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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 14146:2018(E)

Radiological protection — Criteria and performance limits
for the periodic evaluation of dosimetry services

1 Scope

The quality of a supplier of a dosimetry service depends on both the characteristics of the approved
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calibE:ation procedures and quality assurance programmes.

document specifies the criteria and the test procedures to be used for the periadic ve
erformance of dosimetry services supplying personal and/or area dosemeters:

rea dosemeter can be a workplace dosemeter or an environmental dosemeter.

performance evaluation can be carried out as a part of the approval procedure for
m or as an independent check to verify that a dosimetry service fulfils specified
national type test performance requirements under representative exposure conditi
cted or mimic workplace fields from the radiological activitiés being monitored.

document applies to personal and area dosemeters, for the assessment of exte
tion with a (fluence weighted) mean energy between 8 keV and 10 MeV, beta radi
hce weighted) mean energy between 60 keV and @32 MeV, and neutron radiation wif
hted) mean energy between 25,3 meV (i.e. thernial neutrons with a Maxwellian energy
kT = 25,3 meV) and 200 MeV.

pvers all types of personal and area dosemeters needing laboratory proc

bgraphic-film dosemeters) and invGlving continuous measurements or measuremer|
arly at fixed time intervals (e.g.(several weeks, one month).

e dosemeters (for dose measurement) may also be treated according to this documen
Id be treated as if they were passive (i.e. the dosimetry service reads their indicateq
Fts them to the evaluation organization).

2

The following documents are referred to in the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO 4037-1, X and gamma reference radiation for calibrating dosemeters and doserate me

ormatives references

r with the

rification of

b dosimetry
national or
pns that are

'nal photon
ition with a
h a (fluence
distribution

essing  (e.g.
letectors or
ts repeated

L. Then, they
| values and

heir content
applies. For
hts) applies.

ters and for

determining their response as a function of photon energy — Part 1: Radiation characteristics and
production methods

[SO 6980-1, Nuclear energy — Reference beta-particle radiation — Part 1: Methods of production

ISO 8529-1, Reference neutron radiations — Part 1: Characteristics and methods of production

ISO 12789-1, Reference radiation fields — Simulated workplace neutron fields — Part 1: Characteristics
and methods of production

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

1

© ISO

If this document is applied to a dosimetry system for which no approval (pattern or type test) has been
provided, then in the following text approval or type test should be read as the technical data sheet provided by the
manufacturer or as the data sheet required by the regulatory authority.
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ISO/TS 18090-1, Radiological protection — Characteristics of reference pulsed radiation — Part 1: Photon
radiation

ISO 29661, Reference radiation fields for radiation protection — Definitions and fundamental concepts

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC 61267, Medical diagnostic X-ray equipment — Radiation conditions for use in the determination of
characteristics

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 29661 and the follewing gpply.

3.1
approved glgsemeter
approved dosimetry system

personal or prea dosemeter and associated processing system that has been approved or authorizgd for
use by the qualification body

Note 1 to enftry: Several dosemeters designs can be operated using the same associated processing system
(dosemeter reader, etc.). Then, they are regarded as several dosemeters/dosimetry systems.

3.2
control (background) dosemeter
personal or farea dosemeter that provides an estimate of anyradiation dose received by the evaluption
sample apait from that given by the irradiating laboratory

Note 1 to enfry: The control dosemeter provides a means-of‘estimating and eliminating the contribution fo the
dose from bgckground radiation and that received durifig the time between zeroing and read out, i.e. the dose
during handljng, transportation.

3.3
dosemeter
dosimetry $ystem

radiation meter designed to measure quantities such as an absorbed dose or a dose equivalent

Note 1 to enfry: In a wider sense,this term is used for meters designed to measure other quantities related to
radiation such as exposure, fluences/etc. Such use is deprecated.

Note 2 to entfy: This apparatus may require a separate reader to read out the absorbed dose or dose equivdlent.

3.4
dosimetry $ervice
organization thatfoperates a personal and/or area dosimetry system which includes the evaluatipn of
the reading pfdosemeters after their use and includes:

— providing the user with dosemeters;
— recording the results;
— reporting the results to the user.

Note 1 to entry: The dosimetry service fulfils basic quality management and independency requirements if it
fulfils the requirements stated in ISO/IEC 17025.

Note 2 to entry: The user includes not only external clients but also internal personnel who wear dosemeters
provided by their own organization and are engaged in radiation protection activities inside or outside the
organization. The same quality of dosimetry service which is provided to external users is also provided to
organizations' employees (internal users), in accordance with their own quality management system.

2 © ISO 2018 - All rights reserved
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evaluation sample
randomly selected representative group of personal or area dosemeters used to evaluate the
performance of a dosimetry service

Note 1 to entry: The evaluation sample includes dosemeters that are irradiated, remain unirradiated or serve as
control dosemeters for the evaluation procedure.

3.6

independent evaluation organization
evaluation organization

inde

asseq
Note

Note
it fulf

3.7
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irradiating laboratory

indej
[all t
from|

Note
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ses the results
1 to entry: The evaluation organization may include the irradiating laboratory.

P to entry: The evaluation organization fulfils basic quality management and independency re
ils the requirements stated in ISO/IEC 17025.

pendent irradiating laboratory

pendent laboratory possessing radiation sources, calibration equipment and associat
Faceable to national (i.e. to primary or secondary) standards] that is able to irradiate
the evaluation sample to a high degree of accuracy

1 to entry: The irradiating laboratory fulfils basic quality management and independency reqy

quirements if

ed facilities
dosemeters

irements if it

fulfils the requirements stated in ISO/IEC 17025.

3.8

independent qualification body

qualjfication body

independent organization empowered bya governmental, regulatory or advisory agency to approve a
dosimetry service or authorize the use of"a dosimetry system

Note |l to entry: The qualification body may include the evaluation organization (see 3.6).

Note |2 to entry: The qualification-body fulfils basic quality management and independency requjirements if it
fulfils the requirements stated in' ISO/IEC 17025.

39

indi¢ated value

G

valu¢ of the measurand given directly by a measuring instrument on the basis of its calibraftion curve
Note|l to, entry: In this document, the indicated value is the one given by the dosimetry systemgf as the final
resulf ofthe evaluation algorithm (for example, display of the software, print out) in units of dose equivalent (Sv).

Note 2 to entry: It may be necessary that a measured dose (e.g. by control dosemeters) or a calculated transport
and/or background dose be subtracted by the dosimetry service or by the evaluating organization.

3.10

irradiated dose

Hyef

conventional quantity value of the dose to which the dosemeter is irradiated

3.11

lower dose limit

Hp
dose

© ISO

below which irradiations should not be performed
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3.12
upper dose limit

Hyop
dose above which irradiations should not be performed

4 Quantities measured

The quantities measured in the evaluation shall be the personal dose equivalent Hy(10), Hp(3) or
Hp(0,07), the ambient dose equivalent H*(10) or the directional dose equivalent H'(3) or H'(0,07) as
recommended by the ICRU in Report 47[3] and Report 51[4]. All irradiations for Hy(d) shall be performed
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| rule, performance evaluations should be repeated at regular intervals, &.g. every o
f any significant change of the dosimetry system or the dosimetry serwice occurs aft

b new evaluation shall be considered.

itions may change the performance of the dosimetry service and/or dosimetry system

6 Test conditions

6.1 Stand

The dosime
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placed with
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conditions &

During the jj

Jard test conditions and special handling conditions

1y service shall supply complete dosemeter badges, i.e. complete dosimeter package
red individual or posted as a workplace or environmental monitor. A badge consists (
tector(s), possible supplemental filtering materials, labelling and/or identification typ
n an enclosure suitable for the énvironment used and equipped with a means to attac
the wearer or within the(workplace/environment (e.g., a clip).

ry service shall not beyaware of the radiation qualities and doses used for the irradiati
dosemeter can bejirradiated per irradiation condition.

ies which_rmay influence the result, such as ambient temperature, relative hum
radiationsand contamination by radioactive elements, shall conform to the standard
s giveniuMSO 29661.

erformance evaluation cycle, the evaluation sample, including the control dosemeters,

be stored i

environmental conditions that do not affect the measurement results obtained fron

wvhich may change the performance of the dosimetry service and/or dosimetry syj

d dosemeters/dosimetry systems only: the qualification body shall be notified of the re
ations and of any significant change of the dosimetry service and/or in the dosimetry
" approval. The qualification body shall recommend a new €valuation when it believeq

ified.

ne or
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dosemeters. Alternative storage conditions may be used in order to mimic real conditions, especially
for environmental dosemeters.

The background radiation shall be as small as possible. For an accurate subtraction of the background
radiation from the readings of the test dosemeters, the amount of time that the controls and test
dosemeters are separated (i.e., the time that it takes to perform the tests) shall be minimized. Ideally,
the difference between the accumulated control background and the effective background of the test
dosemeters should be less than 0,01 mSv, or as small as possible.

6.2 Radiation

The radiation sources shall be chosen from those specified in ISO 4037-1 (reference photon radiation
fields), ISO 6980-1 (reference beta radiation fields), ISO 8529-1 (reference neutron radiation fields),
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[SO 12789-1 [simulated workplace fields with broad energy and angle distributions (e.g., isotropic)], or
IEC 61267 (medical diagnostic radiation fields) according to those radiation types for which the system
has been approved. In order to mimic real workplace conditions, other radiation fields may be used if
qualified reference dose measurements are performed. Mixtures may also be used. Pulsed reference
photon radiation fields shall be chosen from those specified in ISO/TS 18090-1 or other specified
radiation fields.

Additional reference fields of natural environmental radiation may be chosen to evaluate environmental
dosemeters.

NOTE 1
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The conventional quantity value for natural environmental radiation can be assessed as described in
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2 Values for the conversion coefficients from air kerma, K; to H(3) are not contained<iniS
can, however, be found in the literaturelZ].

3 Conversion coefficients from air kerma to the operational quantities for medi¢al diagno
according to IEC 61267 can be determined as described in the literaturelZl. Seléeted values ca
feraturel8]1[2][10],

derations:

ittempts should be made to vary the radiation qualities usedyfor repeated performance
fthe same dosimetry system or the same dosimetry service — one radiation quality s
nchanged from evaluation to evaluation to assess the:calibration control;

he radiation qualities and angles of incidence should be selected from the range
ind angles of incidence for which all dosimetry ‘systems taking part in the evaluatio

he majority of radiation qualities and augles of incidence should be similar to the cond
routine radiation surveillance in ordér to prevent evaluations from emphasizing g
der extreme conditions.

htion qualities with broad energy spectra (e.g. the photon "wide spectrum” series ang
I air kerma rate" series) cdnbe used only when their spectra ensure that most of t
ast 90 % fluence weighted) is within the range of energies for which the system —

approved.

ures of two or'more radiation qualities may be appropriate in order to mimic worl
fwo differentenergies and/or angles of incidence of the same radiation type, or differg
G, (e.g. beta'and photon radiation or photon and neutron radiation)].

Dese range

4037 series.
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choice of radiation qualities and angles of incidence should”be guided by the following

evaluations
hould be left
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h have been
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br, if several
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tplace fields
nt radiation

Testi

g Sitatt be consiStent Wit the d0Se Tange for WIICIT att GOSImetry SyStems takin

part in the

evaluation have been approved. The choice of the dose values, Hyef, should be guided by the following
considerations:

same dosimetry system or the same dosimetry service;

attempts should be made to vary the dose values used for repeated performance evaluations of the

the majority of irradiated doses should be similar to the conditions found in routine radiation

surveillance in order to prevent evaluations from emphasizing performance under extreme
conditions;

© ISO

the dose values should not be less than Hy:

10 pSv for environmental dosemeters measuring H*(10);
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measuring Hp(10);

measuring H'(0,07).

Other values of Hyp may be chosen by the evaluation organization if found to be appropriate.

NOTE 1

0,1 mSv for workplace dosemeters measuring H*(10) and for whole-body dosemeters

0,3 mSv for eye lens dosemeters measuring Hp(3) and for area dosemeters measuring H'(3);

1 mSv for extremity and whole body dosemeters measuring Hp(0,07) and for area dosemeters

It is recommended to use at least values of Hper larger than three times the expected
background dose.

NOTE 2| Eye lens dosemeters need to be small resulting in small detectors (as they need tonbe’[worn
near the|eye). Therefore, Ho for Hp(3) cannot be as small as Ho for Hp(10). Further information ‘oh ey¢ lens
dosimetry can be found in ISO 15328[1].
— the dosg¢ values should not exceed Hiop:
— 10 $v for area and personal dosemeters.
The uncertdinty of the irradiated dose shall be determined in accordance to.ISO/IEC Guide 98-3 (G(UM)
and shall bg, in orientation to ICRP 75[5], less than 8 % (for a 95 % covetrage interval). In simujated
workplace fjelds and for neutron irradiations, the uncertainty can be-hiigher but should not be larger
than 15 %. Iif it were larger, it should be considered in Formula 2 to E6rmula 4.
7 Performance limits
7.1 Limits
7.1.1 Personal and area dosemeters
For each irrgdiated dosemeter, the quotient R between the measured dose value G and the conventjonal
quantity value Hyef, given by the response, asih Formula (1):
r=_G1 (1)
Href
shall meet the following criteridbetween Hp and Hyop (see 6.3):
— Criterio{r 1) For photonradiation with a mean energy of Eph > 10 keV and for beta radiation with a
mean efergy of Ebeta > 0,2 MeV (easier-to-measure):
2vHy /1,33 H
0,71 1} o/ <R<1,67|1+——9 (2)
Hy/1,33+H ¢ 4-Hy+H ¢

— Criterion 2) For neutron radiation, for photon radiation with a mean energy of Eph <10 keV, and for

beta radiation with a mean energy of Ebeta < 0,2 MeV (harder-to-measure):

© ISO 2018 - All rights reserved
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2-Hy /1,5

0,5- 1—0—/ <R<?2 (3)
Hy/1,5+H ¢

If mixtures of two or more radiation qualities and or types are used and the above-mentioned harder-

to-measure components contribute 20 % or more of the total dose, criterion (2) applies to total dose.

Criterion (1) applies for a contribution below 20 %.

NOTE1 The factors 0,71 and 1,67 (criterion 1) and 0,5 and 2 (criterion 2) limit the maximum deviation of
the dosimetry system at high dose values. At the lower limit of the dose range, -90 % and +100 % deviation is
allowed.

NOTHE 2  The factors 0,71 and 1,67 are similar to the corresponding factors in ICRP 75121 (0,67 and 1,5).
NOTE 3  Annex A provides graphical illustrations of the performance limits.

NOTE4  For beta radiation, criterion 2 is valid for Pm-147 radiation. Beta mean\ energies pre given by
Behréns[11].

NOTE S5  The criteria are orientated in order to make sure that approved dosimetry systems also pass tests
accorjding to this document.

7.1.2 Environmental dosemeters for Cs-137 and environmental radiation

For (s-137 and environmental radiation for each irradiated/dosemeter, the quotient R hetween the
meagured dose value G and the conventional quantity value e, given by the response, see Formula (1).

R=

Href
shalllmeet the following criterion between Ho and Hyop:

0,8<R<1,33 4)
For dther radiation qualities, the limits of 7.1.1 apply.

7.2 | Approval criterion

The criteria stated in Zl-are valid for a coverage interval with a coverage probability| of 95 %. A
maximum of one-tenth'efthe dosemeters irradiated may exceed the limits.

NOTE1 A coverage probability of 95 % corresponds to one-twenties. With this, the uncertainty of the
delivered dose (see-last sentence of 6.3) is taken into account.

The dlosimetry service shall fulfil the requirements stated in ISO/IEC 17025.

8 Operatiomal procedures

8.1 Evaluation sample size

For each dosimetry system taking partin the evaluation, at least 13 dosemeters shall be included in the
evaluation sample. At least ten dosemeters to be irradiated under the conditions stated in Clause 6 and
at least three dosemeters shall be left unirradiated: at least two of them as control dosemeters for the
measurement of the sum of the background dose and the dose during transport and at least one of them
as spare in case of failure during the irradiation or breakage. One or more dosemeter can be irradiated
per irradiation condition.

If the performance evaluation is carried out less frequently than once per year, then the minimum
number of irradiated dosemeters may be increased.

© ISO 2018 - All rights reserved 7
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8.2 Evaluation procedure

The dosimetry service shall confirm that the dosemeters submitted for evaluation are representative of
those supplied routinely to users.

To ensure that the processing of the evaluation dosemeters is carried out in exactly the same way as for
the dosimetry service's normal customers, the evaluation organization may send a representative to
select the dosemeters and to observe that no special effort is made in processing them.

The evaluation organization may obtain the dosemeters and communicate with the dosimetry service
through a "dummy customer” and thus prevent the dosimetry service from handling the evaluation

sample differ

8.3 Evalu

Evaluation i

a)

b)

d)

f)

g)

the dosi
with or

the eva
dosimef
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doses a
enough
practice
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TR 6246
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servicey
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the eva
dose mé
the exti]
the test
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ation sequence
5 normally carried out in the following 6 to 7 steps:

metry service orders the evaluation or the evaluation organization initiates the evalu
without the dosimetry service’s knowledge;

ry service and arranges for irradiation of the dosemeters;

hd associated uncertainties to the evaluation organization; the dose shall be reported
);

1(2].

. The information about the procedure of the transport or background dose correctio
hited by the dosimetry serviee;

uation organization can_supply further information on the radiation fields for the co

a information on.the'radiation fields supplied to the dosimetry service shall be includ
report of the results;

htion

uation organization prepares the evaluation schedule, obtains the dosemeters from the

metry service processes the dosemeters using normal pfactices and reports the meagured

with

significant digits in order to rule out rounding effects.(this may be in contrast to the ndrmal

Guidance for the determination of the uncertainty of the measured dose can be found inf I[EC/

ast to the normal practice, it may be necessary that a measured (e.g. by control dosemdters)
Ilated transport or background dosg be subtracted by the dosimetry service or by the
on organization. This procedun€ may be different from routine procedures of dosimetry

h has

frect

asurement; this can'be, for example, of special importance for neutron albedo dosematers;

led in

the evalluation organization analyses the evaluation results and associated uncertaintie§ and

submits

them te‘the dosimetry service and/or qualification body;

the eva

information for each dosemeter:

ation organization maintains the documentation, which shall at least include the following

— aunique identifier for each dosemeter tested;

— the
— the

— the

radiation type, energy and the angle of incidence;
ambient conditions during the irradiation;

phantom used (for personal dosemeters only);

— the values of the delivered dose with associated uncertainties and measured doses with
associated uncertainties. The principles used for determining the associated uncertainties
should be stated;

— the

response R.
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9 Testreport

The qualification body or, if the qualification body is not involved, the evaluation organization shall
inform the dosimetry service of the results.

The qualification body or, if the qualification body is not involved, the evaluation organization shall
deem competent each dosimetry service which is able to show compliance with the performance limits
stated in Clause 7 for each dosimetry system examined.

The qualification body or, if the qualification body is not involved, the evaluation organization shall
provide the dosimetry service with a test report which specifies at least

— the dosimetry service’s name,
— the dosimetry system, quantity and type of radiation for which it has been approyed,
— 3 statement on how the uncertainties of the delivered doses were considered;and

— the information listed in 8.3 g.

© ISO 2018 - All rights reserved 9
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Annex A
(informative)

Graphical illustrations of the performance limits

In Figures A.1 and A.2, the performance limits stated in Clause 7 are illustrated.

0,01 01 03 1 10 100 1000 10 000
Href / mSv— o

.......... environmental H*(10) dosemeters: 0,01 mSv to 10 Sv

environmental H*(10) dosemeters: Cs-137 and environmental radiation: 0,01 mSv to 10 Sv
_ workplace H*(10)-and’'whole-body Hp(10) dosemeters: 0,1 mSv to 10 Sv

area H'(3) and €y¢lens Hp(3) dosemeters: 0,3 mSv to 10 Sv

______ extremity andwhole-body Hp(0,07) and area H’(0,07) dosemeters: 1 mSv to 10 Sv

Figure A.1 — Performance limits for photons with >10 keV and betas with >0,2 MeV (criteripn 1)
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