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Dosimetry and Radiobiology  
 

Pedro Vaz and Berta Martins 
 
 

During 2009, the reorganization, of the activities in 

the areas of Dosimetry and Radiobiology, was 

consolidated. The synergies of the competences held 

by the GDR researchers and technicians were further 

strengthened, in order to address in a more efficient 

way the multidisciplinary, cross-cutting leading-edge 

scientific and technical issues that characterize 

modern Dosimetry and Radiobiology.  

The main components of activity of the GDR are 

Individual Dosimetry, Computational Dosimetry, 

Internal Dosimetry, Biological Dosimetry, 

Radiobiology and Radiological Safety Assessment of 

installations. Special emphasis was devoted during 

2009 to the expansion of the activities in the area of 

Biological Dosimetry and Internal Dosimetry. The 

competences in several radiobiological and bio-

dosimetric techniques were strengthened in order to 

improve the preparedness in radiological emergencies 

and accidents; the Whole Body Counter was made 

operational, in cooperation with experts from 

CIEMAT (Spain) and SCK/CEN (Belgium). The 

existing competence in Computational Dosimetry, (in 

Monte Carlo simulations) was deployed in support of 

modelling of radiological installations and radiation 

detectors. 

Researchers and fellows from the GDR have 

collaborated in many activities, namely: 

− Several R&D projects conducted by international 

consortia, in the E.U. 6th and 7th Framework 

Programmes or in collaboration with CERN, 

− Submission of research projects to the Portuguese 

Foundation for the Science and Technology, 

− Submission, by international consortia, of projects 

to the E.U. 7th Framework Programme, 

− EURADOS. 

A special effort was undertaken in order to increase 

the preparedness of response of the GDR in the 

context of retrospective dosimetry studies in 

radiological emergencies or following overexposures 

to ionizing radiation. The need to assess the doses and 

to reconstruct retrospectively the sequences leading to 

such situations (emergencies, overexposures), requires 

competences in areas such as Physical Dosimetry 

(measurements), Internal Dosimetry (using biokinetic 

models and involving modelling issues), 

Computational Dosimetry (Monte Carlo modelling 

and simulations) and Biological Dosimetry 

(cytogenetic studies, amongst others). GDR 

researchers participated in international activities 

aiming at defining the needs and assessing the 

capacity of response in the European Union, in a 

major radiological emergency situation. 

The medical applications of ionizing radiations are 

also recognized as an area of great potential and 

several activities were undertaken: the GDR 

researchers participated in the preparation and 

submission of R&D projects to the E.U. 7th 

Framework Programme and to the Portuguese 

Foundation for the Science and Technology (FCT). 

Collaborative links with hospitals and clinics were 

fostered. Several Masters thesis were accomplished 

under the supervision of GDR researchers. 

The effects of low doses of ionizing radiation and 

associated topics are currently a priority in scientific 

research worldwide. The biological effects of radiation 

and the persisting uncertainties  about the mechanisms 

of response of cells, tissues and biological systems in 

the range of low doses, the implications that major 

findings on the impact of the exposure to low doses 

can have in different areas of application, including 

the radiation protection of individuals exposed 

occupationally or environmentally, or the use of 

ionizing radiation in medical diagnosis or therapy are 

currently very hot scientific- and regulatory- related 

topics and issues. The ITN joined during 2009 the EU-

platform MELODI (Multidisciplinary European LOw 

Dose Initiative”) that will be defining the topics, a 

roadmap and a strategic research agenda for the low 

dose research in Europe for the coming years. 

Concerning the technical services provided, the GDR 

continued to operate its individual dosimetry and 

monitoring services and to perform the safety 

assessment of radiological installations (cyclotrons, 

radiotherapy vaults and nuclear medicine services). 

The Central Dose Registry (CDR) for occupational 

exposure continued to collect and store on a quarterly 

basis the dosimetric data from the seven monitoring 

services and companies operating in Portugal. 

Several researchers maintained regular collaborations 

with several Portuguese universities and higher 

education institutions, teaching Radiation Protection- 

and Dosimetry-related disciplines in the framework of 

graduation and Master programmes and supervised 

several graduation, Masters and Ph.D. theses. 

Researchers from the GDR acted as national 

representatives in Committees and Working Groups 

under the auspices of the EU, the IAEA and the 

OECD/NEA and assisted the Portuguese Government 

in the drafting of legislation and regulations. 
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Advances in research and in emergency preparedness  

J. Alves, A. C. Antunes,
 
A. Belchior, J. Bento, G. Carvalhal, R. Luís, M. B. Martins, V. 

Martins, O. Monteiro Gil, M. Neves, P. Nogueira, A. Oliveira, M.F. Pereira, Y. Romanets, L. 

Silva, P. Teles, P. Vaz, I. Balásházy
1
, L. Peralta

2
, P. Almeida

3 

 

The assessment of the risks associated with low 

dose or protracted exposures, is of utmost 

importance in the framework of medical 

applications of ionizing radiations, in 

environmental exposure and for aircrew and 

frequent flyers. Preparedness of response in the 

framework of radiological accidents, radiological 

emergencies, terrorist and malevolent acts is also of 

paramount importance. Bearing this in mind and 

taking into account that the biological effects 

induced by low radiation doses are not well 

understood, several activities and studies were 

undertaken aiming at exploring the existing 

synergies and competences in physical, 

computational, internal and biological dosimetry. 

Assessment of the doses to the staff in fluoro-CT 

guided procedures was performed using whole 

body and extremity dosimeters (Figure 1). In this 

study the dose distribuition received by the medical 

doctor in this type of procedures was initiated. 

 
Fig.1 Glove with extremity dosimeters for dose mapping of the 

hand. 

In terms of internal contamination, the Whole Body 

Counter (WBC), unique equipment of its kind in 

the country, was reactivated. A dedicated phantom 

(BOMAB) was acquired, in order to perform 

standardised calibrations (Figure 2).  
 

 
Fig.2 WBC and the BOMAB phantom 

 

This equipment is of vital importance in the event 

of a radiological emergency, and for monitoring 

internal contamination of workers. Specific 

competence in biokinetic models used to estimate 

the effective committed internal dose was 

strengthened. Specialised software was acquired 

and developed. 

Computational studies using Monte Carlo 

simulations were undertaken in order to gain further 

insight into the operation of HPGe detectors and to 

optimise the response of these detection systems 

(Figure 3). 

  
Fig.3 Dose distribution around a broad energy detector (BEGe) 

using the FLUKA Monte Carlo code. 

These studies were complemented by biological 

dosimetry activities using implemented cytogenetic 

methodologies that allow us to quantify cellular 

damage induced by occupational radiation exposure 

and in radiological emergency situations, among 

others. Radiation biomarkers, such as the Micronuclei 

(Figure 4) and Chromossomal Aberrations assays 

allow studying genotoxic effects induced by 

radiation, at the chromosome level. These 

methodologies are already implemented both for 

adherent human cell lines and blood samples. 

Comet assay may also be considered an effect 

bioindicator, for recent exposure, allowing a more 

rapidly screening of the exposed population, since it 

is minor time consuming technique. Available 

protocols to quantify the cell survival include MTT 

and Clonogenic assay. Cytogenetic studies already 

performed include irradiation of human cell lines 

with 60Co - LMRI, and 210Po - in a device for cell 

irradiation gently sent to ITN by the KFKI1 under 

collaboration between both institutions. 

 
Fig.4 Micronuclei assay. a) binucleated cell b) binucleated cell 

with a Micronuclei (arrow). 

Published, accepted or in press work 

P. Nogueira, L. Silva, P. Teles, J. Bento and P. Vaz. 

Monte Carlo simulation of the full energy peak efficiency 

of a WBC. Accepted in Applied Radiation and Isotopes 

68 (1), (2010) 184-189.  

J. Bento, P. Teles, L. Silva, P. Nogueira, M. Neves and P. 

Vaz. Performance parameters of a Whole Body Counter. 

Radiation Measurements, in press. 

P. Nogueira, L. Silva, P. Teles, E. Fernandes, A. D. 

Oliveira and P. Vaz. A Monte Carlo simulation of a 

whole body counter. Int. Journal of Low Radiation, 6 (4), 

(2009) 312-324 

M. Neves, Target radiotherapy and radiobiology, World 

Journal of Nuclear Medicine, 8 (4), (2009) 227-228 
________________________ 
1 KFKI – Hungarian Academy of Sciences, Hungary. 
2 Departamento de Física, FC-UL. 
3 Instituto de Biofísica e Engenharia Biomédica, FC - UL. 
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Dose response curve for biological dosimetry 

V. Martins, C. Antunes, O. Monteiro Gil 
 

We are performing a dose response curve for biological dosimetry in case of low level radiation exposure. This 

is the first time that such study is undertaken for Portuguese individuals. With this purpose we have irradiated in 

vitro peripheral blood lymphocytes from healthy donors. The samples irradiation, with absorbed doses of 0.0; 

0.25; 0.5; 0.75; 1.0; 2.0; 3.0Gy, was 

performed with a 60Co source, 

locate at LMRI/ITN. 

Donor’s age range spans 20-60 

years, which has been quantized in 

intervals of 10 years. Study groups 

were composed of two men and 

two women. A total of 200 

metaphases were analysed, per pair 

donor-dose, by two independent 

scorers (100 each). An additional 

scorer was used for aberrant cells 

confirmation. 

A set of 7000 metaphases with 46 

chromosomes, using the 

chromosomal aberrations assay, has 

been studied so far (see Figure 1). 
 

Fig.1 Clastogenic effects induced by ionizing radiation (60Co). %CAEG - 

number of aberrant cells excluding gaps. Each point represents the average 

of 5 healthy donors (total of 7000 metaphases scored). 

 

 

Comet assay implementation 

A. Belchior, V. Martins, C. Antunes, O. Monteiro Gil 
 

We have performed the implementation and validation of another cytogenetic technique the Comet assay in 

peripheral blood lymphocytes and in immortalized human cell lines (human lung cell – A549). The studies were 

done using 60Co (LMRI/ITN) for peripheral blood lymphocytes irradiation. 
The validation of this technique was also performed in human lung adherent cell line– A549 by using a cytotoxic 

agent, H2O2. Different concentrations were applied, 0, 100, 500 and 1000 mM in order to quantify the DNA 

damage induced by H2O2 (see Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 DNA damage induced by H2O2. (A) without H2O2 (B) 500 mM of H2O2 and (C) 1000 mM of H2O2 

 

 

Radioprotective effects of manganese(III) porphyrins on the genotoxicity induced by low LET radiation 

(Co-60) in human lymphocytes  

A.S. Fernandes
1
, V. Martins, N.G Oliveira

1
, O. Monteiro Gil 

 

The aim of this on-going work is to study the influence of manganese(III) porphyrins with superoxide dismutase 

activity on the protection against the genotoxic effects induced by ionizing radiation (IR). For this purpose, the 

cytokinesis-blocked micronucleus assay was chosen to assess the level of IR-induced DNA damage in peripheral 

blood human lymphocytes from 8 healthy non-smoking donors (in vitro experiments). The absorbed dose of IR 

selected for these studies was 1 Gy. 

____________________ 
1 CBT-iMed.UL /FFUL 
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Biological effects induced by alpha radiation - Micronuclei assay  

A. Belchior, I. Balásházy
1
, L. Peralta

2
, P. Almeida

3
, P. Vaz 

 

A new experimental design for α-particle irradiation of cells in vitro based on 210Po 

radioactive source was built by I. Szabó (Fig. 1) and gently send to UPSR/ITN, 

under collaboration with the Hungarian Atomic Energy Research Institute (KFKI). 
Before the utilization of the α–particle irradiator, experimental measurements were 

performed with a Si(Li) surface barrier detector to estimate the energy and LET 

spectra at the cell monolayer (Fig. 2).  
 

                                                                               Fig.1 α-irradiator 

 

 

To quantify the genetic lesion induced by alpha radiation (201Po and 241Am) in immortalized human cell line 

(human lung cell – A549) we have implemented the cytogenetic technique - cytokinesis-blocked micronucleus 

assay. This technique predicts the genetic lesion by the scoring of the number of micronuclei in binucleated cells. 

The first results pointed out an increase of DNA damage with dose. 
____________________ 
1KFKI Hungary; 2IBEB-Fac.Ciências, UL, 3 Dep. Fisica - Fac.Ciências, UL 
 

 

EU-Trimer: preparation of the European technical recommendations for monitoring individuals 

occupationally exposed to external radiation.  

J.G. Alves, P. Ambrosi
1
, D. Bartlett

2
, L. Currivan

3
, J.W. van Dijk

4
, E. Fantuzzi

5
, V. Kamenopoulou

6 

 

The aim of this project was to prepare the European technical recommendations for monitoring individuals 

occupationally exposed to external radiation. It is a two-year project funded by the European Commission, 

Directorate-General Energy and Transport, under contract TREN/07/NUCL/S07.70121, which ended in April 

2009. This work was also developed in the framework of the activities of Eurados (European Radiation 

Dosimetry Group) Working Group 2 (WG2) on Harmonization of Individual Monitoring in Europe. Following 

the inputs and comments received from the various stakeholders, namely, Eurados WG2 members, the contact 

persons from the Extended Group of European Countries (EGEC), European and other international 

organizations such as IAEA, IEC, ISO, ICRU, ICRP, ESOREX, EUROMET and EAN a final report was 

prepared and delivered to the European Commission. The document was presented to the Article 31 Group of 

Experts for discussion and approval at their meeting of 09-11 June 2009. The Article 31 Group of Experts 

endorsed the document and recommended it for publication by the Commission. 
____________________________ 
1 PTB, Germany; 2 UK.; 3 RPII, Ireland; 4 Netherlands; 5 ENEA, Italy; 6 GAEC, Greece. 
 

 

Dose assessment in medical applications – staff and patient dosimetry 

J.G. Alves, M.F. Pereira, A. Pascoal
1
, J.M. Santos

2
, S. Sarmento

2
, F. Carrasco

2
, R. Correia

2,3
. 

 

The main objective of this line of activity is to carry out staff and patient dosimetry studies in various medical 

applications, such as mammography, interventional radiology procedures and radiotherapy, under the framework 

of collaborations with Universidade Católica Portuguesa and Instituto Português de Oncologia do Porto. The 

results obtained allowed the preparation and presentation of MSc thesis by M.F. Pereira at Univ. Lisboa (staff 

dose measurements in fluoro-CT guided procedures) and R. Correia at Univ. Porto (TLD measurements in 

radiotherapy treatments of tracheostomized patients). Three research projects were also prepared with ITN as 

partner and submitted to FCT on February and December 2009 calls. Under the framework of the collaboration 

with UCP, project PTDC_SAU-BEB_100745/2008 entitled Digital technologies in Mammography: optimization 

using Monte-Carlo simulation methods, was submitted and considered eligible for funding. Based on the 

collaboration with IPO-Porto, projects PTDC_SAU-ESA_105178/2008 (Feb 2009 call) and PTDC_SAU-

ENB_115792/2009 (Dec 2009 call), respectively entitled Evaluation of critical doses for the optimization of 

radiation protection in fluoro-CT guided interventional procedures, and Dose distribution and Monte Carlo 

simulation studies in fluoro-CT, were both submitted to FCT. The former was not approved for funding and the 

latter is presently under evaluation.  
__________________________________ 

1 Univ Católica Portuguesa, Fac. de Engenharia, 2 Inst. Português de Oncologia do Porto, Grupo de Física Médica, 3 U. Porto 
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BioKinModels – Compartment Systems Kinetics 

A.D. Oliveira, J. Bento 
 

Bio-kinetic models are a major issue in internal dosimetry 

in order to determine radiation doses received by 

individuals from radionuclides which enter the human 

body. A new computational tool which can be used to 

solve any first-order kinetics models of compartments is 

in development, presently at version 2.0. One of the 

advantages of this computational tool is that additionally 

to the solution of a given compartment model, it allows 

detailed analysis of the model. In a very intuitive an easy 

way one can change the parameters of the model such as 

the value of the transfer rate constants; add or remove one 

or several compartment and study their influence in the 

whole model. One can also change the pathway of the 

radionuclide between compartments which allows a deeper understanding of a given model. The tool was made 

with the perspective for application in internal dosimetry however it can be applied to any discipline which uses 

compartment models such as radioecology, for example. 

 

Internal Dosimetry activities –Whole Body Counter operation, biokinetic model studies, and other activities. 

P. Teles, J. Bento, M. Neves, P. Vaz, A. Oliveira 
 

Significant progress has been made throughout 2009 in implementing Internal Dosimetry activities at the 

Radiological Protection and Safety Unit of ITN. The Whole Body Counter (WBC) at ITN has been set-up and 

calibrated, and its performance parameters are routinely assessed following a Quality Assurance programme. As 

such, the WBC is currently operational and prepared to respond to radiological emergencies in Portugal. This 

work is already published in an international peer-reviewed journal It is also prepared for the routine monitoring 

of personnel, we intend to implement within the Portuguese workers, in the Medical field nationwide. A 

Workshop is currently being organized in order to debate these issues as well as ITN’s role 

as a key-player in this project. Other on-going activities, started during 2009 include (i) 

Monte-Carlo simulations of the WBC, which can be used in several applications (ii) 

Effective dose estimation using biokinetic models – several studies using these models 

were reported at national meetings (iii) acquisition of new biokinetic model related 

software – IDEA system, MONDAL 3 (iv) acquisition of new equipment – Bottle Manikin 

Absorber Phantom (BOMAB, Figure1), the standard phantom in WBC calibrations. 

Finally, our work also included the participation in several workshops in international 

institutions (CIEMAT, SCK-CEN, IRSN) in which the methodologies and techniques used 

at ITN were debated, in order to optimize and standardize them. Moreover, bilateral 

collaborations were established with the aforementioned institutions, as well as 

collaborations within the framework of EURADOS, this included the hosting and 

organization of the Workgroup 7 (Internal Dosimetry) of EURADOS by the ITN.  

 

Computational Dosimetry 

P. Vaz, P. Teles, P. Nogueira, J. Bento, A. Belchior, R. Luís, Y. Romanets, R. Sarmento, L. Silva, G. Carvalhal, M. Reis
 

 

The existing competence in Monte Carlo simulations was deployed and made available to perform dosimetry and 

radiation shielding studies of radiological installations and to address modelling issues of radiation detectors. Of 

special relevance was the development of a transversal activity involving the Measurement Laboratory (LM) and 

the Dosimetry and Radiobiology Group (GDR), in order to gain further insight in the response of HPGe 

detectors (experimental and simulated spectra are shown in the picture), namely in the efficiency calibration, the 

self-absorption and coincidence summing corrections, among others. Of these activities resulted 3 articles 

accepted for publication in international peer reviewed journals. One CERN-ITN report was issued on the 

dosimetry and radiation shielding calculations of a 

multi-megaWatt target in the framework of the 

EURISOL project. Computation of fluence to dose 

conversion coefficients of the human eye lens were 

initiated in cooperation with the Helmholtz 

Zentrum (München). Finally,activities within the 

EURADOS Working Group on Computational 

Dosimetry were also undertaken, which included 

the study and application of voxel phantoms in the 

“in vivo” detection of gamma-particles in human 

lungs. 
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Use of Monte Carlo simulations to assess contralateral breast doses in breast cancer treatments 

C. Borges 
1,2,3

, N. Teixeira 
2,4

, P. Vaz  
 

The first main goal of this work is to present the validation of Monte 

Carlo simulations of photon beams (6MV and 15MV) of an electron 

linear accelerator that will be used in a lengthy and complex study to 

investigate different breast irradiation techniques and their influence 

on contralateral breast doses. The BEAMnrc® code was used to 

simulate a Trilogy®, Varian® accelerator head. A good agreement, in 

lateral and depth dose profiles, between simulated and measured 

data (in a water phantom) was obtained by manipulating the energy 

and the radius of the initial electron beam. 

_____________________ 
1Medicalconsult, SA, Portugal,  
2Fac. of Medical Sciences Univ. Nova de Lisboa, 
3 Radiological Protection and Safety Unit,  
4Escola Superior de Tecnologia da Saúde de Lisboa, Portugal. 

 

 

EUROpean Research Programme for the TRANSmutation of High Level Nuclear Waste in an 

Accelerator Driven System (IP-EUROTRANS) 

P. Vaz, I.F. Gonçalves, I. Paiva, R. Pires
1
, Y. Romanets, P. Teles, R. Trindade 

 

IP EUROTRANS is a European Union co-financed project (ref. FI6W-CT-2004-516520) in the 6th Framework 

Program EURATOM. The objective of IP EUROTRANS is the design and the feasibility assessment of an 

industrial ADS (Accelerator Driven System) prototype dedicated to the transmutation of high-radiotoxicity and 

long-lived radioactive waste. During 2009, the Portuguese team, actively participated in the following domains: 

i)DM1-DESIGN – “Development of a detailed design of XT-ADS and a conceptual design of the European 

Facility for Industrial Transmutation EFIT with heavy liquid metal cooling” – participating in WP 1.2 

(“Development and Assessment of XT-ADS and EFIT Designs”) and WP 1.3 (“High Power Proton Accelerator 

Development”). The Deliverable 1.54 entitled “Evaluation of radiation damage and circuit activation”, of the 

responsible of ITN was issued, containing dose and neutron flux distributions and radiation shielding 

calculations, and the assessment of the radiation damage of the structural components. Participation on the 

studies of the reliability of the accelerator system were also performed. ii)DM2 – ECATS – “Experiment on the 

Coupling of an Accelerator, a spallation Target and a Sub-critical blanket”, participating in WP2.3 (The 

GUINEVERE project – Study of the reactivity monitoring methodology for an ADS in a modified lead VENUS 

reactor coupled to a modified continuous-beam GENEPI accelerator). A report on neutronics studies and 

assessment of reactivity variations due to the insertion of control rods was issued. 

______________________ 
1 Fac. de Engenharia/Univ. Católica Portuguesa 

 

 

Participation of ITN in the n-TOF-Ph2 experiment (PS213) at CERN 

I.F. Gonçalves
, 
P. Vaz, C. Cruz, J. Neves, C. Carrapiço

1
, R. Sarmento

1
, L. Ferreira

2
, L. Távora

3
 

 

An experimental programme is being carried out since 2001 by the n-TOF Collaboration (a consortium of 40 

laboratories in Europe, U.S.A. and Japan) at the neutron time of flight (TOF) facility at CERN, using the 

CERN/PS accelerator complex. A single proton pulse of 7·1012 protons of 20 GeV impinges on a lead target 

every 2.4 seconds. After collimation, a neutron flux of the order of 105 neutrons/cm2/pulse is available for cross 

section measurements in the detectors station located 185 m downstream the target area. These cross-sections 

measurements are required in many applications such as the design of innovative Accelerator Driven Systems 

(ADS) for incineration of nuclear waste and energy production, radioisotope production for medical and 

industrial applications and many other subjects in Astrophysics, Nuclear Physics and Nuclear Technology. New 

or improved measurements of neutron cross-sections will also be very valuable for Radiation Shielding, 

Dosimetry and Monte Carlo Radiation Transport calculations. During 2009, the ITN team members in 

cooperation with researchers from CEA/Saclay and INFN/Bari, participated in: the analysis of the 233U neutron 

capture data sets, the analysis of the 236U neutron induced fission data sets, and the data taking campaigns at 

CERN. The data analysis work is part of two on-going Ph.D. thesis. The ITN participation was undertaken in the 

framework of a project funded by the Portuguese Foundation for the Science and Technology (FCT). 

_________________________ 
1FCT Ph.D. student, 2- DF/ IST3–C. de Instrumentação / U. Coimbra  
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ENETRAP-II: European Network for Education and Training in Radiation Protection (Part-II) 

P. Vaz 
 

The project ENETRAP-II (Grant agreement number 232620) is a Coordination Action of the European Union in 

the 7th Framework Programme, in the context of the development of the Euratom Fission Training Schemes 

(EFTS) in all areas of Nuclear Fission and Radiation Protection. ENETRAP-II aims at the development and 

implementation of a high-quality European standard for initial education and continuous professional 

development fpor Radiation Protection Experts (RPEs) and Radiation Protection Officers (RPOs). The projects 

aims at developing a methodology for mutual recognition and setting up “reference” training schemes as an 

instrument to facilitate this mutual recognition, within the relevant regulatory framework. ITN participates in the 

work packages: WP 3 “Define requirements for RPO competencies and establish European guidance for RPO 

training”, WP 4 “Establish the reference standards for RPE training”, WP 5 “Develop and apply mechanisms for 

the evaluation of training material, events and providers”, WP 8, “Organise pilot sessions, test proposed 

methodologies and monitor the training scheme effectiveness”, and WP 10 “Collaboration for building new 

innovative generations of specialists in radiation protection” 

 
 

 

EURISOL DS - Design Study of an European Isotope Separation On-Line Radioactive Ion Beam Facility 

(Radiation Protection and Safety, Dosimetry and Shielding) 

P. Vaz, J.G. Correia, I.F. Gonçalves, R. Luís, Y. Romanets
 

 

The Project EURISOL-DS is a Collaboration of twenty institutions and laboratories in European countries and 

CERN. Its activities are funded by the European Union in the 6th Framework Programme for Research and 

Development (“Research Infrastructures Action”). EURISOL DS aims at performing the detailed design studies 

for the deployment in Europe of a world class Radioactive Ion Beam Facility, able to produce radioactive beams 

with much higher intensities than the ones currently available in other facilities worldwide. The innovative 

characteristics of such a facility are also associated to its multi-MegaWatt target unit where a high-intensity 

beam of protons of energy in the 1-2 GeV range will impinge on a high-Z material, mercury, tungsten or 

tantalum being currently considered as potential 

candidates. ITN has participated during 2009, in 

the activities of the working groups, WP2 

(“Multi-MW Target Station”), WP5 (“Safety and 

Radioprotection”).  

During 2009, the ITN team has accomplished, 

with the CERN team, detailed Monte Carlo 

simulation studies of the neutronics and 

dosimetry characterization and the shielding 

assessment of the so-called “MAFF-like” Target 

Unit of the installation. A CERN-ITN report 

entitled “EURISOL Multi-MW Target - MAFF 

configuration - Radiological Protection, 

Radiation Safety and Shielding Aspects”, was 

issued detailing the main findings of the Monte 

Carlo simulations. The ITN participation was 

undertaken in the framework of one projects 

funded by the Portuguese Foundation for the 

Science and Technology (FCT). 

 

 

Central Design Team (CDT) for a Fast-Spectrum Transmutation Experimental Facility CDT 

P. Vaz, P. Teles, Y. Romanets 
 

The Project CDT (Central Design Team) is a European Union co-financed Collaborative Project in the 7th 

Framework Program EURATOM (Grant agreement nº: FP7-232527). The project aims at i) performing the 

advanced design of a fast spectrum transmutation experimental facility (FASTEF), able to demonstrate efficient 

transmutation and associated technology through a system working in subcritical mode (ADS) and/or critical 

mode and ii) to demonstrate the ADS technology and the efficient transmutation of high level waste; to operate 

as a flexible irradiation facility; to contribute to the demonstration of the Lead Fast Reactor technology without 

jeopardising the above objectives. The ITN team participates in the Work Package 2 entitled “Design of the Fast 

Spectrum Transmutation Experimental Facility (FASTEF) in sub-critical & critical mode” and lead the design 

of the in-vessel storage facility. 
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Individual Monitoring Service: individual and environmental monitoring 

M. Martins, M.F. Pereira, M. Saraiva, S. Rangel, V. Batel
1
, A. Calado

2
, J.G. Alves 

 

The Individual Monitoring Service (IMS) for external exposure at ITN is based on a TLD system that consists of 

two 6600 Harshaw readers. In 2009, nearly 3,000 workers were monitored on a monthly basis using a whole 

body dosemeter Harshaw 8814 TL card and holder containing two LiF:Mg,Ti (TLD-100) elements for the 

evaluation of Hp(10) and Hp(0.07). Tests to the extremity dosemeter of the EXT-RAD type containing 

LiF:Mg,Cu,P (TLD-100H) included the participation in the 2009 Eurados Intercomparison exercise. An 

important component of the activity developed in 2009 was dedicated to the accreditation process of the IMS 

according to the EN ISO/IEC 17025 standard, preparing the necessary technical and management procedures. 

The application for accreditation was submitted to IPAC-Instituto Português para a Acreditação last October.  

Environmental monitoring is performed for the National Radiological Environmental Monitoring programme 

carrying out quarterly measurements of the ambient dose equivalent H*(10) in nine sites spread over the country 

and in four sites at ITN campus with increased frequency. In 2009 a collaboration with CIEMAT-Centro de 

Investigaciones Energéticas Medioambientales y Tecnológicas (Madrid, Spain) was established in other to 

perform regular environmental dose measurements at both ITN and CIEMAT. Education and training related 

activities allowed the preparation and presentation of MSc thesis (M.F. Pereira, A. Calado and V. Batel). 
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Central Dose Registry: Collection and Analysis of Occupational Dose data 

M.B. Martins, J.G. Alves, T. Antunes
 

 

Decree-Laws 167/2002, 167/2002 and 222/2008 entrusts to ITN tasks relative to the creation and maintenance of 

the Central Dose Registry (CDR) for occupational exposure. The occupational exposure data of the workers 

monitored in Portugal in the period 1957-2009 are stored at the CDR and consist of external dose evaluations in 

terms of the operational quantities Hp(10) and Hp(0.07) and on information concerning the worker’s affiliation 

and type of activity. The monitoring services and companies operating in Portugal transfer data to the CDR on a 

quarterly basis. The analysis of the occupational dose data stored at the CDR is also an aim of this project, 

particularly in the case of activities associated to high dose values. The annual whole-body doses evaluated in 

the period 2000–2008 were analyzed and used to derive the distribution of workers by dose intervals for every 

profession and field of activity. Special attention was given to staff doses in interventional procedures, in the 

medical sector. The annual average doses, annual collective doses, as well as the total average and total 

collective doses were determined and will be presented on a full report that is currently being prepared. 
 
 

Risk and Safety Assessment 

A.D. Oliveira, T. Antunes, A. Baptista, R. Trindade, P. Vaz 
 

Radiation safety assessments of complex radiological facilities had been carried out together with the 

Radioprotection and Radioactive Waste group. These services are running accordingly with international 

recommendations NCRP, IAEA, DIN, etc. as well as national legislation if available, resulting in expert level 

reports. Regarding the implementation of the safety culture we started a new approach by introducing the 

“Document for the Safety Culture”. The income of this activity was about 35000.00 Euros. Participation in 

IAEA committee RASSC is an ongoing activity concerned with the IAEA safety standards which have 

straightforward implications in this activity. 

 

 

 

 

 

 

 

 

 

 

 




