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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent 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. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.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 be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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 78 

INTERNATIONAL ELECTROTECHNICAL COMMISSION  79 

____________ 80 

 81 

CALIBRATION AND QUALITY CONTROL  82 

IN THE USE OF RADIONUCLIDE CALIBRATORS 83 

 84 

FOREWORD 85 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all 86 
national electrotechnical committees (IEC National Committees). The object of IEC is to promote international co -87 
operation on all questions concerning standardization in the electrical and electronic fields. To this end and in addition 88 
to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly 89 
Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is 90 
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may participate 91 
in this preparatory work. International, governmental and non-governmental organizations liaising with the IEC also 92 
participate in this preparation. IEC collaborates closely with the International Organization for Standardization (ISO) 93 
in accordance with conditions determined by agreement between the two organizations. 94 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 95 
consensus of opinion on the relevant subjects since each technical committee has representation from all interested 96 
IEC National Committees.  97 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 98 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 99 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 100 
misinterpretation by any end user. 101 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 102 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 103 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  104 

5) IEC itself does not provide any attestation of conformity.  Independent certification bodies provide conformity 105 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any services 106 
carried out by independent certification bodies.  107 

6) All users should ensure that they have the latest edition of this publication.  108 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 109 
members of its technical committees and IEC National Committees for any personal injury, propert y damage or other 110 
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising 111 
out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  112 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 113 
indispensable for the correct application of this publication.  114 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) patent(s). 115 
IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in respect thereof. 116 
As of the date of publication of this document, IEC had not received notice of (a) patent(s), which may be required 117 
to implement this document. However, implementers are cautioned that this may not represent the latest information, 118 
which may be obtained from the patent database available at https://patents.iec.ch. IEC shall not be held responsible 119 
for identifying any or all such patent rights.  120 

This International Standard IEC 63465 has been prepared by a Joint Working Group of 121 

subcommittee 62C: Equipment for radiotherapy, nuclear medicine and radiation dosimetry , of IEC 122 

technical committee 62: Medical equipment, software, and systems, IEC technical committee 45: 123 

Nuclear instrumentation, and subcommittee 2: Radiological protection, of ISO technical committee 124 

85: Nuclear energy, nuclear technologies, and radiological protection. 125 
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The text of this International Standard is based on the following documents: 126 

Draft Report on voting 

XX/XX/FDIS XX/XX/RVD 

 127 

Full information on the voting for its approval can be found in the report on voting indicated in the 128 

above table. 129 

The language used for the development of this International Standard is English.  130 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 131 

accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available at 132 

www.iec.ch/members_experts/refdocs. The main document types developed by IEC are described 133 

in greater detail at www.iec.ch/publications. 134 

The committee has decided that the contents of this document will remain unchanged until the 135 

stability date indicated on the IEC website under webstore.iec.ch in the data related to the specific 136 

document. At this date, the document will be  137 

• reconfirmed, 138 

• withdrawn, 139 

• replaced by a revised edition, or 140 

• amended.  141 
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CALIBRATION AND QUALITY CONTROL  142 

IN THE USE OF RADIONUCLIDE CALIBRATORS 143 

 144 

 145 

1 Scope and object 146 

This International Standard specifies the techniques for calibration and usage of pressurised, well-147 

type ionisation chambers for the assay of radionuclides. Such instruments are used to determine 148 

the activity, expressed in becquerel (Bq), of photon and some medium to high-energy beta emitting 149 

radionuclides. 150 

This standard addresses calibration procedures of ionization chambers or radionuclide calibrators 151 

to be used by equipment manufacturers, national metrology institutes and designated institutes, 152 

radionuclide producers, suppliers, distributors, and end-users, like nuclear medicine facilities, 153 

industrial or hospital (radio)pharmacies, research laboratories, and power plants. 154 

This document provides the quality assurance methods and quality control tests for establishing 155 

conformity of device acceptability and maintaining acceptable instrument performance. 156 

Performance benchmarks vary depending on the user type and application, so information specific 157 

to end-users, production-level users, standards laboratories, and instrument manufacturers is 158 

provided. 159 

The ionization chamber or radionuclide calibrator can be an instrument that is used as a standalone 160 

device, but it can also be integrated in a much larger appliance, such as a laminar air flow cabinet, 161 

a fume hood, a hot cell, or a dispensing unit. The instrument can also be equipped with accessories 162 

that are essential for the intended use of the appliance that surrounds and incorporates the 163 

radionuclide calibrator. The proper use of each of the accessories can be important for the correct 164 

use of the radionuclide calibrator and therefore should be considered part of the scope of this 165 

standard. 166 

The software and computer system(s) that can be used to control the radionuclide calibrator 167 

hardware and functioning are considered an integral part of the device and therefore are also 168 

considered part of the scope of this standard. 169 

The standard seeks to replace the following overlapping and outdated publications for radionuclide 170 

calibrators/ionisation chambers: IEC TR 61948-4:2019, IEC 61303:1994, IEC 61145:1992 and the 171 

New Work Item Proposal ISO/NP 23557. 172 

2 Normative references 173 

The following documents are referred to in the text in such a way that some or all of their content 174 

constitutes requirements of this document. For dated references, only the edition cited applies. 175 

For undated references, the latest edition of the referenced document (including any amendments) 176 

applies. 177 

IEC TR 60788:2004, Medical electrical equipment – Glossary of defined terms 178 

ISO/IEC Guide 98-3:2008, Uncertainty of measurement – Part 3: Guide to the expression of 179 

uncertainty in measurement (GUM:1995) 180 

ISO/IEC 17025:2017, General requirements for the competence of testing and calibration 181 

laboratories 182 
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The usage of these devices in a clinical environment may involve additional normative references 183 

or even regulatory requirements. These requirements may depend on the specific use in a medical 184 

application. 185 

3 Terms and definitions, abbreviated terms and symbols, quantities and units 186 

3.1 Terms and definitions 187 

For the purposes of this document, the following terms and definitions apply. 188 

ISO and IEC maintain terminology databases for use in standardization at the following addresses:  189 

• IEC Electropedia: available at https://www.electropedia.org/ 190 

• ISO Online browsing platform: available at https://www.iso.org/obp 191 

3.1.1  192 

accuracy 193 

quality which characterizes the ability of a measuring instrument to provide an indicated value 194 

close to a true value of the measurand 195 

[SOURCE: IEV 311-06-08] 196 

3.1.2  197 

activity, A 198 

number dN of spontaneous nuclear transitions or nuclear disintegrations for a radionuclide of 199 

amount N produced during a short time interval dt, divided by this time interval. A = dN/dt 200 

NOTE to entry: The SI unit for activity is the becquerel (Bq), defined as disintegrations of a radionuclide per second. 201 

[SOURCE: IEV 391-03-01] 202 

3.1.3  203 

beta emitters 204 

radionuclides that emit beta particles, either in the form of electrons or positrons  205 

NOTE 1 to entry: A beta particle is an electron, of positive or negative charge, emitted by an atomic nucleus in a nuclear 206 
transformation. 207 

NOTE 2 to entry: Beta particles with a kinetic energy below 2,5 MeV deposit energy indirectly in the detector through 208 
bremsstrahlung produced in the source itself (filling medium and container) and the instrument components and its 209 
ancillary accessories. Higher energy beta emitters (beta-particle energy higher than 2,5 MeV) can deposit energy directly 210 
in the detector sensitive volume, and radionuclide calibrator sensitivity increases abruptly for these radionuclides . 211 

[SOURCE: IEV 881-02-60, IEV 881-02-59 and [19]] 212 

3.1.4  213 

background 214 

ionising radiation from any origin, natural or artificial, other than the radiation it is desired to detect 215 

or measure 216 

[SOURCE: IEV 881-02-13] 217 

3.1.5  218 

calibration 219 

set of operations which establishes, under specified conditions, the relationship between the 220 

measured value on a radionuclide calibrator and the measurement value from a certificate of 221 

calibration of a standard reference source 222 

NOTE 1 to entry: Users can perform calibration by direct measurement of a standard reference source traceable to 223 
national standards. 224 

NOTE 2 to entry: A calibration is initially performed by the manufacturer. 225 
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[SOURCE: IEV 311-01-09, modified] 226 

3.1.6  227 

calibration coefficient 228 

multiplicative value (with units, e.g., pA/MBq) that converts a measured current to an activity value 229 

3.1.7  230 

calibration setting  231 

instrument setting that converts measured current to a displayed activity  232 

NOTE 1 to entry: Determined by the manufacturer for a reference radionuclide calibrator. These are commonly 233 
transferred to production units and might not necessarily be traceable. Details must be provided by the manufacturer . 234 

NOTE 2 to entry: Calibration settings can be determined by calculation from a sensitivity curve and nuclear data. If 235 
calculated values are reported by the manufacturer, these should be clearly noted. Calibration settings determined using 236 
this method are not traceable to national standards. 237 

NOTE 3 to entry: Users can also determine calibration settings for radionuclides and measurement geometries of interest. 238 

3.1.8  239 

certified reference source 240 

standard reference source 241 

radioactive source with an activity traceable to national standards. The source must be 242 

accompanied by a certificate of calibration that states measurement geometry , source geometry, 243 

activity and respective uncertainty, reference time and purity 244 

NOTE 1to entry: Certified reference sources can also be used as check sources . 245 

NOTE 2 to entry: Certified reference sources are used for calibration of the instrument and for routine accuracy testing. 246 

[SOURCE: IEC 61145 and IEC 61303, modified] 247 

3.1.9  248 

check source 249 

radioactive source of relatively long half-life used to check the constancy of the radionuclide 250 

calibrator 251 

NOTE 1 to entry: These are typically epoxy resin in a vial configuration. 252 

NOTE 2 to entry: Typically, non-calibrated and/or traceable to national standards, and therefore should not be used for 253 
accuracy testing. 254 

NOTE 3 to entry: Radioactive impurities must be as low as possible, i.e., the device response over the period of 5 years 255 
should not deviate by more than 0.5 % after decay correction for the known half -life of the principal radionuclide. 256 

3.1.10  257 

decay correction 258 

calculation to correct for the decrease of the activity , with time, of a radioactive source due to 259 

spontaneous nuclear transformation 260 

NOTE to entry: Decay constant is given by 𝜆 =  (
−1

𝑁
 )

𝑑𝑁

𝑑𝑡
   . 261 

[SOURCE: IEV 881-02-28, modified] 262 

3.1.11  263 

linearity 264 

property where the measured current of an instrument shows a linear response between the 265 

measured current and the source activity 266 

NOTE to entry: The method of expression of lack of linearity is different for different kinds of instrument and is established 267 
in each particular instance. 268 

[SOURCE: IEV 311-06-05, modified] 269 
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3.1.12  270 

measurement geometry 271 

properties of the radioactive source being measured and its placement in the ionisation chamber 272 

NOTE 1 to entry: Includes source geometry and the measurement set-up (including use of accessories such as dipper 273 
type, copper/aluminium shield) used. 274 

NOTE 2 to entry: Calibration settings are determined for specific measurement geometries. Deviation from the 275 
measurement geometry might result in an inaccurate measurement . 276 

NOTE 3 to entry: The use of accessories requires a specific calibration setting. 277 

3.1.13  278 

measurement traceability 279 

property of the result of a measurement or of the value of a standard such that it can be related to 280 

stated references, usually national or international standards, through an unbroken chain of 281 

comparisons all having stated uncertainties 282 

NOTE 1 to entry: The concept is often expressed by the adjective traceable.  283 

NOTE 2 to entry: The unbroken chain of comparisons is called a traceability chain.  284 

NOTE 3 to entry: Traceability cannot be established in the absence of uncertainties. Instead, a measurement result is 285 
said to be traceable within the limits of the uncertainties of both the measurand and the value of the standard against 286 
which the measurement is compared [5]. 287 

[SOURCE: IEV 311-01-15] 288 

3.1.14  289 

multiplication factor 290 

a numeric factor by which the radionuclide calibrator reading is to be multiplied to calculate the 291 

true activity of a source 292 

3.1.15  293 

quality control 294 

set of tests to check if the system is working within specifications by comparison between the test 295 

value and a reference value 296 

3.1.16  297 

repeatability (of results of measurements) 298 

closeness of agreement between the results of successive measurements of the same measurand, 299 

carried out under the same conditions of measurement  300 

NOTE 1 to entry: The measurements need to be performed within a short interval of time.  301 

NOTE 2 to entry: The measurements must be performed by the same operator, using the same measurement procedure 302 
and the same measuring instrument, under the same conditions.  303 

[SOURCE: IEV 311-06-06] 304 

3.1.17  305 

reproducibility (of measurements) 306 

in this context, corresponds to closeness of agreement between the results of measurements of 307 

the same value of a quantity, when the individual measurements are made under different 308 

conditions of measurement, i.e., after intervals of time relatively long compared with the duration 309 

of a single measurement 310 

[SOURCE: IEV 311-06-07] 311 

3.1.18  312 

simulated source 313 

sources, also known as “mock” sources, usually containing long-lived radionuclides, alone or in 314 

combination, that are chosen to simulate, in terms of photon or particle emission, a short -lived 315 

radionuclide of interest 316 
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NOTE to entry: Simulated sources are not recommended for calibrating radionuclide calibrators because (although the 317 
principal photon energies may be similar) chamber response may not be the same.  318 

3.1.19  319 

source geometry 320 

characteristics of a radioactive source measured on a radionuclide calibrator, including, the type 321 

and composition of the container used; volume of solution in the container; and density of solution  322 

NOTE to entry: Deviation from the source geometry might result in inaccurate activity measurements . 323 

3.1.20  324 

radioactive impurity 325 

radionuclides in a radioactive source other than the principal radionuclide  326 

3.1.21  327 

radioactive source 328 

any quantity of radioactive material which is intended for use as a source of ionising radiation 329 

[SOURCE: IEV-881-06-02] 330 

3.1.22  331 

reference volume 332 

volume of radioactive solution in the container for which the calibration setting was determined 333 

NOTE to entry: Deviations from the reference volume might result in measurement bias without volume corrections. 334 

3.1.23  335 

radionuclide calibrator 336 

re-entrant pressurised ionisation chamber with associated electronics used to measure current 337 

produced by a radioactive source and display in units of activity 338 

3.1.24  339 

reference geometry 340 

measurement geometry used to determine a calibration setting 341 

NOTE to entry: Radioactive sources must be prepared as close as possible to the reference geometry to avoid the use 342 
of corrections and/or inaccurate activity measurements.  343 

3.2 Abbreviated terms and symbols 344 

BIPM International Bureau of Weights and Measures 345 

QA  quality assurance  346 

QC  quality control 347 

SI  International System 348 

3.3 Quantities and units 349 

In the present document, units of the International System (SI) are used
1
. The definitions of 350 

radiation quantities are given in IEC 60050-395.  351 

The following units may also be used: 352 

- for energy: electron-volt (symbol: eV), 1 eV = 1,602 × 10-19 J; 353 

- for time: years (symbol: a), days (symbol: d), hours (symbol: h), minutes (symbol: min) , 354 

seconds (symbol: s); 355 

- for radioactivity: becquerel (symbol: Bq), 1 Ci = 3.7 x 1010 Bq. 356 

 
1
 International Bureau of Weights and Measures: The International System of Units, 8 th edition, 2006. 
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Multiples and submultiples of SI units will be used, when practicable, according to the SI system  357 

4 Installation and calibration of radionuclide calibrators 358 

4.1 Installation and operation 359 

The instrument shall be installed and operated in accordance with the manufacturer’s instru ctions 360 

and/or applicable regulation requirements. Additional information regarding specific types of 361 

installation and operation is provided in Annex A. 362 

4.2 Initial calibration by manufacturer 363 

A radionuclide calibrator is usually supplied with calibration settings for the most commonly used 364 

radionuclides in a specific geometry (see 4.4). This initial calibration is developed, for a specific 365 

radionuclide calibrator, in conjunction with metrology laboratories and provided to the end user 366 

(through sensitivity curves) by the instrument manufacturer. Manufacturers determine calibrations 367 

by direct measurement with as many primary standards or traceable secondary reference sources 368 

as possible on a reference radionuclide calibrator. In the case of new radionuclides for which a 369 

standard is not yet available or for radionuclides for which a primary  or secondary standard is not 370 

reasonably accessible, the manufacturer may provide a calculated value based on energy 371 

response curves and published radionuclide decay data. The manufacturer should clearly state 372 

the conditions of the initial calibration of the reference radionuclide calibrator as direct 373 

measurement or calculated value, and clearly note the specific geometric configuration used during 374 

the measurement process. 375 

These initial calibrations are then transferred as calibration settings to production units. The 376 

reproducible transfer of calibration settings depends upon reproducible physical specifications. 377 

Therefore, the manufacturer should assure that all production chambers strictly conform to stated 378 

material specifications, physical dimensions, and tolerances. Some manufactures adjust the 379 

response of the production unit to match as closely as possible the reference chamber. This may 380 

be done by assaying a certified reference source on both the master device and the production 381 

unit, and then adjusting the response of the production unit to match the reference device. This 382 

additional step reduces manufacturing variability and improves overall accuracy when compared 383 

to the reference radionuclide calibrator. However, since the response adjustment is typically done 384 

with just one (or a few) specific radionuclide source(s), the validity of the calibration settings of 385 

production units provided by the manufacturer for other radionuclides or measurement conditions 386 

cannot be guaranteed. Secondary calibrations (see 4.3) may be required to ensure accurate 387 

performance of production units for the (wide) variety of radionuclides and measurement conditions 388 

utilized by the end user. Manufacturers should confirm the expected radionuclide calibrator 389 

response on production units with a primary standard(s) or traceable certified reference source(s) 390 

and provide the measurement conditions (source(s) and measurement set-up, response 391 

parameter(s)) and results of such measurement checks as part of the quality control certificate 392 

issued with each radionuclide calibrator. The manufacturer must also provide a means to 393 

reproduce the initial measurement conditions. This is usually done by providing th e same type of 394 

chamber liner and source holder with the production unit that was used to make in itial calibration 395 

measurements. 396 

The manufacturer should give special attention to the initial calibration of production units that are 397 

part of a larger appliance, such as radionuclide calibrators or ionization chambers integrated in a 398 

laminar air flow cabinet, a fume hood, a hot cell, or a dispensing unit. The conditions in which the 399 

production units were calibrated or verified against the reference chamber may differ from the 400 

conditions for the end user. The production unit can be equipped with additional accessories, such 401 

as manual or automated source positioning systems (e.g., an elevator, a holder) that can position 402 

the source in the well, or changes that might have been applied to the well, the inner wall of the 403 

chamber, the liner, or the dipper. Each adaptation may influence the calibration or verification 404 

steps and should be clearly communicated by the manufacturer to the end user.  405 
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