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1. Introduction 
 
 
Industrial Radiography is one of the most important tool for non destructive 
testing used for the control of welds and castings in various facilities. 
Industrial radiographers are among the workers who receive the highest 
individual occupational radiation doses, due to difficult working conditions 
and compliance with national regulations. In 1996, guidelines of good practice 
were published by the operators themselves and “regulatory” administrations 
in the Provence-Alpes-Côte d'Azur Region (South of France).  
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Currently, we appear to be seeing a significant resurgence of interest in safe 
exposure conditions for radiographers as a result of the new radiation policy 
based on risk perception and risk management. The main goal of the present 
study is to improve the definition of professional exposure in order to 
optimise radiation protection in industrial radiography with an updated 
version of the guidelines of good practice. In 2003, the dosimetry of workers 
involved in non-destructive testing, calibration, industrial irradiation, given 
by the French Institut de Radioprotection et de Sûreté Nucléaire (J.L. Pasquier 
data in reference 3) shows 7 monitored workers with an effective dose 
between 20 and 50 mSv and three cases exceeding 50 mSv. 
 
Exposure was characterized using two complementary approaches : analysis of 
working conditions through physical dosimetry, and personal monitoring. Using 
experimental results from operational dosimetry and calculations, a table of 
reference doses for the execution of the step-by-step procedure during routine 
radiography operations was established in order to facilitate provisional 
dosimetry and to comply with ALARA principles. Workplace analysis and audits 
of stakeholders have also provided scientific data for use in defining general 
administrative, technical and practical procedure.  
 
The new guidelines constitute a charter, or code of good practice based on 
observation of the application of the previous version and taking into account 
all the full range of issues, compliance with regulations and technical 
evolution. It will be more operational, easier to read and to update through 
continuous reassessment. 
 
 
2. Materials and methods 
 
2.1. Analysis of working conditions using physical dosimetry 
 
This study focuses on the use of gamma photons usually emitted by a source of 
Iridium 192. Analysis of the working conditions for a radiographer considers 
first the preparation of the equipment at the home base, then the transport of 
the gamma projector, considered hazardous under legislation to the site; then 
the operation itself on the site with, several gammagraphy shootings per 
night; and finally the return to base. 
 
Working conditions depend on site locations and can clearly be different in 
applications such as weld inspection on oil and gas pipelines, detection of 
flaws in power plants, chemical and petrochemical production sites; sites may 
also be situated in sheds or blockhouses. 
 
The material used for measurements is based on detectors : Geiger-Müller 
meters from the Laboratory EA 1784 of Faculté de Médecine de Marseille. This 
Laboratory has developed a protocol of measurements to measure the ambient 
equivalent dose or the ambiant equivalent dose rate at different points from 
the radioactive source. These points are distributed through space and time 
throughout the radiographer’s work. The diagram in figure 1 describes only 
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the dynamics followed by the gammagraphy shooting i.e. between the ejection 
and the return of the source (A, B & C points).  
 
 
 
 
 
 
 
 
 

 
 
 
Figure 1 : Operating dynamics during a gammagraphy shooting 
 
 
Having inserted the film and set up the projector, the operator opens the 
obturator of the projector (in A), and goes to the remote control (in B). From 
there, he ejects the source and then withdraws to the shelter (C). When 
exposure time has elapsed, the operator switches over to remote control to 
reinsert the source in the projector. He checks thanks to a radiation meter 
that the source is well into the projector and the obturator closes itself 
automatically. Our team monitored the radiographer throughout these 
operations, measuring the dose equivalent and the time between the points. 
The laboratory also performed some calculations, using the Mercurad code, 
version 6.3 (CEA and COGEMA licence), Canberra Eurisys S.A, first to produce 
reference doses for the implementation of ALARA principles. Our goal was  
first to define a simple tool for radiographers and, secondly to study physical 
effects on the dose equivalent, such as, for example, diffusing materials. 
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2.2 Personal monitoring 
 
Individual dosimetry is legally regulated (Decree n° 2003 – 296 of March 31, 
2003 and Articles R.231-73 in R.231-116 of the legislation on working practice 
(Code du Travail) which defines approved dosemeters and sets clearly 
expressed dose limits for multiple exposures over one year, to be recorded in 
the worker’s medical file. In France, the expert consulting body is IRSN 
(Institut de Radioprotection et de Sûreté Nucléaire). The decree dated 
30thDecember 2004 makes it compulsory for industrial radiographers to 
monitor and record their personal dose by passive and active or operational 
dosimetry. 
 
All industrial radiographers are in category A and usually carry a photographic 
dosemeter which gives the personal dose equivalent for the whole body 
(Hp(10)). They also have also an electronic dosimeter (operational dosimeter) 
which makes it possible for the carrier to monitor the personal dose 
equivalent in real time. These dosimeters feature an audible alarm triggered 
at various thresholds. 
 
All the occupational physicians in the PACA region who are involved in the 
monitoring of industrial radiographers were requested to participate in the 
study. The aim of this medical approach is to assess DNA damage induced by 
occupational exposure to ionizing radiation. To this end, we use two 
complementary genotoxic endpoints and we collect the personal dosimetry 
records for the 10-year period preceding collection of the biological samples. 
We evaluate oxidative DNA damage by the determining urinary 8-
hydroxydeoxyguanosine in three urine samples (pre-shift, post-shift and pre-
shift on the following day) using a competitive in vitro ELISA. The 
chromosome/genome mutations are assessed in peripheral lymphocytes by the 
cytokinesis-block micronucleus (CBMN) assay, together with fluorescent in situ 
hybridization (FISH) with a human pan-centromeric DNA probe, in order to 
discriminate between micronuclei containing acentric chromosome fragments 
and micronuclei containing one or several whole chromosomes. All these 
biological results are compared with those of control subjects who are not 
occupationally exposed to ionizing radiation or carcinogenic chemicals.  
 
 
2.3. Revision of the charter of good practice 
 
This study was conducted by several institutions and stakeholders involved in 
safety : manufacturers, industrial maintenance and industrial radiography 
firms, laboratory EA 1784 of Faculté de Médecine de Marseille.  
 
Radiographers, inspection staff, prevention and hygiene services, experts in 
radiation protection, medical doctors and physicists worked together in three 
task groups for two years on dosimetry at workplaces, on working practices 
(preparation of the order and its execution), on monitoring and health care.  
 
One working group was in charge of the revision of the charter. Naturally, this 
group worked closely with the two other groups to maximise data collection. 
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Feedback from radiographers, experts in radiation protection was essential 
for this updated version of charter whose main goal is the evaluation and the 
prevention of risks industrial radiography procedures. 
 
Primarily, this charter aims at a reduction in occupational exposure to 
radiation, taking into account the three basic principles of radiation 
protection and safety (justification, optimization and limitation), the 
improvement of working conditions and assistance in meeting legal 
requirements.  
 
 
3. Results and discussion 
 
3.1. Analysis of working conditions using physical dosimetry 
 
One of the most important aspects during preparation for shootings is 
estimation of the provisional doses registered by the operators for 
optimization purposes. To this end, a table has been produced in order to 
calculate the doses received during the different stages of the shooting for a 
given activity : transport by car of the projector between the radiographer’s 
base and the site, manual transport and installation of the projector with the 
collimator, ejection and return of the radioactive source, manipulation of the 
remote control, position behind the screen during exposure period. Taking into 
account the wide range of shooting, locations, we have chosen to overestimate 
the integrated dose registered by the operators, by simulating all the stages 
of the procedure with the Mercurad code (version 3). This model realistically 
simulates a shooting without screen. Dosimetric measurements show a good 
agreement with calculations. Results obtained with an iridium source, activity 
1.85 TBq are presented largely in Table 1. All calculations were done with a 
collimator. The table includes the mean dose equivalent dose rate during 
transport by car and the mean dose equivalent during the manipulation of the 
projector before shooting. 
 
 
Dose equivalente rate during transport by car 
 

1.5 µSv/h 

Dose equivalent during projector handling 
 

200 µSv/h 

Dose equivalent during collimator handling 
 

15 µSv/h 

Dose equivalent from change of position between 
projector and remote control 
 

10-2 µSv/shooting 

Dose equivalent during source ejection 
 

4 µSv/shooting 

Dose equivalent during source ejection behind a screen (1 
cm of steel) 
 

3 µSv/shooting 

Dose equivalent at shelter point (behind screen) 5 µSv/h 
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Table 1 : Reference dose equivalents calculated for effective dose estimation 
with an iridium source of 1.85 TBq activity 
 
 
The agreement between experiment and calculation (Mercurad) is about 20 %. 
From these results, we can easily estimate the mean dose equivalent 
(effective dose) received by an operator during a typical example : 
 
Considering 30 shootings at 10 different locations on the same site with 1 
hour’s transport from the radiography home base, 2 hours’ radiation 
exposure, half an hour’s handling of the projector and half an hour’s handling 
of the collimator, the total dose by operator would be about 130 µSv. In most 
cases, there are two radiographers and the collective dose is about 260 µSv 
for one night. Extrapolating this value, the annual dose could exceed 20 mSv ! 
These results are in good agreement with observations in working conditions 
analysis. Moreover these calculations correlate well with the cases of 
overexposure recorded by IRSN in 2003, such as mentioned in the introduction 
and with some dosimetry records of industrial radiographers in our study (see 
below). 
 
These calculations indicate that doses (exposure) which are often ignored, 
such as transport dose or collimator dose, are significant. 
 
Finally, taking into account the time needed to execute each stage of the 
procedure and the number of shootings, a software programme was designed 
to calculate the integrated doses registered by operators. 
 
 
3.2. Personal monitoring  
 
At this time, data from all the industrial radiographers and control subjects in 
the biomonitoring study has not yet been fully collected, consequently, no 
biological results can be presented. Concerning the physical dosimetry records 
of the first radiographers included, a decrease in effective doses is noted for 
2004, following Decree n° 2003 – 296 of March 31, 2003 introducing the new 
limit of 20 mSv/year. Indeed, several annual doses exceeded 20 mSv in 2001, 
2002 and 2003, whereas no cases exceeded the limit in 2004.  
In a previous study conducted in 2000 by the laboratory EA 1784 on 29 
industrial radiographers, two thirds of the workers had at least one annual 
dose over 20 mSv and the 50 mSv dose (the legal limit at this time) was 
exceeded twice over the final 5-year period (1995-1999) [Sari-Minodier et al, 
2002]. The mean cumulative effective dose over this 5-year period was 67.2 
mSv ± 49.8. The CBMN assay revealed a higher micronucleated lymphocyte 
frequency in the industrial radiographers than in the controls (10.7‰ ± 5.2 
versus 6.6‰ ± 3.1, P = 0.009). This difference was due to a significant 
increase in micronuclei containing acentric chromosome fragments, which 
correlates well with the main clastogenic action of the ionizing radiations. In 
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addition to physical dosimetry records, the results of our biomonitoring 
studies have emphasize the importance of radiation safety programs.  
 
 
3.3 Charter revision 
 
Thus, working conditions need to be improved with regard to justification, 
optimization and limitation principles. All the work of the industrial 
radiographer must be evaluated according to a charter. 
 
Although radiography appears a straightforward operation, work in the field 
often seems more complicated in its execution. The charter covers all aspects 
of operations, taking into account the chronology of the following stages which 
depends on type of facility (industrial site or sites in sheds, blockhouses). It 
begins with a review of basic radiation protection principles followed by the 
role and responsibilities of each stakeholder, personal training, medical and 
dosimetric monitoring of workers. Finally, the step by step procedure is 
described (previous preparation for the operation, coordination of risk 
prevention, preparation for the work, transport of the projector, feedback). 
Appendix gives details. 
 
 
4. Conclusion and  prospects 
 
The French national nuclear safety authority (Autorité de Sûreté Nucléaire) 
has focused attention on this topic. As data from the Institut de 
Radioprotection et de Sûreté Nucléaire shows, the problem is not local and 
needs to be treated at a national level, with all the manufacturers concerned. 
Therefore a new task group with members of COFREND (Confédération 
Française pour les Essais Non Destructifs) and SFRP (Société Française de 
Radioprotection) currently working on national guidelines taking into account 
the results of this study. 
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