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Revision of the 21909 standard on passive personal neutron dosimeters

ISO TC85/SC2 Working Group 19 dealing with "Individual monitoring for external radiations" has been conducting important work revising the 21909 standard on passive personal neutron dosimeters. A consensus in the community acted that the 2005 version [1] needed to be revised for two main reasons: 1/to achieve a document applicable to all systems irrespectively to the considered techniques and 2/ to reach harmonization between performance tests and conditions of use at the workplaces. The document was completely re-written to be binding enough to ensure that any neutron dosimetry system fulfilling the criteria would be reliable in most of the usual work situations, in terms of dose level, energy and direction distributions of the neutron fluence. This paper explains the reasons behind the revision and the new philosophy of the series published in 2021, so that Individual Monitoring Services may better understand how to apply the requirements in practice.

INTRODUCTION

The International Standardization Organization (ISO) is an organization dedicated to elaborate standards. In sub-committee 2 titled "SC2: Radiological protection" of the section ISO/TC85, called "Nuclear energy, nuclear technologies, and radiological protection", there is one working group (WG19: "Individual monitoring of external radiation") aiming to elaborate standards dealing with personal dosimetry. At an international level, the standards which are relevant for qualifying personal dosimetry are of two kinds: those related to the realization and use of reference radiation fields and standards giving the requirements and recommendations for testing the performances of personal dosimeters. There are only 2 international documents establishing the type tests and the requirements for neutron personal dosimeters: the IEC 61526 standard [5] for active personal dosimeters, and the ISO 21909 standard [1] for the passive neutron dosimeters.

Short description of the ISO process

In 2011, during the ISO annual meeting, a revision of the ISO 21909:2005 standard was decided. A resolution stated that a new work item for a revision of ISO 21909 had to be launched for the next vote. In 2012, the revision was adopted with 18 countries in favour, none against and 5 abstentions. France is the country leading the process. From the early beginning of the revision, there was a consensus to divide the document into two parts. The first one is an adaptation of the publication of 2005: "Performance and test requirements for personal dosimetry". The second part is a completely new document dealing with dosimeters that could not comply to the whole criteria of the type tests defined in the first part but could be qualified in particular workplaces. It is titled "Methodology and criteria for the qualification of personal dosimetry systems in workplaces". The first part was published in the end of 2015 [2]. The elaboration of the part 2 started at the beginning of 2018 and was published in 2021. In parallel of the work on the part 2, a revision of the part 1 was launched, few years after the publication in 2015 so that some first feedbacks from Individual Monitoring Services (IMSs) could be taken into account, and to be sure that the two parts were aligned together. Finally, the whole series (part 1 and 2) was published in 2021 [3] [4].

Situation before the revision started in 2011

The objective of the revision of the standard was to rectify two main weaknesses of the 2005 document. Indeed, this version considers that there are five different techniques used to perform neutron dosimetry: nuclear tracks emulsions dosimeters (NTEDs), solid state nuclear track dosemeters (SSNTDs), thermoluminescence albedo dosimeters (TLADs), superheated emulsion dosimeters (SEDs), and ion chamber dosimeters with direct ion storage (ICDs). The tests and criteria described in the publication of 2005 differ for the five different techniques. For instance, the performance criteria could hardly be compared for SSNTDs and TLADs, which are the two main techniques used in Europe [6]. The test of the angle dependence can illustrate the difference in terms of criteria: ±30% for TLADs whereas ±40% for SSNTDs. This revision intends to give tests and requirements as universal as possible, although some distinctions could remain according to the intrinsic capacities of the dosimetry system: sensitive or not to photons or, usable or not reusable, for instance.

The second main weakness of the publication of 2005 is that it does not ensure that personal dosimetry will be reliable enough in most of the usual work situations i.e., at low dose levels and for neutron energy ranges representative of those encountered at workplaces. It was decided within the ISO WG that the revised document should look for a better adequacy between performance tests and situations of use at the workplaces. In practice, many annual exposures of workers are the sum of several low doses close to the minimal recording value. Although the behaviour of neutron dosimetry systems could be different at low level of doses compared to the one at higher doses, there are no tests, in the publication of 2005, aiming at checking that the measurements are still consistent at low doses. For instance, the range of doses for the test of the linearity for the SSNTDs starts only at 1 mSv. No requirements are described for lower doses. Again, for SSNTDs, there are tests and requirements for the energy and angle dependence of response only in the range [1 mSv; 2 mSv]. More generally the mandatory dose range asked for the linearity and the energy tests are given in table 1. So, to improve neutron dosimetry and reach an adequacy between type tests and real conditions of use, the performance tests shall be performed at different dose levels: some at around 1 mSv to have the "nominal" behaviour of the dosimetry system, and others at lower doses. However, the criteria are less constraining at low doses to assure the quality of the dosimetry without being unachievable.

Another problem raised by the ISO WG19 is that the requirements of the 2005 publication in terms of neutron energy to be tested are not sufficient to insure a consistent measurement at real workplaces. For instance, for SSNTDs, the requirements for the energy and angle response dependence cover only four energies taken from ISO 8529 standard [7], in the applicable energy range for which compliance with this standard is sought. Moreover, the mean fluence to ambient dose equivalent conversion coefficients of the 252 Cf bare source and the 241 Am-Be source are 385 pSv.cm² and 391 pSv.cm² respectively [8] (cf.

Table 2); whereas the ones evaluate directly at workplaces during the EVIDOS project [9] were commonly found in the range 150 -250 pSv.cm², even lower. In other words, this means that the mean energies of the dose equivalent distributions of the most common reference radiations fields for calibration are often higher than the ones encountered at workplaces. As an example, the position of the high energy peaks of the fluence distribution is between 150 and 200 keV, in both the Boiled Water Reactors and Pressurized Water Reactors studied in the EVIDOS project [10], versus 2.13 MeV and 4.16 MeV for 252 Cf bare source, respectively 241 AmBe source for the mean energy of the fluence distribution [7]. That is why, the performance of the dosimeters for energies between a few tens and a few hundreds of keV must be included in the standard revision.

CONTENT OF THE 21909 SERIES

Part 1 of the 21909 standard

The part 1 of the ISO 21909:2021 provides laboratorybased type tests, and performance requirements for neutron passive dosimetry systems to be used for measurement of personal dose equivalent, Hp(10), for neutrons ranging from thermal energy to approximately 20 MeV [3]. This standard aims at covering all passive neutron detectors that can be used as a personal dosimeter in the above-mentioned neutron energy range or in a restricted part of the energy range. The main objective of this document is to achieve correspondence between performance tests and conditions of use at the workplaces. Dosimetry systems complying totally with ISO 21909-1 should give consistent dosimetry results in all workplace environments without the need of precise knowledge of the characteristics of the radiation fields (neutron energy and direction distributions). The description of the tests and the criteria are now irrespective to the different techniques available in the marketplace. The part 1 of the revised version of the ISO 21909 standard is divided itself into two main sections:

(a) The first one describes the type tests of the intrinsic behaviour of the dosimetry system: coefficient of variation, linearity, energy and angular responses.

(b) The second one contains a list of tests to guarantee the good behaviour of the dosimetry system in a range of realistic use conditions: fading, ageing, influence quantities (climatic conditions, photons, radon), etc. In the 2005 publication, there was a test about the detection threshold, asked to be at least 0.1, 0.2 or even 0.3 mSv depending on the considered dosimeter technique. In this revised version (2015), the philosophy is far different. There is no more test to define the detection threshold. Instead, there are requirements to ensure that the dose estimation at low dose level -near the detection threshold -is reliable enough considering tests qualifying the intrinsic characteristics at these dose levels. Moreover, some tests are also described aiming at limiting the number of false positive measurements. That is why, in the second section of this part checking the stability in the range of realistic use conditions of the dosimetry system, two categories of tests are given: the ones on the dose response (level of dose generally between 1 to 3 mSv), and the ones for unexposed dosimeters.

The IMS shall state the energy range in which the dosimetry system should be characterized: at minima the 'mandatory' range (from 144 keV to energy < 10 MeV) and optionally the thermal and/or fast range(s). For this "mandatory" part for all dosimeters, the tests, for the 0° incidence, have to be performed at 6 given energies (from 144 keV, to broad sources) and two mixed fields (broad sources + low monoenergetic field and broad source + thermal field).

The tests must be performed at three dose levels:  at Hmin,  at Hmin + 0.1 mSv,  at one dose within the range [0,8 mSv -2 mSv], where Hmin is defined as the minimal recording value which depends on national regulation. Depending on the countries it might be 0.5 mSv or 0.1 mSv. As it would be very hard to compare systems which requirements in term of minimal recording value is so different, the criteria depend on the dose level and are defined independently of the chosen Hmin (cf. figure 1).

It is more difficult to provide requirements for the dosimetry systems which will not completely fulfil the requirements in term of energy and angular responses. Indeed, it is the case for systems whose response highly depends on the neutron energy such as some albedo dosimeters that needs a priori information on the neutron field [11]. For the case that a dosimetry system does not comply with the full range of requirements in ISO 21909-1 regarding the dependence of the response on the energy and direction distributions of the neutron fluence, it remains necessary to evaluate its performance for the specific workplace conditions where the dosimetry system is used. This is the goal of the second part of the ISO 21909 standard.

Part 2 of the 21909 standard

The part 2 of the ISO 21909 standard is then addressed to dosimetry systems with responses that show energy and directional dependencies that do not comply with the test requirements in ISO 21909-1, but that are able to give consistent and reliable dosimetry results at selected workplaces applying corrections when needed. In this case, a specific study at the workplace where the dosimetry systems are used is necessary to demonstrate that the dosimetry systems are suited for this specific workplace and, if needed, to determine the appropriate corrections to be applied. This second part gives requirements for the qualification of the dosimetry system as well as examples for evaluating its performance and qualifying it at workplace. The qualification of the dosimetry system at workplace aims to demonstrate that:  either the non-compliance of the dosimetry system to some of the requirements on the energy or direction dependent responses defined in ISO 21909-1 will not lead to significant discrepancies in the dose determination for a certain workplace field;

 or, that the correction factor or function used for this specific studied workplace enables the dosimetry system to accurately determine the conventional dose value with uncertainties similar to the ones given in ISO 21909-1 [4].

Moreover, methodologies to characterize the workplace field are also given to perform the qualification of the dosimetry system. This second part is not only addressed to IMSs but also to accreditation or regulatory bodies and users of the particular dosimetry systems (the user is meant as the entity which assigns the dosimetry system to the radiation worker and records the assigned dose.) It is important to test the behaviour of the dosimetry system at different levels of dose. The qualification following the general method is performed experimentally with measurements performed at three levels of dose (similar to the ones in part 1). Moreover, it must be demonstrated that, using a specific correction factor or function that depends only on the considered neutron energy, the tests and the criteria of the ISO 21909-1 standard are fulfilled for the three following energies: 144 keV, 250 keV, and 252 Cf or 241 Am-Be sources, at the different tested angles (0, 30° and 60°). However, as the dose rate might be very low at the real workplace, it might be very difficult, for practical reasons, to integrate the high level of dose. In that case all the tests of the ISO 21909-1 standard have to be performed at the three levels of dose (similar to what is asked in the part 1:

-at a dose within the range [Hmin; Hmin + 40 %], -at a dose within the range [(Hmin+ 0,1 mSv) -20 %;

(Hmin + 0,1 mSv) + 20 %], -at a dose within the range [0,8 mSv; 2 mSv].

And it shall be demonstrated that, using one unique correction factor or function per energy, all the tests and criteria defined in the ISO 21909-1 standard are fulfilled.

CONCLUSION

The 21909:2021 standard is far different compared to its version of 2005. The revision was driven by the willing to improve the performances of the neutron individual monitoring independently of the dosimetry technique and to guarantee it is adapted to workplace fields and level of doses routinely measured.

Complying to part 1 ensure that the neutron dosimetry system offers reliable estimation of the dose in real situation of exposure at workplaces without a priori knowledge of the neutron field. For systems that needs such information, the part 2 provides methodology and criteria making possible to qualify those dosimetry systems to be used at specific workplaces to be used, so that similar requirements and criteria to test the global performances of the dosimetry systems are provided for all dosimetry systems. 
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Table 1 .

 1 Mandatory dose ranges for the linearity and the energy tests, for the five different dosimetry techniques described in the ISO 21909:2005 standard [1].

		Mandatory dose	Mandatory dose
		range for the	range for the energy
		linearity test	test
	Nuclear track	0,5 mSv -20 mSv	≥ 1 mSv
	emulsion dosemeters		
	(NTED)		
	Solid state nuclear	1 mSv -10 mSv	≥ 1 mSv
	track dosemeters		
	(SSNTD)		
	Thermoluminescence	1 mSv -100 mSv	Non applicable
	albedo dosemeters		
	(TLAD)		
	Superheated emulsion	0.1 mSv -1 mSv	Dose enough to
	dosemeters (SED)		produce
			approximately 100
			bubbles in each
			detector

Table 2 .

 2 Mean fluence to ambient dose equivalent conversion coefficients for the most common reference calibration fields [8].

	Mean fluence to ambient dose equivalent
	conversion coefficient, h* (pSv.cm²)
	241 Am-B(α,n)	408
	241 Am-Be(α,n)	391
	252 Cf(D 2 O) moderated	105
	252 Cf	385
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