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Abstract  
Although much is known about the quantitative effects of exposure to ionising 
radiation, considerable uncertainties and divergent views remain about the health 
effects at low doses. Many of the European states have national research programmes in 
this area, however, beyond the Euratom research programme, little has been done to 
integrate these programmes in the past. The European High Level and Expert Group 
(HLEG) recently made a motion for the establishment of a Multidisciplinary European 
Low Dose Research Initiative (MELODI) that would create a platform for low dose 
research under a jointly agreed Strategic Research Agenda (www.hleg.de). The research 
agenda would focus on the key policy questions to be addressed and provide a road map 
for such research in the coming years and decades.  The Letter of Intent expressing the 
will for the stepwise integration of low dose research activities was initially signed by 
five national organisations, BfS, CEA, IRSN, ISS and STUK. Since 2009, several other 
organisations have expressed their commitment on long-term integration of research 
and their interest to join MELODI.  In 2010, a Network of Excellence called DoReMi 
was launched by the Euratom FP7 programme. DoReMi will act as an operational tool 
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for the development of the MELODI platform during the next six years. The joint 
programme for research focuses on the areas identified by the HLEG as the most 
promising in terms of addressing/resolving the key policy questions, namely: the shape 
of dose response curve for cancer, individual susceptibilities and non-cancer effects. 
Radiation quality, tissue sensitivities and internal exposures will be addressed as cross 
cutting themes within the three main research areas. 

High Level and Expert Group on European Low Dose Risk Research 
Both natural and man-made sources of ionising radiation contribute to human exposure 
and constitute a hazard for human health. The exposure of workers, and to a smaller 
extent of the public, to low levels of ionising radiation from nuclear energy production 
and other industrial uses of radiation have become an integral part of industrialised 
society. Radiation protection standards rely on current knowledge of the risks from 
ionising radiation exposure. Any over-, or under- estimation of these risks could lead 
either to unnecessary restriction or to a lower level of protection than intended. There 
has been a gradual decline in scientific and regulatory expertise in radiobiology and 
radiotoxicology during the past decades and the individual groups tend to be small. 
Moreover, several experimental infrastructures have been closed down during the years. 
For example, there is currently no place in Europe where larger numbers of animals 
could be exposed to radiation at low dose rate. At the same time, biomedical sciences 
are developing very fast and the new understanding on the molecular and systems 
biology should be transferred to radiation research. 

To address these issues, six national funding (or regulatory) bodies with 
significant programmes/activities or with a policy interest in low dose risk research 
came together in the beginning of 2008 and Commission, created a group called “High 
Level and Expert Group on European Low Dose Risk Research” (HLEG). The group 
consisted of the representatives of the mentioned bodies, the EC as well as experts 
covering a wide range of disciplines in radiobiology, epidemiology, dosimetry and 
modelling. The European Commission provided support for the technical secretariat. 

The HLEG drafted a Report that was posted in the HLEG website (www.hleg.de), 
opened to public consultation and published in the final version on the website at the 
beginning of 2009. A printed version was also published later by the European 
Commission (High Level and Expert Group, 2009). The Report has three parts, 
reflecting three objectives: a) Policy Issues, b) State of Science and research challenges, 
c) Proposed European research strategy. In the third part, a trans-national organisation 
is proposed considering that the complex and multidisciplinary nature of these issues is 
such that their resolution can be achieved only through the integration of research at a 
European, (or even international) level. To this aim a platform was proposed called 
“Multidisciplinary European LOw Dose Initiative” (MELODI), as an instrument 
capable to guarantee a sustainable, long-term integration of European national R&D 
programmes. 

The HLEG Report identified topics that are important for the radiation protection 
policy point of view (Figure 1).  
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Fig. 1. The main issues where judgements are made in the current system of radiation protection. 
The four upper boxes denote judgements that fall directly within the main ICRP dosimetric system, 
while the two lower boxes include issues that are at present included only to a relatively minor 
degree (from HLEG Report, 2009). 

MELODI Initiative 
In April 2009 five of the national organisations present in the HLEG, with the support 
of the EC, signed a Letter of Intent (LoI) in order to create the initial core of the 
platform, with a view to integrate in a step by step approach EU institutions with 
significant programmes in the field and to be open to other scientific organizations and 
stakeholders. These organizations were Bundesamt für Strahlenschutz (Federal Office 
for Radiation Protection, BfS) - Germany, Commissariat a l’Energie Atomique (Atomic 
Energy Commission, CEA) - France, Institut de Radioprotection et de Surété Nûcleaire 
(Institute for Radiation Protection and Nuclear Safety, IRSN) - France, Istituto 
Superiore di Sanità (National Institute of Health, ISS) - Italy, and Radiation and 
Nuclear Safety Authority, STUK - Finland.  
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MELODI is intended as a mean to establish trans-national governance structure to 
integrate national, bi- and multi- lateral research programmes within an agreed SRA. 
Therefore, a key role of MELODI is to develop and maintain over time a strategic 
research agenda (SRA) and a roadmap of scientific priorities within a multidisciplinary 
approach, and to transfer the results for the radiation protection system. Other aims are 
to interface with broad range of stakeholders, to oversee investments in key 
infrastructures, to coordinate knowledge management and education and training and to 
ensure consistent research methodologies. 

The MELODI signatory organisations have taken a number of initial steps in 2009 
to set up a provisional operational governance and organisational structure for 
MELODI. The first ones were to create a MELODI Governing Board, constituted of the 
designated representatives of the signatory bodies (presently chaired by W. Weiss, BfS, 
Germany), and to produce some documents defining the process of setting up the final 
MELODI research platform. An introductory document setting out the key steps and the 
expected deliverables is available at the MELODI website http://www.melodi-
online.eu/. In the beginning of 2010, four more organisations from four additional EU 
countries had joined the MELODI platform and several others have expressed their 
willingness to do so. 

DoReMi Network of Excellence 
The aim of DoReMi is to promote the sustainable integration of low dose risk research 
in Europe in order to aid the effective resolution of the key policy questions identified 
by the High Level Expert Group (HLEG) on Low Dose Risk Research (www.hleg.de). 
DoReMi provides an operational tool for the development of the proposed MELODI 
platform (Multidisciplinary European Low Dose Risk Research Initiative) consisting of 
major national bodies and research programmes that have long term commitment in low 
dose risk research in Europe.  
 

 
 

The Joint Programme of Activities (JPA) of DoReMi includes: (i) a Joint 
Programme of Research (JPR) covering the issues outlined above and providing an 
overview of the needs for research infrastructures of pan-European interest and 
facilitating multilateral initiatives leading to better use and development of research 
infrastructures; (ii) a Joint Programme of Integration (JPI) to develop a coordinated 
European roadmap for the long term needs of the key players in Europe; and (iii) a Joint 
Programme for the Spreading of Excellence (JPSE), covering knowledge management, 
training and mobility and its implementation. The JPR focuses on the areas identified 
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by the HLEG as the most promising in terms of addressing/resolving the key policy 
questions, namely: the shape of dose response curve for cancer, individual 
susceptibilities and non-cancer effects. Radiation quality, tissue sensitivity and internal 
exposures will be addressed as cross cutting themes within the three main research 
areas. A substantial proportion of the activities will be dedicated to the joint programme 
of research. The programme describes a multidisciplinary approach including interfaces 
with the broader biological toxicological and epidemiological communities. Strategic 
planning will be carried out in close collaboration with MELODI. The long term 
Strategic Research Agenda (SRA) will be developed by MELODI, whereas DoReMi 
research priorities are based on a shorter term Transitional Research Agenda (TRA), 
focusing on goals that are feasible to achieve within the 6 year project and areas where 
barriers need to be removed in order to proceed with the longer term strategic 
objectives. The work package structure of DoReMi is shown in Figure 2. 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Fig. 2. The Work package structure of DoReMi Network of Excellence. Network coordination is 
carried out by STUK - Radiation and Nuclear Safety Authority (Sisko Salomaa). DoReMi has three 
main scientific work packages: WP 5 (Shape of Dose Response) is led by HPA (Simon Bouffler), 
WP 6 (Individual Sensitivities) is lead by Helmholz Zentrum Munich (Mike Atkinson) and WP 7 
(Non-cancer Effects) is lead by IRSN (Patrick Gourmelon and Jean-René Jourdain).  WP 3 
(Education and Training) is led by University of Pavia (Andrea Ottolenghi) and WP4 
(Infrastructures) by CEA (Laure Sabatier). WP2 (Structuring of MELODI) deals with integration 
activities and strategic planning and is led by IRSN (Dietrich Averbeck).  

The network of Excellence started with 12 partners (beneficiaries). New partners 
are expected to join via open calls, searching for new competencies as well as necessary 
infrastructures and other platforms for research, such as suitable animal and tissue 
model systems for low dose risk research. These areas will be defined in more detail in 
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the Transitional Research Agenda and Call Plan. The first open call of DoReMi is 
planned to take place in autumn 2010.  DoReMi web site will be opened in September 
2010: www.doremi-noe.net 

DoReMi is the necessary complement to MELODI, aiming to achieve fairly short 
term results in order to prove the validity of the HLEG approach, and to contribute to 
the development of MELODI. Such objectives and timeframe are typically consistent 
with what can be expected from a NoE, which is why the EC included the possibility of 
such a scheme in its 2008 call. The resources invested by the EU and by member 
organisations in the NoE will therefore aim to: 
1) develop and implement a “transition research agenda” (TRA) with a short to medium 
term time scale, which would attempt to capture the essence of the HLEG strategy, 
2) implement the TRA within the limited time frame and organisational perimeters of 
the NoE, 
3) contribute to the wider development of MELODI, by bringing its scientific input into 
the open dialogue of the Platform and by supporting it through its dedicated resources, 
4) take into account the results of MELODI work on the SRA for the successive calls 
for R&T actions within the NoE. These open calls are expected to progressively bring 
in new partners into the working structures of both organisations. 

The NoE will also be able to take advantage of the MELODI Scientific 
Committee structure in order to optimize its own independent scientific evaluation 
process. In practice, DoReMi Work Packages WP2, WP3, and WP4 will develop 
support structures for MELODI, on research infrastructure in Europe and on education 
and training operating in such a way that their deliverables feed directly as “draft 
contributions” into the working groups of MELODI. DoReMi WP5, WP6, and WP7, 
which are concerned with the scientific issues of the shape of the dose effect 
relationship, the individual radiation sensitivity and non-cancer effects of radiation, 
respectively, will produce scientific deliverables from their research and training 
operational activities, which should constitute the first operational stepping stones on 
the SRA roadmap. These results as well as the experience feedback from such should 
also contribute to the furthering of MELODI goals, particularly at the time when the 
NoE will be nearing its completion. For this purpose, scientists in DoReMi WP’s 
should become also actively involved in MELODI working groups, where the ongoing 
Low Dose Risk research strategies will continue to be developed year after year. The 
complementarity of DoReMi and MELODI is illustrated in Figure 3. 
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Fig. 3. DoReMi is the necessary complement to MELODI, aiming to achieve fairly short term results 
in order to prove the validity of the HLEG approach, and to contribute to the development of 
MELODI. Other research projects based on the joint low dose risk strategy are foreseen. These 
projects would be funded by EC or by national funding bodies. 

Important fora for the scientific discussions and development of the strategic 
research agendas are the MELODI workshops and DoReMi exploratory workshops that 
engage the scientific community in low dose risk research. The first MELODI 
workshop was organised by BfS in Stuttgart on 28-30 September 2010, and the second 
MELODI workshop will be arranged by IRSN in Paris on 18-20 October, 2010.  
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Abstract  
Recent new insights about radon risk and increasing patient exposure due to medical 
imaging, as well as unexpected cardiovascular effects of ionizing radiation are 
challenging our classical radiological protection approaches and should be viewed in a 
larger public health perspective. Concepts as global indoor air quality, long term 
sustainability, risk awareness or precaution ask for a wider approach encompassing 
scientific vigilance, value judgements, risk communication and sociological 
participation in risk governance. Progress in radiological protection needs a new 
transdisciplinary framing of complexity where social sciences and humanities are more 
actively involved to complete scientific insight. 

Text 
Recent new insights about radon risk and the increasing patient exposure due to 
digitalisation of medical imaging are challenging our classical radiological protection 
approaches. Unexpected cardiovascular effects of ionizing radiation (at least for 
relatively low cumulative doses) and some other present science foci are challenging 
our expert culture and are questioning why the radiological protection community 
clarifies and embarks such health topics so late. In these important areas for public 
health, the current dose limitation system has been till recently almost not operational 
while justification and optimisation were not given the priority they deserve.  

These – and other-  health concerns regarding ionizing radiation occur in a 
changing societal context where scientific paradigms such as LNT are questioned 
(bystander effects), where members of the public and patients interact actively www 
based, where the attention is drawn on ambiguities in values and where controversial 
communication is fed by media polarisation. Amazing bio-monitoring opportunities 
confront expert beliefs, regulatory concepts and responsibilities in health care and are 
opening new perspectives for multi-factorial epidemiology. Dose as unique risk 
indicator is no longer self-evident.  

Based on the new evidence, radon risk requires stricter standards. However, 
hygiene should be reformulated to integrate global indoor air quality at home as well as 
at work. The collective dose, currently threatened to be abandoned, was and is still 
useful for characterising the impact on public health of radon (as well as for radiology). 
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In the NORM area, where standard settings are currently driven by utilitarian ethics, 
sustainability checks for long term (radon) health impact should be introduced. 

A more effective implementation of operational justification of medical exposures 
and the integration of optimised radiological protection in medical Quality Assurance 
could allow controlling the detrimental health impact. Paediatrics and pregnancy ask in 
this respect for particular attention. However, risk awareness is the major challenge for 
the future and gives an ethical dimension to the new digital imaging resolution 
opportunities. 

Radiotherapy as well as other oncology practices are facing late multi-factorial 
secondary effects (like circulatory diseases). They require better scientific insight but 
also science based communication skills.  

Radiological protection in the future cannot continue to refer to the virtual 
average individual when susceptibility is demonstrated. 

More generally, a major issue is the capacity of taking into account, without 
undue delay, new relevant data emerging from ongoing research and having a potential 
impact on public health in situations involving a risk from exposure to ionizing 
radiation – as for example the new data regarding the risk of radiation induced 
circulatory diseases. In this context, the European Commission organises every year, in 
cooperation with the Group of Experts referred to in Article 31 of the Euratom Treaty, a 
scientific seminar (called RIHSS seminar, for “Research Implications on Health Safety 
Standards”) to discuss in depth relevant issues emerging from ongoing research. The 
aim is to identify the potential implications on the European Basic Safety Standards of 
recent research results and to take this into account in due time, while debating on the 
need of a precautionary approach, if uncertainties are present (which is often the case). 

Risk communication, as difficult search for transparency (RISCOM), should not 
only disclose technical black boxes and messages but demonstrate a respectful approach 
of the different perceptions. Perception as impression of a health risk reality is not only 
a characteristic of lay people. The mental construct of experts needs attention as well. 
Ethical guidance studied by think tanks (such as PISA in Belgium) and elaborated by 
IRPA could help to better distinguish the common good and to manage conflicts of 
interests as experienced in Health Councils. IRPA recently launched stakeholder 
engagement in radiological protection and successful experiences with local 
communities open new perspectives. They are based on sociological partnership 
innovations, mutual respect and considerations of distributive justice in decision 
making. Such new risk governance processes join prudent precaution strategies as put 
forward by EEA and the Dutch Health Council. They could facilitate to transform 
public health opportunities into real perspectives. Precaution requires the systematic 
specification of uncertainties. This is not as evident in expert culture as scientific 
method requires. Moreover it takes into account ambiguities related to value 
judgements. This extends the scope of risk assessment and management. For example, 
in the radiological protection system, where ALARA can be considered as a precursor 
of precaution, an ecosystem approach is still missing.  

Our scientific progress in radiological protection needs a new transdisciplinary 
framing of complexity where social sciences and humanities are more actively involved 
to complete scientific insight. 
 

Third European IRPA Congress 2010, Helsinki, Finland



10

Plenary lectures 
Oral presentationsPL PL3

RPA Radiation Protection Culture initiative:  
An opportunity for the nuclear industry 

Le Guen, Bernard 
EDF and IRPA EC, Nuclear Power operation, FRANCE 
       

Abstract 
Considerable progress has been made in all the fields of application of radiation 
protection over the past 40 years, supported by an enthusiastic generation of 
professionals. We are observing now significant development in the nuclear industry 
throughout the world and the profession is faced with renewal of the generation who 
thought up today’s radiation protection. We must remain vigilant as all the conditions 
are fulfilled for radiation protection to make no further progress and in this case even to 
go backwards. One way of preventing or at least limiting the risk is to root radiation 
protection in culture, to develop a radiation protection culture. Sharing of our know-
how and simultaneous optimisation initiatives set up for constant improvement of our 
practices are common radiation protection values. IRPA is proposing a brainstorming 
with other radiation protection societies with a view to possibly drawing up the IRPA’s 
“Guiding Principles” for Radiation Protection Culture. This presentation will present 
the first results of the First international IRPA workshop in Paris (December 2009). 
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Novel measurement and analysis technology  
for safety, security and safeguards 

Toivonen, Harri; Peräjärvi, Kari; Pöllänen, Roy  
STUK  Radiation and Nuclear Safety Authority, Laippatie 4, 00880 Helsinki, FINLAND  
 

Abstract  
Nuclear interactions have been measured through molecular phenomena since the early 
days of radiation research. Rutherford used ZnS(Ag) to convert the kinetic energy of 
alpha particles into visible light in his famous experiments some 100 years ago. Recent 
technical advances have again made molecular phenomena attractive as a basis of 
nuclear instrumentation. Current detection technology has provided single photon 
counters, and there is no need to rely on human eyes. The present paper reviews 
scientific advances that may ultimately lead to operational methods for safety, security 
and safeguards. Examples of novel approaches and technologies are given.   

1  Introduction 
Radiation protection aims at the safety of individuals, society and the environment. 
Radiation measurements are critical tools to ensure safety and security. Recent technical 
advances have provided new types of instruments for daily work. One such example is 
the LaBr3 detector, which provides sufficient energy resolution for continuous real-time 
radiation surveillance in the environment with a hundred times better sensitivity than 
the old approach based on Geiger counters (Toivonen et al. 2008). On the other hand, 
the ruggedized instruments make mobile spectroscopy possible for security applications 
directly operated by law enforcement.  

The radiation risks to society are not limited to the consequences of accidents. 
The malevolent use of nuclear or other radioactive material is a threat to society that 
may be realized any day. The proliferation of nuclear weapons is another international 
security challenge. Key material control, based on nuclear safeguards, is the best way to 
prevent such an undesirable development. For these tasks, authorities need novel 
technology. The new safety and security threats have to be eliminated, or if realized, 
their consequences need to be mitigated. 

Nuclear safeguards are measures to verify that states comply with their 
international obligations not to use nuclear materials for explosives. The objective of 
nuclear security is the prevention of theft, sabotage, unauthorised access, illegal transfer 
or other malicious acts involving nuclear material, other radioactive substances or their 
associated facilities. Crucial elements of the nuclear security regime are effective 
detection and response measures. For this, novel technology is required. 
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The term “novel technology” refers to physical phenomena, instruments or 
systems which have not yet been applied or that are immature for in-field applications. 
Typical examples are optical methods to detect radionuclide contamination or to 
identify and reveal indicators and signatures (I&S) specific to the nuclear fuel cycle or 
weapons programmes. 

The term “novel approach” refers to an application that attacks an old problem in 
a non-conventional manner. For example, alpha spectrometry without sample treatment, 
or completely without sampling, is an example of a novel approach. Other examples 
include algorithms or analysis systems that are able to treat measurement results much 
more thoroughly than conventional methods. 

The borderline between new and novel is not sharp. Conventional technologies 
need to be improved, sometimes in a novel manner, to achieve better analytical 
performance of instruments. We apply these concepts in a loose manner. 

The following review is intended to discuss a few promising novel methods for 
safety, security and safeguards. The text is by no means exhaustive or complete. It deals 
with the needs of international organisations and associations, such as the International 
Atomic Energy Agency (IAEA) and the European Safeguards Research and 
Development Association (ESARDA). The purpose of the discussion is to introduce 
novel approaches and technologies to:  

 improve destructive analyses (DA); 
 improve non-destructive analyses (NDA); 
 develop new methods to support the non-proliferation of nuclear weapons; 
 support treaty verification; 
 combat nuclear terrorism; and 
 provide powerful tools for consequence management of nuclear accidents. 

2  Sampling  a basis for improvements to spectroscopy 
Samples have traditionally been analyzed in laboratories, where several destructive 
analytical techniques are available. However, if sample treatment could be significantly 
improved, similar results could be achieved by non-destructive analyses. 

NDA of samples has three general advantages (Ihantola 2009): 
1. The productivity and timeliness of field missions can be improved. If the 

measurements are too complicated to be performed on-site, preparation of 
the samples in the field would nevertheless speed up the process in the 
laboratory, since it would eliminate the need for complex chemical 
treatment. For nuclear security applications, rapid methods are of particular 
importance. 

2. On-site analysis of samples enables direct feedback. Therefore, inspections 
can be focused on those areas appearing most suspicious.  

3. The production of high-quality or matrix-free samples would simplify the 
whole chain-of-custody as compared to traditional swipe sampling and later 
laboratory analysis. When the samples are prepared for counting and 
dispatched directly to the laboratory involved, there is no risk of cross-
contamination, since the sample treatment is carried out far from the 
laboratory. 
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NDA measurement methods have not been fully exploited, either in field 
conditions or in laboratories. Currently, the detection of penetrating gamma radiation is 
widely used, whereas direct spectrometry with non-penetrating radiation, i.e., with 
alpha and beta particles, low-energy X-rays and conversion electrons, is considered to 
be too complicated. With a careful design of sampling, these measurements are possible 
(see section 4.1 for alpha measurements), including analysis, particularly when remote 
expert support (reachback) is available. 

3  Novel approaches to spectroscopy  
Spectroscopy is the basic work horse of every analytical laboratory. The quality of the 
measurements and related analyses has continuously improved. Recently, however, 
scientific and technical innovations have taken place in several domains. Some 
breakthroughs are elaborated below. 

3.1  Microcalorimeters  spectrometry with ultra-high resolution 
Microcalorimeters respond to the deposited energy and not to charge (Figure 1). 
Therefore, they do not have any dead layer characteristic of semiconductors. Transition-
edge-sensor microcalorimeters consist of molybdenum and copper. The element ratio 
defines the critical temperature of the device. The best energy resolution is achieved at 
a critical temperature of around 0.1 K. The energy signal is derived from the change in 
the resistance in the circuit after the absorption of radiation quanta. While detecting 
penetrating radiation, a bulk absorber needs to be attached to the thermometer (= 
microcalorimeter). These are typically made of tin. There may be several contacts 
between the absorber and the thermometer. This arrangement eliminates the variability 
in the energy resolution, which would otherwise depend on the position of the 
interactions. The measured energy resolution, FWHM, of the microcalorimeter detectors 
is 25 eV for 103 keV photons and 1.06 keV for 5.3 MeV alpha particles (Doriese et al. 
2007, Horansky et al. 2008). The corresponding resolutions with a planar HPGe and Si 
detector are ~450 eV and ~8.5 keV, respectively (Ullom 2008).   

In the future, microcalorimeters may significantly impact on alpha spectroscopic 
procedures, since the achieved resolution of 1 keV is so good that separation of the 
elements is no longer required, i.e., only rapid chemistry is needed to get rid of the 
sample matrix. Presently challenging cases such as the analysis of 239Pu (5.157 MeV) 
and 240Pu (5.168 MeV) in samples will become much easier, since the relevant alpha 
peaks are completely separated. This also loosens the requirements related to the 
counting statistics. Therefore, microcalorimeters may in the future take part of the 
workload away from mass spectrometers. Note also that the routine use of 
microcalorimeters would reduce the time needed for the chemistry and counting, thus 
improving the throughput of the laboratory.  

The nature of gamma and X-ray spectrometry would drastically change if 
microcalorimeters entered into routine use. For example, a currently major problem in 
nuclear security applications is the interference of 226Ra with 235U (Figure 2). However, 
a microcalorimeter provides a clear separation between the transitions of 235U (185.71 
keV) and 226Ra (186.21 keV) (Hoover et al. 2009). 
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Figure 1. Operation principle of a microcalorimeter. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2. 235U and 226Ra doublet in a high-resolution gamma spectrum. The doublet is difficult to 
deconvolute, even with a state-of-the-art unfolding algorithm. If the measurement had been 
performed with a microcalorimeter, the peaks would have been fully resolved. The FWHM is 
smaller than the bar width shown in the figure. 
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3.2  Scintillation detectors and pulse shape analysis 
Scintillation detectors that operate at room temperature can be used for measurements 
on particles and photons. Much work has been devoted to improving the neutron-
gamma discrimination capabilities of scintillators. Such discrimination is achieved by 
introducing lithium gadolinium borate crystals (particle size ~1 mm) into a plastic 
scintillator matrix (Menaa et al. 2009). Neutron events are separated from gamma-ray 
events via the use of pulse shape analysis. Namely, the characteristic (n, ) reaction 
generally occurs within 10 s after the recoil pulse. The resulting double peak structure 
provides an excellent means to disentangle neutrons from gammas.  

Another development that we wish to highlight is based on pulse shape analysis 
and phoswich detectors. Phoswich detectors have layers of different scintillation 
materials with different properties. The layers are optically connected, and the entire 
packet is connected to a single photomultiplier tube. The energy signals from such a 
detector can be elegantly analyzed if the response of the different types of radiation is 
known. For example, when a beta particle and a gamma ray simultaneously hit the 
detector, their individual energies can still be determined (de la Fuente et al. 2008). 
Thus, these detectors, in addition to conventional singles spectrometry, are also capable 
of beta-gated and alpha-gated gamma-ray spectrometry. This is very significant for their 
possible use in situ, since coincidence spectrometry may remove the need for shielding 
around the detector. The resulting measuring system could be very compact. 

Novel signal processing and data analysis techniques improve the performance 
and applicability of scintillation detectors. It is a technological, rather than a scientific 
challenge to bring these techniques into routine use. Furthermore, research and 
development of new scintillation materials will provide even better detectors for future 
in-field applications (Bourret-Courchesne et al. 2010).   

3.3  Event-mode data acquisition and position-sensitive detectors 
The simultaneous use of several state-of-the-art semiconductor detectors provides 
powerful tools for the analysis of samples (Keillor et al. 2009, Turunen et al. 2010). 
Multi-detector setups are often meant to be operated in laboratories. In addition to the 
quality in terms of resolution, the technical maturity of the semiconductors makes these 
detectors an attractive choice. For example, imaging silicon detectors capable of 
spectrometry are already commercially available. Position information is useful to 
investigate the distribution of alpha-particle-emitting radionuclides in various samples 
or to search for “hot” spots or radioactive particles. For safeguards and nuclear security, 
the characteristics of the individual particles are of interest; they reveal the history of 
the radioactive materials handled at the site. 

Data acquisition is performed in event mode, also known as list mode. This means 
that any event, for example the absorption of alpha energy in a certain pixel of the alpha 
detector, triggers a gate signal for the energy depositions of the other detectors to be 
registered during a small time slot, typically for one microsecond. Later, the data storage 
allows the generation of various types of spectra, depending on the query requirements. 

Of particular interest are the software-based coincidence spectra, such as position-
gated and alpha-gated gamma-ray spectra. The knowledge that the gamma-rays in 
question have been detected in coincidence with alpha decay of a certain energy and 
impact location in a silicon detector makes the spectrum analysis and interpretation 
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much more reliable and detailed. Due to the coincidence analysis, the spectrum 
background is lowered by orders of magnitude, and very low minimum detectable 
activities are consequently achieved (Turunen et al. 2010, Peräjärvi et al. 2010).  

Techniques such as alpha-gamma coincidence spectrometry do not require 
chemical manipulation of the sample before measurement. For example, 240Pu/239Pu 
atom ratio can be determined directly from the resulting data (Peräjärvi et al. 2010). 

4  Alpha radiation  difficult to detect in field conditions, or is it? 
Alpha spectrometry is often considered as a mature technology for sample analysis in 
laboratory conditions, but there is still room for development. The method is based on 
radiochemical sample processing with radioelement separation and subsequent data 
acquisition in a vacuum chamber with an alpha spectrometer. In some applications, 
such as continuous aerosol monitoring, the processing is simplified by sampling the 
radionuclides on the surface of the sample material and performing the data acquisition 
in NTP air. In these cases, spectrum unfolding may be complicated because of the 
omission of radioelement separation. In addition, the alpha-particle energy loss in air 
between the sample and the detector, and thus the varying path lengths of the alpha 
particles, may lead to an energy resolution that is far from optimal. 

In-field alpha spectrometry is challenging from the technical point of view. 
Scientifically, there is not much new. A step forward would be if alpha spectrometry 
could be conducted in the same way as in-situ gamma spectrometry. At present, the 
most common field application is surface contamination measurement, i.e., the number 
of alpha counts is registered per time interval. However, high-resolution alpha 
spectrometry using handheld equipment would provide much more detailed information 
on the nuclides involved. In this case, the overall approach is as follows: 

 Radiochemical sample processing should be completely omitted or drastically 
simplified. The samples should be as thin as possible, but thick samples 
should not be excluded if they are homogeneous. This means the development 
of novel sampling procedures. Minor processing, such as water evaporation 
under an infrared lamp or sample cutting, is acceptable. Alpha spectra should 
also be registered from smooth surfaces, allowing radionuclide identification. 

 Measurements should be performed without a vacuum and the energy 
resolution should still remain good. 

 The size of the equipment for data acquisition should be similar to that of 
present hand-held monitors.  

 Efficient and validated software must be used for data analysis. If this is not 
possible, an ability to send the spectra to a remote location should exist if the 
analysis cannot be performed on-site. Reachback is of utmost importance in 
security applications.  

4.1  Novel sampling and measurement techniques facilitate in-field applications  
The development of appropriate sampling and sample manipulation procedures for 
rapid measurements has been conducted for years in different organizations. 
Particularly for swipe samples and liquid samples, there is room for development 
(Figure 3a), although some progress has already been achieved in this field (Ihantola 
2009, Semkow et al. 2009). 
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Figure 3. (a)  Alpha particle energy spectrum from filtered liquid (3 mL beer) doped with 209Po and 
241Am. The spectrum was measured in a vacuum chamber from the filter. (b) Alpha spectrum from 
the surface of a depleted uranium penetrator. The spectrum was measured in NTP air at a source-
to-detector distance of 9 mm. The energy region used in the fitting was 2.2–4 MeV (the energy 
scale refers to the energy of detected alphas). The large number of counts at small energies is due 
to the high-energy betas originating especially from 234mPa. 

Nuclide-specific activities cannot necessarily be obtained accurately if the sample is 
too thick and the peak shapes are different (reflecting differences of radionuclide 
distribution in the source, see Fig. 3). Reliable estimates for the nuclide ratios may also be 
impossible in this case. However, the identification of radionuclides is possible. As an 
example, an alpha spectrum was registered from a depleted uranium penetrator (Figure 
3b) in air, i.e. no vacuum was used in the data acquisition. 238U and 234U can be clearly 
identified from the spectrum, but their activities cannot be measured. Because the shapes 
of 238U and 234U “peaks” are equal, the activity ratio 238U/234U (in reality 238U / 234U + 
235U + 236U) can easily be determined. Here, the value of 6.32 was obtained, whereas 7.05 
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was reported in Pöllänen et al. (2003). Thus, alpha spectrometry of surfaces of thick 
sources is possible, even though the measurements are performed in NTP conditions. 

4.2  Vacuum is not necessary to obtain alpha spectra with good energy resolution 
High-resolution alpha spectra can be acquired in NTP conditions (Pöllänen et al. 2010). 
A thin source containing 239Pu, 241Am and 244Cm, normally used in the energy 
calibration of the alpha spectrometers, was used for testing different counting 
configurations. Using the conventional approach, the energy resolution is far from 
optimal. The reason is the varying path length of the alpha particles in air. Much better 
resolution can be achieved by optimizing the measurement system. 
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Figure 4. Alpha particle energy spectrum from a calibration source measured at NTP (black line) 
and with a modified system (red line). In both cases the source-to-detector distance was 9 mm. 
The number of counts is arbitrarily normalized. 

4.3  Efficient data management and spectrum analysis  
are needed for in-field applications  

Alpha spectra from three-dimensional sources or those measured in NTP conditions are 
different from those obtained from radiochemically processed samples. Multiple 
overlapping peak groups appear in the spectrum if several radioelements are present in 
the source. In addition, the shape of the alpha peaks is completely different and depends 
on the measurement geometry and the radioelement in question. Energy calibration 
should also be performed with great care because concepts such as peak “location”, 
“centroid” or “energy” do not characterize the peaks optimally. A prerequisite for a 
viable method for spectrum unfolding is that the phenomena mentioned above are 
properly taken into account in the analysis software.  
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A novel computer code known as ADAM (Toivonen et al. 2009) has recently 
been developed to cope with the requirements mentioned above. The program is able to 
unfold complex alpha spectra measured in a vacuum or in NTP conditions. As an 
example, an alpha spectrum from a radiochemically processed source, and containing 
238Pu, 239Pu, 240Pu and 242Pu, was analyzed (Fig. 5). In contrast to several other 
programs, the activities of 239Pu and 240Pu can easily be reliably determined. This is 
because the uncertainties of the fit are in good statistical control (covariance calculus). 
The spectra presented in Figure 3 were also analyzed by ADAM. 
 
 

 
 
Figure 5. Unfolding an alpha particle energy spectrum from a radiochemically processed sample 
containing 238Pu, 239Pu, 240Pu and 242Pu. A semicoductor detector of 50 mm2 in area and 5 cm 
source-to-detector distance was used in the measurement. The measurement time was 1.5 d. 

Spectrum unfolding in the field may be too challenging, especially when the 
measurement has been carried out by a person who is not familiar with alpha 
spectrometry and the analysis tools. Efficient reachback is then needed. Such data 
processing is very demanding. However, if successfully implemented, the operational 
capability is drastically improved. Timely and high-quality nuclear spectroscopy is 
available for police, fire fighters and other first responders.  
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5  Optical sensing  
In revealing the I&S of nuclear processes, optical measurements provide advantages 
that cannot be achieved with traditional nuclear instrumentation. For example, optically 
stimulated luminescence (OSL) could reveal crucial information on a suspected location 
that may previously have been a storage site for radioactive materials.  

The review below is a short introduction to optical methods useful for safety, 
security and safeguards. Only some key applications are covered. 

5.1  Light Detection And Ranging 
Light Detection And Ranging (LIDAR) is an optical remote sensing system that 
measures scattered light to find information on a distant target. Laser pulses are sent to 
excite the target molecules. The operating principle of LIDAR is similar to radar, which 
uses radio waves and measures the time delay between the transmission of a pulse and 
the detection of the reflected signal. LIDAR uses short wavelengths in the ultraviolet, 
visible or infrared range. Thus, LIDAR is highly sensitive to aerosols and cloud 
particles and has many applications in atmospheric research and meteorology.  

A laser has a very narrow beam, which allows the mapping of physical features at 
a very high resolution. In addition, many chemical compounds interact strongly at 
visible wavelengths, resulting in a good image of these materials. Remote mapping of 
atmospheric contents is possible by using specific lasers and then studying wavelength-
dependent changes in the intensity of the returned signal. 

LIDAR has been extensively used for atmospheric research and meteorology. For 
safeguards, it is envisaged that a mobile laboratory, in the vicinity of a suspected 
location, could use laser at a certain wavelength stimulating airborne molecules that 
emanate from nuclear processes. A light sensitive telescope could then scan the 
stimulated atmosphere, detecting the presence or absence of the signature molecules. 

5.2  Laser-Induced Breakdown Spectroscopy 
Laser-Induced Breakdown Spectroscopy (LIBS) is based on the analysis of the optical 
emission of the induced plasma. A LIBS system has a high-power laser to ablate the 
surface of the material. This creates a micro-vapour that emits optical radiation. A 
spectrometer is then used to analyze the constituent components. The resolution of 
LIBS depends on the design of the spectrometer. Instruments can be built to provide 
elemental results and even isotopic analysis has been envisaged.  

LIBS has the power to identify I&S (Kosierb et al. 2009). High-quality gas 
centrifuges require special construction materials, such as maraging steel. LIBS was 
able to detect the unique chemical composition of maraging steel, and it could be 
distinguished from other iron or steel alloys. The origin (site of production) of U3O8 
(yellowcake) could also be demonstrated.  

LIBS is already widely used by research groups and industry. Technology 
miniaturization has been successful and handheld devices have been developed. LIBS 
provides many advantages for safeguards. For example, LIBS requires no sample 
preparation and the results are available in real-time.  

The Novel Technology Unit of the IAEA has a portable LIBS. It has been 
developed by the Canadian Member State Support Programme to the IAEA safeguards. 
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The future in-field missions will test the power of LIBS to identify I&S related to 
clandestine nuclear activities.  

5.3  Remote sensing of alpha emitters 
Alpha emitters are difficult-to-detect nuclides, especially in field conditions. This is 
because alpha particles have a short range in air (< 4 cm). Remote alpha detection could 
be possible if there were a suitable energy converter, i.e., a secondary mechanism that 
carries part of the energy far away from the source. The best known converter is 
ZnS(Ag), which was used by Rutherford some 100 years ago in his famous experiments 
to reveal the characteristic properties of alpha radiation. In those days, a pair of human 
eyes with a microscope formed the optical detector. Air contains natural energy 
converters - nitrogen and oxygen. Nitrogen molecules (N2), in particular, serve well for 
remote sensing of alpha radiation. 

Delta electrons are created near the track of the alpha particles in air. These 
electrons induce the fluorescence of N2 molecules. Most of the light is at the 
wavelengths of UV, i.e., between 300 nm and 400 nm. The main challenge in optical 
detection is to discriminate the weak fluorescence signal from the background. Outside, 
in sunlight, this is difficult or impossible, but in darkness or in dim light very promising 
results have been achieved (Bashenko 2004, Lamadie et al. 2005, Hannuksela 2009). 

The following goals, inter alia, are fully achievable and merit intensive research: 
1. A handheld surface contamination meter with fast response. The device 

should detect alpha radiation at a distance of 20–50 cm. Efficient and 
convenient screening of nuclear workers would then be possible (safety). 
The search for contaminated spots would be much easier than in the past 
(nuclear security, cases such as the aftermath of Mr Litvinenko). Best 
sampling sites would be identified (safeguards, nuclear forensics). A 
prototype of such a device has already been built (Hannuksela et al. 2010). 

2. Scanning of people and goods at border crossing points. The optics should 
be tailored for a distance of 2–5 m. Passengers and their luggage could be 
silently screened for any spot containing alpha emitters. 

3. Imaging room, factory hall or laboratory. An alpha camera could be built 
for long exposure times in complete darkness. Superimposing the normal 
visible image and the alpha image would show the overall contamination at 
the site. A prototype has already been built using CCD technology 
(Lamadie et al. 2005). 

4. Scanning or imaging glove boxes. The device should operate through plexi 
glass and identify the most interesting locations for further studies. 

5. Reconnaissance of a target of interest at very large distances. For special 
applications, suitable optics could be designed taking into account that the 
photons arrive at the detector from a very small angle. 

6  Challenges to technology 
Many laboratories worldwide are developing active and passive detection methods that 
have great potential for safety, security and safeguards. Examples of active detection 
methods include the use of neutron beams or high-energy photons to induce 
characteristic radiation in the target material for detection through coincidence 
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techniques. These systems produce a high radiation dose and cannot be used to screen 
human beings. An example of the low-dose devices is a person scanner, i.e., a device 
that sees through the clothes using either low-energy photon scattering or non-ionising 
radiation at teraherz frequencies. 

It is not possible within the framework of the present paper to review the safety 
and security domain in detail. Therefore, only a few striking examples are given in 
relation to passive detection methods. 

6.1  Compton imaging 
Remote location of gamma-emitting sources has traditionally been realized by 
collimating the gamma detector. These collimators are heavy and the screening may 
take a long time due to the limited spatial view of the detector. Such a collimator is not 
needed if the detector is replaced with a stack of position-sensitive silicon and 
germanium detectors (Vetter et al. 2007). Detailed analysis of the multiple interactions 
of the incoming gamma radiation, in addition to conventional spectrometry, provides a 
means to locate the source. To facilitate the interpretation of the results, the radiation 
information can be combined with visual images.   

6.2  Screening of cargo with muons 
Cosmic muons are continuously bombarding the Earth with a flux of about 104 
/(min×m2). The muons easily pass through matter, i.e., they have long ranges in 
materials. However, they scatter more easily from heavy and high density materials 
than from light materials. The object to be scanned is surrounded with appropriate 
detectors for registering the trajectories of the individual muons. This reveals heavy 
materials inside the object (Pesente et al. 2009). 

Interesting devices have been proposed for future use to complement regular X-
ray systems for payloads that cannot be imaged with X-ray devices, for example in the 
search for stowaways or smugglers. Note that a 300 kV (9 MV) X-ray source is 
required to make an image through 5 cm (35 cm) of steel. The only drawback related to 
this technique is the relatively low muon flux on Earth. Scattering information can also 
be used to classify the inspected materials (density measurements).  

6.3  Neutrinos reveal nuclear chain reactions 
Antineutrino detectors relying on the nep  reaction can be used to monitor nuclear 
reactor power and fuel composition. The most interesting developments on this field are 
related to the use of plastic scintillators instead of liquid ones (Battaglieri et al. 2009). 
Namely, plastic scintillators are preferred since they do not have problems with 
flammability or toxicity. This is obviously very important if the detector is placed in the 
vicinity of a nuclear reactor. Solid state antineutrino detectors are composed of 
scintillator bars that have photomultiplier tubes attached to both ends. Additionally, 
plastic detector bars are wrapped with gadolinium foils to trigger (n, ) reactions in the 
foils. Signals related to the stopping of positrons and 511 keV annihilation radiation 
together with the gamma-rays following neutron capture by gadolinium form a unique 
fingerprint for the identification of antineutrino events. The active volume of the 
detector is 1 m3. If such a detector is placed at a distance of 25 m from a 3 GW reactor 
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core, it is expected to detect about 5000 antineutrino events per day. This is enough for 
independent monitoring of the reactor operation.  

7  Discussion 
Novel approaches and technologies for safety, security and safeguards are a challenge 
to the scientific community. In-field operations in particular can be much improved 
using technology that may fall outside the traditional nuclear instrumentation or that is 
developed from a new perspective.  

Basic research has long been using methods that would be very useful in applied 
research or monitoring. These methods will find their way to applied radiation sciences 
and to field operations. A typical example of such methods is the recording of radiation 
interactions as events and then utilizing coincidences for spectrum generation through 
software. This kind of data acquisition is slowly creeping into standard nuclear 
instrumentation, but no mature application is widely available. There is room for the 
development of equipment and for application software that would make the system 
user-friendly. 

Extensive research and development will inevitably lead to better radiological and 
nuclear detection capabilities. In the aftermath of September 11, major new resources 
have been allocated to nuclear security, but the achievements in this field will 
ultimately also be useful for safety and safeguards. In the future, the detection of I&S - 
regardless of the domain - will be more sensitive, rapid and reliable. Science is for 
safety, security and safeguards. 
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Good regulators and good operators  
– in search of mutual trust 

Valentin, Jack  
Grev Turegatan 86, IV; SE-114 38 Stockholm, SWEDEN  
       

Abstract  
Everybody ‘knows’ what is expected of a regulatory body and how a licensee 
establishment is supposed to behave. This presentation aims to show that these concepts 
can be more elusive than first impressions may indicate. Well-known facts are 
frequently forgotten by new generations of regulators and operators, and ground once 
conquered and regarded as secured must be re-captured, time and again. 

Obviously, a regulatory body needs to trust each operator: a license (for instance, 
to use x-ray equipment) constitutes proof of that trust, and indicates that the licensee is 
perceived as having sufficient competence, responsibility, and resources in view of the 
risks involved in the licensed activity. However, all too often, inexperienced regulators 
focus on prescriptive instructions and follow-up of minute details, thus ‘stealing’ 
responsibility from the licensee. And all too often, inexperienced operators focus on 
compliance with prescriptive instructions instead of finding out the reasons behind the 
instructions and negotiating when required the best way of ensuring that goals are met 
and deviations are spotted before they turn into incidents. 

Similarly, an operator needs to trust the regulator: licenses must be awarded, 
denied, or retracted on relevant grounds only. However, the operator must also be 
convinced that the regulator’s primary aim is safety rather than punishments. Incident 
reporting is a vital safety tool, but it can only work if the operator is reasonably sure 
that an incident report will not generate undue punishments. 

Performance-based regulation does not mean lax control compared to prescriptive 
regulatory systems, nor does it permit careless or non-uniform operating procedures. It 
does call, however, for genuine mutual trust, and collaboration towards a common goal 
of safety. Good examples are available in other safe industries, such as aviation.  

These concepts are discussed in the 2007 ICRP Recommendations, but only 
briefly and actually the 1990 ICRP Recommendations provided more advice in this 
respect. They are also discussed in various IAEA publications, but unfortunately there 
is some scope for un-necessarily prescriptive solutions, for instance if ‘immaturity’ is 
invoked.  
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