS 2NBHIFIYATIFGA2Y 2F H AYGSNYI {A

research work has been supported by European and FCT competitive funding, with a noteworthy rate

of F LILINR @Ff 2F w35 LINE 2 S-BaTXall.oTOdredwasvialsa & hligh degree (DK S H |

internationalization with participation in European Union Technology Platforms and Networks, namely

MELODI, EURADOS NEHMSIGBETP and EURAMET, several COST acsiodsthe MCurie ITN

MEDICI®romed.

Highlights of the R&D activities performed during 2018 are presented below.
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RADIOLABELED ANTIBCHRAGMENTS FOR TBRGG OF THE TEMICERTOR

The endosialin/TEM1 receptor is a suitab

target for antibodymediatedtherapy due to 125 scFv-Fc

its minimal expression in normal health ‘| _
tissues and its overexpression in sevel .% . )
human solid cancers. The preclinic ‘J / In vitro Studies

evaluation of a small panel of antibod
fragments - scFvic - targeting the TEM1
receptor was undertaken after radiolaliag
with 29, A preliminary screening to identify P

the most promising fragments was followe' 1o\ cell expressing \ - @

by an extensivan vitro characterization in TEML1 Receptor

cell lines expressing either the human or tr In vivo Studies
murine receptors, assessing binding affinitie _

and specificity towardshie TEM1 receptor. Biodistribution studies in tuaring mice were also
performed, paving the way for further investigations on the-aegeting approach to this receptor,
using radiometals and clickable chelators already developed by the Radiophatimak&ciences
Group.

EVALUATION OF HIGIMATERIALS AS RADEDSITIZERS

The main challenges of radiation therapy of tonizing radiation
cancer are the side effects of ionizing radiation in Frays
surrounding healthy tissues and the acquired X-rays
resistance of tumor cells to radiationOne

approach to enhance the efficacy of

radiotherapy is the use of radiosensitizers to e e

selectively increase the dose at the tumor site.
/ Photoelectrons

Auger electrons
Secondary electrons

N\

HighZ (atomic number) materials have emerged

as new tools in oncology to improve cancer

therapy, based on their radsensitizing /

capabilities. Using the CTN irradiation facilities,

we have studied the effect of different types of /,“\ @

electromagnetic radiation on U87 glioblastoma | |

cells preloaded with iodinated molecules or < %

gold nanoparticles, as radiosensitizers. In ' . Reactive oxygen
. . Cell cycle arrest Apoptosis .

generalthe presence of the radiosensitizers led species

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 EXPOSURETHE PORTUGUESEUW®@HION IN RADIODINGSTIC PROCHRES (X
RAY AND NUCLEAR MEINE 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 temede IR. This is a cause of
concern, loth 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 +@idignostic procedures {X

ray and nuclear medicine exams) in the 22IR.7 period. The estiated total collective dose due to
nuclear medicine exams was of 0.088 mSv/person in 2013 and 0.090 mSv/person in 2017.

o1 -
----

o r i
2010 ' - ‘." D
U 5012 5945 . . »

2014 T —{
2015
2016 2017

Nuclear medicine exams
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During 2018, the scientific output of the ESRCH teatuded 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 atsgiven 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 (LIFEMERAnNterreg Sude and Interreg
Mediterranean), FCT, IAEA, and bilateral projects. Overall, ESRCH team has patrticipated in 6 European
research contracts, 2 bilateral research projects, 5 research contracts with IAEA, 5 research projects
funded by FCT and 3 industrial raseh contracts.

A significant participation in the scientific and technical activities of European Union Technology
Platforms and Networks, namely ALLIANCE;TBBnd NERIS, and in the COST ACTIONS CA16109 and
ES1407 has also taken place. During 205te¢hm 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 nav 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 RELADBEBE ASSESSMENTNAFURAL RADIONUCLEON PLANTS AND
MOSSES GROWING ONRHOSPHOGYPSUM STOOKMN PORTUGAL

Phosphogypsum (PG) is a phosphate industry ¢
product with enhanced concentrations of naturall _ &%
occurring radioactive matials (NORM).A PG % 'F%

‘ W P. coronopus

A
stockpile remains as the legacy of a disabl% 1E-09 7
phosphate plantnear a suburban area in the soutlg “*°

‘ C. argenteum

bank of Tejo estuary. Herbaceous pla®antago §
coronopu3 and moss(Bryum argenteumnhave been
covering the PG surface, so this stockpaa be used
as a natural laboratory to quantify the transfer ¢
radionuclides to the vegetal biota and assess tg |

absorbed dose resulting from exposure to ionizit g 2 e B
radiation. Dose assessment related to the natur: g

radionuclides uptaken by plants and mosseas
performed using the ICRP reference wildgrass coup .
with the Monte Carlo code MCNP>Dosimetric 1‘E'09'Referm;,_C;,mno,,u; R

calculations show that internal doses are similar .. gross

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 (< 0.0EnGy d

Dose

1.E-12

1.E-13
40K 210pp 226Ry 228Ra

1.E-04

1.E-07 |
1.E-08-|

Doserr:

ANTIMICROBIAL ACTIVIOF IRRADIATED AR IC AND MEDICINRLANTS

Irradiation is asafefood processing

technology increasingly recognize """" cemme YOROETHANOLIC
and  supported by sevat d E 5 L™, Gesinen) > Bt
international organizations. The 3
intent of this study was taleepen % ﬁ | P .. N—
the knowledgeoneffects ofyjamma % 43 oy A

radiation on the antimicrobial N\ pipertal,  cirodera
potential of extracts of different i
plant species used in traditiona
medicine It is important to explore
the use of gren solvents that
reduce the impact on the
environmentand on human healthyhichalso facilitate the incorporatioaf these extracts in products
within different industrial sectorgpharmaceutical, cosmetic and foodJhis study reveals the
antimicrobial wtential of hydroalcoholic extracts in both arntiral and antibacteriabssays, and
evaluatesa new extraction approach as a procdssimprove value to aromatic plantas bioactive
agents The results highlighted thataghnmaradiation treatmentup to a dse of 10 kGy promotes the
antibacterialactivity and preserves the virucidal potential on thedroalcoholic extractsf studied
plant species

.
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CHARACTERIZATIONGDAYSIZED FRACTI@QWY VOLCANIC SOILED$OR AGRICULTWRE
BRAVA ISLAND (CARERDE)

Mossbauer spectroscopy and INAA were usec o e

order to acquire a better knowledge of irot =« O P I\“ .

W 32-BRV

forms and thegeochemistryof trace elements
in volcanicsoils developed on ediments and
phonolitic pyroclasts from Brava Island (Ca
Verde), used for  agriculture. High § o=z
concentrations of arsenic, bromine, and® .|
antimony were found in theclaysize fraction,
where only Fe(lll) was detected arall the Fe
oxides are nansized The existence of
significant amounts ofthese elementsand
vitreous phases in fine particles aofoils
contribute to their mobility anchccumulation in
plants, by absorption and by dust deposition.

7.50
5.00

2.50

y-size fraction / Whole sal

2X236580826ENRSBERFE>

LEAD AND COPPER IN WESTERN PROVINCES OF THE ROMAN EMPIRE: PROVENANCE, PRODUCT!|
AND USE

Coppetrbased alloys and lead implements wer *“ — tbern pyte et

- . g . . —— Ossa Morena Zone -
widely employedy the Roman Civilization havin  ** — Sierra Morena h
a variety of urban and warfare application: ** e 74

1 i £ 1835 Ry 5 H
Archaeometallurgical esearch was focused ir< N A
collections from Conimbriga Augusta Emerita * ** | _ . .00 Iy
and Mirobriga (Lusitaniaprovince and Bracara | & ks émerto A FEOB
® Baetica )

Augusta (Galaecia Elemental and isotopi % 4 swdpcc
composition of omplex hydraulic system@ead 7 .. .. s ose  omo  ose
pipes assignedaw materialgo the Iberian Pyrite Pb/%pb

Belt (argentiferous jarosite ores) and Sier ‘

Morena and Ossa Morena Zone (galena ore
Hemental and microstructural study o
anthropomorphic  attachments of  situlae §piimbriga
evidenced a conservative metallurgy, mostlh
composed ofeaded copper and leaded bronza.
general, recycling practisesbecamea common
activity during the Empire, suggesting a technology strongly influenced by economic factors. The
unrefined typology and massive production ahose decoration itemsalso agrees with the low
incidenceof the more expensive brass alloys, thus evidencitagzal production quite different from

the exquisite Roman artefacts from the core of the Empire.

4%
2% 2%

Bracara Augusta

™ Leaded bronze ™ Leaded copper Copper

 Leaded brass ® Leaded gunmetal = Other
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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 eleonhic and optoelectronics, health, catalysis and energy.
These activities were possible thanks to a valuable combination of a wide range of complementary
techniques existing atXCN for both preparation and characterization of materials, enabling to addres
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 opeeattbdevelopment 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 maiafs 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 Mdssbauer spectroscopy.

During 2018, the scientific output of the team involved in Advanced Materials studies was: 44 papers

in peerreviewed journals, 3 book chapters, 3 proceedings, 7 invited and 19 contributeddsdn
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 organizatiof 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 pta During 2018 the team has also prepared and submitted several common
projects under calls from EC, FCT, CERN and Horizon 2020.

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

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

DEVELOPMENT OF CHHANBASED MATRICE® BADIATION TECHN@ILES FOR BIOMEDICAL
APPLICATIONS

Chitosanbased matrices with poly(vinyl pyrrolidone) (PVP) wd
obtained by gamma irradiation from a &® source. Radiation dose
copolymer concentration and synthesis procedure were found
tailor matrix porosity and surface roughness, giving materials
enhanced properties to be applied as skin substitute capablissdie
regeneration

NANOSTRUCTURED COMRODS CONTAININBLOCK ELEMENTS ARMDORIZATION OF G
FEEDSTOCK

Nanostructured bimetallic oxides containing- 4
block elements(La, Ce, Pr, Sm, Dy, and déhyl
nickel supported on silica and alumina obid by
electrospinning when tested as catalysts for the
methanation of C® were found to exhibit
enhanced activity and selectivity towards th
production of methane and stability on the gaseo
stream.

YIELD CH, (%)

NiSmO NiCe.0 NiDy.0

CATALYST

Activity andselectivity of several catalysts for the methanatic
of CO2.
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AMPHOTERIC BEHAVIODRE: AS DOPANT INa§

The amphoteric nature of Be in@aN, rRGaN and agrown nid
GaN was revealed using the emission channeling technique
with implanted radioactivé'Be (13.8s). Results show a balance of
substitutional Bevs interstitial Bedepending on doping type and
implantation temperature.
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