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INTRODUCTION 
 
A number of studies over the past five years, by different European 
governments, identified that probably too few scientists were being trained to 
meet the needs of their current and future nuclear industries, with decreased 
student interest, decreased course numbers, aging faculty members and aging 
facilities (OECD/NEA, 2000,2002, 2004, RP133, 2002). So, the European 
education skill base has become fragmented to a point where universities in 
most countries lack sufficient staff and equipment to provide education in all, 
but a few, nuclear areas. Of particular concern appeared to be special skill-
base deficits within nuclear radiological protection, radioecology and 
radiochemistry at masters and doctorate levels.  
 
The EURAC Project is consultative/consensual and aims to assess the current 
and potential levels of postgraduate provision in selected linked disciplines 
associated with radiological protection and radioecological competence within 
universities and other higher education institutes (HEIs) of the EU and new 
entrant nations in the context of demand. Based on consultations with 
European stakeholders EURAC will propose those actions that could be taken 
by European Institutions and relevant organisations in Member States to 
secure the future of nuclear radiological protection, radiochemistry, and 
radioecology postgraduate education in an expanded EU.  
 
The overall objectives of EURAC are to: 

• Assess the needs for co-ordinated postgraduate education in the EU and 
new entrant nations in order to: 

o Strengthen the scientific academic competence and analytical 
skills within radiological protection, radiochemistry and 
radioecology. 



o Secure the future recruitment of appropriately skilled 
postgraduates to meet the needs of European stakeholders. 

• Recommend, following consultations, actions that could be taken within 
the EU to help meet the postgraduate education needs identified. 

 
In order to achieve these objectives, EURAC is addressing a number of linked 
sub-goals organised in 4 work packages (see figure 1): 

• Work package 1: Determination of existing competence and 
infrastructures 

• Work package 2: Estimation of future scientific needs 
• Work package 3: Development of possible postgraduate education 

solutions 
• Work package 4: Assessments and Recommendations 

 

Figure 1:  Relationship between sub-goals within the EURAC project 

 
1- EXISTING COMPETENCE AND INFRASTRUCTURES 
 
The survey findings indicate that the provision of postgraduate training at 
Master’s level, specifically designed to meet the requirements of each of the 
above-mentioned fields, is, with some important exceptions (highlighted 
below), diffuse and insufficient in most of the Member States of the EU 
(Mitchell et al., 2005a&b). Nevertheless, it is evident that competence in 
these fields at training level is being eroded through natural wastage and is 
not being replaced at a rate adequate to satisfy expected future demand for 
these specialised skills (Abbott et al., 2005a &b). Finally, the survey evidences 
strong support for a EU-wide Master’s training programme in Radiation 
Protection and allied fields, as well as considerable willingness to participate 
in and/or host such programmes.  

1.1- Currently running Master programmes 
The important exceptions were those institutions currently running relevant 
MSc programmes. They breakdown as follows: 
  
MSc level programmes in Radiation Protection are offered by the following 
institutions:  University Joseph Fourier of Grenoble, France, Dresden 
University of Technology, Germany 
Jozef Stefan International Postgraduate School (to commence 2006), Slovenia, 
Norwegian, University of Life Sciences, Norway, Radiation Protection Office, 
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Oliver Lodge Laboratory, UK, Swedish University of Agricultural Sciences, 
Sweden, Universita’ degli Studi di Firenze, Italy, University of Oslo, Norway, 
University of Surrey, UK, University of Tartu, Estonia. 
 
Of these institutions, two, namely the Norwegian University of Life Sciences 
and the Swedish University of Agricultural Sciences, have expressed interest in 
hosting a European Training course. Both would appear to have most (if not 
all) of the required facilities and equipment necessary and both can offer on-
campus accommodation.  
 
MSc level programmes in Radiochemistry are offered by the following 
institutions: University of Helsinki, Finland, University of Ljubjana, Slovenia, 
Norwgian University of Life Science, Norway, Université Paris XI (with ENSCP, 
Université d’Evry-Val d’Essonne, & INSTN), France. 
 
Of these, Université Paris XI has expressed an interest in participating in and 
hosting a European Training course, but it is not clear whether they have 
sufficient facilities/ equipment available, or that they can provide convenient 
accommodation for participants and tutors.  
 
MSc level programmes in Radioecology are offered by the following 
institutions: Comenius University, Slovakia, Lund University, Sweden, 
Norwegian University of Life Sciences, Norway (specialise in Arctic 
Radioecology). 
 
Again, the Norwegian University of Life Sciences has indicated that they would 
be interested in hosting such a European Training course. Lund University 
Hospital also expressed an interest, but would prefer to host in collaboration 
with Risø National Laboratory in Denmark. Both Lund and Risø have sufficient 
facilities and equipment, though limited availability of accommodation for 
participants and tutors. 
 
MSc programmes in Radiobiology/ Radiation Biology are offered by the 
following institutions: Grey Cancer Institute (Part of European MSc), UK, INSTN 
with seven regionally-located universities, France, Université Paris XI (with 
Université Paris XII, Université Paris V & INSTN), France, University of 
Birmingham, UK, University College London (Part of European MSc), UK, 
University of Stockholm, Sweden. 
 
Of these, four, namely Grey Cancer Institute, Université Paris XI, University of 
Birmingham and University of Stockholm, have expressed interest in hosting a 
European Training course. All, with the exception of Université Paris XI, who 
did not supply such information, appear to have adequate facilities and 
accommodation for this purpose. 
 
MSc level programmes in Radiometrics are offered by the following 
institutions: Liverpool University, UK and University of Oslo, Norway. 
 
Neither of these institutes indicated whether they would be interested in 
hosting a European Training course, nor whether they have the necessary 



facilities, equipment and accommodation. Of the 24 identified MSc 
programmes in the areas of interest, all but 6 are offered by just 4 countries, 
i.e., France, Norway, Sweden and the UK. 

1.2- Diploma/Certificates 
There are however many institutions who are running Higher 
Diploma/Certificate programmes, modules in postgraduate programmes (PhD, 
MSc and Diploma level), or short training courses which are relevant to this 
study. In summary, there are some courses within the field of nuclear science 
held in Europe today, but many of these will not be organised in the future due 
to the reduced number of students. Of the 24 identified MSc programmes in 
the areas of interest, all but 6 are offered by 4 countries, i.e., France, 
Norway, Sweden and the UK.  
 
Within the field of Radiochemistry, Université Paris XI has expressed an 
interest in participating and hosting a European Training course. 
 
Within the field of Radiation protection, INSTN has already hosted such a 
European course and along with University of Grenoble is currently running a 
Master in Radiation Protection.  The Norwegian University of Life Sciences and 
the Swedish University of Agricultural Sciences, have expressed interest in 
hosting a European Training course. Both would appear to have most (if not 
all) of the required facilities and equipment necessary and both can offer on-
campus accommodation.  
 
Within the field of Radioecology, the Norwegian University of Life Sciences has 
indicated that they would be interested in hosting a European Training course. 
Lund University Hospital also expressed an interest, but would prefer to host 
in collaboration with Risø National Laboratory in Denmark. Both Lund and Risø 
have sufficient facilities and equipment, though limited availability of 
accommodation for participants and tutors. 
 
It is, however, essential that diplomas obtained are academically merited. 
Thus, a joint degree system should be developed between collaborating 
institutions across Europe. 
 
2. FUTURE SCIENTIFIC NEEDS 
 
The survey of European Stakeholders confirms that there is a significant 
latent and future need for personnel trained to masters-level and beyond in 
the broad area of radiological protection (Abbott et al., 2005a&b). From the 
questionnaire data alone, some 30 Technical Advisors and 67 Professional 
Experts qualified to at least masters-level will need to be recruited per 
annum. Reports from the literature project or recommend that even higher 
numbers will be required to be recruited. 

2.1- Market 
There appears to be a general consensus that recruits will have to be obtained 
from other than the traditional engineering route. The implications of this are 
that ‘nuclearisation’ of programmes in engineering, environmental sciences or 



other appropriate routes would have a ready market for students, if careers in 
the nuclear sector were made sufficiently attractive. Furthermore, it suggests 
that ‘nuclear-related’ masters programmes would have a ready market given 
that much of the recruitment to the nuclear sector is made at this level. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Stakeholder requirements - Areas of preferred expertise for recruits 

within radiochemistry, radioecology, radiobiology, radiation dosimetry, 
environmental modelling and biological modelling. 

2.2- Qualification 
Over and above the qualification needs of employers, it is clear that a 
significant amount of training in radiological protection is, and will be into the 
future, undertaken by stakeholders for those non-qualified personnel (both at 
the technical end and management positions). About 75 % of such training is 
delivered outside the university sector, either in-house or through contracted 
training organisations. There is clearly an opportunity to build into formal 
qualifications accreditation of such training. It is worth noting that for NEN 
countries there is a significant budget within IAEA set aside for radiological 
protection training. 

2.3- Subjects 
With regard to curriculum content for postgraduate qualifications, 
radiochemistry, radiation protection and dosimetry, and analytical techniques 
were most commonly identified. However, environmental pathways, 
environmental impact and radioecology were also strongly indicated, 
particularly from the ‘government’ and ‘research’ stakeholders. It was not 
possible from the data to specify particular laboratory or field needs except 
to say that measurement and analysis were highlighted by a number of 
respondents as being an important component of future scientific needs. 

2.4- Exchange programmes 
At the research end of the spectrum, the data suggests that there are 
widespread opportunities across Europe for students to undertake nuclear-
related projects and utilise specialist facilities. However, it has been noted in 
previous research that exchange of students or faculty members between 
universities in different countries was rare. Therefore, this issue should be 
addressed in the generation of any co-ordinated programmes of teaching or 
research training. 
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In many European countries, the national demand for experts in certain 
strategic subjects, for example radiation protection and radiochemistry may 
be too small to maintain national education programmes. Increased 
international cooperation is therefore needed to maintain and enhance 
postgraduate education and research in these nuclear areas. 
 
In summary, the general outcome from the WP2 report is that there is a 
significant latent and future need for personnel trained to masters-level and 
beyond in the broad area of radiological protection. From the questionnaire 
data alone, some 30 Technical Advisors and 67 Professional Experts qualified 
to at least masters-level will be recruited per annum. Reports from the 
literature project indicate that even higher numbers will potentially be 
recruited. Moreover, it appears that recruits will have to be obtained from 
other than the traditional engineering route.  
 
Data suggests that ‘nuclear-related’ masters programmes would have a ready 
market given that much of the recruitment to the nuclear sector is made at 
this level. With regard to curriculum content for postgraduate qualifications, 
radiochemistry, radiation protection and dosimetry, and analytical techniques 
were most commonly identified. However, environmental pathways, 
environmental impact and radioecology were also strongly indicated, 
particularly from the ‘government’ and ‘research’ stakeholders.  
 
3- POTENTIAL SOLUTIONS 
 
According to data from the surveys performed, three potential solutions are 
available: develop masters at national, regional or European levels 
(Tamponnet et al., 2005). Given the outputs from the surveys performed, we 
may envision a preferential choice. 
 
The first point is that there are only few key institutions possessing necessary 
competence, facilities and/or infrastructures to participate in a co-ordinated 
post-graduate education system. This point obliges us to forbid completely a 
national post-graduate education systems/ programmes enhanced by a 
European dimension. Indeed, in such a model, all European countries should 
have the capabilities and competence to provide post-graduate courses in 
Radiochemistry, Radiation Protection and Radioecology. As a matter of fact, if 
we focus more precisely on WP1 survey data, we can arrange in an ascending 
order of national capabilities, the three specialised fields : Radiochemistry  > 
Radiation Protection >  Radioecology. 
 
From WP2 survey data, there is at the European level, a constant and quite 
important core of positions in the nuclear-related work market for persons 
with post-graduate diploma (Masters and PhDs) in Radiochemistry, Radiation 
Protection and Radioecology. Such conclusion is not valid at the national level, 
with some notable exceptions. Based on a historical point of view, post-
graduate courses in Radiochemistry have been proposed. Then, advanced 
training and post-graduate courses in Radiation Protection have been 
developed, with a focus on the former ones. It is only recently that advanced 
training and post-graduates courses in Radioecology have been presented. 



Moreover, when we look at the contents of courses to be provided in the 
selected Masters, one can order them and realise that some of them are 
commonly found in these masters (in all of them or only in two of them). 
Therefore, according to the Bologna agreement, a skeleton is proposed for 
these three masters, which is explicated in Figure 3.  
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 3: Outline of proposed module structure for European Masters degrees 

as identified in the EURAC project. 
 
A series of 3 European Masters in Radiological Sciences is proposed: 
• MSc Radiation Protection 
• MSc Radiochemistry 
• MSc Radioecology 
All three masters will utilise 3 common modules (= 3 x 10 ECTS credits) plus 3 
specialist modules (= 3 x 10 ECTS credits) plus research project (= 1 x 30 ECTS 
credits). 
 
Geographical repartition of these modules will be based upon the capabilities 
of the different European countries. Wherever possible, the common modules 
will be proposed in a maximal number of countries. On the contrary, specialist 
modules will be proposed in countries and institutions where sufficient 
infrastructures and competence exist. Therefore, there will be different types 
of student curricula according to the geographical distribution of competence 
(capability to deliver master courses belonging to the common and/or 
specialist modules) and facilities (where research projects could be 
performed): Some students will follow common and specialist modules and 
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perform their research project in their own country (where all competence can 
be found); Some students will follow common and specialist modules in their 
own country, but they will perform their research project in another country 
where necessary facilities exist; Some students will follow common modules in 
their own country, but they will follow specialist modules and perform 
research projects in another country where competence and facilities exist. 
Some students from countries without competence and facilities, will have to 
follow course and perform research project in (an)other European country(ies) 
of their choice possessing such competence and facilities. 
 
In summary, there is a significant need for appropriately skilled postgraduates 
and in consultation with stakeholders EURAC has identified three European 
Masters programmes: Master in Radiological Protection; Master in Analytical 
Radiochemistry; Master in Radioecology; that would meet their needs.  
 
4- ASSESSMENT AND RECOMMENDATIONS 
 
4.1- Implementing common courses of European Masters 
Within the European Master degrees there is a set of common courses that 
need to be implemented before the final masters can start. There is a need to 
finalise arrangements for the common modules, advertise for and recruit 
students either for the entire degree programme or for parts as CPD, and to 
coordinate the delivery of the common taught modules with the students and 
participating host higher education institutions. There is also a need for 
feedback after the first running of the common modules and to make necessary 
adjustments to the modules prior to their second run. 
 
4.2- Masters in Radiation protection, Radiochemistry and Radioecology 
There is a need to finalise arrangements for the radiological protection 
degree, the radiochemistry degree, the radioecology degree, advertise for and 
recruit students either for the entire degree programme or for parts as CPD, 
and coordinate the delivery of the specialist modules for the degree 
programme. There is a need to ensure the smooth provision of the courses, 
meeting the coordination needs of both participating universities and 
registered students, check and approve module assessments and obtain 
feedback at the end of the course from students and stakeholders. After 
feedback, there must be recommended a modified, sustainable course for 
post-project implementation. 
 
4.3- Criteria’s to be fulfilled 
There are some criteria that need to be fulfilled in these European Master 
degrees: 
• Use common use of ECTS; 
• A need to coordination of Specialist competence from different systems; 
• Identification of suitability of research facilities; 
• The need of intensive courses with mobile human resources; 
• The need for web-based communication and teaching materials: 
• Solution of administrative constraints, formal procedures, QA systems and 

requirements; 



• Develop/implement existing Joint Master Degree systems 
• Costs and funding requirements associated with Master and PhD courses 

must be solved; 
• Accommodation (students and teachers) and travel distance (teachers) must 

be in place. 
 
4.4- Course syllabus and teaching materials development 
There is a need to produce an outline modular structure and syllabus for each 
of the proposed European Masters courses, their structure and content having 
been agreed with stakeholders. The tasks undertaken should be concerning 
with transforming the agreed outline into detailed module structures.  In 
addition, an identification of the physical premises and staff resources needed 
to run the modules and the method of module delivery and assessment.  An 
end-product will be a series of module handbooks. 
 
4.5- Delivery team development 
For the future, there will be a need to identify those postgraduate research 
institutes/ universities that are willing and able to resource each of the 
proposed masters-level degrees. There should be produced degree timetables 
for each specific Masters degree, listing the modules to be undertaken at each 
participating university, the staff that will deliver content and the time and 
place of each lecture. These resources could be physical resources that could 
provide a base for the issue of degrees, for the teaching of modules, for 
practical sessions or for the supervision of research projects.  Alternatively, 
they could be staff, teaching materials or even existing validated modules 
that either meet, or could be modified to meet the needs of the courses. 
 
4.6- Constraints 
Courses should be distributed among semesters and precaution should be 
taken to break them properly in order to allow the students to appropriately 
follow them when they are taught in different European locations 
(universities, institutes, etc.). Such course distribution should also not impair 
the necessary students and staff mobility. Courses are classified into modules 
(either common or specialised). It is important to adequately choose the size 
of these modules in order to make possible their use as training modules for 
professionals (continuous education and training). 
 
It must be ensured that the proposed courses contain all the current 
knowledge in the specified fields (i.e. radiochemistry, radiation protection, 
and radioecology). Moreover, the repartition of these courses between 
theoretical and practical modules does not have to leave some gaps, keeping 
in mind that theoretical modules may be taught in one place and practical 
ones in another place. 
 
Funding is one of the major constraints to be overcome. Indeed, EU and 
stakeholders should find a way to help students pay their student fees, 
keeping in mind the notorious heterogeneity between the different EU 
universities concerning these fees (for instance between Germany and the 
United Kingdom).  Provisions should be done to cover the cost of staff 



movements. Indeed, experts able to perform courses in the different modules 
will come from different European countries but will have to deliver their 
courses in dedicated locations (the number of those locations being still under 
discussion). Therefore, their travel expenses should be reimbursed or prepaid. 
 
Ethical issues and societal implications related to finance (commercial in 
confidence) and to student progress, are normal and should be managed via 
the procedures existing within the academic providers. Postgraduate 
education is a matter of social concern and strengthening the competence 
within the nuclear field is consistent with the EU aim to produce an educated 
workforce that is able to meet the future economic and social needs of the 
developing EU. Radiological protection of the environment, including man, has 
also become a matter of significant public concern.  It follows that the 
establishment of public confidence in nuclear technologies will depend upon 
the availability of well-educated personnel and independent experts / 
advisors. It is intended that the proposed courses will provide appropriately 
educated professionals that meet the needs of European stakeholders. 
 
Quality control will be the responsibility of the EU Master organiser and the 
personnel involved in all course modules will monitor the performance. The 
future courses and detailed course content should be approved by 
stakeholders and financial and other support for students undertaking the 
degrees from stakeholders should be secured. 
 
To ensure the quality and recognition of the course syllabus and research 
projects (thesis) within the EU Masters, there is a need to establish strong 
links to:  
• IUR (International Union of Radioecology, presidency at NRPA, Norway), 

giving their approval for the European Master of Sciences in Radioecology; 
• IRPA (International Radiation Protection Association) giving their approval 

for the European Master of Sciences in Radiation Protection; 
• IUPAC (International Union of Pure and Applied Chemistry) giving their 

approval for the European Master of Sciences in Radiochemistry. 
 
5- RECOMMENDATIONS 
 
EURAC demonstrated a significant need for appropriately skilled 
postgraduates and in consultation with stakeholders identified three European 
Masters programmes: Master in Radiological Protection; Master in Analytical 
Radiochemistry; Master in Radioecology; that would meet their needs. Bologna 
agreement compliant course structures were developed for each degree.  
These incorporated a number of common and specialist modules.  
 
Our recommendations to the European Commission are to produce the module 
materials required for course implementation; obtain support and 
accreditation for each degree programme from independent bodies; assemble 
the lead centre and university network required to implement the degree 
courses, recruit students and facilitate the running of sustainable courses – 



starting during the academic year 2007/2008, as described in the EURAC II 
project proposal.  
 
The project team comprises mostly European providers of higher education, 
many of which will be involved in the provision of the courses.  The courses 
will be aimed not only to fill the identified, European postgraduate education 
gap in radiological sciences, but also to provide a modular structure that is 
easily accessed by stakeholders for CPD training.  It is anticipated that the 
European Masters in Radiological Protection will meet the academic training 
requirements of “qualified experts”, as defined by the European Commission. 
 
This EURAC-II project will be undertaken by academic institutions and 
specialists with strong industry links that are both appropriately qualified and 
have a responsibility for the development and implementation of post-
graduate programmes and the supervision of research students. The EURAC-II 
team will include the members of the EURAC team plus additional members 
that have indicated their willingness to help implement the identified degrees. 
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