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2  Summary 


The information in this report covers compiled information on legal regulations and practices in ionising 
 radiation calibrations in thirty-six European countries, being members of the European Association of 
 National Metrology Institutes – EURAMET (EURAMET has 37 members from 2016). In the introduction the 
 general facts about ionising radiation metrology and its connection to the International System of Units 
 are presented. This report comprises the information collected within the EURAMET Project 1284 “Survey 
 of European countries' legal regulations and practices in ionising radiation calibrations”, conducted among 
 EURAMET members from 2013 to 2016. The presented countries’ data from the respondents represents 
 the results in this report. It was not possible to get complete data from a couple of countries. 


This survey revealed that 72 % of EURAMET member countries have regulations of the radiation units Gy, 
 Sv and Bq covered by legislation. 75 % of the countries have a National Metrology Institute (NMI) or 
 Designated Institute (DI) responsible for maintaining and disseminating the ionising radiation units. 


However, there are eight countries, where this is not the case. 


Medical use of radiation is an important area for ionising radiation metrology. 83 % of the countries had 
 regulations for traceable dosimetry in radiotherapy and 86 % for x-ray diagnostic and intervention. The 
 availability of national calibration dosimetry standards in radiotherapy was only 61 %, and 53 % for x-ray 
 diagnostic and intervention. The traceability of activity for nuclear medicine is covered through their own 
 national standards in only fourteen European countries. This finding shows a remarkable low service rate 
 for activity calibration (Bq) in nuclear medicine. 


The 14 countries having electricity production from nuclear energy were divided into two groups: medium 
 and major. The major group, 7 countries, had more than 35 % of nuclear energy, the medium less than 35 


%. All countries in the medium group reported regulations on traceability for the measurement of dose 
 and activity, while some of the countries in the major group don’t have these regulations. Not all of these 
 14 countries reported to have national standards for individual monitoring of gamma and neutron dose to 
 the workers, early warning networks, environmental activity and activity measurements of waste. 


Only 15 countries have national standards for environmental activity measurements, and 26 of the 36 
 countries in the survey reported regulation on environmental activity measurements. 


Indoor radon calibrations facilities were reported in 9 countries, and only one of these maintained a 
 national standard in activity per unit volume for Rn-222 in the unit Bq m-3. The reported metrology 
 infrastructure for indoor radon measurements was very sparse. 


The evaluation of medical use of ionising radiation shows needs for improvements to ensure safety and 
efficacy of healthcare in member countries of EURAMET. The strategic EURAMET goals indicate possible 
improvement when tested against the findings in the survey for IR measurements in handling of indoor 
radon and in the measurements in the nuclear energy industry. During time of report writing (three years) 
we noticed that countries in South-East Europe improved their regulations on traceability and developed 
national standards. This report gives some input to understand the true needs of the member states and 
may provide input to the development of relevant policies as planned in the EURAMET 2020 strategy. 
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3  Foreword 


A complex and extensive European and national legislation is existing for ionising radiation. A lot of 
 scientific and metrology activities in Europe are given or initiated by legal requirements. The basis for 
 fulfilling the legal tasks on a high level of quality is a reliable and quality assured metrology. The situation 
 in the European countries is diverse and a comprehensive overview has been not available. Therefore 
 NRPA has conducted a EURAMET project, its findings presented in this report gives such very valuable 
 overview for the first time and provides a lot of helpful information. 


The new European regulation in ionising radiation laying down in the COUNCIL DIRECTIVE 


2013/59/EURATOM of 5th December 2013 has to be transferred in national legislation by the European 
 countries. A follow-up project with the focus on the transfer of this Directive to national legislation and 
 the consequences and applications could be helpful and could arise synergies.  


By Ulrike Ankerhold, PTB. TC Chair of the Technical Committee for Ionising Radiation. 



4  Introduction 


In this report, the status of existing national legislation in the EURAMET member countries is compiled. 


Beside this it is documented how traceability of activity and dosimetry quantities are disseminated and to 
 which organisations this task are appointed. Collected facts on infrastructure for each country support the 
 evaluation of the results. The information in this report are based on the answers given by the 


respondents. 


The background for this survey was that the ionising radiation (IR) metrology in Europe is complex and 
 that the European IR laboratories share a large part of the calibration and measurement capabilities and 
 metrology research resources in the world. Specialities for these national metrological laboratories are 
 needs related to the following facts: 


  safety, health, energy and fundamental scientific metrology are focused in society,  and 
 requested from international organisations such as the EU, the IAEA and the OECD/NEA  


  many laboratories are designated institutes (DIs) in the field of IR metrology,  


  all three IR quantities are derived SI units and have rather large uncertainties, and  


  there has been high focus on security and risks related to IR.  


An illustration of the dissemination of 
 the units, becquerel (Bq), gray (Gy) 
 and sievert (Sv) to the radiation user is 
 presented on Figure 1. The aim of the 
 project was to gather all relevant 
 information related to legal 
 regulations and dissemination of 
 ionising radiation measurements and 
 calibrations in European countries. A 
 questionnaire was prepared and 
 circulated to all European NMIs /DIs 
 and some other contacts in the field 
 of ionising radiation. All EURAMET 
 delegates and IR contact persons got 
 an e-mail with a link to the 


questionnaire. The respondents were 
 asked to answer the questionnaire on 
 Figure 1 Metrology act regulates the seven SI units, the three IR units, 


and their dissemination. 



(11)behalf of their country. The questionnaire had two main parts: 1) questions related to radiation 


calibration legislation, dissemination and responsibility (responsible institution), and 2) questions on how 
 ionising radiation measurements have legal regulations on traceability. In addition, the respondents were 
 asked about their opinion on legal requirements on ionising radiation measurements.  


Information on the country’s regulations concerning IR metrology, the responsible NMI or DI, and on the 
 calibration services was also requested. The second part of the survey seeks for the stakeholders’ views 
 which mean the radiation user point of view; the survey asks if the national radiation protection 


regulations have requirements on the traceability of radiation measurements (dosimetry), measurements 
 of activity and neutrons. On Figure 2 these two parts of the survey are presented.  


Figure 2 Governmental regulations: on one side the metrology and dissemination of units and on the other side 
 the regulations about the use of radiation by the radiation protection legislation. 


The project will meet the CCRI Strategy [1] action 
 plan for 2013-2015 (table 4):  


  ID c; Increase meaningful dialogue 
 between NMIs and DIs 


The EURAMET in 2011 issued a strategic plan 
 towards 2020 [2] saying that reliable and 


traceable measurement underpins the welfare of 
 a modern society, and that developed 


measurement infrastructure gives confidence in 
 our daily life by: 


EURAMET 2020 Strategy 


Goals from the strategic objectives of EURAMET 
 2020 Strategy are to: 


  Develop key partnerships  


  Understand stakeholder needs  


  Increase impact of EURAMET work  


  Anticipate market and needs trends based 
 on foresight analysis. 


  Provide inputs to the development of 
 relevant policies where measurement 
 considerations are important. 


  Understand the true needs and visions of 
members and have an inclusive approach 
to all member needs 



(12)  Enabling the development and manufacturing of reliable high quality and innovative products  


  Supporting industry to be competitive and sustainable in its production  


  Removing technical barriers to trade and supporting fair trade  


  Ensuring safety and efficacy of healthcare  


  Meeting the grand challenges of energy and environment. 


This survey intention was to map the situation in European countries for legal responsibility in IR 
 metrology; dissemination of ionising radiation calibrations, and the traceability of measurements of 
 ionising radiation – kerma, dose, dose rate and activity, as well as measurement of neutrons. 


The consequence for the nonexistence or weak regulations of the IR metrology makes the NMI unable or 
 confused in supporting or designating an IR laboratory.  Users of ionising radiation will have difficulties in 
 finding calibration services to support their quality systems when having a weak or no regulations on 
 measurement or calibration traceability. These users are nuclear power industry, other industrial facilities 
 using ionising radiation, medical ionising radiation users, and physical and biological radiation research 
 institutions. The same situation concerns the environmental measurement of natural and anthropogenic 
 radionuclides.  


In the field of ionising radiation, European ALARA Network has performed surveys: 


  On radon exposure management [3],  


  On  Rules  and  practices  regarding  delineation  of  and  access  to  regulated  areas  for  radiation 
 protection [4],  


  The  implementation  of  the  ‘justification’,  ‘optimisation’  and  ‘limitation  of  doses’  radiological 
 protection  principles  in  national  regulations  in  Europe  and  request  on  radiation  protection  of 
 aircraft crew [5].  


These surveys refer to ionising radiation quantities, as it was mass in kg or length in m with very low 
uncertainties. However, for ionising radiation quantities in units of gray (Gy), sievert (Sv) or becquerel 
(Bq), the situation is different. The units you can find in BIPM SI brochure Table 3 [6] are not easily 
available in every country, and when asking for service at a national calibration laboratory you will find a 
much higher uncertainty in IR than in the other metrology fields. In this survey, we want to assess the 
legal regulations of ionising radiation units. 
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5  Method of the survey and method for the evaluation 


The questions were prepared in a web based survey program Easyresearch, a QuestBack platform. This 
 program has four main features: 


1.  the questions and its system  
 2.  e-mail list of respondents  


3.  invitation mail and follow-up mails and  
 4.  reporting 


The survey program could produce histograms and presentations from the collected answers, but it 
 turned out to be difficult to produce reports directly from the survey program.  



5.1  Part I of the survey, legal regulations of the units Bq, Gy and Sv. 


The first topic was to get information about the legal metrology regulations on the derived SI-units 
 becquerel (Bq), gray (Gy) and sievert (Sv). The respondent was asked if the country has regulations on Bq, 
 Gy, and Sv. Moreover, questions were posed about the type of regulations and whether it was possible to 
 have these regulations in English. 


In addition, contact details of the laboratory responsible for keeping and maintaining national standards 
 for ionising radiation units as well as disseminating the units of ionising radiation were asked. 


The details about calibration services are published in the Calibration and Measurement Capabilities 
 (CMCs) on the BIPM Key Comparison Database and BIPM (KCDB) web page [7], and the questionnaire 
 gave the CMC-information to the respondent for the respective country as background for his/her 
 answer. 



5.2  Part II of the survey, legal regulations of traceable IR measurements 


The second part of the survey was about the legal requirements on traceability (calibration and/or 
 verification of measurements) in radiation protection, radiation use and nuclear activities. The 
 respondents were asked to mark relevant areas of legal regulations. The areas given were: 


1.  Measurements involved in determining patient dose and dose distribution in radiotherapy 
 2.  Measurements involved in determining patient radiation exposure after diagnostic examinations 


or intervention 


3.  Activity measurements for nuclear medicine 


4.  Radiation measurements involved in individual monitoring of workers 
 5.  Radiation measurements involved in monitoring of members of the public 
 6.  Measurements of radon concentration in air 


7.  Radiation dosimetry for early warning networks 
 8.  Environmental activity measurements 


9.  Activity measurements of waste 


10. Neutron measurements involved in individual monitoring of workers 
 11. Dosimetry in type testing of equipment 


12. Activity measurements in type testing of equipment and radiopharmaceuticals. 


After choosing the relevant areas the respondents were asked to give references to legal regulations.  


The next step in the survey dealt with national standards. The same twelve areas of measurements listed 
before were used for this area as well.  Just before this list, the respondent was prompted to a link with 



(14)the country’s CMCs in the BIPM Appendix C in order to see the country’s calibration and measurements 
 capability in IR metrology. For respondents from countries without CMCs this possibility was not available. 


The last list of information asked for the respondents’ opinion about legal requirements on traceable 
 measurements in the country.  Here “Yes” and “No” options were used to give only an idea of the status 
 among the different countries. The list consisted of the following areas: 


1.  Dosimetry in radiotherapy 


2.  Dosimetry in X-ray diagnostic and intervention 
 3.  Activity measurements in nuclear medicine 


4.  Dosimetry and measurements of activity and neutrons in nuclear energy 
 5.  Personal dosimetry 


6.  Environmental dosimetry 


7.  Measurements of activity in environmental samples 
 8.  Radon in air 


9.  Early warning networks 


All the details of the questionnaire are reproduced in the appendix 13.2 



5.3  The mailing lists 


The mailing lists were produced from the EURAMET web page of the delegate list and the TC-IR contact 
 persons. A third list was set up in order to get information from countries not covered by the two first 
 lists.  


The regulations asked for in the second part of the survey were most often found in the radiation 
 protection legislations. Therefore, it was considered to have supplementary answers from a European 
 radiation protection organisation. Such an organisation is the Heads of European Radiological protection 
 Competent Authorities (HERCA) [8], and the chairperson of HERCA was asked a possible use of the e-mail 
 list of the HERCA of participants to answer the questionnaire. It turned out that the chairpersons and 
 directors of the radiation protection authorities considered themselves not being the right persons to 
 answer the survey. 



5.4  The collection of information 


The survey started with the first mail sent on 11th November 2013; reminders were sent one and two 
 weeks later to the recipients who did not respond. The last reminder was sent to 45 of the 77 total of 
 recipients on 10th January 2014. In June 2014, 4 countries were contacted for completing their answers. 


A preliminary presentation was at the EURAMET TC-IR Contact Person meeting in October 2014, and 
 unfortunately, in 2015 there was no further progress in the reporting. Writing started up again in 2016, 
 and existing information was organised in nine country groups. The draft version of the report together 
 with Excel sheets ware e-mailed to nine persons representing the county groups. They were asked to 
 check the information, supply new information and give an updated version of their countries. Drafts of 
 the report were circulated among the persons for control of information and valuable review of the text. 



5.5  The evaluation of the results. 


The results of the survey itself may be of some interest, but the main aim was to see the regulations 
 related to the use of ionising radiation in the various countries. Four areas of information were included in 
 the result table of the grouped countries. These information were: 


1.  the country population, in 1000 inhabitants 
 2.  the electricity generation 


a.  the total electricity generation, in TWh/year 


b.  the share nuclear in electricity production, in per cent 



(15)3.  the radiotherapy 


a.  the number of teletherapy radiotherapy units per million inhabitants 


b.  the present access to radiotherapy for cancer patients, per cent of full access 
 4.  the medical x-ray diagnostic and intervention 


a.  the mean effective doses from x-ray procedures, in mSv/year  


b.  the number of medical x-ray CT procedures per 1000 inhabitants and year 
 These information were available from five sources: 


Population: About the EU. Living in EU [9], and Worldometers. Elaboration of data by United Nations, 
 Department of Economic and Social Affairs, Population Division [10]. 


Energy generation: International Energy Agency. IEA Energy Atlas [11]. 


Radiotherapy: N.R. Datta, M. Samiei, S. Bodis. Radiotherapy infrastructure and human resources in 
 Europe — Present status and its implications for 2020 [12].  


Medical exposure: EC. Medical Radiation Exposure of the European Population [13].  
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6  SI Units for ionising radiation and the realisation of the  units  


The current internationally quantities and units for ionising radiation were defined 40 years ago by the 
 general conference of weight and measures (CGPM). The BIPM publishes the International System (SI) 
 units in the Units SI brochure [6]. In the brochure’s Table 3 you find the IR units with special names and 
 symbols. The three special units for ionising radiation are: 


1.  special name for the SI unit of activity, becquerel, symbol Bq, equal to one reciprocal second, 
 resolution 8 of the CGPM (1975) 


2.  special name for the SI unit of absorbed dose, gray, symbol Gy, equal to one joule per kilogram, 
 resolution 9 of the CGPM (1975). In the field of ionizing radiation the gray may also be used with 
 other physical quantities also expressed in joules per kilogram. 


3.  special name for the SI unit of dose equivalent, sievert, symbol Sv, equal to the joule per 


kilogram, resolution 5 of the CGPM (1979). The sievert is the SI unit of dose equivalent in the field 
 of radioprotection. 



6.1  Realisation of the IR units 


The realisation of the units depends on the physical constants and the work performed in the primary 
 standard laboratories. In the field of ionising radiation (IR), this work started at Sorbonne university in 
 Paris in 1896 [14]. Marie Skłodowska Curie, Pierre Curie, Henri Becquerel and J. Perrin worked together 
 and developed the ionisation chamber for measurements of activity of Radium and roentgen radiation. In 
 the early 1920s the characterisation and definition of quantities and units were still under international 
 debate. Special contributions came from Sievert in 1926 [15] describing depth doses in water and Taylor 
 in 1929 [16], defining the principles of the free air chamber for radiation measurements in air.  


As in other fields of metrology, the development and needs for national standards for ionising radiation 
 have not followed a strict plan and therefore all countries don’t have national IR standards for all their 
 fields of ionising radiation use.  



6.2  The world key standards in IR metrology 


The BIPM maintain the world key standards in IR metrology, and those countries maintaining primary 
 standards repeat their key comparisons with the BIPM standards at least once every 10 years [17]. The 
 secondary IR standards at NMI or DI of other countries are traceable to (are calibrated against) the BIPM 
 IR standards or to the other primary IR standards.  



6.3  Database of the metrology infrastructure 


The BIPM maintain a database of all national calibration and measurement capabilities worldwide. The 
Calibration and Measurement Capabilities (CMCs) are open accessed at the BIPM web in the BIPM Key 
Comparison Database and BIPM (KCDB) [7]. The number of CMCs published by the European countries 
you find tabulated in Appendix 13.3.  



(17)
7  International recommendations/requirements — Basic  Safety Standards 



7.1  International standards for legal regulations of ionising radiation metrology 


A survey on legal regulations and practices in ionising radiation calibration should be tested against an 
 international standard. The most relevant references are:  


  the definition of the units gray (Gy), sievert (Sv) and becquerel (Bq) [6],  


  the International Atomic Energy Agency (IAEA) Basic Safety Standard (IAEA BSS) [18] and  


  the European Union (EU) council directive laying down basic safety standards for protection against 
 the dangers arising from exposure to ionising radiation (EU BSS) [19].  


The discussion on the units is not a topic in this document. Relevant paragraphs from the basic safety 
 standards (BSS from IAEA and EU) are, however, reproduced for recommendations on legal regulations 
 regarding IR metrology.  



7.2  The International Atomic Energy Agency’s Basic Safety Standards 


The IAEA BSS [18] is the basic reference on International Basic Safety Standards, where IAEA publishes the 
 safety requirements for Member States that shall be met to ensure the protection of people and 


environment, both now and in the future. The standard was revised and published in 2014. The IAEA BSS 
 [19] is intended for use by governmental authorities including regulatory bodies responsible for the 
 licensing of facilities and activities using ionising radiation. 


For this report relevant recommendations of the IAEA BSS are:  


A.  Requirement 2: Establishment of a legal and regulatory framework, paragraph 2.23. The 
 government shall ensure that arrangements are in place for the provision of technical services 
 relating to protection and safety, such as services for personal dosimetry, environmental 
 monitoring and the calibration of monitoring and measuring equipment.  


B.  Requirement 20: Requirements for monitoring and recording of occupational exposure, 
 paragraph 3.73. The regulatory body shall be responsible, as appropriate, for: (c) Authorization or 
 approval of service providers for individual monitoring and calibration services. 


C.  Requirement 21: Responsibilities of employers, registrants and licensees for the protection of 
 workers, paragraph 3.76. Employers, registrants and licensees shall ensure, for all workers 
 engaged in activities in which they are or could be subject to occupational exposure, that: (g) 
 Appropriate monitoring equipment and personal protective equipment are provided and 
 arrangements are made for its proper use, calibration, testing and maintenance. 


D.  Requirement 36: Responsibilities of registrants and licensees specific to medical exposure, 
 paragraph 3.154. Registrants and licensees shall ensure that: 


d.   For therapeutic radiological procedures, the requirements of these Standards for 
 calibration, dosimetry and quality assurance, including the acceptance and 


commissioning of medical radiological equipment, as specified in paras 3.167, 3.168(c), 
 3.170 and 3.171, are fulfilled by or under the supervision of a medical physicist.  


e.  For diagnostic radiological procedures and image guided interventional procedures, the 
 requirements of these Standards for medical imaging, calibration, dosimetry and quality 
 assurance, including the acceptance and commissioning of medical radiological 


equipment, as specified in paras 3.167, 3.168(a) and (b), 3.170 and 3.171, are fulfilled by 



(18)or under the supervision of a medical physicist, whose degree of involvement is 


determined by the complexity of the radiological procedures and the associated radiation 
 risks. 


E.   Requirement 38: Optimization of protection and safety. Calibration, paragraph: 3.167. In 
 accordance with paragraph. 3.154(d) and (e), the medical physicist shall ensure that: 


a.  All sources giving rise to medical exposure are calibrated in terms of appropriate 
 quantities using internationally accepted or nationally accepted protocols 


b.  Calibrations are carried out at the time of commissioning a unit prior to clinical use, after 
 any maintenance procedure that could affect the dosimetry and at intervals approved by 
 the regulatory body 


c.   Calibrations of radiotherapy units are subject to independent verification prior to clinical 
 use 


d.   Calibration of all dosimeters used for dosimetry of patients and for the calibration of 
 sources is traceable to a standards dosimetry laboratory. 


Standards dosimetry laboratory is in the list of definitions defined as: A laboratory, designated by the 
 relevant national authority that possesses certification or accreditation necessary for the purpose of 
 developing, maintaining or improving primary or secondary standards for radiation dosimetry. 



7.3  The European Union’s Basic Safety Standards 


The council of the European Union has adopted the directive 2013/59/EURATOM [19] (EU BSS) laying 
 down basic safety standards for protection against the dangers arising from exposure to ionising 
 radiation. 


The EU BSS establishes uniform basic safety standards for the protection of the health of individuals 
 subject to occupational, medical and public exposures against the dangers arising from ionising radiation. 


For this report are relevant these recommendations of the EU BSS: 


A.  Article 4, Definitions 


a.  (24) "dosimetry service" means a body or an individual competent to calibrate, read or 
 interpret individual monitoring devices, or to measure radioactivity in the human body or 
 in biological samples, or to assess doses, whose capacity to act in this respect is 


recognised by the competent authority; 


b.  (32) "environmental monitoring" means the measurement of external dose rates due to 
 radioactive substances in the environment or of concentrations of radionuclides in 
 environmental media; 


c.  (64) "practical aspects of medical radiological procedures" means the physical conduct of 
 a medical exposure and any supporting aspects, including handling and use of medical 
 radiological equipment, the assessment of technical and physical parameters (including 
 radiation doses), calibration and maintenance of equipment, preparation and 


administration of radio-pharmaceuticals, and image processing; 


B.  Article 14, General responsibilities for the education, training and provision of information 
 a.   2. Member States shall ensure that arrangements are made for the establishment of 


education, training and retraining to allow the recognition of radiation protection experts 
and medical physics experts, as well as occupational health services and dosimetry 
services, in relation to the type of practice. 



(19)C.  Article 34, Consultations with a radiation protection expert  


Member States shall require undertakings to seek advice from a radiation protection expert within 
 their areas of competence as outlined in Article 82, on the issues below that are relevant to the 
 practice:  


a.  the examination and testing of protective devices and measuring instruments 
 b.  prior critical review of plans for installations from the point of view of radiation 


protection 


c.  the acceptance into service of new or modified radiation sources from the point of view of 
 radiation protection 


d.   regular checking of the effectiveness of protective devices and techniques 
 e.   regular calibration of measuring instruments and regular checking that they are 


serviceable and correctly used. 


D.  Article 41, Individual monitoring 


a.  1. Member States shall ensure that category A workers are systematically monitored 
 based on individual measurements performed by a dosimetry service. 


E.  Article 68, Tasks for the undertaking  


Member States shall require the undertaking to carry out the following tasks: 


a.  achieve and maintain an optimal level of protection of members of the public 


b.  accept into service adequate equipment and procedures for measuring and assessing 
 exposure of members of the public and radioactive contamination of the environment 
 c.  check the effectiveness and maintenance of equipment as referred to in point (b) and 


ensure the regular calibration of measuring instruments 


d.  seek advice from a radiation protection expert in the performance of the tasks referred to 
 in points (a), (b) and (c). 


F.  Article 79, Recognition of services and experts  


1. Member States shall ensure that arrangements are in place for the recognition of:  


a.  occupational health services 
 b.  dosimetry services 


G.  Article 81, Dosimetry services  


Member State shall ensure that dosimetry services determine internal or external doses to 
 exposed workers subject to individual monitoring, in order to record the dose in cooperation with 
 the undertaking and in the case of outside workers, the employer, and where relevant the 
 occupational health service. 


These international standards recommendations and requirements for regulations will not be tested 
against each country’s response to the questionnaire, but are recording in this document and used as a 
background information for the reading of the results of the survey. 



(20)
8  Results from the questionnaire 


The first survey was sent in 2013 to, at that time, 35 EURAMET delegates; only 10 of them responded and 
 two of them gave incomplete answers. Twenty-seven contact persons in the technical committee for 
 ionising radiation got the survey as well and we got response from 26 of them. Three out of the 26 
 answers were not complete. Denis Glavič-Cindro, Slovenia helped me setting up a supplementary list and 
 together with other information, this additional list contained 15 contact persons, from which we got 9 
 complete answers.  Out of the expected 37 European countries, we got in touch with 36 of them, leaving 
 Cyprus outside the survey because we didn’t get any contact persons to ask for these information. 


Additionally we didn’t get any information from Kosovo (not member of EURAMET). Therefore, in the 
 survey we received 45 answers in total. In addition, we were able to supply information by asking 
 colleagues in the report-writing period. Appendix Table 6 contains list of all the respondents and 
 informers. 



8.1  The survey results and discussion — Grouped answers by country 


The results of the survey are organised in tables. The presentation of the answers created challenges in 
 making the results understandable for readers. The survey revealed missing information from the 
 respondents, and for the improvement of quality of the results, a new round of e-mailing questions to 
 selected partners was performed. In order to facilitate the review, the results of up to five neighbouring 
 countries were grouped in two tables. In the first table the country’s legislation on ionising radiation 
 metrology and the use of radiation is presented. The references to acts, regulations and web pages given 
 in the survey were hyperlinked as footnotes on the same page.  


In the second table the survey results on question no 11, regulations on the twelve radiation areas, 
 question no 14 on the twelve calibration areas where the country has national standards and country 
 facts, data on infrastructure and use of radiation are shown. The relevant information were made 
 available for each country: 


  Population.  Information  gathered  from  European  Union.  About  the  EU.  Living  in  EU.  Size  and 
 population [9,10]. 


  Total  electricity  generation  and  Share  nuclear  in  electricity  production  found  in  Worldometers. 


Elaboration  of  data  by  United  Nations,  Department  of  Economic  and  Social  Affairs,  Population 
 Division [11]. 


  Teletherapy radiotherapy units and present access to radiotherapy collected from Radiotherapy 
 infrastructure and human resources in Europe [12]. Reported data was from 2012. 


  Mean effective doses from X-ray procedures (Table 5.16) and Number of CT procedures (Table 5.4) 
reported  in  2015  by  European  Commission  in  Medical  Radiation  Exposure  of  the  European 
Population, Radiation Protection No 180 [13]. 



(21)In the country facts, the numbers come from the references even if other information was available. 


The nine country groups contain the following countries: 


1.  Central Europe – North:    Austria, Czech, Germany, Poland, Switzerland 
 2.  The North:   Denmark, Finland, Iceland, Norway, Sweden 
 3.  Europe South – West:     Italy, Malta, Portugal, Spain 


4.  Europe Central – West:     Belgium, France, Luxembourg, Netherlands 


5.  Central Europe South – East:   Bosnia and Herzegovina, Croatia, Serbia, Slovenia, Montenegro 
 6.  Europe South – East:   Albania, Greece, FYR Macedonia, Turkey 


7.  Central Europe – East:     Bulgaria, Hungary, Romania, Slovakia 
 8.  The Baltic:   Estonia, Latvia, Lithuania 


9.  The Europe North – West:   United kingdom, Ireland 


Figure 3 The European Country groups  



(22)Country Group 1 Central Europe - North 


Country  Austria  Czech  Germany  Poland  Switzerland 


Part I  


3 Does your country have legal regulations of 
 the derived SI-units gray (Gy), sievert (Sv) and 
 becquerel (Bq)? 


Yes  Yes  
 Gy, Bq 


Yes  Yes  Yes 


5 Text of the regulations in English?  No1 Yes2 Yes3 No4 Yes5
 6 Does your org. have a laboratory responsible 


for keeping and maintaining national standards 
 for ionising radiation units in your country? 


Yes 
 BEV 


Yes 
 CMI 


Yes 
 PTB 


Yes 
 GUM 


Yes 
 METAS (Gy) 


7 If there is other responsible laboratory in 
 your country, please specify. 


No  No  No  Yes 


POL-
 ATOM 


Yes  
 Bq: 


IRA, CHUV, 
 Sv: 


PSI, ETHZ 
 8 Responsible to disseminate the units in 


ionising radiation of your country? 


Yes  Yes  Yes  Yes  Yes 


Gy 
 Part II 


9 Does your country have legal requirements 
 on traceability (calibration and/or verification 
 of measurements) in your legislation about 
 radiation protection, radiation use and nuclear 
 activities? 


Ref6 Ref7 Ref8 Ref9 Ref10


       


1Metrology act and related ordinances Mass- und Eichgesetz BGBl. I Nr. 148/2015  Eichzulassungsverordnung BGBl. II Nr. 31/2016 


2Act on metrology 505/1990 Coll. issued 1990 (as amended) decree 264/2000 Coll. issued 2000 (as amended)


3Gesetz über die Einheiten im Messwesen und die Zeitbestimmung Law on Units and Time 31.08.2015 Atomgesetz Atomic Energy Act 
 20.11.2015 only informative english version


4Prawo o miarach/Law on Measures 1069 25/05/2016 w sprawie legalnych jednostek miar 1638 30/11/2006


5Strahlenschutzgesetz SR 814.50 22. März 1991. Strahlenschutzverordnung No. SR 814.501 22. Juni 1994 . Messmittelverordnung SR 
 941.210 15. Februar 2006. Verordnung des EJPD über Messmittel für ionisierende Strahlung SR 941.210.5 7. Dezember 2012(English 
 version only informative).


6Strahlenschutz-EU-Anpassungsgesetz 2004 BGBl. I Nr. 137/2004


7Decree 345/2002 Coll. issued 2002 (as amended)


8Strahlenschutzvorsorgegesetz Precautionary Radiation Protection Act 31.08.2015 Strahlenschutzverordnung Radiation Protection 
 Ordinance 27.04.2016 Röntgenverordnung X-ray Ordinance 11.12.2014 Gesetz über das Inverkehrbringen und die Bereitstellung von 
 Messgeräten auf dem Markt, ihre Verwendung und Eichung sowie über Fertigpackungen (Mess- und Eichgesetz - MessEG) Weights and 
 Measures Act 11.04.2016 Verordnung über das Inverkehrbringen und die Bereitstellung von Messgeräten auf dem Markt sowie über ihre 
 Verwendung und Eichung (Mess- und Eichverordnung - MessEV) Measures and Verification Ordinance 11.12.2014 


9REGULATION BY THE MINISTER OF HEALTH Dz. U. nr 51 poz. 265, 18 February 2011. On the terms for safety application of the 
 ionizing radiation for all kind of medical exposure ACT OF PARLIAMENT Dz. U. poz. 264 13 March 2012. on the Atomic Law 
 REGULATION OF THE COUNCIL OF MINISTERS Dz. U. nr 20, poz. 168, 18 January 2005 Prawo atomowe/The Atomic Law Act 
 42/276 (number/item)  29/11/2000.


10



(23)Country cont.  Austria  Czech  Germany  Poland  Switzerland 
 11 Please mark relevant radiation areas that have legal regulations


a)  Measurements involved in determining patient 
 dose and dose distribution in radiotherapy 


X  X  X  X  X 


b)  Measurements involved in determining patient 
 radiation exposure after diagnostic examinations 
 or intervention 


X  X  X  X  X 


c)  Activity measurements for nuclear medicine  X  X  X  X  X 


d)  Radiation measurements involved in individual 
 monitoring of workers 


X  X  X  X  X 


e)  Radiation measurements involved in monitoring of 
 members of the public 


X  X  X  X 


f)  Measurements of radon concentration in air  X  X  X  X  X 


g)  Radiation dosimetry for early warning networks  X  X  X  X 


h)  Environmental activity measurements  X  X  X  X 


i)  Activity measurements of waste  X  X  X  X  X 


j)  Neutron measurements involved in individual 
 monitoring of workers 


X  X  X  X 


k)  Dosimetry in type testing of equipment  X  X  X  X  X 


l)  Activity measurements in type testing of 
 equipment and radiopharmaceuticals. 


X  X  X  X  X 


14 Mark the calibration areas where your country has national standards
 a)  Measurements involved in determining patient 


dose and dose distribution in radiotherapy 


X  X  X  X  X 


b)  Measurements involved in determining patient 
 radiation exposure after diagnostic examinations 
 or intervention 


X  X  X  X  X 


c)  Activity measurements for nuclear medicine  X  X  X  X  X 


d)  Radiation measurements involved in individual 
 monitoring of workers 


X  X  X  X  X 


e)  Radiation measurements involved in monitoring of 
 members of the public 


X  X  X  X  X 


f)  Measurements of radon concentration in air  X  X  X  X  X 


g)  Radiation dosimetry for early warning networks  X  X  X  X  X 


h)  Environmental activity measurements  X  X  X  X  X 


i)  Activity measurements of waste  X  X  X  X  X 


j)  Neutron measurements involved in individual 
 monitoring of workers 


X  X  X  X 


k)  Dosimetry for type testing of equipment  X  X  X  X  X 


l)  Activity  measurements  for  type  testing  of 
 equipment 


X  X  X  X  X 


Country facts, data on infrastructure and use of radiation from EU, Worldometers, IEA, EC and KSA-KSB


Population, 1000 inhabitants  8585  10538  81174  38006  7996 


Total electricity generation, TWh/y  64.54  86.16  627.37  164  68.81 
 Share nuclear in electricity production, per cent  0  36  16  0  38 
 Teletherapy radiotherapy units, TRT per mill. 


inhabitants  5.59  5.5  6.41  2.93  8.43 


Access to radiotherapy in 2012, per cent  82  72  78  53  113 


Mean effective doses from x-ray procedures, mSv/y  0.85  0.99  1.67  0.93  1.18 


Number of CT procedures per 1000 inhabitants  63  87  105  44  89 



(24)Country Group 2 The North 


Country  Denmark  Finland  Iceland  Norway  Sweden 


Part I  


3 Does your country have legal regulations of 
 the derived SI-units gray (Gy), sievert (Sv) and 
 becquerel (Bq)? 


No  Yes 


Sv, Gy, 
 Bq 


Yes  Yes 


Sv, Gy, 
 Bq 


Yes 
 Sv, Gy, 


Bq 
 5 Text of the regulations in English?  No data  Yes1 No data  Yes2 partly 
 6 Does your org. have a laboratory responsible 


for keeping and maintaining national standards 
 for ionising radiation units in your country? 


No  Yes  Yes  Yes  Yes (Sv, 


Gy) 
 SSM 
 7 If there is other responsible laboratory in 


your country, please specify. 


DTU, SIS  STUK  GR  NRPA  No 


8 Responsible to disseminate the units in 
 ionising radiation of your country? 


Yes  Yes  No  Yes  Yes 


Part II 


9 Does your country have legal requirements 
 on traceability (calibration and/or verification 
 of measurements) in your legislation about 
 radiation protection, radiation use and nuclear 
 activities? 


Ref3 Ref4 Ref5 Ref6


       


1Act on measurement units and system for standards 496/2006 2.06. 2006 Decree on change on degree for measurement units 130/2010 
 25.02.2010 http://www.finlex.fi http://www.stuk.fi/julkaisut_maaraykset/viranomaisohjeet/en_GB/stohjeet/


2  Act on measurement units, measurements and standard time.


3Lov om brugen af røntgenstråler m.v., jf. lovbekendtgørelse nr 1170 af 29/11/2011. Lov om brug m.v. af radioaktive stoffer, nr 94 af 
 31/03/1953. Bekendtgørelse om røntgenterapiapparater til patientbehandling, nr 765 af 06/10/1999. Bekendtgørelse om elektronacceleratorer 
 til patientbehandling med energier fra 1 MeV til og med 50 MeV, nr 48 af 25/01/1999. Bekendtgørelse om medicinske røntgenanlæg til 
 undersøgelse af patienter, nr 975 af 16/12/1998. Bekendtgørelse om anvendelse af åbne radioaktive kilder på sygehuse, laboratorier m.v. nr 
 954 af 23/10/2000. Bekendtgørelse om lukkede radioaktive kilder, nr 985 af 11/07/2007. Bekendtgørelse om dosisgrænser for ioniserende 
 stråling, nr 823 af 31/10/1997. 


4Radiation Act 592/1991 27. March,1991 Regulatory Guides on Radiation Safety-STUK Guide S.T. 1.9. 17, March, 2008 Decree of the 
 Ministry of Social Affairs and Health on the medical use of radiation 423/2000 10, May, 2000 Radiation Practices and Radiation 
 Measurements/STUK Guide S.T. 1.9. 17, March, 2008 Nuclear Energy Decree 161/1988 12, Feb., 1988 Regulatory Guide on Nuclear 
 Safety-STUK Guide YVL C.6. 15, Nov., 2013 


5Act on Radiation Protection and Use of Radiation (No. 36 of May 2000), Forskrift om strålevern og bruk av stråling (strålevernforskriften) 
 (FOR-2010-10-29-1380),  


6



(25)Country cont.  Denmark  Finland  Iceland  Norway  Sweden 
 11 Please mark relevant radiation areas that have legal regulations


a)  Measurements involved in determining patient 
 dose and dose distribution in radiotherapy 


X  X  X  X 


b)  Measurements involved in determining patient 
 radiation exposure after diagnostic examinations 
 or intervention 


X  X  X  X 


c)  Activity measurements for nuclear medicine  X  X  X  X 


d)  Radiation measurements involved in individual 
 monitoring of workers 


X  X  X 


e)  Radiation measurements involved in monitoring 
 of members of the public 


X  X 


f)  Measurements of radon concentration in air  X  X 


g)  Radiation dosimetry for early warning networks  X 


h)  Environmental activity measurements  X  X 


i)  Activity measurements of waste  X  X 


j)  Neutron measurements involved in individual 
 monitoring of workers 


X  X 


k)  Dosimetry in type testing of equipment 
 l)  Activity measurements in type testing of 


equipment and radiopharmaceuticals. 


14 Mark the calibration areas where your country has national standards
 a)  Measurements involved in determining patient 


dose and dose distribution in radiotherapy 


X  X  X  X 


b)  Measurements involved in determining patient 
 radiation exposure after diagnostic examinations 
 or intervention 


X  X  X  X 


c)  Activity measurements for nuclear medicine  X 
 d)  Radiation measurements involved in individual 


monitoring of workers 


X  X  X  X 


e)  Radiation measurements involved in monitoring 
 of members of the public 


X  X  X  X 


f)  Measurements of radon concentration in air  X 
 g)  Radiation dosimetry for early warning networks  X 


h)  Environmental activity measurements  X 


i)  Activity measurements of waste  X 


j)  Neutron measurements involved in individual 
 monitoring of workers 


k)  Dosimetry for type testing of equipment 


l)  Activity  measurements  for  type  testing  of 
 equipment 


Country facts, data on infrastructure and use of radiation from EU, Worldometers, IEA, EC and KSA-KSB


Population, 1000 inhabitants  5660  5472  332  5272  9747 


Total electricity generation, TWh/y  34.75  71.25  18.12  133.7  153.03 
 Share nuclear in electricity production, per cent  0  33  0  0  43 
 Teletherapy radiotherapy units, TRT per mill. 


inhabitants  10.45  8.38  6.29  8.38  7.99 


Access to radiotherapy in 2012, per cent  116  114  99  105  107 


Mean effective doses from x-ray procedures, mSv/y  0.89  0.45  1.70  1.25  0.77 
Number of CT procedures per 1000 inhabitants  77  58  140  133  84 



(26)Country Group 3 Europe South - West 


Country  Italy  Malta  Portugal  Spain 


Part I  


3 Does your country have legal regulations of 
 the derived SI-units gray (Gy), sievert (Sv) and 
 becquerel (Bq)? 


Yes1
 Gy, Sv, 


Bq 


No  Yes2


Bq, Gy, Sv 


Yes3 Gy, 
 Sv, Bq, 


C/kg 
 5 Text of the regulations in English?  No  No 


data 


No  No 


6 Does your org. have a laboratory responsible 
 for keeping and maintaining national standards 
 for ionising radiation units in your country? 


Yes  No  Yes  Yes 


7 If there is other responsible laboratory in 
 your country, please specify. 


Yes 
 ENEA 


Yes 
 LMRI 


Yes 
 CIEMAT 
 8 Responsible to disseminate the units in 


ionising radiation of your country? 


Yes  Yes  Yes 


Part II 


9 Does your country have legal requirements 
 on traceability (calibration and/or verification 
 of measurements) in your legislation about 
 radiation protection, radiation use and nuclear 
 activities? 


Ref4 Ref  Ref5 Ref6


       


1Istituzione del sistema nazionale di taratura, No. 273 11/08/1991


2Decree law No. 128/2010 2010/12/03


3REAL DECRETO (BOE nº 289 02/12/2000)) 1952/2000 December, 1st. 2000 ORDEN ITC (BOE nº 186 05/08/2006) ITC/2581/2006 
 July, 28th, 2006 REAL DECRETO (BOE nº 77 29/03/1996) 533/1996 March, 15th, 1996.  


4Attuazione direttive 89/618/Euratom, 90/641/Euratom, 92/3/Euratom e 96/29/Euratom in materia di radiazioni ionizzanti, 2009/71/Euratom 
 in materia di sicurezza nucleare degli impianti nucleari e 2011/70/Euratom in materia di gestione sicura del combustibile esaurito e dei rifiuti 
 radioattivi derivanti da attivita' civili No. 230 17/03/1995. Attuazione della direttiva 97/43/Euratom in materia di protezione sanitaria delle 
 persone contro i pericoli delle radiazioni ionizzanti connesse ad esposizioni mediche No. 187 26/05/2000 


5Ordinance No. 1106/2009 2009/09/24 


6Instrucción sobre cualificaciones para obtener el reconocimiento de experto en protección contra las radiaciones ionizantes IS-03 6/11/2002 
Real Decreto sobre Reglamento sobre protección sanitaria contra radiaciones ionizantes 783/2001 6/07/2001 Instrucción IS-28, sobre las 
especificaciones de funcionamiento de instalaciones radiactivas IS-28 22/09/2010 Ley sobre Energía Nuclear 25/1964 29/04/1964 
Instrucción por la que se establecen los requisitos de seguridad relativos a contenedores de almacenamiento de combustible gastado IS-20 



(27)Country cont.  Italy  Malta  Portugal  Spain 
 11 Please mark relevant radiation areas that have legal regulations


a)  Measurements involved in determining patient 
 dose and dose distribution in radiotherapy 


X  X  X 


b)  Measurements involved in determining patient 
 radiation exposure after diagnostic examinations 
 or intervention 


X  X  X 


c)  Activity measurements for nuclear medicine  X  X  X 


d)  Radiation measurements involved in individual 
 monitoring of workers 


X  X  X 


e)  Radiation measurements involved in monitoring of 
 members of the public 


X  X 


f)  Measurements of radon concentration in air  X  X 


g)  Radiation dosimetry for early warning networks  X  X 


h)  Environmental activity measurements  X  X 


i)  Activity measurements of waste  X  X 


j)  Neutron measurements involved in individual 
 monitoring of workers 


X  X 


k)  Dosimetry in type testing of equipment  X  X  X 


l)  Activity measurements in type testing of 
 equipment and radiopharmaceuticals. 


X  X 


14 Mark the calibration areas where your country has national standards
 a)  Measurements involved in determining patient 


dose and dose distribution in radiotherapy 


X  X  X 


b)  Measurements involved in determining patient 
 radiation exposure after diagnostic examinations 
 or intervention 


X  X  X 


c)  Activity measurements for nuclear medicine  X  X 


d)  Radiation measurements involved in individual 
 monitoring of workers 


X  X  X 


e)  Radiation measurements involved in monitoring of 
 members of the public 


X  X  X 


f)  Measurements of radon concentration in air  X  X 


g)  Radiation dosimetry for early warning networks  X  X 


h)  Environmental activity measurements  X  X 


i)  Activity measurements of waste  X  X 


j)  Neutron measurements involved in individual 
 monitoring of workers 


X  X  X 


k)  Dosimetry for type testing of equipment  X  X  X 


l)  Activity  measurements  for  type  testing  of 
 equipment 


X  X 


Country facts, data on infrastructure and use of radiation from EU, Worldometers, IEA, EC and 
 KSA-KSB


Population, 1000 inhabitants  60796  429  10375  46440 


Total electricity generation, TWh/y  287.81  2.25  50.53  279.28 
 Share nuclear in electricity production, per cent  0  0  0  56 
 Teletherapy radiotherapy units, TRT per mill. 


inhabitants  6.68  4.71  4.53  5.2 


Access to radiotherapy in 2012, per cent  82  76  70  80 


Mean effective doses from x-ray procedures, mSv/y  1.16  0.68  1.17  1.08 
Number of CT procedures per 1000 inhabitants  116  52  140  89 
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