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Abstract  

The French interministerial program of CBRN research and development has been launched 
by French national authorities in 2005 and its coordination and driving was given to CEA, in 
close contact through national piloting comities with French national procurement agency 
and general secretary for national defence. The objective is to develop technical 
breakthroughs in the field of detection & identification, diagnosis, decontamination and 
countermeasures (prophylaxis and therapeutics) against the R, B, C threat agents. At that 
time, this research program has led to more than 45 R&D projects and to the realisation of a 
significant number of laboratory prototypes.  
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1     General context 

The French Atomic Energy Commission (Commissariat à l’Energie Atomique) is a public body 
which is active in three main fields: energy, information and health technologies, defence and 
security. Besides its objective to ensure that the nuclear deterrence remains effective in the future, 
CEA has developed extensive expertise in a number of fields which are now central to CBRN 
(chemical, biological, radiological and nuclear) researches and developments (R&D), ranging from 
radiological and nuclear responses, non proliferation and foreign nuclear policy, energy and nuclear 
systems for the future, micro and nanotechnologies, software technologies and life sciences.  
 
Through its engagement in research for tenths of years, CEA’s has been developing technologies 
for global security, international treaties monitoring and fight against CBRN threats. Regarding 
their increasing importance and the multiplicity of required skills, these activities are managed since 
2006 by a new transverse program division (Division for global security and non-proliferation). 

2     The CBRN program 

In particular, due to its large domains of expertise, CEA is the leading and coordinating institution 
of the R&D actions within the French national global CBRN program, started in 2005. In 
cooperation with other French academicals research centres (Pasteur Institute, CNRS, INRA, IRSN, 
etc), the main objectives of this national program is to identify powerful breakthroughs in the field 
of detection & identification, diagnosis, decontamination and countermeasures (prophylaxis and 
therapeutics) against the R, B and C threat agents.  
 
At that time, this research program has led to the realisation of a significant number of R&D 
projects (more than 45 from 2005) and to numerous laboratory prototypes. Technological transfer 
towards industry is now in progress either under the form of license agreement or integration in the 
framework of national or European programs. For example, CEA is strongly involved in the 7th 



R&D Framework Program currently in progress and more particularly in the security theme (ESRP) 
and also in various French poles of competitiveness like SYSTEM@TIC, LYONBIOPOLE, etc. 
Moreover, CEA contributes actively to ESRIF (European Security Research and Innovation Forum) 
and EOS (European Organisation for Security) working groups.  
 
Some examples of CEA activities and results in the field of R&D in security are given in figure 1 
and developed here under.  
 
 

 
 

Figure 1: examples of Technological bricks for detection & identification 
 

2.1 Detection of illicit nuclear, radiological materials 

Through its support to authorities in the fight against proliferation activities and terrorism threat, 
CEA has developed efficient methods and means to detect illicit nuclear or radioactive material, for 
example beacons to detect materials on moving vehicles or pedestrians, photofission method for 
materials inside maritime containers, ultratrace detection, high sensitive portable gamma camera, .. 
 
Innovative instrumentation is specifically developed to bring answers to security needs (mass 
transportation, critical infrastructures, airports,..). Area of expertise is contribution to threat 
characterisation, instrumentation, modelling of the dispersion and transport of toxic substances in 
the atmosphere, technologies and evaluation, forensics, responding.  
 
For example, we developed a beacon (DIRADTM) for the real time identification of radionuclides on 
persons or inside vehicles which allows sensitivity high enough to be able to identify a radioactive 
source in a 100 km/h moving vehicle (Figure 1).  
We also developed a compact gamma camera for source localisation or rapid cartography of 
contaminated areas (Figure 1). In this case, main objective was to reduce the weight and to increase 



performances, by the implementation of a pixellised photons detector, MedipixTM , connected with a 
coded mask and a visible camera.  

2.2 Detection of chemical and explosive materials  

CEA also gets a high expertise on explosive/chemicals materials and detection systems and has 
experience of system testing and evaluation.  
 
Most of the developed technologies are based on fundamental research lead by CEA on materials. 
From theory study through numerical modelisation, optimisation of materials to interact with a 
specific explosive molecule, fabrication equipment, characterization and test method, integration in 
a sensor, CEA has the capability to design high sensitive and specific detectors.  
 
Therefore, for several years, CEA has developed various detection systems to detect and identify 
HE explosives or home-made explosives, to detect and identify warfare chemical agents or 
industrial chemical toxics. These detection systems used various techniques to cover the various 
concepts of operations (X-ray spectrometry with CdTe or CdZnTe detectors at room temperature, 
active neutron interrogation, RQN, trace detections with quartz microbalance, chemical sensors 
with SAW or microlevier transducters, innovative explosive microsensors, standoff detection with 
LIBS and LIDAR,.....) and imagery systems (mm, THz, X-ray). Most of these technologies have 
been patented and experimental facilities existing inside CEA (experimentation field tests) are 
operated to qualify developments and benchmark commercial devices.  
For example, CEA developed highly portable LIBS (Laser induced breakdown Spectroscopy) for 
standoff chemical compounds detection (Figure 1).  

2.3 Biosecurity activities 

For this field, the program included researches and development in detection, diagnosis, 
prophylaxis/treatments and decontamination. This activity is supported by technology platforms 
including high safety infrastructure (BSL 3 laboratories).  
A large part of the detection technology and therapeutic strategies depends on the availability of 
well-characterized proteins of high biochemical quality. For this reason, a special effort has been 
devoted to obtain and/or analyse a range of antibodies, recombinant antigens and receptors. The 
skills and technical facilities that are available give access to the wide diversity of molecular 
resources needed to cover the full range of biological threat agents. We also have devoted a special 
effort to the development of robust reagents for molecular biology (DNA probes and primers).   
The identification of proteins as new molecular targets of drugs or toxic compounds takes 
advantage of the recent advances in genome sequencing. Bioinformatics, transcriptomics and 
proteomics are used for the high throughput discovery of novel proteins and pathways. The 
biochemical approaches are integrated "from sequence to purified protein" and are developed upon 
mature or innovative techniques for production of recombinant proteins, purification of native and 
recombinant proteins, their folding and characterization by biophysical techniques, the large scale 
production of polyclonal and monoclonal antibodies.  
 
For example, in detection, we have developed immunochromatography based detection strips 
against toxins and living threat agents (Figure 1), cytogenetic (for NR threats), neurotoxins 
detection by CNS receptors expressing cells or patch-clamp chips, mass spectroscopy analytical 
methods, multiplexed amplified Surface Plasmon Resonance (SPR), standoff detection (LIDAR), 
etc. For diagnosis, CEA has developed mRNA profiling, Poxvirus differential diagnosis by Elispot, 
etc. For treatment and prophylaxis, this program encompasses high throughput screening of both 
public and proprietary libraries, therapeutic antibodies development and fundamental researches for 
prophylactic means. 



2.4 Micro & nanotechnologies  

Acting as a bridge between academic research and industrial transfers, CEA activities in the field of 
Electronics and Information Technology spread from miniaturization of the silicon technologies up 
to a component prototyping for a wide variety of applications.  
CEA is active in the field of detection (from TeraHertz to X-rays via infrared and visible 
frequencies), optical recording and the Integration of optical functions on silicon. By developing 
infrared or terahertz matrix with small pixel size and with exceptional uniformity, excellent image 
quality can be obtained.  
 
The use of spectrometric semiconductor (CdTe or CdZnTe) detectors at room temperature is 
important for security applications. It allows the development of new explosive detections systems. 
Thanks to a more accurate characterization of material, these detectors enable to refine detection 
and to limit the number of false positives. The possibility to operate them at room temperature 
makes them well adapted for portable inspection systems. The same technology can be used to 
develop portable and compact gamma probes or imagers for detection and identification of 
radioisotopes in parcels or containers. These developments are carried out using in-house 
competencies: crystal growth methods, device technology and assembly, ASIC design, prototype 
system integration, modelling and characterization, information processing to extract relevant 
information from data. 
 
CEA develops miniaturized detection systems where several steps of an analytical protocol, from 
the raw sample to the final result, are implemented on a single device or a single chip.  
 
For example, CEA has developed a lab-on ship (powered by an air extractor, concentration of a 
10ml sample in 10 µl; detection of the possible pathogens in this concentrate by quantitative PCR) 
integrated in a single 10cm

3 
module that is capable of replacing a conventional  1m

3
instrument to 

detect biological threats. We also have developed autonomous, multiplex immunofluorescence 
beacon for continuous monitoring from water or bio collection products (Figure 1), based on the so 
called displacement-competition method.  
These developments are carried out using in-house competencies in micro and nanotechnologies as 
well as in microfluidics, surface chemical functionalisation, analytical chemistry and biology.  

2.5 Decontamination 

CEA has formulated specific chemical composition based on foam for decontamination. It 
comprises one or more surfactants, one or more acid or basic reagents and a gelling agent. The 
decontaminating foam has long life spans, generally ranging between 1 and 10 hours, ensuring 
prolonged action on the surface and high decontamination efficiency. These foams can be used for 
eliminating radioactivity from a large size inaccessible installation with complex shape by being 
simply filled or simply sprayed onto an accessible surface.  
 
Foams have also been used to eliminate bacteria over surface with the advantage of producing solid 
residues easily eliminated. 

3 Conclusions 

The need of science and innovation to combat the threat from terrorist is of critical importance. As 
illustrated by the description of some R&D activities, numerous innovations are now matures for 
technological transfer to industry. Demonstrators and R&D conducted by CEA are more precisely 
detailed in others specific communications. 
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