
DEFEKTOSKOPIE  2018                  19

Czech Society for Nondestructive Testing

NDE for Safety / DEFEKTOSKOPIE 2018

November 6 - 8, 2018 - City Conference Center, Prague, Czech Republic

THE INTERNATIONAL INFORMATION SYSTEM ON 
OCCUPATIONAL EXPOSURE IN MEDICINE, INDUSTRY AND 
RESEARCH (ISEMIR): RADIATION PROTECTION TRAINING 

AND QUALIFICATIONS 
Lenka DOJCANOVA1, Jizeng MA1, Jie FU1

1InternationalAtomicEnergyAgency
Contacte-mail:L.Dojcanova@iaea.org

Abstract 

It has been long known that there is a significant potential for industrial radiography personnel to receive 
non-trivial occupational exposure. In order to ensure safety of personnel working in industrial radiography, 
it is of utmost importance to guarantee proper education and qualifications in the area of occupational 
radiation protection. 
The international experts group organized by the International Atomic Energy Agency (IAEA) has 
suggested to create an online tool, the Information System on Occupational Exposure in Medicine, Industry 
and Research: Industrial Radiography (ISEMIR-IR) to assist NDT companies with implementation of the 
optimization principle in occupational radiation protection. Training of industrial radiographers and other 
personnel and the general training requirements were recognized as one of the key areas relevant for 
maintaining appropriate radiation protection of workers, public and the environment.  
ISEMIR-IR online system was launched in 2017 based on the data from an extensive research of and results 
of the worldwide surveys. In 2010, three questionnaires were developed and sent to three different actors. 
Responses were received from 432 industrial radiographers from 31 countries, 95 NDT companies from 
29 countries, and 59 national regulatory bodies.  
All three questionnaires confirmed that education and training of radiographers is a major requirement in 
ensuring safety of personnel working in industrial radiography. The shortcomings identified in the surveys 
were for example emergency procedures training of radiographers who perform on-site radiography, and 
insufficient practical exercises for creating a safe situation or in source recovery. 
Since its launch in 2017, one of the main areas for data collection is radiation protection training and 
qualifications of industrial radiographers.  
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Introduction 
Industrial radiography provides a means of verifying the physical integrity of equipment and 
structures such as vessels, pipes, welded joints, castings and other devices. The structural integrity 
of such equipment and structures affects not only the safety and quality of the products but also 
the protection of workers, the public and the environment (1). Industrial radiography by its nature 
is carried out under difficult working conditions, in remote or urban areas, with little supervision, 
and with strong radiation sources.  
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It accounts for approximately half of all the reported accidents for the nuclear related industry in 
developed and in low to middle income countries(2). If performed in a safe manner, X-radiography 
equipment and gamma-radiography equipment used in industrial radiography pose no health benefits. 

In some cases, the use of radioactive sources could lead to occupational exposures, both in normal 
operations and in accident situations. Related accidents and incidents occur in the NDT industry, 
and the dose rates received to a source or a device may be high enough to cause overexposure of 
extremities, and could potentially result in the loss of a limb(3). As an outcome, occupational 
radiation protection is often scrutinized and not optimized.  

Failure to adhere to working procedures or a lack of training are the potential causes of safety 
failures and higher exposures in the NDT industry (3). The information about radiation protection 
training of industrial radiographers and other personnel and the general training requirements in 
this area is useful for drawing conclusions related to safety arrangements. 

The exchange and analysis of information about individual and collective occupational radiation 
dose as well as about existing dose reduction techniques among operators, regulators, related 
experts and dosimetry services is essential for implementing effective exposure control 
programmes based on the proper training needs (1).  

In order to address these gaps on a worldwide level, the IAEA has decided to conduct a worldwide 
survey, and to subsequently develop an international database called ISEMIR.  

2. Worldwide survey of occupational radiation protection

2.1  WGIR and the Method 
As a response to the inadequate radiation protection of staff in industrial radiography, the WGIR 
group of professionals with experience of working for NDT companies, client companies, NDT 
societies, technical service organizations, including education, training and inspection, and 
regulatory bodies, was established in 2010.  

WGIR’s main goal was to scrutinize internationally-accepted good practices and shortcomings in 
occupational safety in industrial radiography. The group was established to particularly define 
actions on how to improve occupational radiation protection, harmonize monitoring procedures, 
and to set up a global system for a regular collection and analysis of individual doses (4).   

The main activity of the group was to develop a worldwide survey. The data from the survey was 
later used to create an international database for optimizing occupational radiation protection.  

In order to gain as much information as possible about the global situation in industrial radiography, 
the WGIR designed three different types of questionnaires. These were sent to national or state 
regulatory bodies responsible for radiation protection, NDT companies, and individual industrial 
radiographers. The survey was distributed for a period of one year, from 2010 until 2011. 

The questionnaire for individual industrial radiographers consisted of 14 main questions while the 
NDT company questionnaire and the regulatory body questionnaire were more complex, comprising 
of 31 and 29 main questions. As for the training and qualifications’ section, the regulatory bodies 
received the highest number of questions, 4 with 11 sub questions. The emphasis was given to the 
regulatory body role in training following the requirements of the IAEA Basic Safety Standards, 
which states that: “The regulatory body shall ensure the application of the requirements for education, 
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training, qualification and competence in protection and safety of all persons engaged in activities 
relevant to protection and safety” (15). In comparison, the industrial radiography questionnaire 
contained 4 questions and 3 sub questions; and the questionnaires for operating companies contained 
2 questions and 4 sub questions.  

Topics addressed by each questionnaire included training in radiation protection; incidents; safety 
of the radiographer, the public and sources; inspections; emergency plans; and individual 
monitoring (5). 

Questions about radiation protection training addressed: 

- facilitation of radiation protection training for staff by NDT companies and participation of
staff in such training

- training being included into the NDT training or as a separate training
- the level of the training (level 1-3 based on the internationally recognized standards, ISO 9712)
- obtaining of formal qualification and/or certification
- undertaking theoretical and practical training and a refresher training
- procedures for emergencies being included in training.

To help facilitate the access to information in various regions, the radiographer’s questionnaire 
and the NDT company questionnaire were translated into Chinese, English, French, German, 
Portuguese, Russian and Spanish, with the addition of Dutch for the radiographer questionnaire(5). 

2.2  Survey Results  
Responses were received from 432 industrial radiographers, 95 NDT companies and 31 regulatory 
bodies from different countries. In the case of all three questionnaires, the highest number of 
responses was received from Europe. NDT companies and regulatory bodies from the Asia and 
Pacific region provided the second highest number of responses for two types of questionnaires. 
Industrial radiographers from North America ended up second in responding to the individual 
radiographers’ questionnaire, right after Europe.   

The data showed that the main safety breaches in all world regions were related to a lacking use 
of collimators/diaphragms, survey meters not as widely available as they should have been, a high 
frequency of incidents, occupational doses received by radiographers varied considerably with no 
correlation to a radiographic workload. The complete data is published in the IAEA Technical 
Document 1747. 

The high occurrence of incidents and accidents was also confirmed by the survey with 
a discrepancy between the responses of individual radiographers and NDT companies. While the 
companies reported on average 0.03 accident and 0.05 near miss per one radiographer in five years, 
individual radiographers reported on average 0.04 accident and 0.1 near miss per in five years (11). 

Collimators, which should be used frequently, reduce radiation levels and subsequent occupational 
doses to workers. For X-ray radiography, almost 80% of NDT companies stated that they required 
the use of these devices, but the radiographer responses suggested that some radiographers were 
not using diaphragms/collimators despite the company requirement (7). 

Radiographers’ occupational doses varied with 35 radiographers having their annual effective 
doses under the minimum detection limit of the personal dosimetry system. 90 radiographers 
reported to have between 5 and 10 mSv annually, and two radiographers between 30 and 50 mSv 
(9). The biggest area of improvement was registered in the dose variation.  
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2.3 Survey Results Related to Training and Qualifications 
All three questionnaires confirmed that a training of radiographers is a key in ensuring safety of 
personnel working in industrial radiography. Safety can be further strengthened by developing and 
improving the right skills of the industrial radiographers and other personnel involved in the 
process.  

The survey confirmed that the need for and requirements of the radiation protection training 
appears to be generally well accepted by radiographers, operating companies as well as by the 
regulatory bodies. Most of the companies and regulatory bodies integrate some form of training in 
their requirements for personnel working with radiation sources. In the ideal situation, all NDT 
companies should have the training integrated as a part of the NDT training or as a separate training, 
but the result is nonetheless very much towards the desired situation (11).

The IAEA Basic Safety Standards recommends that the regulatory body’s role should be in 
ensuring the application of the requirements for education, training, qualification and competence 
in protection and safety (15).  Despite the fact that the regulatory bodies perceive a different level 
of acceptable training, they all acknowledged the importance of the integration of such training to 
the NDT training in the companies or as a separate training received by the operators.    

The inconsistencies appeared in specific trainings for emergency and insufficient training of 
radiation protection officers. More detailed results are described in sections 2.4-2.6.  

2.4 Individual Radiographers’ Responses  
Most of industrial radiographers confirmed that radiation protection training was included in their 
NDT training, 89 % confirmed to receive the lowest stage of training, level 1 in accordance with 
the internationally recognized standards, ISO 9712 (8). Only 8 out of 432 radiographers (2 %) 
appeared not to have any radiation protection skills, either as an outcome of a separate training or 
as a training during the job (6). 

Even though almost all radiographers felt well trained for the job, only 53 % of radiographers are 
trained for level 3 and thus, should be able to direct the NDT operations in a specific NDT method(6). 

Training of radiographers who perform on-site radiography in emergency procedures appeared to 
be insufficient, with 10% of individual radiographers admitting that they did not feel well prepared 
for an emergency situation. This might be related to the less established training for emergency in 
the companies (please see the section 2.2).¨ 

2.5  NDT Companies’ Responses 
The IAEA Basic Safety Standards recommends that the relevant principal parties, which have 
responsibilities in relation to protection and safety, shall ensure that all personnel have appropriate 
education, training and qualification so that they understand their responsibilities and can perform 
their duties competently, with appropriate judgement and in accordance with procedures (15). 
All companies recognized their responsibility in providing training to their staff, however some 
discrepancies were recorded through the survey questionnaires.  

The survey registered inconsistencies between the theoretical and practical radiation protection 
trainings in NDT companies, both in regard to initial and refresher trainings.  

Nearly all NDT companies, 96 %, confirmed to provide initial theoretical training, either outside 
or inside the company, which lasts on average 37 hours.  A lower number of companies provided 
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initial practical training in radiation protection, 82 % with an average amount of 30 hours. Such 
practical training could be crucial for conducting of radiographers’ tasks but the majority of 
companies do recognize its importance by providing such training (9). 

83 % of companies provide refresher theoretical training and 16 companies provided no refresher 
training to their staff. The need for strengthening training might be seen in the practical refresher 
training. Just over half companies provided refresher practical training, with 39 companies not 
providing any at all (9).  

2.6 Regulatory Bodies’ Responses 
All regulatory bodies confirmed the significance of training in radiation protection. Except of one, 
all stated that they require a person wishing to perform on-site radiography to have training on an 
acceptable level, which for 70 % meant radiation protection training included in the general NDT 
training. 80 % of regulatory bodies considered radiation protection training conducted as a separate 
training acceptable (10). 

Only 70 % of regulatory bodies require the radiation protection training to include practical 
exercises for creating a safe situation until the source is able to be recovered. This number also 
reflects that in many countries the source recovery is restricted to specialised persons (10). 

Radiation protection officer (RPO), a specialist in radiation safety and regulatory matters, should 
be well-trained for his or her duties. The survey showed that 30 % of regulatory bodies do not 
require a higher level of radiation protection training for the RPO than for a radiographer. This is 
an area essential for improvement, especially in the NDT industry with considerable amount of 
accidents and incidents (11). 

2.7       Discussion 
It is to be assumed that most of the received responses are from the NDT companies and individual 
radiographers with better working practices. This is mainly because of the voluntarily nature of 
the questionnaires.  

One quarter of all industrial radiographers’ responders were the only responders from a particular 
NDT company. Only in the case of two companies, more than 20 operators from the same company 
responded to the questionnaire. Hence, we can assume that the single person responses were likely 
to be of a RPO, or at least of a person with an advanced knowledge in radiation protection (6).  

The discrepancy of the responses between companies and individual radiographers prove that even 
though initial and refresher radiation protection training is in place, the responsibility on site lies 
with the individual radiographer. In some specific situations, industrial radiographers are pressured 
to complete a given task in a specific time period and hence work under pressure which increases 
the risk of safety being compromised (7).   

As a result, it is recognised that the survey results cannot be considered truly representative of the 
worldwide practice of industrial radiography and all results must be interpreted with this caution 
(6). 
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3. Worldwide database

3.1 Design 
The questionnaire data further showed a clear need for an improved optimization of occupational 
radiation protection in industrial radiography worldwide. As a next step, WGIR recommended 
to establish an online system collecting data focused on dose comparisons for specific 
occupational roles and conditions, and assessments of the impact of radiation protection actions. 

During the design phase, objectives of the IAEA online database ISEMIR-IR were identified as: 

- to facilitate the implementation of ALARA practices and effective exposure management;

- to provide efficient collection and maintenance of data on occupational exposure, radiation
practices and incidents; including training and qualifications;

- to allow NDT companies to benchmark their own facility and individual radiographers’
performances against global or regional data with training being one of the monitored areas,
to define follow-up actions to address identified gaps and disseminate lessons learnt;

- to contribute to minimizing the likelihood of accidents, e.g. by identifying precursors, user
feedback and experience (13).

The main database metric was defined as a mean dose per radiographic exposure - calculated based 
on the annual staff doses and the associated workload (number of exposures).   

The actual data collection and questions were designed based on the gaps identified in the 
worldwide questionnaires. The data collection and questions part is divided into two sections, one 
identifies company main features, procedures, sources and incidents or accidents. The other part 
is dedicated to the information about the occupationally exposed workers.    

The questions about the radiation protection training are included in the workers’ section, which 
is called personnel information. After creating an entry for a particular occupationally exposed 
worker, the coordinator fills in his or her employment status and title. This and other data entry in 
ISEMIR-IR are anonymized and entered by NDT company coordinators, who are either company 
managers or RPOs, on an annual basis.  

The information related to training and qualifications of the staff include questions about a valid 
radiation protection qualification, an initial and refresher radiation protection training, and training 
for emergencies.  

Apart of the training questions, ISEMIR-IR collects data about individual industrial radiographers 
including their occupational doses, radiographic workloads, sources used, percentage of site 
radiography, use of collimators and survey meters, a number of incidents in a particular year. At a 
company level, different sections of ISEMIR data entry are dedicated to annual occupational doses, 
compliance inspections of radiographers, and preventive maintenance of devices.  

As an outcome of the data entry, a NDT company is able to benchmark company data or 
radiographers’ performances against global or regional data based on the main metrics, 
occupational dose per radiographic exposure, and to assess the effectiveness of its occupational 
radiation protection. One module of the system enables access also to individual radiographers.  

The international database supports three types of analyses. All of these show also the possible 
relation with the training received: 
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- occupational doses per radiographic exposure for a given industrial radiographer as a function
of personnel and facility attributes;

- benchmarking;
- trends with time (per radiographic exposure over successive years) (13).

3.2  Launch and Data Collection 
ISEMIR-IR has been developed in stages and the complete database has been launched in June 
2017. It assists NDT companies in implementation of the optimization principle in occupational 
radiation protection.  

Many data entry fields were made voluntary in order to enable participation of all interested parties. 

The IAEA is currently collecting the anonymous data from all world regions. After more than one 
year since the official launch, 34 companies regularly participate in the data collection and others 
have expressed their interest.  

Once the data reaches a significant level, the IAEA plans to publish a report, which will identify 
areas for improvement and corrective actions that should lead to enhancements in radiation 
protection worldwide.  

4. Conclusions
In order to improve radiation protection optimization worldwide, an international database called 
ISEMIR-IR has been launched by the IAEA in 2017. NDT companies from all around the world 
can anonymously participate and contribute with their data focused on radiation protection 
elements including training and qualifications. The data has been designed based on the 586 
questionnaires collected from various countries from Africa, Asia and Pacific region, Europe, 
Latin America and North America.   

The 2010-2011 questionnaires confirmed that training and qualifications of industrial 
radiographers play a significant role in optimization of occupational radiation protection. The 
awareness about safety is generally well established among operators, NDT companies and the 
national regulatory bodies even though they perceive a different level of acceptable training. The 
inconsistencies in results appeared in specific trainings for emergency and insufficient training of 
radiation protection officers.   

ISEMIR-IR, once fully utilized, could be used as a valuable resource for dose benchmarking of 
national, regional and international practices. With ISEMIR-IR’s help, the IAEA plans to identify 
gaps that currently exist in the international practice of industrial radiography, the use of radiation 
sources, training and the use of protective equipment.   

NDT companies all around the world are encouraged to participate in the database to enable it to 
become a viable tool for implementing optimization of occupational radiation protection. 
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