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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Radiation protection instrumentation - Portable, transportable or installed
equipment for in vivo measurement of photon emitting radionuclides —

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for
standardization comprising all national electrotechnical committees (IEC National
Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to
other activities, IEC publishes International Standards, Technical Specifications, Technical
Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National
Committee interested in the subject dealt with may participate in this preparatory work.
International, governmental and non-governmental organizations liaising with the IEC also
participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as
possible, an international consensus of opinion on the relevant subjects since each technical
committee has representation from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted
by IEC National Committees in that sense. While all reasonable efforts are made to ensure that
the technical content of IEC Publications is accurate, IEC cannot be held responsible for the
way in which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply
IEC Publications transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC Publication and the corresponding national or
regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies
provide conformity assessment services and, in some areas, access to IEC marks of
conformity. IEC is not responsible for any services carried out by independent certification
bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including
individual experts and members of its technical committees and IEC National Committees for
any personal injury, property damage or other damage of any nature whatsoever, whether
direct or indirect, or for costs (including legal fees) and expenses arising out of the publication,
use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced
publications is indispensable for the correct application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve
the use of (a) patent(s). IEC takes no position concerning the evidence, validity or applicability
of any claimed patent rights in respect thereof. As of the date of publication of this document,
IEC [had/had not] received notice of (a) patent(s), which may be required to implement this
document. However, implementers are cautioned that this may not represent the latest
information, which may be obtained from the patent database available at
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https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent
rights.

IEC 61582 has been prepared by subcommittee 45B: Radiation protection instrumentation, of
IEC technical committee 45: Nuclear instrumentation. It is an International Standard.

This second edition cancels and replaces the first edition published in 2004. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Measurement traceability to the national standard is required.

b) Uncertainty of measurement according to GUM is introduced.

¢) Environmental, mechanical and electromagnetic compatibility requirements are up-dated
according to |JEC 62704§.

d) Relative intrinsic error is replaced by linearity test.
The text of this International Standard is based on the following documents:

Draft Report on voting

XXIXXIEDIS | XXIXX/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English [change
language if necessary].

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,
— withdrawn, or

— revised.
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INTRODUCTION

The following items were listed in the bibliography but not cited in the text. Please find a suitable
place to cite them to justify their inclusion in the bibliography:

IEC 60050-151, International Electrotechnical Vocabulary (IEV) - Part 151: Electrical and
magnetic devices|EC 60050-151 [1]

IEC 61000-4-8:2001, Electromagnetic compatibility (EMC) - Part 4-8: Testing and
measurement techniques - Power frequency magnetic field immunity testlEC 61000-4-8:2001

(2]

ICRP Pub 38:1983, Radionuclide Transformations: Energy and Intensity of Emissions. Annals
of the ICRP 11-13 [3]

ICRP Pub 60:1990, Recommendations of the International Commission on Radiological
Protection. Annals of the ICRP 21 No. 1-3, 1991 [4]

ICRP Pub 61:1991, Annual Limits on Intake of Radionuclides by Workers Based on the 1990 -
Recommendations. Annals of the ICRP 21 No. 4. [5]

ICRP Pub 68:1994, Dose Coefficients for Intakes of Radionuclides by Workers: A Replacement
of ICRP 61. Annals of the ICRP 24 (4). [6]

ICRP 75, General Principles for the Radiation Protection of Workers [7]

ICRP, 2007. The 2007 Recommendations of the International Commission on Radiological
Protection. ICRP Publication 103. Ann. ICRP 37 (2-4). [8]

ICRP, 2015. Occupational Intakes of Radionuclides: Part 1. ICRP Publication 130. Ann. ICRP
44(2) [9]

ICRP, 2016. Occupational Intakes of Radionuclides: Part 2. ICRP Publication 134. Ann. ICRP
45(3/4), 1-352 [10]

ICRP Publication 137: Occupational Intakes of Radionuclides: Part 3. Annals of the ICRP, 01
Dec 2017, 46(3-4):1-486 [11]

ICRP, 2019. Occupational intakes of radionuclides: Part 4. ICRP Publication 141. Ann. ICRP
48(2/3) [12]

ICRP, 2022. Occupational Intakes of Radionuclides: Part 5. ICRP Publication 151. Ann. ICRP
51 (1-2) [13]

EC 60068-2-1, Environmental testing - Part 2-1: Tests - Test A: ColdIEC 60068-2-1 [14]

EC 60068-2-2, Environmental testing - Part 2-2: Tests - Test B: Dry heatlEC 60068-2-2 [15]

EC 60068-2-6, Environmental testing - Part 2-6: Tests - Test Fc: Vibration (sinusoidal)
60068-2-é [16]

|IEC 60068-2-14, Environmental testing - Part 2-14: Tests - Test N: Change of temperaturelEC
60068-2-14 [17]

IEC 60068-2-27, Environmental testing - Part 2-27: Tests - Test Ea and guidance: Shock|EC
60068-2-27 [18]

IEC 60068-2-79, Environmental testing - Part 2-78: Tests - Test Cab: Damp heat, steady
statelEC 60068-2-78 [19]

EC 60721-3-5, Classification of environmental conditions - Part 3-5: Classification of groups
of environmental parameters and their severities - Ground vehicle installationlEC 60721-3-5
[20]
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EC 60721-3-1, Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Section 7: Portable and non-stationary uselEC
60721-3-7 [21]

EC 61000-4-3, Electromagnetic compatibility (EMC) - Part 4-2: Testing and measurement
techniques - Electrostatic discharge immunity testlIEC 61000-4-2 [22]

EC 61000-4-5, Electromagnetic compatibility (EMC) - Part 4-5: Testing and measurement
techniques - Surge immunity testiIEC 61000-4-5 [23]

EC 61000-4-§, Electromagnetic compatibility (EMC) - Part 4-6: Testing and measurement
techniques - Immunity to conducted disturbances, induced by radio-frequency fields|IEC 61000-
4-6 [24]

ISO 11929-2, Determination of the characteristic limits (decision threshold, detection limit and
limits of the coverage interval) for measurements of ionizing radiation — Fundamentals and
application — Part 2: Advanced applicationsISO 11929-2 [25]

ISO 11929-3, Determination of the characteristic limits (decision threshold, detection limit and
limits of the coverage interval) for measurements of ionizing radiation — Fundamentals and
application — Part 3: Applications to unfolding methodsISO 11929-3 [26]

ISO 11929-4, Determination of the characteristic limits (decision threshold, detection limit and

limits of the coverage interval) for measurements of ionizing radiation — Fundamentals and
application — Part 4: Guidelines to applicationsISO 11929-4 [27]
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Radiation protection instrumentation - Portable, transportable or installed
equipment for in vivo measurement of photon emitting radionuclides —

1 Scope and object

This document specifies the classification, general design requirements, performance
characteristics and test procedures for in vivo counting systems for externally detecting trace
amounts of radionuclides in the bodies of persons working in nuclear power plants,
laboratories, facilities handling radionuclides and an area contaminated by a nuclear accident,
and inhabitants living on territory which may be contaminated by either naturally occurring or
artificial radionuclides.

This document applies to equipment for the measurement of the activity of gamma-emitting
radionuclides in humans in order to determine the committed dose equivalent due to internal
contamination in accordance with the recommendations of the ICRP Pub103, ICRP Pub 130,
ICRP Pub 134, ICRP Pub 137, ICRP Pub 141 and ICRP Pub 151.

This document is applicable both to equipment with spectroscopic capabilities, with single-
channel pulse height analyser and equipment for rapid screening for gross internal
contamination only.

This document is applicable to an equipment for the monitoring of certain critical organs (for
example, lungs thyroid gland, etc) as well as an equipment for monitoring the whole body.

The requirements of this document are applicable to the installed apparatus, to vehicle-
mounted equipment and to a portable equipment. The general and radiological requirements
of all types of in vivo counters are included in this document.

This document specifies general types, specific measuring characteristics, main test
procedures, electrical and mechanical characteristics of the in-vivo counter, as well as the
requirements related to background radiation of the environment.

NOTE 1 This equipment is not intended for the determination of external contamination of the human body or the
clothing of personnel.

NOTE 2 This document is not applicable to equipment such as radiation detectors intended for introduction into
the human body.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition cited
applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60038, IEC standard voltages

IEC 60050-395, International Electrotechnical Vocabulary (IEV) - Part 395: Nuclear
instrumentation - Physical phenomena, basic concepts, instruments, systems, equipment and
detectors

EC 61000-4-3, Electromagnetic compatibility (EMC) - Part 4-3: Testing and measurement
techniques - Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-12, Electromagnetic Compatibility (EMC) - Part 4-12: Testing and measurement
techniques - Ring wave immunity test

IEC 61187, Electrical and electronic measuring equipment - Documentation

EC 62706, Radiation protection instrumentation - Recommended climatic, electromagnetic and
mechanical performance requirements and methods of tests
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ISO 11929:2010, Determination of the characteristic limits (decision threshold, detection limit
and limits of the confidence interval) for measurements of ionizing radiation — Fundamentals
and application

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-395 and the
following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

— |EC Electropedia: available at https://www.electropedia.org/
— 1SO Online browsing platform: available at https://www.iso.org/obp

3.1

conventionally true value of activity

best estimate of activity value and its uncertainty determined from a primary or secondary
standard or by means of a reference instrument which has been calibrated against primary or
secondary radioactive sources

3.2
indicated (measured) activity
activity indicated by the measuring assembly under test

3.3

coefficient of variation

ratio V of the standard deviation s to the arithmetic mean of set of n measurements xi given by
the following formula

2

s 1] 1 v )
% (n—1);(xi_x) (1)

V=

3.4

calibration

process of determination of the numerical relationship between the observed indication and the
value of the quantity being measured

3.5

instrument efficiency

€

ratio of the net count rate of the equipment, C,, to the photon emission rate of the photon

from the reference source, A, J obtained under the standard test condition in a specified
detector-source geometry. The instrument efficiency is expressed as

= 2
= Al (2)
where,
Ac is the activity of the source at the time of the instrument efficiency determination
J the abundance of specified photon emission;
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3.6

response

R

ratio of the indicated value of a monitor or meter, M;, to the conventional true value, M,

expressed as

R=_! (3)

3.7

reference response

Rref

R obtained under standard test conditions (Table 1) to the reference source whose activity
gives the indication of the assembly high enough that an effect of variation of the background
count is negligible and low enough that a counting loss due to the dead time is also negligible

3.8

relative response

r

ratio of the response at the test point, R, to the reference response, expressed as

(4)

3.9

dynamic range

quotient of the signal from the maximum measurable indication of a quantity to the signal from
the minimum detectable value of that quantity

3.10

error of indication

difference between the indicated activity Ai and the conventionally true activity at the point of
measurement Ac

3.11

effective range of measurement

range of values of the quantity to be measured over which the performance of a piece of
equipment or assembly meets the requirements of this document

3.12

lower limit of effective range of measurement

Ao

lowest activity or count rate in the effective range of measurement
3.13

measurement time
time delay between the initiation of the measurement and the attainment of the final reading

3.14
energy resolution
full width at half maximum (FWHM)

The full width is measured between the two points on the spectrum situated on either side of
the centroid due to the energy of interest where the count rate in the energy channel is half
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that of the peak maximum
The relative energy resolution Re is given by

full width in terms of energy (or channel number)

= 0,
FWHM the energy (or channel number) of the centroid of the energy of interest %

(6)

Note 1 to entry: The full width may not be symmetric in relation to the centroid.

3.15

integral non-linearity

integral non-linearity is one of an expression of lack of linearity. It is determined based on the
maximum deviation from the approximated straight line as follows. The conversion
characteristic is approximated with the straight line:

N=ad+BxE, (7)

where,

a is the energy associated with channel O of the pulse height analyser;
B =1/k where kis the energy channel width of the equipment.

For each of the centroid peak positions nio corresponding to the energy Eyi the deviation AEyi
from the straight-line approximation of the conversion characteristic is calculated.
The INL is calculated from the formula

AE,;
77(%) _ Eylmax

ymax

x 100 (8)

where,

AEyimax is the maximum of the absolute values of AEyi;
Eymax is the maximum measure signal pulse height.

3.16
qualification test
test performed in order to verify that the requirements of a specification are fulfilled

Note 1 to entry: Qualification tests are subdivided into type tests and routine tests.

3.17

type testing

conformity testing on the basis of one or more specimens of a product representative of the
production

[SOURCE: IEV 394-20-28]

3.18

routine test

test to which an individual device is subjected during or after manufacture to ascertain whether
it complies with certain criteria

[SOURCE: IEV 394-20-08]

3.19

acceptance test

contractual test to prove to the customer that the device meets certain conditions of its
specification
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[SOURCE: IEV 394-20-09]

3.20

minimum rated range

smallest range being specified of an influence quantity over which the instrument will operate
within the respective variation of the response in order to comply with this standard

4 Units

Units of the International System (SI) are used. The corresponding non-SI units are indicated
in brackets

Activity: the Sl unit of radioactivity of any material is the Becquerel (symbol Bq)
1 Bg = 1 nuclear transition (decay) in a second
=1 decay s~

The quantity has the unit s~'In this standard, the units are the multiples and sub multiples of
units of the International System of Units (SI)1. The following non-SI units are also used:

Time: years, days, hours (h), minutes (min)

For energy: electron-volt (eV) (1 eV = 1,602 x 10719 J)

NOTE Definitions of the radiation quantities are given in IEC 60050-395.
5 Classification

5.1 General classification

Dependent on the type of elements and on the range of energy to be detected in vivo, monitors
can be conveniently classified taking account of two considerations:

— the range of energy;

— the specificity of the measurement.

5.2  Energy range classification

5.2.1 Low energy in vivo monitoring (< 200 keV)

These in vivo counters are used for the detection of low-energy emitters (essentially actinides
such as Pu, Am, U and electron capture nuclides). Because of their minimal translocation,
these radionuclides are normally located in the lung, and measurements are made
preferentially in this organ. However, measurements in other organs can also be considered.

5.2.2 High energy in vivo monitoring (> 100 keV)

These in vivo counters are used for the detection of high-energy emitters including activation
products and fission product measurements. Because of their rapid translocation, the
measurements are generally made on the whole body. However, measurements in other organs
can also be considered.

5.3 Specificity of the measurement

The monitors are classified based on the decision threshold and an ability to measure an
activity of specific nuclides. The classification is listed below.

a) Classification of low-energy in-vivo monitoring

Type 1 Type 2

Decision threshold in Bq 20(241Am) 30(241Am)

1 International Bureau of Weights and Measures: The International System of Units (Sl1), 9th edition 2019.
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Nuclide specification method | spectrometry spectrometry

Measurement purpose research and development | routine monitoring

b) Classification of high-energy in-vivo monitoring

Type 1 Type 2 Type 3 Type 4
Decision 15(80co)/30(137cs) | 30(80co)/60(137cs) | 150(80co0)/300(137Cs) | 150(80co0)/300(137Cs)
threshold in
Bqg
Nuclide spectrometry spectrometry spectrometry or single | not applicable
specification channel analysis
method
Measurement | research and routine monitoring screening and screening
purpose development monitoring

5.3.1 Type 1 - Nuclide specific, spatially specific with very low background

Type 1 in-vivo counters are used for R&D purposes with nuclide-specific and spatially-specific
measurement. This type in-vivo counter will achieve precise low-level radiological monitoring
for the measurement of radioactivity as accurately and precisely as possible. It may need longer
measuring time and very heavy radiation shield.

NOTE 1 This type in-vivo counters are generally installed in atomic energy research institutions, atomic power
plants, emergency treatment centres laboratories, universities and hospitals for research purposes.

NOTE 2 The detector assemblies and driving mechanisms to move the detectors are mounted in a shielded room
where special attention is paid to the materials lining the walls and to the air entering the room (radon).

5.3.2 Type 2 - Nuclide specific, spatially specific with low background

Type 2 in-vivo counters are used for routine monitoring with nuclide-specific and spatially-
specific measurement. This type in-vivo counter will achieve also precise low-level radiological
monitoring, however, it also considers a number of people to be monitored. Then, it may need
shorter measuring time and reasonably heavy radiation shield.

NOTE 1 These in vivo counters are used for the estimation of internal dose of individuals and are normally intended
for atomic energy research institutions, atomic power plants, emergency treatment centres, etc.

NOTE 2 The structure of this type of in vivo counter is suited to the more rapid monitoring of many subjects; a
shadow shield structure (open structure covering only the detectors and their accessories), simpler than the type 1
construction, would meet this requirement.

5.3.3 Type 3 - Nuclide specific

Type 3 in-vivo counters are used for screening purposes with nuclide-specific measurement.
This type in-vivo counters will achieve a radiological monitoring of radioactivity with reasonable
precision and low-level measurement. It intends to measure activities of a much number of
people in a rather short measuring time. It also considers a convenience in transferred from
one place to another. The nuclide-specific measurement of this type in-vivo counters will be
achieved by gamma photon spectrometry with a multi-channel pulse height analyser and /or
counting signals of specific pulse height determined by a window-type single channel pulse
height analyser.

NOTE These in vivo counters are general screening counters for radiation workers and for the mass screening of
the general public after nuclear accidents. This latter screening may be an initial measurement or a subsequent
measurement to determine any changes in condition.

5.3.4 Type 4 - Non-nuclide and non-spatial specific

Type 4 in-vivo counters are used for screening purposes. This type in-vivo counter will achieve
the same performance as that achieved by the Type 3 equipment except for not having an
ability to identify nuclides in human bodies. It may have quite large detectors.

NOTE Because of the difficulty of measurement and the high background dependency, measurements in the low-
nergy range need low background equipment. Consequently, the type 3 and type 4 equipment are not used for this
range of energy.
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