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Foreword

The text of document 62B/936/FDIS, future edition 2 of IEC 61331-1, prepared by SC 62B, "Diagnostic
imaging equipment", of IEC TC 62, "Electrical equipment in medical practice " was submitted to the IEC-
CENELEC parallel vote and approved by CENELEC as EN 61331-1:2014.

The following dates are fixed:

e latest date by which the document has (dop) 2015-04-24
to be implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2017-06-11
standards conflicting with the
document have to be withdrawn

This document supersedes EN 61331-1:2002.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

Endorsement notice

The text of the International Standard IEC 61331-1:2014 was approved by CENELEC as a European
Standard without any modification.

IEC 61331-3 NOTE Harmonised as EN 61331-3.
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Annex ZA
(normative)
Normative references to international publications

with their corresponding European publications
The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:
www.cenelec.eu.

Publication Year Title EN/HD Year
IEC 60601-1 2005 Medical electrical equipment -- Part 1: EN 60601-1 2006
General requirements for basic safety and
essential performance

+EN 60601- 2010
1:2006/corrigendum
Mar. 2010
+AC 2014
+A11 2011
+A1 2012 +A1 2013
IEC 60601-1-3 2008 Medical electrical equipment -- Part 1-3: EN 60601-1-3 2008
General requirements for basic safety and
essential performance - Collateral Standard:
Radiation protection in diagnostic X-ray
equipment
+EN 60601-1- 2010
3:2008/corrigendum
Mar. 2010
+A1 2013 +A1 2013
+AC 2014
IEC/TR 60788 2004 Medical electrical equipment - Glossary of - -

defined terms

SEK Svensk Elstandard


http://www.cenelec.eu/advsearch.html

-2- IEC 61331-1:2014 © IEC 2014

CONTENTS

FOREW O R DD ... et ettt e e e e e e e 4
1 oo ] o XS PP 6
2 NOIMAtIVE FEIEIENCES ...oniiiii e 6
3 Terms and definitioNs ... s 7
4 Methods to determine the ATTENUATION RATIO ..uuiuiinieieieieiee e e eeeee e e e e eeaeeneaeeneenas 7
4.1 LT U= - | PPN 7
4.2 NARROW BEAM CONDITION ..uuituiititeiteeteeteei et e e et e eaeete et e e e e e e e e en e et e e e e e aneeneenees 7
4.21 General desCription ... 7
4.2.2 AIR KERMA RATE MEASUIremMENES .....iviiiiiiiiiiii e 7
4.2.3 RADIATION QUALITIES and RADIATION DETECTOR ....uvvvuiiieiiieeiieeeieeeneenn 8
4.2.4 Signal to noise condition...........ooiiiiiii i 9
4.2.5 ATTENUATION RATIO evaluation...........coooiiiiiii e 10
4.3 BROAD BEAM CONDITION ...ttt e e e e e e e 10
4.3.1 General desCription .......oiiiiii 10
4.3.2 AIR KERMA RATE MeasUurements .........ooooiiiiiiiiiiii e 10
4.3.3 RADIATION QUALITIES and RADIATION DETECTOR .......vvvuiineeieeieeieenannnns 10
4.3.4 Signal to noise condition..........oooiiiiii 11
4.3.5 ATTENUATION RATIO evaluation............ooooiiiiiiiii e, 12
4.4 INverse BROAD BEAM CONDITION ....uuuiuititeteteee et eete et e e ee e e e e e e et e e e e e eneenees 12
4.41 General desCription ... 12
4.4.2 AIR KERMA RATE MeEasUremMents .......covviiiiiiiieieeeee e 12
4.4.3 RADIATION QUALITIES and RADIATION DETECTOR ....uvvvuviieiieeineeineennnens 13
4.4.4 Signal to noise condition...........ccoiiiiiiiii 14
4.4.5 ATTENUATION RATIO evaluation...........coooiiiiiiiiicic e 14
4.5 Calculation of the ATTENUATION RATIO for photon-emitting radionuclides ........... 14
451 EQUAatiON o 14
4.5.2 Decay data ..o 14
453 Mass ATTENUATION and mass energy-absorption coefficients .......... 14

454 Verification of the mass- ATTENUATION COEFFICIENTS of the test
= L= = 1 15
5 Determination of ATTENUATION Properties ... 16
5.1 ATTENUATION RATIO ..oeiinii it 16
5.1.1 Determination ... ..o, 16
51.2 INAICAtION ... 16
5.2 BUILD=UP FACTOR .. e ittt e e 16
5.2.1 Determination ... 16
5.2.2 INAiCAtioN ... 16
5.3 ATTENUATION EQUIVALENT ettt ettt e e e e e e e e e e e e e e et e et e et e e e e eneenas 16
5.3.1 Determination ... 16
5.3.2 INAiCAtioN ... 17
5.4 LEAD EQUIVALENT L.ittitiitie et et e et e e e e e e e e e et e et e e e e e e et e et e et e et e e e e e eneenaeees 17
5.4.1 Determination ... ..o, 17
5.4.2 INAICAtION ... 17
5.5 LEAD EQUIVALENT class for a SPECIFIED range of RADIATION QUALITIES ................ 17
5.5.1 Materials. . ... 17
5.5.2 Standard thiCKNESSES .....couiiiiiiiiie e 17

SEK Svensk Elstandard



IEC 61331-1:2014 © IEC 2014 -3-

5.5.3 Conditions for assignment to a LEAD EQUIVALENT class .................... 17
5.5.4 INAICATION ... 18
5.6 [ oY ¢ ToTo =1 s =Y 1 YR 18
5.6.1 Determination ... ... 18
5.6.2 INAICATION ... 18
6  Statement of COMPlIANCE ... 18
Annex A (informative) Tables of ATTENUATION RATIOS, BUILD-UP FACTORS and first HALF-
R I = N =1 PP 19
71 0] [ Yo = o 2 /278 24
Index of defined terms used in this International Standard ... 25
Figure 1 — NARROW BEAM CONDITION ...cuutttuitnettneeteeteeteeaeeteea e et eea e et e et e et e et e et eeaeeaneeeneeenns 9
Figure 2 — BROAD BEAM CONDITION ..ouuuituitnettn ettt et e et e et e et e ean e ean e een e e et ae et aeenseen e eetaeenaeenaeenaes 11
Figure 3 — Inverse BROAD BEAM CONDITION ..cuuutuuttnitn et eti et e eeeeeai e eea e e e e e e e ean e een e e et e een e enaaenaes 13
Table 1 — Standard RADIATION QUALITIES fOr X-RAY BEAMS ... ..uuiiuiiieiiieiieeeiee e e e e eane 15
Table 2 — Standard gamma RADIATION QUALITIES according to ISO 4037-1........ccovviiiiiiinnnann. 16
Table A.1 — ATTENUATION RATIOS Fy of lead thicknesses from 0,125 mm to 2 mm
calculated for RADIATION QUALITIES of Table 1 according to the formula given in 4.5.4............ 20

Table A.2 — BUILD-UP FACTOR B measured for RADIATION QUALITIES of Table 1 according
to the formula given in 5.2.1 for lead thicknesses 0,25 mm, 0,35 mm and 0,50 mm............... 21

Table A.3 — ATTENUATION RATIOS Fp of lead thicknesses from 0,125 mm to 7 mm
calculated for RADIATION QUALITIES of Tables 1 and 2 according to the formula given in
T PP 21

Table A.4 — First HALF-VALUE LAYERS in mm Al of RADIATION QUALITIES of Table 1 as a
function of additional lead filters of different thicknesses in the range from 0,125 mm
140 T2 0 Vo S 22

Table A.5 — First HALF-VALUE LAYERS in mm Cu of RADIATION QUALITIES of Table 1 as a
function of additional lead filters of different thicknesses in the range from 0,125 mm
L(Q T 0 Y o PPN 23

SEK Svensk Elstandard



-4 - IEC 61331-1:2014 © IEC 2014

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROTECTIVE DEVICES AGAINST
DIAGNOSTIC MEDICAL X-RADIATION -

Part 1: Determination of attenuation properties of materials

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) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61331-1 has been prepared by subcommittee 62B: Diagnostic
imaging equipment, of IEC technical committee 62: Electrical equipment in medical practice.

This second edition cancels and replaces the first edition of IEC 61331-1, published in 1994.
It constitutes a technical revision. This second edition has been adapted to apply to the
present technology. In particular, this second edition is consistently applicable to lead- and
non-lead-containing materials. The essential changes and extensions are:

— extension of the scope to cover photon-emitting radionuclides;

— improved methods to determine the ATTENUATION RATIO;

— addition of the so-called inverse BROAD BEAM CONDITION;

— addition of a method to calculate the ATTENUATION RATIO of photon-emitting radionuclides;
— definition of new standard X- and gamma RADIATION QUALITIES used for testing;

— addition of the so-called LEAD EQUIVALENT class;

SEK Svensk Elstandard
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— tables of ATTENUATION RATIOS, BUILD-UP FACTORS and first HALF-VALUE LAYERS for the
standard RADIATION QUALITIES filtered with different thicknesses of lead.

The text of this standard is based on the following documents:

FDIS Report on voting
62B/936/FDIS 62B/942/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this standard, the following print types are used:

— requirements and definitions: roman type;.

— informative material appearing outside of tables, such as notes, examples and references: in smaller type.
Normative text of tables is also in a smaller type;

— TERMS DEFINED IN CLAUSE 3 OF THIS STANDARD OR AS NOTED: SMALL CAPS.

The verbal forms used in this standard conform to usage described in Annex H of the ISO/IEC
Directives, Part 2. For the purposes of this standard, the auxiliary verb:

“shall” means that compliance with a requirement or a test is mandatory for compliance
with this standard;

— “should” means that compliance with a requirement or a test is recommended but is not
mandatory for compliance with this standard;

— “may” is used to describe a permissible way to achieve compliance with a requirement or
test.

A list of all parts of the IEC 61331 series, published under the general title Protective devices
against diagnostic medical X-radiation, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
+ amended.

SEK Svensk Elstandard
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PROTECTIVE DEVICES AGAINST
DIAGNOSTIC MEDICAL X-RADIATION -

Part 1: Determination of attenuation properties of materials

1 Scope

This part of IEC 61331 applies to materials in sheet form used for the manufacturing of
PROTECTIVE DEVICES against X-RADIATION of RADIATION QUALITIES generated with X-RAY TUBE
VOLTAGES up to 400 kV and gamma radiation emitted by radionuclides with photon energies
up to 1,3 MeV.

This Part 1 is not intended to be applied to PROTECTIVE DEVICES when these are to be checked
for the presence of their ATTENUATION properties before and after periods of use.

This Part 1 specifies the methods of determining and indicating the ATTENUATION properties of
the materials.

The ATTENUATION properties are given in terms of:

— ATTENUATION RATIO;

— BUILD-UP FACTOR;

— ATTENUATION EQUIVALENT;

together with, as appropriate, an indication of homogeneity and mass per unit area.

Ways of stating values of ATTENUATION properties in compliance with this part of the
International Standard are included.

Excluded from the scope of this International Standard are:

— methods for periodical checks of PROTECTIVE DEVICES, particularly of PROTECTIVE CLOTHING,
— methods of determining ATTENUATION by layers in the RADIATION BEAM, and

— methods of determining ATTENUATION for purposes of protection against IONIZING RADIATION
provided by walls and other parts of an installation.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic
safety and essential performance
IEC 60601-1:2005/AMD1:2012

IEC 60601-1-3:2008, Medical electrical equipment — Part 1-3: General requirements for basic
safety and essential performance — Collateral Standard: Radiation protection in diagnostic X-
ray equipment

IEC 60601-1-3:2008/AMD1:2013

IEC/TR 60788:2004, Medical electrical equipment — Glossary of defined terms
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Monographie BIPM-5:2013, Table of Radionuclides

NISTIR 5632:2004, Tables of X-Ray Mass Attenuation Coefficients and Mass Energy-
Absorption  Coefficients (version 1.4) [on-line, cited 2014-01-30] Available at
http://www.nist.gov/pml/data/xraycoef/]2

1 Bureau International de Poids et Mesures, Pavillon de Breteeuil, F-92310 Sévres, ISBN 92-822-2204-7 (set).
2 National Institute of Standards and Technology (NIST), U.S.Department of Commerce.
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