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ABSTRACT 
This paper will describe the motivation of the Service de Protection 
Radiologique de Armées (SPRA) for replacing their existing dosimetery 
service based on photographic films with one centralised at Clamart, 
near Paris, and adopting dosemeters based on Optically Stimulated 
Luminescence (OSL).  The advantages of centralisation and of the new 
technology adopted will be discussed. 
 
INTRODUCTION 
This paper describes the implementation of a new dosimetry service by 
the French army.  The service is based on the InLight® system developed 
by Landauer.   
 
Until recently, the French Army, in common with all French dosimetry 
services, were required to use film dosemeters to measure personal 
whole body dose-equivalent.  A number of factors prompted a review of 
these arrangements including; changes to French legislation requiring 
greater sensitivity of personal dosemeters than can be obtained using 
film: an opportunity to renew their rather old dosimetry facilities; to 
use a state of the art dosimetry system; and to co-locate all the 
dosimetry services into one facility at Clamart. 
 
The InLight® dosemeter and the systems used for readout have been 
described in previous papers.  This paper will concentrate on the 
particular benefits of the service as implemented by the French army.  
In particular, these include the ability to operate a self-contained, in-
house facility, fulfilling the army’s special requirements for security of 
the dose information.  A number of the dosemeters will, in future, be 
deployed in field operations.  The ability to read passive dosemeters in 
the field a number of times, using a very small, rugged reader and at 
the end of operations to make an official read is a unique advantage of 
the InLight system.  
 
In deciding to use the InLight system, the army made a field study, 
during NATO exercises comparing film and InLight badges.  The 
laboratories at Clamart are in the process of obtaining ISO 17025 
approval and the dosemeter is being approved by IRSN. 
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Finally, initial experience with the InLight system will be described. 
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REQUIREMENTS FOR THE FRENCH ARMY 
The Service de protection radiologique de armées (SPRA), under the 
auspices of the French Ministry of Defence, undertakes the radiological 
protection of personnel employed by the French Army.   
 
The potential for occupational exposure ro radiation in the army is 
extremely varied.  Possible sources of exposure include: 

• hospital and medical radiography; 
• nuclear medicine; 
• research laboratories; 
• army and airforce bases; 
• nuclear propelled ships; and  
• other industrial installations. 

 
In 2003, 4,869 staff were being monitored by SPRA.  Amongst these the 
maximum whole body effective dose was 5.10mSv and the maximum 
effective extremity dose was 184mSv (both received by staff in nuclear 
medicine).   
 
The evolution of regulation for radiation protection of workers exposed 
to ionising radiation has necessitated the development of new 
technologies to improve the limit of detection and improve the spectral 
response of external passive dosemeters.  The technologies have been 
optimised both for the type of radiation exposure and, also, for the 
environmental conditions during use.  From 2007, French legislation will 
require a limit of detection of less than equal to 0.1mSv with a step of 
less than or equal to 0.05 mSv.  These new criteria will render the 
photographic film obsolete for personnel extremity dosimetry in 
France. 
 
Passive dosimetry for external radiation for army personnel was 
undertaken using the following technologies: 

• Photographic film to detect beta radiation, x-rays and �-rays, 
with a limit of detection of 0.2 mSv and a step of 0.1 mSv; 

• Kodak NTA film for the detection of fast neutrons with energies 
greater than 1 MeV and with a limit of detection of 0.4 mSv.  
This system was introduced in December 2001 and in the 
absence of more effective dosemeters has not been replaced. 

 
Since 2003, the SPRA has tested and analysed a number of technologies 
to optimise the surveillance of individual exposure.  During 2005, a new 
system for external dosimetry for beta radiation, x-rays and �-rays, 
based on the Optically Stimulated Luminescence (OSL) technique, was 
progressively introduced, replacing the existing film badge service. 
 
THE INLIGHT DOSEMETRY SERVICE 
The InLight dosemeter comprises four Optically Stimulated 
Luminescence (OSL) detector elements installed in a badge.  Each 
element is held under a different filter.  Readers have been developed 
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so that dosemeters can be read automatically at a speed approaching 
10 seconds per dosemeter, with very little need for operator 
intervention.  These are based on the widely used Panasonic 
thermoluminescence dosemeter (TLD) readers that have been modified 
for OSL readout, principally by employing light emitting diodes as a 
light source and simplified luminescence measurement system.   
 
Landauer currently operate this service in Europe based in our offices in 
Fontenay-aux-Roses in Paris.  Here we have installed five readers (one 
manual, one with 200 badge capacity and three with 500 badge 
capacity).  We have also installed a dismantling machine which enables 
us to separate the internal slides containing the OSL elements from the 
dosemeter case.  This enables the cases to be reused, whilst the slides 
can be stored in case they need to be re-read.  For most of our clients in 
France we are continuing to operate as a service, supplying clients with 
complete dosemeters, receiving them back for readout, dose 
calculation, dose reporting and record keeping.  For a small number of 
customers, in particular the French army, we are supplying the readers 
and dosemeters so that they can operate their service in-house with 
support from Landauer.   
 
Optically stimulated luminescence 
The application of optically stimulated luminescence for dosimetry has 
recently been reviewed [1].  The mechanisms for trapping charge 
during radiation exposure are similar to thermoluminescence.  The 
principal difference to thermoluminescence being the release 
mechanism in which exposure to optical light is used to obtain the 
signal which is a function of the dose absorbed.  This is a quantum 
process, with no heating, and only a small fraction of the trapped 
charges are released.  Thus, much of the trapped charge is retained 
following stimulation and may be released in subsequent readings.  This 
enables OSL dosemeters to be read out many times without significant 
loss of signal.  As its detectors, Landauer use aluminium oxide powder 
doped with carbon (Al2O3:C), obtained by grinding crystals and sifting 
the powder to the desired size range.  The powder is mixed with a 
polyester binder and coated onto a roll of polystyrene film.  The film 
roll is subsequently cut to the desired shape and size (for InLight 
dosemeters this is discs approximately 5mm diameter).  A number of 
papers [2 – 8] have described the application of OSL to personal 
dosimetry. 
 
The dosemeter 
The InLight dosemeter is designed for personnel monitoring of the whole 
body.  It consists of a plastic holder (cover and sub carrier), which 
snaps shut to hold a dosimeter (case and slide), Figure 1. 
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Figure 1. The InLight dosemeter. 

 
The case contains metal and plastic filters while the plastic slide 
contains the detector elements.  The detector element is a layer of 
Al2O3:C sandwiched between two layers of polyester for a total 
thickness of 0.3mm. 
 
Both the case and slide have unique barcodes.  The barcode for the case 
comprises a two letter code indicating the type of case (which indicates 
the specification of the fileters) and the unique serial number of the 
case.  A two dimensional barcode is etched onto the surface of the slide 
This has the form of a single letter code defining the type of slide, 
three digits which indicate the sensitivity of the OSL detectors and the 
unique serial number of the slide.  By giving the sensitivity of the 
detectors in the slide barcode the badges may be read out on any 
reader without the need for individual calibration of the detectors.   
 
In the optimisation of the design of the dosemeter, a number of filter 
combinations were tested.  A combination of open window, plastic, 
aluminium and copper has been adopted as the standard badge.  The 
thicknesses of the filter components are limited by the clearance within 
the reader to 0.7 mm.  Overall filter thicknesses, exclusive of cover and 
label, for the standard design of badge is given in table 1. 
 

Table 1. Filter thicknesses for the InLight badge 
 Thickness mg.cm-2 
 Open 

Window 
Plastic Aluminium Copper 

Front 29 275 375 545 
Back 134 283 383 553 

 
Reusability 
The ability to be able to read out the badges a number of times is a key 
requirement for use by the French army as they wish to use the same 
dosemeter for consecutive issue periods.  Studies have been undertaken 
to investigate the change in optically stimulated luminescence following 
multiple readouts [11].  For each consecutive readout, the dose 
reported is depleted by 0.4%.  This value is repeatable and, if 
necessary, can be corrected for.   
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Readers 
Readers have been developed so that dosemeters can be read 
automatically at a speed approaching 10 seconds per dosemeter, with 
very little need for operator intervention.  These are based on the 
widely used Panasonic TLD readers that have been modified for OSL 
readout, principally by employing light emitting diodes as a light 
source.  
  
Three models of reader have been developed: a manual reader 
(approximately 60 cm wide, 42 cm deep and 37 cm high); a reader 
capable of reading out up to 200 dosemeters sequentially without 
operator intervention (approximately 110 cm x 46 cm x 38 cm, as 
shown in Figure 2); and one capable of up to 500 dosemeters.  While the 
manual and 200 automatic readers can be installed on desks, the 500 
unit automatic reader is a free standing model.  Both the 200 and 500 
unit automatic readers have a throughput of 280 dosemeters per hour.   
In the two automatic readers, dosemeters are fed into the reader using 
magazines each holding 50 dosemeters.   
 
The principal components of the reader are the light source and 
detector.  The light source comprises an array of 38 light emitting 
diodes (LEDs) which illuminate the full area of each of the detector in 
turn. A test using one LED before readout determines approximately the 
dose range of the dosemeter.  Then for reading out dosemeters with low 
doses all 38 LEDs are used (strong beam) and for high doses just 6 LEDs 
(weak beam) are illuminated.  The cut-off point between low and high 
dose is an adjustable parameter of the system.   
 

 
Figure 2. The automatic 200 reader 
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A transport mechanism drives the dosemeter through the reader.  A bar 
code attached to the side of the badge is read to identify the dosemeter 
and indicates the type of filter combination.  The dimensional barcode 
etched into the slides is used for identification and for information on 
the sensitivity of the OSL detectors. These are read automatically.  
Each OSL element is then read in turn and the counts stored.  At 
appropriate intervals ‘measurement standards’ tests are undertaken to 
monitor dark current, strong and weak beam intensities and the 
photomulitiplier efficiency.  These are maintained within specified 
limits. 
 
Readers are controlled by dedicated computers which also perform the 
initial processing of the data.  Raw counts for each of the OSL detectors 
are automatically converted using the sensitivity of the detector and 
calibration factor of the reader, and the dose algorithm applied for 
each badge.  Data stored includes: the counts and converted counts 
(counts corrected for the sensitivity of the detector and the calibration 
factor of the reader) for each detector and the output from applying 
the algorithm, including Hp(10) and Hp(0.07).  Further software is 
available for data review, subtraction of background and preparation 
of dose reports for customers. 
 
Service options 
The InLight system is very flexible in the way that it can be applied 
from “full service” as supplied by Landauer through a bespoke system 
supplied to a client as an “in-house” operation with support from 
Landauer. 
 
Traditionally, Landauer has preferred to provide a “full service” 
dosimetry system.  In this service, before each issue period, Landauer 
supplies complete dosemeters pre-labelled individually to the client’s 
requirements (including for example: name, reference number and wear 
period).  At the end of each issue period the client returns the complete 
dosemeters for readout.  Landauer then reads out the dosemeters, 
provides dose reports to the clients and undertakes the record keeping.   
 
Landauer has also maintained a small number of clients with variations 
of this complete service.  For example, the provision and readout of the 
dosemeters, but record keeping maintained by the client.  The InLight 
dosemeter enables us to have full flexibility in the extent of the service 
Landauer provides to its clients and the scope of work undertaken in-
house by the client.  At the other extreme from the “full service” option 
we can now provide readers and badges to clients for them to operate a 
dosimetry service in-house.  
 
THE SYSTEM AS APPLIED THE FRENCH ARMY 
To consolidate the French army’s dosimetry service at Clamart, one 
manual and one automatic 200 reader have been installed there.  
Additionally, Landauer have supplied an adequate number of InLight 
badges.  Quality controls and calibration badges are provided at 
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regular intervals and the readers are serviced from Landauer’s offices 
in Fontenay-aux-Roses.   
 
This system has the advantage of centralising the dosimetry service in 
a single place without the need to rely on any external organisations.  
The French regulations require the reporting of results before the end 
of the month following the issue period.  Thus the gain in time and 
productivity was essential with the results obtained and reported with 
the shortest possible delay. 
 
Dosemeters are split into four groups according to the nature of the 
work they perform.  These are: 

• dosemeters for participants involved in nuclear propelled ships; 
• dosemeters for participants involved in nuclear medicine or 

interventional radiography; 
• control dosemeters; and  
• all other dosemeters. 

 
The badges are located in standard Panasonic badges.  For reasons of 
security, badges are readout after each issue period and then re-issued.  
Software has been developed to subtract the previous dose history from 
the badge so that the dose in each issue period is known.  Slides for 
which the detectors have accumulated more than 2 mSv are taken out of 
service so that the uncertainties in subtracting off the previous dose 
history (including background) are not significant.  Replacements are 
supplied by Landauer under contract.   
 
To optimise the surveillance of personnel sent on operations outside the 
country, the SPRA envisages the use of portable readers, permitting the 
dosmeters to be read out without having to return the badges to the 
central operation.  In particular, this could be used in the unlikely event 
of an accidental exposure on a nuclear propelled ship far from its base, 
or during the deployment of personnel in contaminated land, or in the 
case of accidental exposure to an ionising radiation source.   
 
The results obtained in this way will permit the optimisation of the 
exposure of personnel in their normal activities at their workplace 
following an abnormal exposure. 
 
INITIAL OPERATING EXPERIENCE  
The first results are encouraging. 
 
During the use of photographic films, because of the level of exposure 
and the limit of detection of the technique, about 80% of the 
dosemeters recorded a dose at below the minimum reporting level.  
Since the introduction of dosemeters using OSL technology, 60% of the 
results reported indicated a dose more than or equal to 0.1mSv. The 
level of exposure of personnel has not changed, but the improvement of 
the technology has allowed  
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The reporting of results has been accompanied by a campaign of 
information to personnel aimed at explaining the origin of doses 
received obtained during their daily work. 
 
CONCLUDING REMARKS 
The SPRA have taken the opportunity provided to changes in the French 
legislative requirements for personal monitoring, both to adopt better 
technology and to centralise their dosimetry service.  The InLight 
dosemeters, which use Optically Stimulated Luminescence, have lower 
limit of detection than the previously used photographic films.  This 
will enable better understanding of the small doses received by army 
personnel.  The centralisation of the service benefits SPRA by allowing 
much greater control of their operation and limits any delays in 
reporting of results.  The OSL technology will also allow the use of 
portable readers in field operations to allow local readout of badges in 
the event of abnormal exposure of army personnel.   
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