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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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria‘mee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
: www.iso.org/iso/foreword.html. This documentwas prepared by technical committee
lear energy, nuclear technologies, and radiological protection, Subcommittee SC 2, H
fection.

5 second edition cancels and replaces 1S9/21909:2015, which has been technically revise

main changes compared to the-previous edition, based on feedbacks from laboratorig
21909-1, are as follows:

link between ISO 21909-}and ISO 21909-2 improved by the addition of a flow chart exp
link between the two parts;

irradiations qualitiesfor the energy test modified:
— fast energy\range enlarged to a range between 10 MeV and 19 MeV;

— modifieation of the possible relative contribution of the thermal field in the mixed fielg
of 252Cf or 241 Am-Be with a thermal one;

modification in the tests and/or criteria for:
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the test to potentially eliminate the use o1 the Tull neutron and photon package;

— the test of the coefficient of variation: criteria given by a function;

using trumpet curves;

effect of light exposure (opacity to light) / effect of storage, all for unexposed dosem

Alist of all parts in the ISO 21909 series can be found on the ISO website.
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the linearity test: modifications in the equation and associated criteria consequently;

the energy and angle dependence of the response test: modification of the performance limits

alignment of the criteria for the following 3 tests: Stability under various climatic conditions/

eters.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document gives laboratory-based performance and test requirements for passive dosimetry
systems to be used for the determination of personal dose equivalent, H,(10), in neutron fields with
energies ranging from thermal to approximately 20 MeV.

A dosimetry system may consist of the following elements:

a)

a passive device, referred to here as a detector, which, after the exposure to radiation, stores

information (signal) for use in measuring one or more quantities of the incident radiatio

n field;

b)

)

At
pro

Thi

techniques as they emerge. When distinctions are necessary, they dre defined as generically

e.g.
test
doc
use

Thd
con

a dosemeter, made up of one or more detector(s) incorporated together and with som|
identification;

areader which is used to read out the stored signal from the detector, and the associated
if applicable, aiming to determine the personal dose equivalent.

‘eatment to prepare the dosemeter before irradiation and/or beforereading is also
ress and is considered in the document.

5 document does not focus on any technique in particular, but intefids to be general, inc

disposable/reusable dosemeters and photon-sensitive doseémeters. In conclusion, no p4
s are dedicated to one particular technique, unless it i9 absolutely necessary. Conseq

ument aims to define performance tests leading to similar results, independently of the
.

main objective of this document is to achieve correspondence between performancg
itions of use at workplaces. Dosimetry systéms complying with this document exhibit

an

document accounts for the various situations of exposure in terms of dose levels and neut
disqributions.

Annual exposures of many workers jcomprise the sum of several low doses close to the
recording value. The dosemeter needs therefore to be well characterized, not only for use i
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valge. The criteria applied at these two levels of dose could differ. This choice is made to ¢
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Thd
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al dosimetry results in workplace envirenments. Reaching such an objective mean

dose situations but also fofzuse in low dose situations, to ensure that the annual dose is
h an adequate uncertainty.-In this document, false positive events when there is not any {
considered but there-is;fio test of the detection threshold by measuring the backgrourn
dosemeter when itismnot irradiated. However, all the tests aimed at characterizing the
formance of the syStem (coefficient of variation and linearity, energy and angle dep
responses) aré pequired at two levels of dose: around 1 mSv and close to the minimun

metric systems are adapted to the range of doses usually encountered at workplaces.

main~goal of this document is to ensure that a dosemeter is reliable enough to u

kplaces. Reference neutron radiation characteristics and methodologies for the proper
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distributions of the most common reference radiation sources (e.g. 241Am-Be or 252Cf) as used for
calibration are generally higher in energy (where the fluence-to-dose-equivalent conversion coefficients
are greater) than the ones encountered in workplaces. The performance of the dosemeters for neutron
energies between a few tens and a few hundreds of keV specifically needs to be determined to ensure
good response in most of the workplaces. To address this need, some performance tests with mono-
energetic neutrons fields at low energies are required in this document.

One well-characterized neutron field (e.g., 21Am-Be or 252Cf) is sufficient to test the stability of
dosimetric performances for influencing factors (e.g., fading, ageing, the impact of non-neutron radiation
on the neutron signal, harsh climatic conditions, light exposure, physical damage, and sealing).

© 1S0 2021 - All rights reserved vii
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This document does not present performance tests for characterizing any type of potential degradation
(see Scope). However, to ensure the stability of the dosimetry system, it is necessary for the laboratory
to evaluate the potential degradation and/or set adapted controls on processing.

For the case that a dosimetry system does not comply with the full range of requirements of this
document with regard to the dependence of the response on the energy and direction distributions
of the neutron fluence, it is necessary to evaluate the performance for the conditions of the selected
workplace. This is addressed in ISO 21909-2 which gives methodologies and criteria to qualify the
dosimetry system at the workplace. Even when the dosimetry system fulfils the requirements of this
document, it may still be desirable to make a similar study at the workplace.

This docurtent may be extended in the future to another part for the ambient dose equivalent H*[10)
for ambienft and environmental dosimetry.

viil © 1S0 2021 - All rights reserved
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Passive neutron dosimetry systems —

Part 1:
Performance and test requirements for personal
dosimetry

1
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techniques available in the marketplace is made in the description of‘the tests. Only generic d
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Scope

rons ranging in energy from thermal to 20 MeV2.

5 document applies to all passive neutron detectors that can be used'within a personal
art or in all of the above-mentioned neutron energy range. No «diStinction between th

nstance, as disposable or reusable dosemeters, are consideréd.

5 document describes type tests only. Type tests are made to assess the basic characterti
metry systems and are often ensured by recognized national laboratories

5 document does not present performance tests for' characterizing the degradation indy
wing:

intrinsic temporal variability of the quality~of the dosemeter supplied by the manufactu

intrinsic temporal variability of prepatation treatments (before irradiation and/or befor
if existing;

intrinsic temporal variability of reading process;
degradation due to envirohmental effects on the preparation treatments, if existing;
degradation due to enyironmental effects on the reading process.

5 document gives: information for extremity dosimetry in the Annex C, based on recom
n by ICRU Repont66. This document addresses only neutron personal monitoring and no
dent conditiefts.

links between this document and ISO 21909-2 are given in Annex A.

5 document provides performance and test requirements for determining the acceptability of
nezliron dosimetry systems to be used for the measurement of personal dos€ equivalent,

H,(10), for

dosemeter
e different
stinctions,

stics of the
ced by the

rer;

e reading),

hendations
[ criticality

2

Neormative 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.

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

1) This maximal limit of the energy range is only an order of magnitude. The reference radiation fields used
for the performance tests are those defined in ISO 8529-1. This means that the maximal energies could only be
14,8 MeV or 19 MeV. This document gives performance requirements to 14,8 MeV which is the typical neutron
energy encountered for fusion. For fission spectra, the highest energies are around 20 MeV but the contribution to
dose equivalent coming from neutrons with energy higher than 14,8 MeV is negligible.
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ISO 21909-2, Passive neutron dosimetry systems — Part 2: Methodology and criteria for the qualification

of personal

[SO 8529-1

dosimetry systems in workplaces

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

ISO 8529-2, Reference neutron radiations — Part 2: Calibration fundamentals of radiation protection
devices related to the basic quantities characterizing the radiation field

ISO 8529-3, Reference neutron radiations — Part 3: Calibration of area and personal dosimeters and
determination of response as a function of energy and angle of incidence

[SO 12789 Referenceradiationfretds—=Simulated-workplaceettronfietds—PartF—Character i5tics
and methods of production

JCGM 100, FUM 1995 with minor corrections, Evaluation of measurement, data — Guide to the expresfion
of uncertaipty in measurement

3 Terms and definitions

For the pui
ISO and IE
ISO On

IEC Elg

3.1 Gen

3.1.1
ageing
change wit
operating

poses of this document, the following terms and definitions apply:
[ maintain terminological databases for use in standardization@t'the following addresse
line browsing platform: available at https://www.iso.or

ctropedia: available at http://www.electropedia.org/

bral terms and definitions

h time of physical, chemical or electricalproperties of a component or module under speci
onditions, which could result in degradation of significant performance characteristics

[SOURCE: [EC 60050-393:2007, 393-18-41]

3.1.2
detector
radiation
apparatus
indication

letector
or substance usedfo convert incident ionizing radiation energy into a signal suitable
hnd/or measurement

[SOURCE:
preferred

3.1.3
fading

ﬂEC 60050-394:2007, 394-24-01, modified — The term “detector” has been added as the {

erm.]

1%2]

fied

for

irst

loss of sig
change

[SOURCE: 1
3.14

nal under certain circumstances such as storage, transmission, humidity or tempera

EC 60050-393:2007, 393-38-54]

ure

dosemeter

dosimeter

device having a reproducible, measurable response to radiation that can be used to measure the
absorbed dose (3.2.1) or dose equivalent (3.2.3) quantities in a given system

[SOURCE: ISO 12749-2:2013, 5.5]

© IS0 2021 - All rights reserved
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5
sonal dosemeter

meter designed to measure the personal dose equivalent (rate) (3.2.5)

Note 1 to entry: A personal dosemeter can be worn on the trunk (whole-body personal dosemeter), at the
extremities (extremity personal dosemeter) or close to the eye lens (eye lens dosemeter).

[SOURCE: ISO 29661:2012, 3.1.21]

3.1.
dos
Sys|
med
use

[SO

3.2
3.2

absjorbed dose

D
diff]
ioni

Not
dos

whe

The

[SO

3.2
qud

In the limit of a small domain, the mean specific energy z = 2—8 is equal to the absorbed dose D.
m

6
imetry system

isurement instruments and their associated reference standards, and procedures for t

JRCE: ISO 12749-4:2015, 3.1.3, modified — Definition slightly reworded.]

Quantities

1

brential quotient of € with respect to m, where £ is the nfean energy (ISO 80000-5) iy
zing radiation to matter of mass, m:

_dE

D=—%
dm

e 1 to entry: The gray is a special name for joule pérkilogram, to be used as the coherent SI unit f
.1 Gy=1]/kg

gszdm

re dm is the element of mass of the irradiated matter.

absorbed dose can als¢ be expressed in terms of the volume of the mass element by:

p_de _ de

T dm p dV;

JRCE: ISO 80000-10:2019, 10-81.1]

2
lity factor

osemeters,

)

e system’s

hparted by

or absorbed

Q

factor in the calculation and measurement of dose equivalent (item 3.2.3), by which the absorbed dose
(item 3.2.1) is to be weighted in order to account for different biological effectiveness of radiations, for
radiation protection purposes

[SOURCE: ISO 80000-10:2019, 10-82]

3.2.3
dose equivalent

H
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product of the absorbed dose D (3.2.1) to tissue at the point of interest and the quality factor Q (3.2.2)
at that point:

H=DQ

Note 1 to entry: The unit of dose equivalent is joule per kilogram (J-kg-1), and its special name is Sievert (Sv).
[SOURCE: ISO 80000-10:2019, 10-83, modified — Note 1 to entry added.]

3.2.4

neutron fluence
P
differentia] quotient of N with respect to a, where N is the number of neutrons incident on a sphere of
cross-sectipnal area a:

oW
da

Note 1 to entry: The unit of neutron fluence is m=2, a frequently unit used is cm=2.
[SOURCE: IISO 80000-10:2019, 10-43, modified — Note 1 to entry added.]

3.2.5
personal dose equivalent
Hy (@)
dose equivglent (3.2.3) in soft tissue at an appropriate depth, d,'Below a specified point on the human
body

Note 1 to entry: The unit of personal dose equivalent is joule per kilogram (J-kg=1) and its special name is sieyvert
(Sv).

Note 2 to e]tcry: The specified point is usually given by‘the position where the individual’s dosimeter is worn

[SOURCE: ICRP 103:2007]

3.2.6
ambient dpse equivalent
H*(10), H'(P,07) or H’(3)

dose equivdlent (3.2.3) that wouldybe produced by the corresponding aligned and expanded field in|the
ICRU spherg at a depth, d, on theyradius opposing the direction of the aligned field

[SOURCE: |AEA - Radiation Protection and Safety of Radiation Sources: International Basic Safety
Standards | Interim Edition [AEA Safety Standards Series GSR Part 3, 2011]

3.2.7

conversion coefficient

h,o(10,E,]

quotient of'the pet sonatdose cquivul’cut (@) at-tomm dc[}tl’l, 1 (10), atrd-theretrtr qul'uc:u,c, b (M),

at a point in the radiation field used to convert neutron fluence into the personal dose equivalent at
10 mm depth in the ICRU tissue slab phantom, where FE is the energy of the incident neutrons impinging
on the phantom at an angle a

Note 1 to entry: The unit of the conversion coefficient is Sv-m2. A commonly used unit of the conversion coefficient
is pSv-cm?2.

4 © IS0 2021 - All rights reserved
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Calibration and evaluation

3.3.1
arithmetic mean

X

average of a series of n measurements, x;, given by the following formula:

_ 1w,
X:_Zizlxi
n

3.3.2

qu

Not
prin

Not
[SO

3.3
cali
ope

valyes with measurement uncertainties provided by measurement standards and cor

rea
estd

Not
cali
the

Not
call

Not
[SO

3.3
cali
N

quo
und

coj\r:entional true value for the neutron personal dose equivalent Hconv

tity value attributed by agreement to a quantity for a given purpose

e 1 to entry: The conventional value He°"V is the best estimate of the quantity to be meastired, dets
hary standard or a secondary or working measurement standard which are traceableto a primay

e 2 to entry: In this document, the quantity is the neutron personal dose equivalent.
URCE: ISO/IEC Guide 99:2007, 2.12, modified — Term and notes to entry modified.]

3
bration

rmined by a
y standard.

lings with associated measurement uncertainties andy*in a second step, uses this inf
Iblish a relation for obtaining a measurement result from an indication

e 1 to entry: Calibration may be expressed by . ‘statement, calibration function, calibrati
bration curve, or calibration table. In some cases;it may consist of an additive or multiplicative @
ndication with associated measurement uncertainty.

b 2 to entry: Calibration should not be confused with adjustment of a measuring system, often
bd “self-calibration”, or with verificatiof of calibration.

e 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.
URCE: ISO/IEC Guide 99:2007, 2.39]

4
bration factor

tient of the eonventional quantity value (3.3.2), H®°", divided by the reading, M (3.3.1
er standard,conditions, given by the following formula:

HCO]’IV

N =
M

esponding
mation to

ration that, under specified conditions, in a first step, establishes a relation between t:{'e quantity

n diagram,
orrection of

mistakenly

1), derived

Note 1 to entry: Mathematical functions, in some cases families of functions, can be used to provide calibration
factors over a range of conditions. Several different calibration functions can be defined for the same dosimetry
system and possibly be used for different conditions of exposure.

3.3.

5

calibration quantity
physical quantity used to establish the calibration of the dosemeter

Note 1 to entry: For the purpose of this document, the calibration quantity is the personal dose equivalent at
10 mm depth in the ICRU tissue slab phantom, H,(10).

© IS0 2021 - All rights reserved
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3.3.6

standard deviation

S

parameter for a series of n measurements, x;, characterizing the dispersion and given by the following

formula:

S=\/n—i12?=1(xi -x)?

where X is the arithmetic mean of the results of n measurements.

3.3.7
coefficien
Cc

ratio of the

following f

[SOURCE: I[EC 60050-394, 394-40-14]

3.3.8
minimum
Hinin
minimum
laboratory|

Note 1 to eftry: H

on the coun
threshold o

Note 2 to enftry: In this document, H

3.39

influence
quantity (g
of the mea

[SOURCE: 1
entry.]

3.3.10
measured
Hy

product of

F of variation

standard deviation s to the arithmetic mean X of a set of n measurements x;-given by

brmula:
1 1 _\2
= EZ?:NX;' —X)

recording value

ralue of dose which is recorded, i.e the lower limit ofthe dose range, defined by the dosim

min €an be equal to 0,10 mSv or 0,20 mS¥<or even 0,30 mSv for example. The choice dep
try of the dosimetry laboratory. Indeed, H,;, " would be logically at least equal or lower to the ]
the country.

<
min —

cannot exceed 0,3 mSv: H 0,3 mSv.

min

Juantity
arameter) that may have a’bearing on the result of a measurement without being the sub
burement

SO 8529-3:1998¢3.2.1, modified - by adding the word “parameter” and removing Note

dose equivalent

thieyeading (3.3.13), M, and the calibration factor (3.3.4), N:

the

etry

nds
egal

ject

1 to

Hy=M-N

Note 1 to entry: More elaborate algorithms may also be used.

3.3.11
phantom

object constructed to simulate the scattering and absorption properties of the human body for a given
ionizing radiation

Note 1 to entry: For calibrations for whole body radiation protection considerations, the ISO water slab phantom
is employed. It is made with polymethyl metacrylate (PMMA) walls (front wall 2,5 mm thick, other walls 10 mm
thick), of outer dimensions 30 cm x 30 cm x 15 cm and filled with water.
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Note 2 to entry: In the cases of very non-uniform irradiation conditions, an extremity cylinder, pillar or rod
phantom may be used as described in ICRU report 66.

[SOURCE: ISO 12749-2, 4.1.6.1 modified — Notes 1 and 2 to entry added.]

3.3.12
reference conditions
set of influence quantities for which the calibration factor (3.3.4) is valid without any correction

[SOURCE: ISO 8529-3: 1998, 3.2.2]

3.313

reading
M
qualntitative indication of a detector (3.1.2) or dosemeter (3.1.4) when it is read out, generally corrected
for packground, ageing, fading and non-linearity of the process or the read out system

3.3]114
read out
profess of determining the indication of a detector (3.1.2) or dosemeter feader

3.3]115

dose equivalent response
response

R
meqsured dose equivalent (3.3.10), H,,, divided by the conventional quantity value (3.3.2) ¢f the dose
equiivalent, He°"V, as given by the following formula:

Hy

conv
H

Notg¢ 1 to entry: The reading, M, is converted.into dose equivalent, Hy, by multiplying M by an pppropriate
conyersion coefficient or by using a more elaborate algorithm.

HY (10
Note 2 to entry: In this document, the quantity is personal dose equivalent: R = L
Hf,onv (10)

Notg¢ 3 to entry: In this document; for the sake of brevity, H,, = H is used.
Note 4 to entry: The reciproeal of the response at reference conditions is equal to the calibration coefficient.

Not¢ 5 to entry: In-radiation metrology, the term response, abbreviated for this application from “response
characteristic” (VIMY); is defined as the ratio of the reading, M, of the instrument, to the value of the qyantity to be
megsured by thesinistrument, for a specified type, energy and direction distribution of radiation. It is necessary,
in ofder to aveid confusion, to state the quantity to be measured, e.g. the “fluence response” is the regponse with
respect to-the fluence, the “dose equivalent response” is the response with respect to dose equivalent.

[SOPREGE: I1SO 8529-3:1998, 3.2.10, modified — Term and definition reworded.]

3.3.16

standard test conditions

conditions represented by the range of values for the influence quantities (3.3.9) under which a
calibration (3.3.3) or a determination of the response (3.3.15) is carried out

3.4 Listof symbols

The list of the symbols used in this document is given in Table 1.

©1S0 2021 - All rights reserved 7
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Table 1 — List of symbols

Symbol Meaning Unit
C Coefficient of variation —
D Absorbed dose Gy
Tr?l%?(ing TZ - Tl days
Té?;lxing Maximal period of storage in days between irradiation and read out days
d Depth in ICRU 4-element or soft tissue. Recommended depths are 0,07 mm, 3 mm and mm
10 mm.
H Dose equivalent Sy
Personal dose equivalent whose value is chosen in the following range: Sv
o 0,8 mSv < Hyp < 2 mSv
Hy, Measured dose equivalent Sv
H i, Minimum recording value Sv
H,(d) Personal dose equivalent at a depth d Sv
H,(10) Personal dose equivalent at a depth 10 mm Sv
Hgonv Personal dose equivalent of the conventional quantity value Sv
hqu (10,E,¢) |Conversion coefficient Sv-nj?
Heonv Conventional quantity value (of a quantity) Sv
Hyoutron Conventional quantity value for neutron irradiations only Sv
Hpc)?lg¥on Conventional quantity value for photon irradiations only SV
H*(10) Ambient dose equivalent at depth 10 mm Sv
i Designator for a group subjected to a specific influence quantity —
. Designator for a group subjected to aspecific dosemeter out of n dosemeters irradiat- —
J ed equally
k Designator for a group subjected.to a specific series of irradiation —
M Reading Sv
N Calibration factor —
n Number of dosemeters.in one group that are equally irradiated —
Q Quality factor —
R Response —
Reonv Referenceresponse —
r Permitted value —
Tmax Maximal permitted value —
'min Minimum permitted value —
s Samptefexperimrentalstamdarddeviation —
Minimum period between the manufacturing date for disposable dosemeter or the days
T; day when the reset is done for reusable dosemeters and the first day of possible irra-
diation
T Maximal perioq between the manufacturing date for disposable do;emgter or the day| days
2 when the reset is done for reusable dosemeters and last day of possible irradiation
1 Student t-factor for n measurements —
UHM Expanded uncertainty of the measured personal dose equivalent Ast?r;n-
U pyconv Expanded uncertainty of the conventional true value for the personal dose equivalent As t?:;n-
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Table 1 (continued)
Symbol Meaning Unit
Expanded uncertainty of a combined quantity of conventional quantity values. This As quan-
Ucom uncertainty is equivalent to the half-width of the confidence interval about the com- t?t
bined quantity at a confidence level of 95 % y
[0) Fluence m—2
X Arithmetic mean —

This document uses SI units. However, the following units of practical importance for time and energy

are

Thd

(Sv].

4

4.1

Al
con
cha

—

4.2
Thd

neuftrons of several energies:

a)
b)

)
d)

Dur
con

The
(cod

| L
USTU WIITIT TITL U O55d1 y .
days (d) and hours (h) for time;
electron-volt (eV) knowing that 1 eV = 1,602 x 10-19].

SI unit of dose equivalent is ]-kg~! but the dedicated name for the unit of dose equivalen

General test conditions

Test conditions

tests shall be performed under standard test conditions in accordance with Annex D.
ditions should be indicated in the test report. Thése conditions should not undergo
hges over a series of measurements to preclude the&linfluence on detector signals.

Reference radiation

reference radiation fields defined in SO 8529-1 shall be used. The tests shall be perfq

thermal beam as described in [ISO'8529-1;

mono-energetic beams at144 keV; 250 keV; 565 keV; 1,2 MeV; 14,8 MeV; 19 MeV d¢
ISO 8529-1:2021, Tables2;

the moderated 252Gf\néutron source described in ISO 8529-1:2021, Table 1;
241 Am-Be or 2>2Gf neutron sources.

ing the tests,"dosimetry systems shall be irradiated on the ISO slab water phantom and
ditions described in ISO 8529-3 and in ISO 29661 (except for extremity dosemeters - see

performance tests aimed at characterizing the intrinsic properties of the dosimef
fficient of variation, linearity, energy and angular dependence of the response) shall

t is Sievert

The actual
significant

rmed with

bscribed in

under the
Annex C).

ry system
be carried

out for different energy distributions (e.g. “**Am-Be or ->“Cf neutron sources, mono-energetic fields at
different energies). One well-characterized neutron field (e.g., 241Am-Be or 252Cf) is sufficient to assess
changes to the characteristics of a dosimetry system due to internal or external conditions (fading,
influence of photons, etc.). Apply irradiation conditions defined in Annex E.

The chosen source for irradiations with an 241Am-Be or 252Cf neutron source shall be the same as the

one

used to calibrate the dosimetry system.

A specific section dedicated to extremity dosimetry is given in Annex C.

NOTE

ISO

©IS

This document does not require tests using simulated workplace neutron fields as
12789-1 because of the very limited availability of facilities delivering such fields.
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For dosimetry systems calibrated using in-field calibration, some tests can also be performed in these
fields.

5 Test and performance requirements

This document provides performance and test requirements for determining the acceptability of
neutron dosimetry systems to be used for the measurement of personal dose equivalent, H,(10), for
neutrons ranging in energy from thermal to 20 MeV.

Tests of the performance of the dosimetry systems are designed to address all conditions in which
dosemeterf are used. The objective Is to test that any dosemeter gives results with sufficient accuiacy
when goinE through all the processes in the laboratory (storage, packaging, possible preparafive
treatmentd, unpackaging, possible treatments before reading and the read out itself), delivery to|the
customer gnd use by the customer in any realistic situation.

This docuinent does not propose tests for the parameters of the systems and processes operatefl in
the laborafory capable of influencing the reproducibility and stability of dosimetric performapce,
mainly bedause systems and processes can be strongly dependent on the dosimetric technique uped.
Neverthelgss, the importance of treating this question is stressed, accounting for specificationf of
the manufpcturer and conditions of use in the laboratory. The critical, parameters for proces$ing
dosemeterf shall be described.

The follow|ng general requirements apply to the tests for all dosimetky)systems:

a) The tepts shall be performed on a specified number of dosemeters or a minimum specified nunjber
depengling on the considered test. These dosemeters shall.be randomly selected among dosemeters
used i the routine process (i.e., from the population of desemeters provided to radiation workgrs);

b) The global processing to store, prepare and analyse the dosemeters shall be performed in
accordance with the routine process. More specifically, in case background dosemeters are ysed
to evaluate and to subtract the background ndise, these dosemeters shall be used as in the roufine
procedure;

¢) The laporatory shall explain how the total H,(10) as well as the specific neutron component|are
deternpined.

The tgsts to perform and the associated requirements to fulfil by the dosimetry systems|are
dividegl into two categories:

1) tests aiming at quantifying the intrinsic characteristics of the dosimetry systems:
—| For the coefficient of variation, apply 7.3 and the criteria given in B.1.
—|{ For thélinearity, apply 7.4 and the criteria given in B.2,

—| Eer'énergy and angle dependence of the response, (apply 7.5 and the criteria given in B|3);

2) T} (5§ i.t!bl,b dilllillg dl quouuif_yiug Lllt! Lhdugeb duc LU CXLCIT lldl Ul illLUl lldl iuﬂucm,c gqudlit Lies
(such as time, temperature, humidity, exposure to radiations other than neutrons, etc.). The
tests and criteria aim to ensure the stability of dosimetric performances of the dosimetry
systems in the range of realistic conditions of use of the dosemeters: influence of fading, ageing,
radiation other than neutrons, harsh climatic conditions, light exposure, physical damage,
sealing. Apply Clause 8 and criteria given in Table B.3.

Moreover, before the performance tests, a preliminary optional test is proposed to reduce the number
of irradiations. This test, detailed in Clause 6, concerns the qualification for eliminating the use of the
full neutron and photon package.

A minimum number of four dosemeters is required for each test except for the test for the coefficient of
variation/linearity (see 7.3 and 7.4) and the test for eliminating the use of the full neutron and photon
package (see Clause 6). Except for the test for the coefficient of variation/linearity, the number of

10 © IS0 2021 - All rights reserved
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dosemeters per lot may be increased to be adapted to the associated applied dose. The maximal number
of dosemeters should not be higher than 25, except for the test 8.3, where the number can be increased

to 5

0.

The performance requirements are demonstrated to be met to 95 % confidence. Apply Annex F to
determine the confidence interval.

6 Qualification for eliminating the use of the full neutron and photon package

6.1

D"rpncn ofthe test

Thi

Manmy configurations of irradiations are required for the performance tests. Moreover, the

dos
rec
but
can
one
size

Thik

the

phaton dosemeter and the package on the neutron response can be considered negligiblg.

per
con
dos

5 test is not required if the full neutron and photon package is used.

emeters per configuration may be significantly high, especially for configurations at th¢
rding value. Neutron dosemeters can be combined with photon dosemeterns;working ind¢
packaged together. Neutron dosemeters (especially when they are integralwith photon d
take up a lot of space on the phantom, limiting the number of dosemeters that can be ir]
time. The number of dosemeters that can be placed on the phantom-per irradiation is lin
of the dosemeters. That is why several irradiations may be needed per configuration.

test is used to characterize the influence of the photen dosemeters and of the j
response of the neutron dosemeter. If the criterion of¢this test is met, then the influ

formance tests described in Clause 7 can be performeéd using only the neutron compo
bined dosemeter. The overall number of irradiationis can then be reduced if the size of t|
emeter is smaller than that of the combined dosémeter.

If t

dospmeters (combined photon and neutroncomponents as packaged together).

NOTE
body cannot accept the procedures described in Clause 6. In such a case, the full neutron and photon

be

For
Clayise 8

6.2

Pre
the

lots

is test fails, all the performance tests des¢ribed in Clause 7 shall be performed with

Even if the test is passed and criteria fulfilled, the responsible regulatory, licensing or
andatory.

the tests to establish the(“stability in the range of realistic conditions of use of the dosé
se 8, the package can be ¢onsidered necessary by the dosimetry laboratory.

Method of test

whole dosemeters and the last two lots are composed of neutron dosemeters only. [rradi:
at a cenventional quantity value of personal dose equivalent H]-0 =1 mSv, with a 241Am]{

neurron source for lots 1 and 3, and with a mono-energetic neutron beam at 144 keV for lots

number of
b minimum
bpendently,
Dsemeters)
radiated at
ited by the

ackage on
bnce of the
Then the
hent of the
he neutron

the whole

accrediting
backage can

meters” in

pare four lotSnumbered j = 1 to 4 of i = 1 to at least 6 dosemeters. The two first lots are composed of

ite the four
Be or 252Cf
2 and 4.

6.3 Interpretation of results
Read out and determine the measured dose equivalent for each dosemeter, H; . Calculate the
mean, H;, and the experimental standard deviation, s;, for the four lots. Show tflat the criteria

ormulae (1) and (2) are met:

©IS
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for the irradiations with a 241Am-Be or 252Cf neutron source,

H HCOI]V
0,93“—1]1%3] i’onv <1,11 1)
H3 H1

for the irradiations with a mono-energetic neutron beam at 144 keV,

H HCOnV
O,9S[(—2JiU24}- t <111 (2)
H, , Hé:onv

where U, [ is the uncertainty for the quotient of the experimental arithmetic means, H,, and| H,
calculated in accordance with Formula (F.5).

If the critefion of this test is met, the influence on the neutron response of the photon dosendeter and
the package is considered negligible. Then, the performance tests may be done using only the neufron
dosemeterp. If this test fails, all of the performance tests shall be conducted with\the photon fand
neutron ddsemeters packed together.

This test cguld be replaced by a study based on Monte-Carlo calculations, if such method is validatedl by
measurements.

7 Perfogrmance tests for the intrinsic characteristics of the dosimetry systems

7.1 General

The tests described in Clause 7 (coefficient of variation/linearity, energy and angular responses) shall
be perfornjed for all dosimetry systems.

7.2 Irradiations

To perform the tests characterizing the intrigsic properties of the neutron dosimetry system, several
irradiations are required. They are sumrarized in Table 2. To reduce the number of irradiatipns,
the same ifradiation may be used for several tests. For instance, the irradiation with a 241Am-B¢ or
252Cf sourge to a conventional quantity value of personal dose equivalent of 1 mSv is used for three
tests: linealrity, energy and angulartests.

This documpent does not describe any test for determining the detection threshold by measuring|the
backgrounf signal of unirradiated dosemeters. However, the tests for “coefficient of variation”, “endrgy
dependence of response’{and “angle dependence of response” are all performed at two levels of dpse:
close to th¢ minimum recording value and in the dose range (0,5 mSv to 2 mSv). The criteria applied at

these two levels of dose can differ.
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Hyp corresponds to a conventional quantity value of personal dose equivalent chosen in the range:
0,8 mSv < Hyp < 2 mSv. Defining a range of dose instead of an exact conventional quantity value of
personal dose equivalent of 1 mSv is preferred. The laboratory in charge of the irradiations or in charge
of the characterization of the dosimetry system shall choose a value included in this range, which would

not be known by the dosimetry laboratory.
H,,;, corresponds to the minimum value of dose which is reported. H,;, is then the lower limit of the
dose range, defined by the dosimetry laboratory. H,;, would be logically at least equal to or lower than
the legal threshold required in each jurisdiction (0,10; 0,20 or 0,30 mSy, for example). To comply with

this document, H,;,, shall be equal to 0,3 mSv at maximum:

The criteria of the different tests, coefficient of variation, linearity, energy and angle dependences of
the responke, are functions of the value of the chosen H, ;. The value of H,;, should be specifiéd in|the
accompanying documentation.

Although K ;. corresponds to the minimum value of dose which is reported, the value@f'the pers¢nal
dose equivialent below this value should not be truncated, contrary to how it is dene in the roufine
process.

As the thefmal and fast energy ranges are optional, the dosimetry laboratory: shall clearly state in|the
documentdtion the energy range in which the dosimetry system is characterized:

a) thermal + minimal rated energy ranges;

b) minimpl rated energy range only;

¢) minimpl rated + fast energy ranges;

d) thermal + minimal rated + fast energy ranges.

For dosimgtry systems whose stated range does notéinclude thermal energies, regardless whether
the thermdl neutron contribution to dose equivalentis considered negligible, the performance shqguld
demonstralte that the dosimetry system response to thermal neutrons does not adversely influence{the
determination of dose equivalent result fromtigher energy neutrons. The mandatory “H” irradiation
series has been designed for that purpose (See Table 2) for all dosemeters.

Table B — Mandatory series ofirradiation as a function of the stated energy range of the
dosimetry systems

Stated gnergy range of the dosimetry systems Mandatory series of irradiation
Thermal + minimal rated enérgy ranges (A,B,Q)+(C,D,E FGHLJ]LKLM,N)
Minimal rated energy range-only (C,D,EFGHILJLKL M,N)

Minimal rated + fast energy ranges (C,D,EFGHILJKL M,N)+ (0)
Thermal + minimatrated + fast energy ranges (A,B,Q)+(C,D,E,FGH,ILJ]K L M,N)+ (0)

Table 3 giyes-the mandatory series of irradiations as a function of the stated energy range of|the
dosimetry _ybtcum.

The maximum dose, 2 mSy, for thermal neutron tests is proposed in order to take into account the
reality of the potential exposures with thermal neutrons and the dose rates of the available reference
thermal fields. This may also be adapted according to the dosimetry laboratory. This maximal value
should be stated in the accompanying documentation. However, this maximal value cannot be lower
than H;, + 0,1 mSv.

In case of irradiations with neutrons at non-normal incidence, the angle of incidence for the n
irradiations is varied positive and negative in two planes perpendicular to each other and to the plane
of the dosemeter. It means, in case of n = 8, that two dosemeters are irradiated in each case to the same
angle of incidence. This variation is not necessary in cases where the dosemeter design is symmetrical
in its essential sensitive parts and this is stated by the manufacturer.

14 © IS0 2021 - All rights reserved
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For each of the mandatory series of irradiation functions of the stated energy ranges of the dosimetry
system, prepare j lots (j corresponding to the number of dose values given in Table 2) of i = 1 to at least
4 dosemeters and irradiate them with neutrons of energy and angle, as stated in Table 2, to the

H}’j" , as given in the first column of Table 2.

conventional quantity value of personal dose equivalents,

In the cases of the series “G”, mixed-field irradiations are performed with half of the dose delivered
by a radionuclide source (252Cf or 241Am-Be) and half of the dose delivered by low-energy (144 keV or
250 keV).

In the cases of the serles “H”, mlxed field 1rrad1at10ns are performed w1th a radlonuchde source (2°2Cf
or 241A C ent contributed
fro the 1rrad1at10n using the thermal f1e1d is to be between 25 % to 50 % of the total dose dquivalent.

To limit the number of irradiations and to take into account mixed field situations,dosemeters could
be irradiated at the border of the allowed usual surface of irradiation of the phantom and half of them
would be irradiated in both fields of the mixed field and half only in one of the fields, then adfling values
of that last dosemeters (see Figure 1). In Figure 1, the dosemeters “W” are ifradiated to an 241Am-Be
or 2P2Cf source, the dosemeters “X” to 144 keV neutron field and the dosemeters “S” to theseltwo fields,
bechuse they are present on the phantom for the two irradiations. Then; using this practical method of
irrddiations, the additivity could be checked.

Using the same methodology, a test in a mixed field (mandator§) + thermal) is proposed to detect
nonllinearity of algorithm and over response of dosemeters-for thermal neutrons. In the case of
simultaneous irradiation of several dosemeters on a phantem, effects as described in [[SO 29661
(ingcattered neutrons from adjacent dosemeters, changes.in the properties of the backscatfered field)
neefd special attention and can lead to a reduction of the:number of dosemeters irradiated fogether. In
thig specific situation, the dosemeters exposed to thé‘mixed field corresponding to the column ‘H’ in
Tabje 2 could be the sum of the irradiation perform-to the fields corresponding to column A’ and ‘|’ in

© IS0 2021 - All rights reserved 15
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5
a) Firstirradiation? b) Second irradiation®
Key
1  border pf the allowed usual surface of irradiation
2 allowed usual surface of irradiation
3  phantomn
4  dosemdters used for the irradiation ]
5 dosemgdters used for the test of mixing two different fields: “W + X =§”
6  dosemadters used for the irradiation C
a

All dos¢meters irradiated with an 241Am-Be or 252Cf neutron.seldfce.

o

All dos¢meters irradiated with a 144 keV monoenergetic field:

NOTE The positions and number of dosemeters are justgiven for example.

Figure 1) — Principle of optimization of theirradiations that could be performed to take info
account mixed field situations

Figure 1 illustrates the case with the'mixed field 144 keV (irradiation ‘C’ in Table 2) + bare source
(irradiatiop ‘J” in Table 2), but this imethod could be enlarged to all different mixed fields.

7.3 Coefficient of variation

7.3.1 General

This test i used tosdetermine whether the statistical fluctuations of the indicated value is acceptgble
from low fo high~dose exposures. The test shall be performed with 12 dosemeters for doses beglow
0,5 mSv anld®-dosemeters for doses 20,5 mSv.

7.3.2 Method of test

Read out the i = 12 dosemeters for doses below 0,5 mSv and 6 dosemeters for doses =0,5 mSv of the lots
corresponding to the k series of irradiations named “A” and “J” in Table 2.

For every conventional dose, H,C(‘}nv , determine the measured dose equivalent, Hy ;;. Calculate the

arithmetic mean, HkJ-, for each lot, j, of each series, k, and the respective experimental standard
deviation, Sk
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7.3.3 Interpretation of results

S .
The coefficient of variation, €} ; = Hk—j , of the 12 dosemeters for doses below 0,5 mSv or 6 dosemeters
kyj
above 0,5 mSv for each series, shall meet Formula (3):

Sk,j

<r (3)
HkJ max

withr - definedin B 1

IIId

7.4 Linearity

7.4{1 General

Thip test is used to determine whether the dose response is acceptable. from low to|high dose
exppsures. The test shall be performed with 12 dosemeters for doses below”0,5 mSv and 6 dosemeters
for foses =0,5 mSv.

7.4{2 Method of test

Reald out the i = 12 dosemeters for doses below 0,5 mSv and®’dosemeters for doses >0,5 mSy of the lots
corresponding to the k series of irradiations named “A” and\']” in Table 2.

For|every conventional dose Hj ;" , determine the-ineasured dose equivalent, Hy ;. Caculate the

arithmetic mean, Hy ;, for each lot j of each series\k. Calculate the response Ry ; = Hy ;/H['" . Then,

det¢rmine the mean response R; of all the caleulated response values for each series.

7.4{3 Interpretation of results

A rg¢ference response is defined as.the response obtained for the irradiations within the range [0,8 mSy,
2 mfSv] and calculated according'to Formula (4):

preference _ Fll0.82lmsv. )

k - conv ( )
H

k,[0,8:Z]mSv

Then, for each series;the response Rk,]- is calculated using Formula (5):

Hk,j

eonv
Hk,j

(5)

The fesponse R, ; divided by the reference response RFeference chall not exceed the valugs given in
Table B.1, as mentioned in Formula (6):

Tmin —

Ucom Ry, Ucom

reference < reference =Tmax reference 6)
Ry Ry Ry
with r;, and r,,., defined in Table B.1, where U_,, is the uncertainty related to the measurements of

Rk,j

, calculated in accordance with
Rlzeference

the personal dose equivalent H,; for the combined quantity,

Annex F.
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7.5 Energy and angle dependence of the response

7.5.1 General

This test uses the series of irradiations defined in Table 2 corresponding to the energy and angle ranges
in which the dosimetry system shall be characterized (see Table 3).

Conformity with the requirements of this test may be impractical for dosimetry systems with strong
variable energy dependence of response, as with some thermoluminescent albedo dosemeters, for
instance, for which a qualification shall be completed directly at the workplaces in which they are used.

If this test |s not fulfilled by the dosimetry system, this dosimetry system shall be qualified at thework
situations where it is used. For this purpose, ISO 21909-2 shall be used, in addition to the tests pnd
requirements of this document.

7.5.2 Mgthod of test

Read out epch dosemeter of the lots of all the series of irradiations, corresponding in Table 2 eithdr to
the energy|test (tests noted “ET” in Table 2) or the angle of incidence test (tests npted “AT”). Deternjine

the measufed dose equivalent, Hk,j,i» and calculate the arithmetic mean, HkJ, for each lot j of dach

series k anfl the respective experimental standard deviations, Sk

7.5.3 Interpretation of results

For each lof and for dose Hj ", equal to Hy, Hyyp + 0,1 mSv.and Hyp, the Formula (7) shall be met:

Hy
conv J conv
"min _Urel,k,j = conv iUk,j < Fmax +Urel,k,j (7)
Hy J
where
'min is defined in Table B.2 and illustrated in Figure B.2;
I max is defined in Table B.2 andillustrated in Figure B.2;
U . . . _ Hy ; .
is the uncertainty.for the combined quantity in brackets, — calculated in accordqnce
Hy
J

with Formla/(F.5);

peenv | is theqelative uncertainty related to the conventional quantity value of the personal dose
relk equivalent

7.6 Spedific test for thermal neutrons

7.6.1 General

This test is used to determine whether the dose value from the dosemeter differs from the conventional
true quantity by more than a factor of 3 (+200 %) at 85°, compared to reading at normal incidence, for
thermal neutrons and for doses above 0,5 mSv. This test shall be performed by dosimetry laboratories
which have stated that thermal energies are encompassed by the energy range of their dosimetry
system.
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7.6.2 Method of test

Read out each dosemeter of the lot corresponding to the series of irradiations named “Q” in Table 2.
Determine the measured dose equivalent, HQ’,-, and calculate the arithmetic mean, HQ, and the
respective experimental standard deviations, sp.

Read out each dosemeter of the lot corresponding to the series of irradiations named “A” in Table 2 and
the personal dose equivalent Hyp. Determine the measured dose equivalent, H, ;, and calculate the

arithmetic mean, H, and the respective experimental standard deviations, s,.

N

.6{3 Interpretation of results

3|

ormula (8) shall be met:

H HCOI’]V
HH—Q} : UQJA}' o <3 ®)
A Hy
where U, 5 is the uncertainty for the quotient of the arithmetic means,-ealculated in accorflance with

Formula l'F.S ).

8 [Performance tests for stability in the range ofrealistic conditions of use of the
dosemeters

8.1 Fading

8.1]1 General
If a|loss of signal could appear during a long period of storage after irradiation, a correctign function
might be needed to avoid strong effectton the dose determination. This test is used to|determine
wheéther the potential loss of signal from storage is correctly accounted.

Defjne the maximal period ofsstorage in days between irradiation and read out, noted Tfading por

max
example, for a wearing period-of three months and a maximal storage in the laboratory befgre reading
of ope month, T24"8 s gqual to four months, i.e. 120 days.

8.1]2 Method oftest

Prepare two lots'of i = 1 to at least 4 dosemeters (25 dosemeters at maximum). Irradiate thege lots with
a 24l Am-Be.br)?52Cf neutron source to a conventional quantity value of personal dose equivdlent, Heon,
between ' mSv and 3 mSv on day, T,

Procéss the first lot of dosemeters in two weeks just following the irradiation. Storeg and keep

dosemeters of the second lot under normal test conditions. Process them on day Ty + T8 +1.

Read out each dosemeter, determine the measured dose equivalent for each dosemeter, H;;, and

calculate the arithmetic mean H]- for each lot and the standard deviation, Sj-
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8.1.3

Interpretation of results

The Formula (9) shall be met:

o,ss-,g[(’*
H

conv
2

1

+

<1,18

U H
21 .}Jgonv

|

(9)

where U, ; is the uncertainty for the quotient of the arithmetic means, calculated in accordance with

Formula (E.5).

8.2 Agei

8.2.1 Ge

A modifica
function nj
determine

To determine the maximal period of storage before irradiation, noted

two period

reseti

T5: ma
reseti

Then, calcy

ng
neral

Lion of the response may appear after a long period of storage before irradiatién: A correc
ay then be needed to avoid strong effect on the dose determination. This’test is use
whether the modification of response is correctly accounted.

Tageing

max ~rdetermine the follow

s, T1and T,:

T;: minimum period between the manufacturing date for disposabl¢-dosemeter or the day when

5 done for reusable dosemeters and the first day of possibleirradiation;

kximal period between the manufacturing date for disposable dosemeter or the day when|
b done for reusable dosemeters and last day of possible irradiation.

ageing
late T2«

= TZ_ Tl

If the manyifacturing date is not known, the uncergainty on this date should be taken into account

conservati

8.2.2 Mg

Prepare tw

e way.

thod of test

olotsofi=1toatleast 4 desemeters (25 dosemeters at maximum). The first lot of doseme

fion
] to

ring

the

the

in a

fers

correspondls to dosemeters storedin-Standard test conditions in the laboratory for T; days. Irradjate

this lot wit
equivalent
the irradia

Chooseas
a 241Am-B

equivalent

Read out, d

h a 241Am-Be or 252Gfneutron source to a conventional quantity value of the personal d

fion.

pcond lot of dosemeters stored in standard test conditions for T, days. Irradiate this lot |
b or 252¢f\Heutron source to the same conventional quantity value of the personal d

HSOHV -

ose

H,conv, between 1@SV and 3 mSv. Process this first lot of dosemeters two weeks just affter

vith
ose

mean, H]-, a

8.2.3

Formula (10) shall be met:

o,sss[(H
H

conv
1

conv
2

2

1

<1,18

H
* U2,1 H

efermine the measured dose equivalent for each dosemeter, Hj,i, and calculate the arithﬂetic
] } .

Interpretation of results

(10)

where U, ; is the uncertainty for the quotient of the arithmetic means, calculated in accordance with

Formula ('F.S ).
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8.3 Effect of storage for unexposed dosemeters

8.3.1 General

This test is used to determine whether there is a strong influence of the ageing on the background
signal of the dosemeters.

8.3.2 Method of test

Define the maximal period, T,,,,, between manufacturing time of the detector or the day when reusable
doSETETETS WETE T€SEL 0T ZETr0ed and tie {irstaay of USe-

Stofe a lot of at least 10 dosemeters, which are unirradiated, under standard test conditipns during

T,k Read out and determine the measured dose equivalent for each dosemeter, H.

NOTE The number of dosemeters can be increased, if wanted by the laboratory.

8.3{3 Interpretation of results

A nﬁaximum of 20 % of the unirradiated dosemeters shall present;@measured dose equivalent Hy
higher than H ;. Moreover, no dosemeter shall present a measuréd dose equivalent Hy; Higher than
H_ i, + 0,1 mSv.

mil

If ope or more dosemeters present a measured dose equivalent’Hy, higher than H;, + 0,1 m{v, a second
tes with a lot of 50 dosemeters is necessary: a maximuniof one dosemeter shall present 4 measured
dosp equivalent Hy; higher than H_;, + 0,1 mSv.

8.4 Exposure to radiation other than neutrons

8.4J]1 General

Tw¢ tests shall be performed for all:dosimetry systems to check whether the system is densitive to
radpn or photon radiation. If so, complementary tests are required to characterize more piecisely the
inflpence of these two types of radiations on the dose response.

8.4]2 Photon radiation
8.412.1 All dosimetry’systems

8.4J2.1.1 General

Thif test applies to all dosimetry systems. This test is used to determine whether the neptron dose
equiivaleftresult is significantly influenced by photon radiation.

If thistest is passed, then the dosimetry system is not considered to be sensitive to photons

If this test is not passed, complementary tests shall be performed (see 8.4.2.2).

8.4.2.1.2 Method of test

Prepare two lots numbered j =1 and 2 of i = 1 to at least 4 dosemeters (25 dosemeters at maximum) and
irradiate the first lot with a 137Cs or a ©9Co source to a conventional quantity value of the personal dose
equivalent, H¢°", 10 mSv. Store lot 2 under standard test conditions.

Read out and determine the measured neutron personal dose equivalent for each dosemeter, H ji

Calculate the arithmetic mean Hj for each of the two lots and the experimental standard deviation, S
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8.4.2.1.3

Interpretation of results

Formula (11) shall be met:
‘(H_1—H_2)‘ * Ui <Hpin 1y

where U , is the uncertainty for the difference of the arithmetic means, calculated in accordance with

Formula (‘ E.5).

8.4.2.2 Photon-sensitive dosimetry systems only

8.4.2.2.1

For photon
shall comp

8.4.2.2.2

Prepare th
(25 dosem

convention
for series “

In additior
quantity v
and 0,6 m§

Table 4 giv|

General

-sensitive dosemeters, supplementary performance tests shall be done and these'doseme
y with the tests as described in 8.4.2.2.2 and 8.4.2.2.3.

Method of test

Fee series named k=R, Sand T of two lots numbered j = 1 and 2 of i=Dto atleast 4 doseme

bters at maximum). Irradiate all the dosemeters with a 241 Am-Béor 252Cf neutron source

conv

al quantity value of the personal dose equivalent, Hp oy ron

5” and 2 mSv for series “T”.

, irradiate the second lot of each series with a 13/Cs*or a 6°Co source to a conventi

conv

photon of 15 mSv for series “R”, 1 mSv for series

hlue of the personal dose equivalent, H
v for series “T”.

s a summary of the required irradiations.

Table 4 — Performance tests for photon-sensitive dosemeters

. Neutron Photon
Series . . . . ..
irradiation irradiation
HEthon H3hoton
mSv mSv
R 0,5 1,5
S 1 1
T 2 0,6

fers

fers
to a

of 0,5 mSv for series “R”, 1 inSv

nal
(IS"

Read out and determine the measured dose equivalent for each dosemeter, H ;;, calculate [the

arithmeticlméan Hk,j and the experimental standard deviation, Sk, for the six lots.

8.4.2.2.3 Interpretation of results
Formula (12) shall be met for each series k:

|Hy  —Hy x| + Uy <0,1 mSv (12)

where Uj , | is the uncertainty for the difference of the arithmetic means, calculated in accordance with

Formula (E.5).
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8.4.3 Radon

8.4.3.1 Method of test

This test should be performed with the whole dosemeter (full package), as it is usually worn by the
worker. Prepare two lots numbered j = 1 and 2 of i = 1 of at least 4 dosemeters (25 dosemeters at
maximum) and expose lot 1 to 3 MBg-h/m3 of radon at 50 % equilibrium with daughters (F = 0,5). Store
lot 2 in standard test conditions with no radon in excess of background.

Read out, determine the measured dose equivalent for each dosemeter, H and calculate the

i

arithmetic mean, H Iz for each of the two lots and the respective experimental standard devjations, s;.

o]

4{3.2 Interpretation of results

mula (13) shall be met:
H,-H,) + U;,<0,5mSv (13)
(Hy —Hy )| £ Uy

3l
=

(0]

where U , is the uncertainty for the difference of the arithmetic means, calculated in accorflance with

Formula (E.5).

8.5 Stability under various climatic conditions

8.5/1 General

The dosemeters could be exposed to many different climatic conditions at workplaces not{ controlled
by the dosimetry laboratories. This test is use@to determine whether the response of the dosimeter
is adversely influenced in harsh environmental conditions. It gives requirements in morg¢ stringent
congditions than those in which the doseméter is used.

It i§ not mandatory to fulfil the criteria of this test but, if the requirements are not fylfilled, the
labT(ratory shall specify to customers’the uncertainty added to the dose estimation in these|conditions
of exposure.

8.5]2 Effect on the dose'equivalent response

8.5]2.1 General

Thif test is useddto characterize the stability of the response of the dosimetry system as a function of
climpatic conditions.

8.52.2¢ \Method of test

Preparethree fotsumbered =1, 2 amd 3 of =1 toat feast A dosemeters (25 dosemeters at Inaximum).
Store lot 3 in standard test conditions. Irradiate lot 1 with a 241Am-Be or 252Cf neutron source to a
conventional quantity value of the personal dose equivalent, H®°", between 1 mSv and 3 mSv. Store
both lots 1 and 2 of dosemeters in a climatic chamber in which the temperature is 40 °C + 2 °C and the
relative humidity is at least 90 %. After a continuous period of 48 h, remove both lots of dosemeters
from the climatic chamber. Irradiate lots 2 and 3 to the same conventional quantity value of the personal
dose equivalent as lot 1.

Read out and determine the measured dose equivalent for each dosemeter, H; ;, and calculate the

jii

arithmetic mean, Hj , for each of the two lots and the respective experimental standard deviations, Sj-
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8.5.2.3 Interpretation of results

Formulae (14) and (15) shall be met:

B H conv

0,85<|| =L iUlS} 3__<1,18 (14)
L H3 HfOI’lV
B H HCOIIV

0,85<|| —2= J_ruzg} 3__<1,18 (15)
| H3 , Hé:onv

where U, [ is the uncertainty for the quotient of the arithmetic means, calculated in accordance With

Formula (B.5).

8.5.3 Efflect for unexposed dosemeters

8.5.3.1 (eneral

This test i$ used to determine whether harsh climatic conditions adversely influence the background
signal of the dosemeters.

8.5.3.2 Method of test

Store a lot|of 10 dosemeters, which are unirradiated, in a climatic €hamber in which the temperature
is 40 °C £ 4 °C and the relative humidity is at least 90 %. After a.¢continuous period of 48 h, remove fthis
lot of dosemneters from the climatic chamber. Read out and determine the measured dose equivalent for
each dosemeter, H.

NOTE The number of dosemeters can be increased to 20;if wanted by the laboratory.

8.5.3.3 Ipterpretation of results

A maximum of 20 % of the dosemeters (2 desemeters for a total of 10 dosemeters, 4 dosemeterq for
a total of 30 dosemeters) shall present a-meéasured dose equivalent higher than H ;. In addition| no
dosemeter|shall present a measured dese equivalent higher than H_;, + 0,1 mSv.

8.6 Effect of light exposure-(sénsitivity to light)
8.6.1 Efflect on the dose'response

8.6.1.1 (eneral

This test ijused:to determine whether the neutron signal is adversely influenced by visible light.

8.6.1.2 Methodoftest

Prepare two lots numbered j = 1 and 2 of i = 1 to at least 4 dosemeters (25 dosemeters at maximum)
and irradiate them with a 241Am-Be or 252Cf neutron source to a conventional quantity value of the
personal dose equivalent, H°", of at least 1 mSv and 3 mSv. Store the dosemeters of lot 1 in the dark for
one week. Expose lot 2 to 1 000 W/m? of light for one week, in an otherwise identical environment. The
light source should not modify the ambient temperature that should remain below 30 °C.

Read out and determine the measured dose equivalent for each dosemeter, H and calculate the

Jit?
arithmetic mean, Hj, for each of the two lots and the respective experimental standard deviations, Sj for
the two lots.
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8.6.1.3 Interpretation of results

Formula (16) shall be met:

H HCOIlV
0 8S<HH J + Uu} L_<1,18 (16)
1

HEOHV

where U , is the uncertainty for the quotient of the arithmetic means, calculated in accordance with

Formula ('F.S ).

8.6[2— Effect for unexposed doSemeters

8.6J2.1 General

Thi} test is used to determine whether exposure to visible light adversely influerices the Hackground
signal of the dosemeters.

8.6/2.2 Method of test

Expose a lot of 10 dosemeters, which are unirradiated, to 1 000 W/m2f light for one week.
The light source should not modify the ambient temperature that should remain below 30 °(.
Reald out and determine the measured dose equivalent for-each dosemeter, H.

NOTE The number of dosemeters can be increased to 20, if wanted by the laboratory.

8.6J2.3 Interpretation of results

A mjaximum of 20 % of the dosemeters (2 dosemeters for a total of 10 dosemeters, 4 dosgmeters for
a tdtal of 20 dosemeters) shall present a Wréasured dose equivalent higher than H;,. In addition, no
dospmeter shall present a measured dosé equivalent higher than H;, + 0,1 mSv.

8.7 Drop test
8.7]1 Effect on the dose(response

8.7]1.1 General

Thip test is used’to'determine whether there is a change in the dosemeter response to neutyons due to
phyfsical damage:

8.711.2, \Method of test

Preb C aa N d emeoto A
1rrad1ate them w1th a 241Am Be or 252Cfneutron source to a conventlonal quantlty value of the personal
dose equivalent, H®", between 1 mSv and 3 mSv. Then drop the dosemeters of the second lot on a
representative floor of the working area from a height of 1 m.

Read out each dosemeter and determine the measured dose equivalent, H; ;. Calculate the arithmetic

mean, H]- , and the respective experimental standard deviations, Sj, for the two lots.
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8.7.1.3

Interpretation of results

Formula (17) shall be met:

o,ss-,g[(H
H

conv
2

1

<1,18

H
J + U2'1:|‘

H;Ol’lv

(17)

where U, , is the uncertainty for the quotient of the arithmetic means, calculated in accordance with

Formula (E.5).

8.7.2 Effectforunexposed dosSemeters

8.7.2.1 (

This test i
dosemeter

8.7.2.2

Drop a lot ¢f 10 dosemeters, which are unirradiated, on a representative floorof the working area f

a height of

NOTE '

8.7.23 1

A maximu
a total of 7
dosemeter

8.8 Dist

8.8.1 Ge

This test i
face of the

8.8.2 Mg

Prepare 2
a 241Am-Bg¢
Heon betw
phantom s

Method of test

feneral

s used to determine the influence of physical damage on the background\signal of

.

1 m. Read out and determine the measured dose equivalent for‘each dosemeter, H.

'he number of dosemeters can be increased to 20, if wanted by the laboratory.

hterpretation of results

m of 20 % of the dosemeters (2 dosemeters for\a total of 10 dosemeters, 4 dosemeters
0 dosemeters) shall present a measured dose‘equivalent higher than H_;,. In addition|
shall present a measured dose equivalent higher than H;, + 0,1 mSv.

ance to the phantom

neral

used to determine the influence of the distance between the phantom front face and &
dosemeter on the dosemeter neutron response.

thod of test
ots of i = 1 te-at least 4 dosemeters (25 dosemeters at maximum). Irradiate these lots {

een 1 mSv and 3 mSv. The dosemeters of the second lot are placed 0,5 cm in front of|
irface:

Process thétwo lots of dosemeters

the

"Om

for
no

ack

vith

 or 252Cfneutron source to a conventional quantity value of the personal dose equivalent,

the

Read out each dosemeter, determine the measured dose equivalent for each dosemeter, H;;, and

calculate the arithmetic mean, Hj , for each lot and the standard deviation
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8.8.3 Interpretation of results

Formula (18) shall be met:

H HCOIlV
O,SSSH—ZJ + Uz,l}- ——<1,18 (18)
Hq HS

where U, , is the uncertainty for the quotient of the arithmetic means, calculated in accordance with

Formula (E.5).

8.9/ Sealing

Theg manufacturer shall state the precautions to be taken to prevent the ingress of molsture. The
effectiveness of the sealing and the associated precautions should be demonstrated by the mapufacturer.

9 [(Identification and accompanying documentation

9.1] Individual marking

Dogemeters and detectors shall have simple, unique and secure nmieans of identification. The marking
shal]l not damage the useful portion of the detector, either direttly or indirectly, nor shall i change its
behfaviour in any significant manner. Dosemeters shall carryyany necessary markings for determining
thefr origin, expiration date (if relevant). Moreover, dosemeters shall be marked stating thpt they are
intgnded for neutron dosimetry and front/back side should be clearly labelled.

9.2 Collective marking

The following information shall be indicated.@n each box (or other collective packing) of detectors or
dospmeters or, failing this, on an accompanying note:

— |name or trademark of the manufacturer;
— |complete designation;
— |serial number or manufacturer's batch number;

— |expiration date, if releyvant.

9.3 Accompanying documentation

Thenote attached to each box or other packing container shall include at least the following irjformation,
if itfis not provided on the container:

— |complete designation;

— name and trademark of manufacturer;
— neutron energy range for which the detectors or dosemeters are designed;
— dose range:
— minimum recording value;
— upper limit;
— energy range in which the dosimetry system is characterized:
— thermal + minimal rated energy ranges;

— or, minimal rated energy range only;
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— or, minimal rated + fast energy ranges;
— or, thermal + minimal rated + fast energy ranges;
— method of processing;
— maximal dose at which the dosimetry system is characterized with thermal beam.

The Individual Monitoring Service shall specify in its documentation whether the dosimetry system
complies or not with requirements of this document in terms of energy and angular behaviour. If the
dosimetry system is not in conformity, then more information shall be added into the documentation

(see ISO 21969-2:202F-Clause43-
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Annex A
(informative)

Links between this document and ISO 21909-2

Always start with IS0 21909-1

Optional
Perform the test 6 of ISO 21909-1 to validate the possibility to
remove the full neutron and photon package.

Choice of the stated energy range of the dosimetry.system to
test according to I1SO 21909-1
(See Table 3 of ISO 21909-1):
Mandatory range and, if relevant, thermal aiid /or fast range(s).

Mandatory tests and requirements for all dosemeters:
Clause 7 - ISO 21909-1: tests_of coefficient of variation and
lipearity
+ Specific testfor thermal neutrons

+ All tests of clause 88.1 to 8.9) of ISO 21909-1: Performance
requirements testing the evolution of the dosimetry systems in
functien of internal or external conditions

Cansider the possibility or not to fulfill the requirements of
the test on the energy and angle dependence of the response

YES NO

l

Perform all tests of the series
of irradiations defined
according to the stated energy
ranges. Are tests complying

with requirements defined in Refer to ISO 21909-2
ISO 21909-1? The mandatory series of
irradiations of Table 2 of
YES NO ISO 21909-1 depends on the

methodology chosen in
ISO 21909-2 (See Figure 1 of
IS0 21909-2)

No need to
refer to
IS0 21909-2

Figure A.1 — Links between this document and ISO 21909-2

©1S0 2021 - All rights reserved 29


https://standardsiso.com/api/?name=dff9dae30ea6470291c8a3d588e571ce

ISO 21909-1:2021(E)
Annex B
(normative)

Performance requirements

B_l Coe ficient of variation
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Key
X  dose equivalent (mSv)

Y criteria|for the coefficient of@ariation test (r,,,,)

NOTE The number of dosemeters is fixed as a function of the equivalent dose (see Table B.1).

Figure B.1 — Performance criteria for the coefficient of variation, for all types of dosimetr

systems

HP N

y

1k A 3% A B P2 RPN D1 £o11 Y PN
The equatl O sTVIITS Ty T - P1 \,a\,ut\,u O T OTC . T TS CITC TUTTO W TITS UTIC

r =0,4-0,3-H'" for doses below 1 mSv;
max ’

I'max = 0,1 for doses equal or higher to 1 mSv.
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B.2 Linearity

ISO 21909-1:2021(E)

Table B.1 — Requirements for the linearity performance of the dosimetry systems

Personal
o dose Number Performance Types of
No. Characteristic equivalent of requirement dosimetry
under test conv dosemeters . . systems and
p for the linearity components
mSv
0,1 12
74.3 0,2t0 0,4 12
linearity 0,5 6 -15% +18 % All
0,8 6
21 6
B.3 Energy and angle dependence of the response

Table B.2 — Performance limits as a function of the reference value H% and the nejutron
radiation incidence, for all dosimetry systems

Neptron radiations inci-
dence "min Imax

2-Hygy /1,5 2-Hy,, /1,5

0° 0,3 L A +0,3 _ 2 Hiow /15 +1,7
Hyoup 71,5+ H° Hypw /1,5+H°
2 Hy, /1,5 2-Hyq, /1,5

30° 0,3 12 How /15 +0,25 2 How /15] 1,
Hygw /1,5+H® Hyyy /1,5+H
2-Hy, /1,5 2-Hyg, /1,5

60° 0,3 1,1—% +0,1 5| 2 Hhow /1.5 +2.3
Hiow /1,5+H° Hyow /1,5+H

with H,,, = 0,1 mSv.

The performance limits,described by these trumpet curves, are illustrated in Figure B.2.

© IS0 2021 - All rights reserved

31



https://standardsiso.com/api/?name=dff9dae30ea6470291c8a3d588e571ce

IS0 21909-1:2021(E)

10

et = = = ==

Key
X dq
Y re]
.......... I
rrr
_———— Ty
rrr
rrr
rrr
Figure B.’
B.4 Stal

Table B.3 — Performance requirements testing the evolution of the dosimetry systems in

sponse R
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ax

0,1
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se equivalent (mSv)

P — Performance criteria for the energyand angle dependence of the response, for]

types of dosimetry systems

ility in the range of realistic conditions of use of the dosemeters

function of internal or external conditions

all

Types of dosim-
Herformance .
No. L Performance requirements etry systenjs
cHaracteristics
and components
The response of dosimetry systems irradiated at the beginning
of a storage period shall not change by more than -15 % +18 %
Fading (stability of for a storage period under standard test conditions correspond- 1
&l the latent image) ing to the maximal period of storage ff?ing hetween irradia- A
tion and read out in the laboratory. The storage period should
include the wear period.
All, but the
definition of
agei
The response of dosimetry systems irradiated at the end of a Toex ' before
8.2 Agei storage period shall not vary by more than -15 % +18 % for a irradiation
== geing storage period T28°"8 under standard test conditions. The storage depends
. . . on whether the
storage period should include the wear period.
dosemeters are
disposable or
reusable.
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Table B.3 (continued)

Performance . Types of dosim-
No. A Performance requirements etry systems
characteristics
and components
A maximum of 20 % of unirradiated dosemeters present a
measured dose equivalent Hy; higher than H ;. Moreover, no
dosemeter shall present a measured dose equivalent Hy, higher
Effect of storage than H;, + 0,1 mSv.
8.3 for unexposed If one or more dosemeters present a measured dose equivalent All
dosemeters Hyhigherthan A . + 0.1 mSv, a second test with alot of 50
dosemeters is necessary: a maximum of one dosemeter shall
present a measured dose equivalent Hy; higher than H;, +
0,1 mSv.
The measured dose equivalent shall not change by more than
the value of H;, for dosimetry systems exposed to 10 mSv.with
a 137Cs or ©9Co photon source compared to the measuréd dose All
equivalent for dosimetry systems which are unirradiated and
Exposure to radi- stored in standard test conditions.
ation other than | The measured dose equivalent shall not change’by more than
neutrons: photon | the value of 0,1 mSv for dosimetry systems éxposed to 137Cs or Hhot
radiation 60Co photon source and to an 241Am-Be or 252Cf neutron source sen:it(;\rzle
84 compared to the measured dose equivalent for dosimetry dokimetr
systems exposed to an 241Am-Be or 252Gf neutron source, in the sw:stemsy
different configurations in terms gfiratio: HCO™ . on/H™ . 1
ton = 0,35kand 3.
The measured dose equivalelit shall not change by more than
Exposure to radi- | 0,5 mSv for dosimetry systéms exposed to 3 MBq-h/m3 of radon
ation other than | at 50 % equilibrium with‘daughters, compared to the measured All
neutrons: radon dose equivalent of dosemeters stored in standard test condi-
tions.
Stability under The measufed dose equivalent shall not differ from the
various climatic measureddose equivalent of dosemeters stored in standard
conditions: test conditions by more than -15 % +18 % for 48 h storage at
40°C £ 2 °Cand 90 % relative humidity when the dosimetry
Effect on the dose | gysfems are irradiated either at the beginning or at the end of
als response the storage period. All
| Stability under (yA maximum of 20 % of the dosemeters stored for a 48 h period
various climaties T in a climatic chamber in which the temperature is 40 °C £ 2 °C
conditionG: and the relative humidity is at least 90 % shall present a meas-
ured dose equivalent higher than H,;,. Moreover, no dosem-
Effect forimex- eter shall present a measured dose equivalent higher than
posed dosemeters H_. +0,1mSv.
Effect oflight. The measured dose equivalent shall not differ from the meas-
exposure (opacity | yred dose equivalent of dosemeters stored in standard test con-
to light): ditions by more than -15 % +18 % for dosemeters exposed to a
Effect on the dose | XEIOM famp equivalent to brightsuniight (295 m to 769 Tim) to
response 1 000 W/m? for one week.
8.6 All
Effect of light ) ) )
exposure (opacity A maximum of 20 % of unirradiated dosemeters exposed to
to light): 1 000 W/m? of light for one week presents a measured dose

Effect for unex-
posed dosemeters

equivalent higher than H,;,. Moreover, no dosemeter shall pres-

ent a measured dose equivalent higher than H;, + 0,1 mSv.
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