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Foreword

The Centrdor Nuclear Sciences and Technologi€S K is a new research unit, formed in 2013, of
Instituto Superior Técnico (IST), located at the CTN Car@fishas a strategic role in Portugal in

basic and applied research, training, scientific and technologataiity spreading actions in Nuclear
Sciences and Technologies, and in provision of technical cooperation and specialized services to the
community in this field. The cuttirgdge science dfTNand the strategic programme proposed for
20152020, awared as Excellent by the International Evaluation of R&D Units coordinated by the
Portuguese Foundation for Science and Technology (FCT), aims to push forward the boundaries in
Medical Diagnostics, Therapy & Health Physics, Environment, Cultural Heritagh &¥stems, and
Engineering & Advanced Materials.

We are very pleased to bring you the 2016 Highligh®&®N During this second year of our

strategic programme, the new organization of the Centre in three Thematic Strands came to fruition,
with the hiring of a significant number of human resources (one Invited Scientist and eleven Post
doctoral Fellows), dedicatemainly to the interdisciplinary and cragieme work plan defined in

the Thematic Strands. The interactions betw&&nNResearch Groups were reinforced and

expanded, based on the excellent work of the existing and new researchers.

Within the Departmenof Nuclear Sciences and Engineering (DECN), several-tadepositions
were opened, leading to long due promotions and hiring of new researchers. The foreseeable
continuation of this process will further bene@TN which has an excellent workimglation with
DECN. The first MSourse offered by DECN started in 2016, with coordination and participation of
manyCTNresearchers. New courses are being prepared, and the expected increased number of
students will be an important positive factor fGfTN

CTNalso has an excellent working relation with CTN management, which is responsible for the
salaries of most permanent personnel and for the campus infrastructure. During 2016 important
maintenance works were implemented by CTN, namely in the elecinitastructure. It is hoped
that improvements will continue, in particular in the habitability of offices and laboratories, which
has been deficient for years, even before the integration in IST.

The first visit ofTNs International Advisory Board @\took place in April 2016. The IAB Evaluation
and Recommendation Report outlined a number of important points and included specific
recommendations, at the general level, as well as at the Thematic Strand and Research Group levels.
Addressing the issuemd recommendations will have, we believe -faaching consequences,
contributing to a more efficient consecution 6fTNs proposed scientific goals.

In particular, we believe that the report is an invaluable tool to improve our strategic programme, in
view of the 2017 forthcoming nationwide evaluation of research centres. The new scientific policy of
the Portuguese government that started to be implemented in 2015, led in 2016, again, to major
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changes. The first one was that the strategic programme apgador 20152020 will in fact end in
2017, with an entirely new evaluation for the subsequent period. On the one hand, the objectives
cannot be fully reached in only half the time. On the other hand, this brings a new uncertainty to
CTN compounded by th proposal by an F&ppointed focus group that multidisciplinary research
centres should be allowed to have one single main scientific area.

The second major change in scientific policy is the new Law aimed at hiring researchers, ending the
current situaton of concurrent fellowships with the damaging insecurity that it brings to researchers
and to the scientific system in Portug@TNwelcomes this new policy, and already made provisions
for its implementation in 2017.

In 2016 it was again not possiliteacquire the equipment requested by the Centre, which was an
important component of the strategic programme to expand our activities and to increase our global
competitiveness. It seems likely that renewal of equipment will only be possible within #te ne
evaluation cycle. Services were purchased abroad to partly perform the research dependent on the
equipment.

Using nuclear and nenuclear methodologies, new research or training projects were initiated in
2016 within the three Thematic Strands, invotyiresearchers from different groups, and their
participation in international networks (such as Cost Actions, European Technology Platforms, and
European or International projects) was reinforced and expanded. Three new European projects in
the Environmentrea started in 2016, of which two are coordinated at EU lev€PBi) and nine
national projects were approved in the three Thematic Strands.

This document is the third annual report &fTN which is now stabilised as an IST Research Centre
funded by ET. The Executive Commission would like to finish with a special thank&€4oNall
members by their efforts and contributions to the strategic programme. In this process, the
Thematic Strand and Research Group Leaders have had a remarkable role.

Nuno Pessoa Barradg®resident
Antonio Pereira GongalvesVicePresident

Anténio Nazareth Falcao/ogal
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CTN Organization and Coordination

Considering the complementary knewow, common interests and facilities, théT®l members are
organized in siResearch Groups Radiopharmaceutical Sciences (RS), Biadidtotection and

Safety (RPSRadiation, Elements and Isotopes (REI), Nuclear Engineering and Techniques (NET), f
Element Chemistry (QEf) and Solid State F86)he period 2012020, the6 groups of scientists

will converge and collabate on 3 main Thematic Stran¢ES):

Radiopharma EarthSystems,
ceutical Smencgs Radioactivity and
and Health Physics CulturalHeritage

Advanced Materials
(AM):

(RSHR) (ESRCH)

Biomedical Sciences Environmental
and Medicine Sciences

Engineering and
Material Science

The schemehows the €TN research groups and their contribution to the three Thematic Strands.
Within these TS the role of the groups islvestablished and the oveltaesearch objectives aiia
lineand nicely intersect with the EU Horizon 2020 initiative.

RESEARCH GROUPS

Radic Radic Radiation, Nuclear
pharma logical Elements Engineering f-Element
ceutical Protection and and Chemistry
Science! and Safety Isotopes Techniques

Radio ; EarthSystems, [
pharmaceutical Radioactivity ; Advanced
Sciences & & Cultural Materials
Health Physic Heritage

THEMATIC STRANDS

The Research Gro@vordinators are:

R Anténio Rocha Paulo; RP®edro Vaz; REIMaria de Fatima AraujdNET¢ Maria Isabel Dias;
QEfcJoaoPaulo Leal; & Manuel Leite de Almeida

The Thematic Strands Coordinators are
RSHRANtonio Rocha Paulo; ESRCMarialsabel Prudéncio; AldManuel Leite de Almeida
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CTN Track Record

The number ofCTNresearcherspeerc reviewed publicationgmpact factor,and PhD and MSc
thesescompletedare given for 20@ and compared with the corresponding values in previous years.
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THEMATIC STRANDS SCIENTIFIC REPORT
2016
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Radiopharmaceutical Sciences and Health Physics (RSHP)

Researchers of this TS ugldir uniqgue knowhow, expertise, competence, technigues and
infrastructures to carry out cutting edge studies on Radiopharmaceutical Sciences, Radiation
Protection and Dosimetry, Biological Effects of lonizing Radiation and Metrology, aiming to
contributeto the:

o Validation and Functional Characterization of Disease and Radiation Biomarkers;

o Design, Synthesis and Redinical Evaluation of Radioactive Tools for Molecular Imaging and
Theranostics;
Evaluation of Biological Effects of lonizing Radiation aadhéinisms of Action;
Medical Dosimetry and Metrology of lonizing Radiation.

The scientit output of the RSHP comprisetV papers in international pegeviewed journals, 2

book chapters, 21 proceedings, 10 invited lectures, 34 oral and/or poster premarstan

conferences, 2 PhD, 6 MSc and 2 graduation completed theses. Their research activities have been
supported by FP7 and HORIZON 2020 (7), PORTUGAL 2020 (1), FCT (3) and bilateral projects (1), as
well as by research contracts (5) with National amdrhational companies. There was also an

important participation in European Union Technology Platforms and Networks, namely MELODI,
EURADOS, NERIS and EURAMET, as well as COST ACTIONSs.

The team participated and organized international and national genfges and workshops (2) and
short training courses (2). One of these workshops was sponsored by the IAEA and addressed cross
cutting and leading edge scientific issues on nuclear molecular imaging.

The Master’s course on Radiological Protection and S@fgty led by researchers from the RSHP
thematic strand was launched, being the first of a kind in Portugal. Other teaching activities involving
the TS researchers encompassed courses and lectures attB¢ and 3¢ cycles at the

Universidade de Lisboa (Physics and Bioengineering Departments of IST, Faculty of Medicine, Faculty
of Pharmacy), at Universidade Nova de Lisboa and at the Instituto Politécnico de Lisboa (ESTeSL).
These included as well the PhD programs MeemTrain and RABBIT.

From all the R&D activities performed during 2016, some relevant examples are highlighted below.

ANTICANCER RADIATIORERAPIES: BNCT ANIGER THERAPY

The biological effects of highET particles, namely Auger electrons arghrtides, in tumor cells

were studied withgr H2AX and micronuclei assays, using Awgeitting *°"Tc/2° compounds and

boron neutron capture (BNC) reactions with boach compounds. Th€™¢ and*?9-labeled

molecules induced DNA damage that was depenaenthe nature of the Auger emitter and

proximity of the radioisotope to the DNA center. Relevant DNA damage was found for the alpha and
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Li ions resulting from the Bf@) reaction with a biological response to thermal neutrons more lethal
for the cells treged with boronrich compounds when compared to untreated controls.

2 High LET o particles and
B N CT Li 3 Li ion induce cell damage

Oon+19B —7Li+a +y

n
b ~

Biomarkers of
Y radiation effects

“~ ..

us7 gliolastoma els ,Y _ H2AX fOCi

RADIOLABELED PEPBIBER BREAST CANTHERANOSTICS

Breast cancer (BC) is a leading cause of cancer death in women. The estrogen receptor (ER) status is
a wellestablished biomarker faBC prognosis and treatment planning. Despite the enhancement of
survival rate, more effective functional imaging/therapy tools are still needed. Small peptides with
recognized ER binding affinity have been radiolabelled with different radionuclidesheithrostic

potential. The novel radiopeptides kept their original ER binding affinity, internalized in the nucleus

of cancer cells and are taken up byfitfR organs. Such favourable biological features suggest their
usefulness for SPECT/PET imaging aptdmereceptor radionuclide therapy (PRRT) of breast

cancer.
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DOSIMETRIC ASSESSMENCONE BEAM CB(T) EXAMINATIONS

CBCT enables imaging of target tissues at the linear accelerator during ttregireent verification

of patients undergoing Imageu@ed Radiation Therapy (IGRT). However, CBCT may lead to high

cumulative dose to tissues outside the radiation therapy exposure field. To address this issue, a CBCT
system was successfully modelled using MCNPX simulations and validated in a clinimaremiir

GAGK GKS O2ffl 02Nl A2y 2F CdzyRlFen2 /[ KIYLI tAYl dzRd
(voxel phantom) hypophysis to simulate a Head CBCT scan acquisition for brain tumor location. The
isodose curves showed how the Entrance Skin Dose {E8Bfributed along the clinitly selected

field of view
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Earth Systems, Radioactivity and Cultural Heritage (ESRCH)

During 2016, th&®TNmembers integrating this TS performed their research activities on:

o Environmental radioactivity &adioecology

0 Geoprocesses, strategic geological resources and global ghange

o Environment and new energy sourceanthropogenic impact, evaluation, treatment and
recycling

o Cultural heritage; materials and contextsenhancement and preservation.

During2016, the scientific output of the ESRCH team was: 68 papers inggewed journals, 66
bookchapters, 3 proceedings, 5 PhDMSc and 1 graduated completdgeses, and 2 patents. The
researchhas been supported by European, FCT and bilateral projHutsteam has participated
and/or organized conferences, workshops and national or international traimiagses and
lectures. During 201the team has also prepared and submitted several common projects under
national, European and other internationallisa

NATURAL RADNUCLIDES AVAILABN.IN NORMITES

Assessment of radionuclides transfer from phosphogypsum (PG) to herbaceous plants and mosses
revealed the ability of mosses to accumul&t®®a and*®Pb to several fold higher concentration

than in the underlying substrat&xtradion experiments showed circ2 bioavailability of?°Ra

from PG.

A B
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IRON SPECIATION IQDMCANIC SOILS ANDAVHERING MECHANISMSDER SEMARID
CLIMATE

Iron speciation usigpn Mossbauer spectroscopy on topsoils of Cape Verde Islands revealed a
correlation between the fraction of narsized iron oxides and trace elements relevant to plant
nutrition and to the environmental health. No goethite was detected, which is a sigriificaing
for the understanding of weathering mechanisms under sarid climate.

PRODUCTION OF METHANJSING G@AND CHAS RAW MATERIALS

Production of methanol is achieved in a continuous high pressure flow reactor using methane,
carbon dioxide and hydrogen as reagents at 2502580 bar (GHSV = 40000 mL CO2/g.h). The
results confirm the potentialities of the bimetallic oxides and intetatiec compounds containing f
block elements as catalysts, especially when compared with the behavior of a commercial Cu
methanol synthesis catalyst.
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