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IEC STANDARDS FOR INDIVIDUAL MONITORING OF IONISING RADIATION M. Voytchev 1,*, P. Ambrosi 2, R. Behrens 2 and P. Chiaro 3 1 IRSN/DSU/SERAC/BIREN, B.P. 68, Gif-sur-Yvette Cedex 91192, France 2 Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, Braunschweig D-38116, Germany 3 Oak Ridge National Laboratory, Oak Ridge, TN, USA *Corresponding author: [email protected] This paper presents IEC/SC 45B ‘Radiation protection instrumentation’ and its standards for individual monitoring of ionising radiation: IEC 61526 Ed. 3 for active personal dosemeters and IEC 62387-1 for passive integrating dosimetry systems. The transposition of these standards as CENELEC (European) standards is also discussed together with the collaboration between IEC/SC 45B and ISO/TC 85/SC 2.



INTRODUCTION



IEC/TC 45/SC 45B International Electrotechnical Commission The International Electrotechnical Commission (IEC) was founded in 1906 and is the leading global organisation which prepares and publishes international standards for all electrical, electronic and related technologies. They serve as the basis for national standardisation, as references when drafting international tenders and contracts, and for conformity evaluation of instrumentation. A total of 76 countries are now participating in the IEC family (56 members and 20 affiliates from developing countries). Each country participates though its national committee. There are 179 Technical Committees (TCs) and Sub-committees (SC), and more than 700 working groups (WGs), which carry out the standardisation work for IEC. The WGs are composed of representatives from all over the world who are experts in their own field and who are members of research and testing laboratories, regulatory agencies, academia, manufacturers and user organisations. SC 45B TC 45 ‘Nuclear instrumentation’ addresses standard development for instrumentation specific to nuclear



† B5: measurement of environmental radiation; † B8: pocket active electronic dose equivalent and dose equivalent rate monitors; † B9: installed equipment for radiation and activity monitoring in nuclear facilities; † B10: radon and radon decay products measuring instruments; † B14: passive integrating dosimetry systems for monitoring of external radiation; † B15: illicit trafficking control instrumentation; † ad hoc WG on uncertainty (to be created); † project team on environmental, electromagnetic and mechanical requirements for radiation protection instrumentation (to be created). SC 45B, through its WG B8 and B14, was charged with the development of international standards for instrumentation concerning the individual monitoring of ionising radiation. IEC general procedures A general IEC procedure is followed for the development of any new IEC standard. First, after an observed need for a new standard, the national committees or the TC/SC secretary can propose a new project (NP). An appointment of experts from at least five countries is needed to start an NP. Second,
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Different international organisations (ICRP, ICRU, IAEA, EC, ISO, IEC, etc.) develop standards, recommendations, reports or other international documents concerning radiation protection and particularly for individual monitoring of ionising radiation. This paper presents IEC, its Sub-committee 45B ‘Radiation protection instrumentation’ and the international standards that it develops for active and passive instrumentation with relation to individual monitoring of ionising radiation.



applications. Its SC 45B ‘Radiation protection instrumentation’ covers all the fields of radiation protection instrumentation for measurements under normal and accident conditions of external and internal individual exposure, to the public, workers in the workplace and the environment. SC 45B has more than 200 experts from 22 participating and 12 observer countries. There are currently 47 publications in force and 14 projects are in development. The SC has liaisons with IAEA, ISO, ICRP and other organisations. Its standards are considered by CENELEC for adoption as European ones. SC 45B has currently the following WGs:
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(1) (2) (3) (4) (5) (6)



STANDARD ON ACTIVE INDIVIDUAL MONITORS: IEC 61526 (WG B8)



Differences between the third edition (2010) and second edition (2005)



The standard that covers active individual monitors is IEC 61526 ‘Measurement of personal dose equivalents Hp(10) and Hp(0.07) for X, gamma, neutron and beta radiations – Direct reading personal dose equivalent meters’(1). It is under revision within WG B8 and the third edition will be published in 2010.



The third edition from 2010 includes the following significant technical changes compared with the second edition from 2005: † † †



This standard applies to personal dose equivalent meters with the following characteristics:



†



(b)



(c) (d)



and Hp(0.07) from X and gamma; and Hp(0.07) from X, gamma and beta; from X and gamma; from neutrons; from X, gamma and neutrons; from X, gamma and beta.



The standard specifies requirements for the dosemeter and, if supplied, for its associated readout system. It also specifies the general characteristics, general test procedures, radiation characteristics as well as electrical, mechanical, safety and environmental characteristics. The only requirements specified for associated readout systems are those which affect its accuracy of readout of the personal dose equivalent and alarm settings and those which concern the influence of the reader on the dosemeter. This standard also specifies usage categories with respect to different measuring capabilities. IEC 61526 does not cover special requirements for accident or emergency dosimetry although the dosemeters may be used for this purpose. The standard does not apply to dosemeters used for measurement of pulsed radiation, such as radiation emanating from most medical diagnostic Xray facilities, linear accelerators or similar equipment.



Scope and object of IEC 61526 Ed. 3



(a)



Hp(10) Hp(10) Hp(10) Hp(10) Hp(10) Hp(10)



They are worn on the trunk or the extremities of the body. They measure the personal dose equivalents Hp(10) and Hp(0.07) from external X and gamma, neutron and beta radiations, and may measure personal dose equivalent rates. They have a direct reading indication (display). They may have alarm functions for the personal dose equivalent or personal dose equivalent rate.



†



updated terms and definitions from the last edition of ISO/IEC Guide 99(2); full consistency with IEC/TR on determination of uncertainty in measurement (3); improved determination of constancy of the dose response and statistical fluctuations; abolition of some classes of personal dose equivalent meters in relation to retention of stored information; more flexibility including usage categories of personal dosemeters.



Usage categories of personal dosemeters Examples of usage categories for gamma and neutron personal dosemeters in IEC 61526 Ed. 3 are presented in Table 1 (for minimum required range of use) and in Table 2 (for optional extensions). For example, a personal gamma neutron dosemeter for a nuclear power plant may be classified as Gmh-N (‘G’ is for gamma, ‘m’ and ‘h’ are for mid and high energy and ‘N’ is for neutrons).



IEC 61526 is therefore applicable to the measurement of the following combinations of dose (rate) quantities and radiation: 34
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a project leader (PL), appointed from the WG experts, makes the first draft of the standard based on the suggestions and input from the other experts. The PL is responsible for the development and the advancement of the standard through all stages. The development of each IEC standard goes through several different stages starting as an NP, then one or more Committee Drafts (CDs), a CD for Vote (CDV) and, prior to publication, as a Final Draft International Standard (FDIS). At each stage, the standard project is sent to the national committees of SC 45B for comments and suggestions. Meanwhile, the draft is circulated electronically to all experts from the corresponding WG. At the general TC 45 meetings (once every 12–18 months) all suggestions, as well as the entire standard and its relation with other standards, international documents (ICRP, ISO, ICRU, etc.) and scientific publications are discussed in depth in the respective WGs. At the CDV and FDIS stages, the project standard is voted on by all participating countries. A positive vote (67 % positive and 25 % negative) is needed for acceptance. A standard must be finished in ,5 y and, when complete, is published simultaneously in English and French. A 5 y maintenance period (typical) is then established. After this period the standard is reconsidered for a new maintenance period, for revision or for withdrawal.



IEC STANDARDS FOR INDIVIDUAL MONITORING



Scope and object of IEC 62387-1



The new work in WG B8 concerns the important topic of electronic dosemeters to be used in pulsed radiation fields. As it was stated in the scope and object section, IEC 61526 does not cover this subject and a new standard is under development at a very early stage based on recent studies(4).



IEC 62387-1 applies to all types of passive dosimetry systems that are used for measuring the personal dose equivalents Hp(10) or Hp(0.07) or the ambient dose equivalent H*(10). It applies to dosimetry systems that measure external photon or beta radiation in the dose range between 0.01 mSv and 10 Sv and in the energy ranges given in the Table 3. During the next revision, the photon energy range for Hp(0.07) will be extended to 1.25 MeV and the quantity Hp(3) will be adopted. All the energy values are mean energies with respect to the prevailing dose quantity. The dosimetry systems usually use electronic devices for the data evaluation and thus are often computer controlled. This standard is intended to be applied to dosimetry systems that are capable of evaluating doses in the required quantity and unit (Sievert) from readout signals in any quantity and unit. The only correction that may be applied to the evaluated dose (indicated value) is the one resulting from natural background radiation using extra dosemeters. In this standard, requirements are stated for minimal ranges of influence quantities, for example, 80 keV– 1.25 MeV for photon energy. A dosimetry system shall at least fulfil the requirements stated for these minimal ranges. However, the manufacturer may state larger ranges for the different influence quantities, for example, 60 keV–7 MeV. These larger



STANDARD ON PASSIVE INTEGRATING DOSIMETRY SYSTEMS: IEC 62387-1 (WG B14) IEC 61066 and IEC 62387-1 The second edition from 2006 of IEC 61066(5) on thermoluminescent dosimetry systems replaced the 1st edition from 1991 which was for a long time the reference standard for whole body passive dosimetry. However, IEC 61066 Ed. 2 will be withdrawn in 2011 because its scope is covered by the more general IEC 62387-1 ‘Passive integrating dosimetry systems for environmental and personal monitoring – Part 1: General characteristics and performance requirements’(6) which is the new reference for photon and beta passive dosimetry systems for Hp(10), Hp(0.07) and H*(10) and thus for dosimetry services using passive dosemeters in general. The standard was developed within WG B14 and covers passive dosimetry systems which usually consist of the following three components: a badge (or dosemeter), a reader and controlling software. In the beginning, it was planned to produce further parts of this standard (22, 23 and so on) concerning the specific requirements for TLD, DIS, RPL, OSL, etc. but for the moment no need is observed for such parts and all requirements are covered by the general part 1.



Table 3. Energy range for the different measuring quantities used in IEC 62387-1. Measuring quantity



Table 1. Examples of usage categories for gamma and neutron personal dosemeters in IEC 61526 Ed. 3: minimum required range of use. Category



Symbol



Energy/dose/dose rate



G



80 keV– 1.5 MeV; 100 mSv –10 Sv; 0.5 mSv h – 1 – 1 Sv h – 1 0.025 eV–5 MeV; 100 mSv– 1 Sv; 5 mSv h – 1 –1 Sv h – 1



Hp(10) gamma Hp(10) neutron



N



Hp(10), H*(10) Hp(0.07)



Energy range for photon radiation



Energy range for beta-particle radiation



12 keV– 7 MeV



—



8 –250 keV



0.07a – 1.2 MeV



a For beta-particle radiation, an energy of 0.07 MeV is required to penetrate the dead layer of skin of 0.07 mm (almost equivalent to 0.07 mm of ICRU tissue) nominal depth. The specified energy range is almost equivalent to Emax from 225 keV to 3.54 MeV.



Table 2. Examples of usage categories for gamma and neutron personal dosemeters in IEC 61526 Ed. 3: optional extensions. Category Hp(10) gamma Hp(10) neutron



Energy



Dose



Dose rate



m (mid): lower limit 60 keV l (low): lower limit 20 keV h (high): includes 6 MeV —



f: lower limit 10 mSv



a (accident): upper limit 10 Sv h – 1 e (environment): lower limit 0.05 mSv h – 1



f: lowerlimit 10 mSv



a (accident): upper limit 10 Sv h – 1 e (environment): lower limit 0.5 mSv h – 1



35
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New work on active personal dosemeters



M. VOYTCHEV ET AL.



ranges are called rated ranges. In such cases, the dosimetry systems must fulfil the requirements stated for these rated ranges. Thus, dosimetry systems can be classified by stating a set of ranges (for dose, energy, temperature, etc.) within which are the requirements stated in this standard are. In addition, usage categories are given in Annex D of the standard with respect to different measuring capabilities. For the dosimetry systems described above, IEC 62387-1 specifies general characteristics, general test procedures and performance requirements, radiation characteristics as well as environmental, electrical, mechanical and software characteristics. The absolute calibration of the dosimetry system is not checked during a type test according to this standard as only system properties are of interest. The absolute calibration is checked during a routine test. The uncertainty of the irradiating laboratory is taken into account in this standard by increasing the acceptance criteria.



range from 250 keV up to 7 MeV for the quantity Hp(0.07) and the quantity Hp(3) are missing.



CONCLUSIONS



COOPERATION WITH CENELEC AND ISO CENELEC/TC 45B The CENELEC committee TC 45B transposes IEC/SC45B standards to European standards (EN) in a case by case manner, being able to include some common modifications. About 15 IEC standards have already been transposed as EN. An important point is that the national standards must not be conflicting with EN standards. The second edition of IEC 61526 was transposed as EN 61526 in 2007. The common modifications issued during this transposition were forwarded to the IEC for consideration for the third edition of the standard. The transposition of IEC 62387-1 is in progress and EN 62387-1 is expected to be published in 2010–11 including some modifications.



ACKNOWLEDGEMENTS The authors wish to thank all experts from IEC/SC 45B WG B8 and B14 and CENELEC/TC 45B for their contributions during the preparation of the presented standards. They are also thankful to the IEC Central Office staff. REFERENCES 1. IEC. Radiation protection instrumentation—measurement of personal dose equivalents Hp(0.07) and Hp(0.07) for X, gamma, neutron and beta radiations—direct reading personal dose equivalent meters. IEC 61526 Ed. 3 (2010). 2. ISO/IEC. International vocabulary of metrology—basic and general concepts and associated terms (VIM). ISO/IEC Guide 99 (2007). 3. IEC. Radiation protection instrumentation—determination of uncertainty in measurement. IEC/TR 62461 (2006). 4. Ambrosi, P., Borowski, M. and Iwatschenko, M. Considerations on concerning the use of counting active personal dosemeters in pulsed fields of ionizing radiation. Radiat. Prot. Dosim. 139(4):483– 493 (2010). 5. IEC. Thermoluminescence dosimetry systems for personal and environmental monitoring. IEC 61066 Ed. 2 (2006). 6. IEC. Radiation protection instrumentation—passive integrating dosimetry systems for environmental and personal monitoring—part 1: general characteristics and performance requirements. IEC 62387-1 (2007). 7. ISO. Personal photographic dosemeters. ISO 1757 (1996). 8. ISO. Individual thermoluminescence dosemeters for extremities and eyes. ISO 12794 (2000).



ISO/TC 85/SC 2 IEC/SC 45B has regular liaisons with ISO/TC 85/ SC 2 ‘Radiation protection’ every 1 –2 y. A positive outcome of these activities was a joint meeting of both IEC and ISO WG on passive dosimetry in January 2010. Different decisions were taken including: † † †



improved cooperation between both WGs; ISO 1757(7) on the film dosimetry will be withdrawn as soon as possible, being fully covered by IEC 62387-1; ISO 12794(8) on extremity dosimetry is almost fully covered by IEC 62387-1 and will be incrementally withdrawn; only the photon energy 36
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IEC/SC 45B with its 50 international standards greatly contributes towards the high quality of existing radiation protection instrumentation. Compliance with such standard requirements provides the manufacturers with internationally acceptable specifications and the device users with an assurance of the rigorous quality and accuracy of the measurements. IEC 61526 and IEC 62387-1 (and their EN transpositions) have already been intensively used for conformity instrumentation evaluations, during inter-comparison programmes and as references when drafting tenders and contracts. Experts from all countries are welcome to contribute to the IEC and CENELEC work (the national IEC/CENELEC committees should be contacted for registration).
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