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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 nee
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 su¢h patent rights
patent rights identified during the development of the document will.be/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 meaning of ISO specific terms and expressions related to
pssment, as well as information about ISO’s adherence to the WTO principles in thg
riers to Trade (TBT) see the following URL: Forewerd - Supplementary information

committee responsible for this document is {SO/TC 85, Nuclear energy, nuclear techng
ological protection, Subcommittee SC 2, Radiplogical protection.

5 first edition of ISO 21909-1 cancels.and replaces ISO 21909:2005, which has been
sed. It also incorporates the Technical-Corrigendum ISO 21909-1:2005/Cor:2007.

21909 consists of the following parts, under the general title Passive neutron dosimetry s
Part 1: Performance and teSt-requirements for personal dosimetry

5 corrected version of ISO 21909-1:2015 includes various editorial corrections and Fi
n modified.
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Introduction

ISO 21909-

1 gives performance and test requirements for passive dosimetry systems to be used for

the determination of personal dose equivalent, Hp(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 an
information (signal) for use in measuring one or more quantities of the incident radiation field;

b) a dose
identif
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c)
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This part ¢
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In other w
in most wi

meter, made up of one or more detector(s) packed together, incorporating some medanfs of

ication;
ent to prepare the dosemeter before irradiation and/or before reading;

er which is used to read out the stored signal from the detector, and the associated algorithm,

cable, aiming at determining the personal dose equivalent.

f1SO 21909 aims at covering all passive neutron detectors that ean-be used as a pers¢nal
in partorin all of the above-mentioned neutron energy range. This'part of ISO 21909 doegnot
y technique in particular, but intends to be general, including when new techniques emefrge.
nctions are necessary, they are defined in as generic way-as possible: disposable/reusable
5 and photon-sensitive dosemeters. In conclusion, no performance tests are dedicated tofone
technique, unless it is absolutely necessary, in order:fer this part of ISO 21909 to rea¢h a
rence between the different available techniques. Consequently, this part of ISO 21909 alims
brformance tests leading to similar results indepefndent of the techniques used.

psts
are
| an
e in

bjective of this part of ISO 21909 is to achieve'correspondence between performance t
ions of use at workplaces. Dosimetry systems complying with this part of ISO 21909
give consistent annual dosimetry in standard workplace environments. Reaching suc}
heans that this part of ISO 21909 takes into account the various situations of exposur
se levels and neutron energy distributions.

osures of many workers usually consist of the sum of several low doses close to the minimal
Value. The dosemeter needS:therefore to be well characterized, not only for relatively th
urement but also for low~doses, to make sure the annual dose is given with an adeqyate
y. In this part of ISO 21909, there is no description of test aiming at determining the detection
by measuring the background signal of the dosemeter when it is not irradiated. But all|the
g at characterizingthe dosimetric performance of the system (coefficient of variation fand
hergy and angularresponses) are required at two levels of dose: around 1 mSv and close tg the
cording value, The criteria applied at these two levels of dose could differ. This choice is nfade
hat dosintetric systems are adapted to the range of doses usually encountered at workplages.

prds, the main goal of this part of ISO 21909 is to ensure that a dosemeter is reliable eno
brkplaces. R

calibrationt

energies of the dose equivalen

t distributions of the most common reference radiations (e.g. 241Am-Be

or 252Cf neutron sources) as used for calibration are generally higher than the ones encountered in
workplaces. The performance of the dosemeters for energies situated between a few tens and a few
hundreds of keV needs notably 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 part of ISO 21909.

For the performance tests aiming at characterizing 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, and sealing),
it is considered to be sufficient to use only one neutron source (e.g. 241Am-Be or 252Cf neutron sources).

vi © ISO 2015 - All rights reserved
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This part of ISO 21909 does not present performance tests aiming at characterizing the degradation
induced by the following:

— intrinsic temporal variability of the quality of the dosemeter supplied by the manufacturer;

— intrinsic temporal variability of preparation treatments (before irradiation and/or before
reading), if existing;

— intrinsic temporal variability of reading process;

— degradation due to environmental effects on the preparation treatments, if existing;

— |degradation due to environmental effects on the reading process.

However, to ensure the stability of the dosimetry system, it is necessary for the labofratory fo evaluate
the [potential degradation and/or set adapted controls on processing.

Mofeover, to deal with dosimetry systems whose energy and direction dependences of resp¢nse do not
fulffl all the requirements of this part of ISO 21909, another document would be needed tp complete
thig part of ISO 21909, giving complementary specific recommendations. In this case, a sfudy at the
wotkplace where the dosemeters are used is necessary to complete all\the tests performed according
to this part of ISO 21909. This new part would give recommendatians-to qualify the dosimetry system
at the workplace, giving a methodology. Even when the dosimetriosystem fulfils the requirements of
thid part of ISO 21909, it may still be desirable to make a similarStudy at the workplace (this|will be the
subject of a future part of ISO 21909.

Thip part of ISO 21909 also needs to be extended in thefuture to another part for the anjbient dose
equiivalent H*(10) for ambient and environmental dosimetry.

© 1S0 2015 - All rights reserved vii
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Passive neutron dosimetry systems —

Part 1:
Performance and test requirements for personal dosimetry

1
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Jtrons ranging in energy from thermal to 20 MeV1). No distinction between theydifferent

Scope

5 part of ISO 21909 provides performance and test requirements for determiningithe ac
utron dosimetry systems to be used for the measurement of personal dose equivalent,

lable in the market place is made in the description of the tests. Onlyygeneric disti

bxtremity dosimetry, based on recommendations given by ICRU Repprt 66 in Annex A.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

rences, the latest edition of the referenced document:(including any amendments) applig
29661, Reference radiation fields for radiation protection — Definitions and fundamental ¢
8529-1:2001, Reference neutron radiations —=Part 1: Characteristics and methods of prody

8529-2, Reference neutron radiations.< Part 2: Calibration fundamentals of radiation
ces related to the basic quantities chattacterizing the radiation field

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

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

IEC Guide 98-3,-Uncertainty of measurement — Part 3: Guide to the expression of und
surement (GUM=1995)

Termsjdefinitions, and symbols

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

ceptability
Hp(10), for
techniques
hctions, as
hformation

nt and are

spensable for its application. For dated references, .enly the edition cited applies. F¢r undated

S.
bncepts
ction

protection

meters and

racteristics

ertainty in

3.1

3.1.

age

General terms and definitions

1
ing

change with time of physical, chemical or electrical properties of a component or module under specified
operating conditions, which could result in degradation of significant performance characteristics

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

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. The present standard 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.

© ISO 2015 - All rights reserved
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3.1.2

detector

radiation detector

apparatus or substance used to convert incident ionizing radiation energy into a signal suitable for
indication and/or measurement

[SOURCE: IEC 60050-394:2007, 394-24-01 modified — The term “detector” has been added as the first
preferred term.]

3.1.3
fading
loss of signpl under certain circumstances such as storage, transmission, humidity or temperature chgnge

[SOURCE: IEC 60050-393:2007, 393-38-54]

3.1.4
dosemeter
dosimeter
device haying a reproducible, measurable response to radiation that can be used to measure|the
absorbed dpse (3.2.1) or dose equivalent (3.2.3) quantities in a given system

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

3.1.5
personal dosemeter
dosemeter|worn by a person for determining the personal dose equivalent received

[SOURCE: I[EC 60050-394:2007, 394-31-11 modified — Notes-¥’and 2 were removed.]

3.2 Terms relating to quantities

3.21
absorbed flose
D
quotient off de by dm, where dg is the mean energy imparted to matter of mass dm thus

d?

D = —
dm

Note 1 to enfry: The unit of absorbed dose is joule per kilogram (J-kg-1). The special name for the unit of absogbed
dose is Gray (Gy).

[SOURCE: ICRU 60, 4.2;5]

3.2.2
quality fa¢tor
Q

number by wWhich the absorbed dose (3.2.1) (D) 1s multiplied to reflect the relative biological eIfectiveness
of the radiation, the result being the dose equivalent (3.2.3)

[SOURCE: ISO 12749-2:2013, 4.1.6.6]

3.2.3

dose equivalent

H

product of D and @ at a point in tissue, where D is the absorbed dose (3.2.1) and Q is the quality factor
(3.2.2) for the specific radiation at this point, thus

H=D-Q

2 © IS0 2015 - All rights reserved
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Note 1 to entry: The unit of dose equivalent is joule per kilogram (J-kg-1), and its special name is Sievert (Sv).

[SOURCE: ICRP 103:2007]

3.2.

4

ICRU sphere
sphere of 30 cm diameter made of tissue equivalent material with a density of 1 g/cm3 and a mass
composition of 76,2 % oxygen, 11,1 % carbon, 10,1 % hydrogen, and 2,6 % nitrogen

[SOURCE: ISO 12749-2:2013, 4.1.6.4, modified]

3.2/5

sec
Not
[SO

3.2
per

Hp (.
dos
dos

Not
Siev

Not
[SO

3.2
con

quo

flujtnce
qudtient of dN divided by da, where dN is the number of incident particles on a_Spher

ional area da
b 1 to entry: The SI unit of fluence is m-2, a frequently unit used is cm~2.
[JRCE: ISO 8529-1:2001, modified]

6

sonal dose equivalent
1)
b equivalent (3.2.3) in soft tissue at an appropriate depth,, below a specified point
emeter is worn/mounted, i.e. on the human body or a calibration phantom

b 1 to entry: The unit of personal dose equivalent is joule per kilogram (J-kg-1) and its spe
ert (Sv).

e 2 to entry: The specified point is usually given by.the position where the individual’s dosemeter
[URCE: ISO 12749-2:2013, 4.1.6.8.3, modified]

7
version coefficient

(dE,a)

tient of the personal dose equivalent, Hy(d), and the neutron fluence, &, at a point in th

fieldl used to convert neutronfluence into the personal dose equivalent at d mm depth in the

slah

Not
coef

3.3

3.3
zlrii

phantom, where E is the gnergy of the incident neutrons impinging on the phantom at a

b 1 to entry: The umit-of the conversion coefficient is Sv'm2. A commonly used unit of the
ficient is pSv-cmZ

Terms relating to calibration and evaluation

1
hméetic mean

e of cross-

where the

ial name is

is worn.

e radiation
CRU tissue
h angle a

conversion

X

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

©IS

_ 1 n
x:—le.
3

02015 - All rights reserved


https://standardsiso.com/api/?name=2b798ba6037c04217dd3a851e9f6d592

ISO 21909-1:2015(E)

3.3.2

conventional quantity value

HO

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

Note 1 to entry: The conventional value HYis the best estimate of the quantity to be measured, determined by a

primary standard or a secondary or working measurement standard which are traceable to a primary standard.

[SOURCE:
3.3.3

calibratio

operation

values wit
indicationg
establish a

Note 1 to

calibration

ISO/IEC Guide 99:2007, 2.12, modified]

n
hat, under specified conditions, in a first step, establishes a relation between the quan
h measurement uncertainties provided by measurement standards and corresponc
with associated measurement uncertainties and, in a second step, uses this:ihformatio
relation for obtaining a measurement result from an indication

bntry: Calibration may be expressed by a statement, calibration function,”calibration diag
Curve, or calibration table. In some cases, it may consist of an additive orZmultiplicative correctid

the indicati

n with associated measurement uncertainty.

Note 2 to eptry: Calibration should not be confused with adjustment of a nieasuring system, often mistak

called “self-
Note 3 to enft
[SOURCE: 1

3.34
calibratio
N

quotient of

1

standard cp

N =
M

3.3.5
calibratio
physical qu

1l

Note 1 to enft
at 10 mm dd

3.3.6

0

ralibration”, or with verification of calibration.

ry: Often, the first step alone in the above definition is pereeived as being calibration.

SO/IEC Guide 99:2007, 2.39]

factor

the conventional quantity value (3.3:2); H°, divided by the reading, M (3.3.15), derived ur

nditions, given by the following formula:

quantity

antity used{o-establish the calibration of the dosemeter

ry: For thepurpose of this part of ISO 21909, the calibration quantity is the personal dose equivg

pth in.the ICRU tissue slab phantom, H,(10).

tity
ling
h to

am,
n of

enly

der

lent

sample standard deviation

S

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

= R
s = X, —X
n—1 Z !
i=1
where
x 1is the arithmetic mean of the results of n measurements.

© ISO 2015 - All rights reserved
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3.3.7
coefficient of variation
C

ratio of the standard deviation s to the arithmetic mean x of a set of n measurements x; given by the
following formula:

— 2
C:i:i 1 Z(xl.—x)
X

[SO JRCE: IEC 60050-394. 204-40-14]

3.3{8

detpction threshold
minimum measured dose equivalent which is significantly higher (at the 95 % confidence [level) than
the[mean dose equivalent of a sample of unirradiated dosemeters

3.39
minimal recording value
Hmih
minlimal value of dose which is recorded, i.e the lower limit of the dose range, defiged by the
dosjmetry laboratory

Note 1 to entry: Hpyin would be logically at least equal or lower to the'leégal threshold of the country. Dgpending on
the fountry or the dosimetry laboratory, Hpip is different: 0,10;:0,20 or 0,30 mSy, for example.

Notg 2 to entry: In this part of ISO 21909, Hyjn shall be equal to 0,3 mSv at maximum: Hyjp < 0,3 mSy

3.3{10

in-fiield calibration
profedure to calibrate neutron dosemeters in‘neutron fields representative of a working erfjvironment
for which the personal dose equivalent rates or neutron spectra and angle distributions|have been
det¢rmined by appropriate methods andthence are sufficiently well known

3.3{11

influence quantity
qualntity (parameter) that nmray~have a bearing on the results of a measurement without being the
objé¢ctive of the measuremént

[SOPRCE: ISO 8529-3:1998, 3.2.1, modified]

3.3{12

measured dosé€quivalent
HM
profuct of:th€ reading, M, and the calibration factor, N:

HM-M.N

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

3.3.13

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 c¢m and filled with water.

© IS0 2015 - All rights reserved 5
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Note 2 to entry: In exceptional cases of very non-uniform irradiations, the method described in the ICRU
report 66, to perform a dosimetry for irradiations of the extremities, may be used. Therefore, a pillar or rod

phantom may be employed.

[SOURCE: I

3.3.14
read out

SO 12749-2, 4.1.6.1 modified — Notes 1 and 2 added.]

process of determining the indication of a detector or dosemeter reader

3.3.15
reading
M
quantitatiye indication of a detector or dosemeter when it is read out, generally corrécted| for
backgrounyd, ageing, fading and non-linearity of the process or the read out system
3.3.16
reference conditions
set of influpnce quantities for which the calibration factor is valid without any correction
[SOURCE: IISO 8529-3:1998, 3.2.2, modified]
3.3.17
response
R
measured flose equivalent, HM, divided by the conventional quantity value (3.3.2) of the dose equivalent,
HY, as given by the following formula:
H M
R == —0—
H|
Note 1 to entry: The reading, M, is converted into dose equivalent, HM, by multiplying M by an approptiate
conversion foefficient or by using a more elaboraté algorithm.
Hyum
Note 2 to entry: In this part of ISO 21909;the quantity is personal dose equivalent: R = 0 .
Hp (10)
Note 3 to elry: In this part of ISO 21909, for the sake of shortness, HM = H is used.
Note 4 to enftry: For the specified reference conditions, the response is the reciprocal of the calibration factof.
Note 5 to entry: In radiation metrology, the term response, abbreviated for this application from “resp¢nse
characteristic” (VIM)sis\defined as the ratio of the reading, M, of the instrument, to the value of the quantity to be
measured bly the instiv¥ment, for a specified type, energy and direction distribution of radiation. It is necesgdary,
in order to 4void Gonfusion, to state the quantity to be measured, e.g. the “fluence response” is the response yith
respect to thefluence, the “dose equivalent response” is the response with respect to dose equivalent.

[SOURCE: I
3.3.18

S0 8529-3:1998, 3.2.10, modified]

standard test conditions
range of values of a set of influence quantities under which a calibration or a determination of response
is carried out

3.4 List

of symbols

The list of the symbols used in this part of ISO 21909 is given in Table 1.

© ISO 2015 - All rights reserved
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Table 1 — List of symbols

Symbol Meaning Unit

C Coefficient of variation -

D Absorbed dose Gy

Dﬁ?:)ing T>-T1 days

Dgg}i(ng 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 10 mm. Q

H Dose equivalent ,\“,l/v Sv
Personal dose equivalent whose value is chosen in the following rar@' )

Ha 0,8 mSv < Hyp < 2 mSv y\q v

HM Measured dose equivalent ,-\‘ l/ Sv

Hmin Minimal recording value \%V Sv

Hp({) Personal dose equivalent at a depth d 6\ K Sv

Hp(]10) Personal dose equivalent at a depth 10 mm (4( Sv

Vv

H g Personal dose equivalent of the conventior{a antity value Sv

hpqy (10,E,a) Conversion coefficient \{\Q . Sv-m?2

HO Conventional quantity value (of a (Ng’r}gity) Sv

HOleutron Conventional quantity value fof\m&l‘tron irradiations only Sv

HOhoton Conventional quantity Valuq{@r‘photon irradiations only Sv

H*([L0) Ambient dose equivalap@\#.'(ivepth 10 mm Sv

i Designator for a groﬁ))\\ubjected to a specific influence quantity -

. Designator for@t’o'up subjected to a specific dosemeter out of n dosemeters irradi-

J ated equally (™ i

k Designa;c_({rqdra group subjected to a specific series of irradiation -

M Read\iagu Sv

N ga.&b\z;ion factor -

n ~<®{mber of dosemeters in one group that are equally irradiated -

Q \Q\(’Quality factor -

R . ?? Response -

RO [ Reference response -

r — Permitted value -

Fmax Maximal permitted value -

'min Minimal permitted value -

s Sample (experimental) standard deviation -
Minimal period between the manufacturing date for disposable dosemeter or the day

T1 when the reset is done for reusable dosemeters and the first day of possible irradia- |days
tion
Maximal period between the manufacturing date for disposable dosemeter or the

T, day when the reset is done for reusable dosemeters and last day of possible irradia- |days
tion

th-1 Student t-factor for n measurements -

© IS0 2015 - All rights reserved 7
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Table 1 (continued)

Symbol Meaning Unit
U Expanded uncertainty -
Uo Expanded uncertainty of conventional quantity values -
¢ Fluence m-2
)_( Arithmetic mean -
This part of ISO 21909 uses Sl units. However, the following units of practical importance for time and
energy arelused when necessary:
— days (d) and hours (h) for time;
— electrgn-volt (eV) knowing that 1 eV = 1,602 x 10-19].
The SI unit of dose equivalent is J-kg-1 but the dedicated name for the unit ofrdose equivalent is

Sievert (Sv)).

4 Gene

4.1 Test

All tests sh
The actual
or rapid ch|

4.2 Refe

The refere
characteri;
energy and
Be or 252C
aimed at a
of photons
Informatio

Moreover,

NOTE 1

ral test conditions

conditions

conditions should be indicated in the test report. These conditions should not undergo 14
anges during a series of measurements.

rence radiation

hce radiation fields defined in ISO 8529-1 shall be used. The performance tests aime
ring the intrinsic properties of the’dosimetry system (coefficient of variation, linea
| angular dependences) shall bé.carried out for different energy distributions (e.g. 241}
[ neutron sources, mono-energetic fields at different energies). For the performance t
bsessing changes to characteristics due to internal or external conditions (fading, influe

etc.), it is sufficient to @se’only one neutron field (e.g. 241Am-Be or 252Cf neutron sourq
In on irradiation conditions is found in Annex C,

h specific sectiomdedicated to extremity dosimetry is given in Annex A.

o tests are performed using simulated workplace neutron fields defined in ISO 12789-1 becauj

the very limiited availability of facilities delivering such fields.

NOTE 2

or dosimetry systems calibrated using in-field calibration, some tests can also be performed in t

fields. See Ajnnéxes C and D.

4.3 Test

all be performed under standard test conditions (see-Annex B), except if otherwise is stafed.

rge

1 at
ity
Am-
bsts
nce
es).

e of

lese

s requirements

Tests focus on the dosimetric performance of the dosimetry systems in all conditions of use of the
dosemeters. The objective is to test that any dosemeter gives results with sufficient accuracy when
going through all the processes in the laboratory (storage, packaging, possible preparative treatments,
unpackaging, possible treatments before reading and the read out itself), delivery to the customer and

use by the

customer in any realistic situation.

No tests are proposed for the parameters of the systems and processes operated in the laboratory
capable of influencing the reproducibility and stability of dosimetric performance, mainly because
systems and processes can be strongly dependent on the dosimetric technique used. Nevertheless,
the importance of treating this question, taking into account specifications of the manufacturer and
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conditions of use in the laboratory, is underlined. The critical parameters for processing of dosemeters

have to be described.

5 Tests and performance requirements

The following general requirements apply to the tests for all dosimetry systems:

a) Thetestsare performed on a specified number of dosemeters randomly selected among dosemeters

used in the routine process;

b)
ensured by recognized national laboratories. This part of ISO 21909 describes type test

are often
5 only;

c) |The performance requirements are listed in Tables 2 and 3. They are divided into two c3tegories:

1) requirements testing the dosimetric performances of the dosimetry-systems (co
variation and linearity, energy and angle dependence of the response);

2) requirements testing the stability of dosimetric performances ofithé dosimetry sys

pfficient of

fems in the

range of realistic conditions of use of the dosemeters (influénce of fading, ageing, radiation
other than neutrons, harsh climatic conditions, light exposure; physical damage, sedling).

d) |The global processing to store, prepare and analyse thé dosemeters shall be performed in

accordance with the routine process. More specifically, in ‘ease background dosemeters

routine procedure;

hre used to

evaluate and to subtract the background noise, theseldosemeters would need to be usgd as in the

e) |Thelaboratory should explain how the total H,(10) as well as the specific neutron componfent are get.

© ISO 2015 - All rights reserved
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Table 2 — Requirements for the dosimetric performances of the dosimetry systems

Personal Perf
dose Number rzrl:)il:::lgrcl(: Types of
No Characteristic |equivalent of Performance qfor the dosimetry
) under test | ;0 requirement . . systems and
dosemeters coefficient of t
(m%v) variation C components
I'min I'max r
0,1 12 40 %
7.4.2 Cogfficient of 0,2to0 0,4 12 30 %
variation and 0,5 -30% | +35% 20 %
inearity 0,8 15 %
>1 10 %
Personal f £ f All
dose Per ormance Per ormance Per ormaice
. requirement | requirement | requirement
equivalent
HO
p at0° at 30° at 60°
(mSv)
Energy and
angle
74.3 degendence of I'min I'max Imin I'max I'min I'max
the response
0,1 -60 % | +150 % |>=70 % | +230 % | -80 % | +300 %
0,2 -55% | +120% |1 -60 % | +150 % | -70 % | +230 %
0,3;04 -50% | +100 % | -55 % | +120 % | -65 % | +190 %
20,5 -40 %J37+70 % | -50 % | +100 % | -60 % | +150 %
Table|3 — Performance requirements testing the evolution of the dosimetry systems in
function of internal or external conditions
Types of
Herformance . dosimetry
No. A Performance requirements
cHaracteristics systems and
componen{s
The response of dosimetry systems irradiated at the beginning
of a storage period shall not change by more than -15 % +18 %
a1 Fadiing (stability of | for a storage period under standard test conditions correspond- All
o th¢ latentimage) |ing to the maximal period of storage Dﬁg}l(ng between irradia-
tioT ard Tead out 111 the [aporatory.
All, but the
definition of
D388 pefore
The response of dosimetry systems irradiated at the end of a o max.
. storage period shall not vary by more than =15 % +18 % for a irradiation
8.2 Ageing agein storage depends
storage period DmgaX & under standard test conditions. on whether the
dosemeters are
disposable or
reusable.
10 © IS0 2015 - All rights reserved
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Table 3 (continued)

Effect for unex-
posed dosemeters

equivalent higher than Hpin. Moreover, no dosemeter shall pres-
ent a measured dose equivalent higher than Hyj, + 0,1 mSv.

Types of
N Performance . dosimetry
o. L Performance requirements
characteristics systems and
components
A maximum of 10 % of unirradiated dosemeters present a
measured dose equivalent Hy higher than Hpj,. Moreover, no
dosemeter shall present a measured dose equivalent Hyv higher
Effect of storage than Hpin + 0,2 mSv.
8.3 for unexposed | if gne or more dosemeterspresentaineasured-dose-equivalent All
dosemeters Hy higher than Hpin + 0,2 mSy, a second test with a lot of 50
dosemeters is necessary: a maximum of one dosemeter shall
present a measured dose equivalent Hy higher than Hpyip +
0,2 mSv.
The measured dose equivalent shall not change by more(than
the value of Hpjy, for dosimetry systems exposed to 10,mSv with
a 137Cs source compared to the measured dose equivalent for All
dosimetry systems which are unirradiated and stored in stand-
Exposure to radi- ard test conditions.
ation other than
neutrons: photon The measured dose equivalent shall not change by more than
radiation the value of 0,1 mSv for dosimetry systéms exposed to 137Cs Hhoton
8.4 photons and to an 241Am-Be or 252Cf eutron source compared sdnsitive
* to the measured dose equivalent for dosimetry systems exposed dopimetry
to an 241Am-Be or 252Cf neutron seurce, in the different configu- systems
rations in terms of ratio: H%eutron/HOphoton = 0,3; 1 and 3.
The measured dose equivalent shall not change by more than
Exposure to radi- | 0,5 mSv for dosimetry systems 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 measured dose equivalent shall not differ from the
various climatic measured fdose equivalent of dosemeters stored in standard
conditions: test conditions by more than -15 % +18 % for 48 h storage at
402C¢ 2 °Cand 90 % relative humidity when the dosimetry
Effect on the dose | syStems are irradiated either at the beginning or at the end of
response the storage period.
8.5 All
Stability under A maximum of 20 % of the dosemeters stored for a 48 h period
various climatic¢ in a climatic chamber in which the temperature is 40 °C + 2 °C
conditidiis® and the relative humidity is at least 90 % shall present a meas-
ured dose equivalent higher than Hpj,. Moreover, no dosem-
Effectfor unex- eter shall present a measured dose equivalent higher than
posed dosemeters Hinin + 0,1 mSv.
Effect oflight. The measured dose equivalent shall not differ from the meas-
exposure (opacity ured dose equivalent of dosemeters stored in standard test
rn Iighf). \,uud;t;uuo by ITTUT T thau 15 n(} :18 n/U fUl dUDClllCtCl ) CAlJUDCd tU
Effect on the dose | @ Xenon lamp equivalent to bright sunlight (295 nm to 769 nm)
response to 1 000 W/m?2 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/m2 of light for one week presents a measured dose

© ISO 2015 - All rights reserved
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Table 3 (continued)

Types of
Performance . dosimetry
No. . e Performance requirements
characteristics systems and
components
Drop test: The measured dose equivalent shall not differ from the meas-
ured dose equivalent of dosemeters stored in standard test
Effect on the dose | conditions by more than -15 % +18 % for dosemeters dropped
response from a height of 1 m.
8.7 All
= Amavimumof2004 ofthe unirradiated dasemeters droanned
Ul Up LESL. . _ l"l‘_’
from a height of 1 m presents a measured dose equivalent higher
Effect for unex- than Hpjn. Moreover, no dosemeter shall present a measured
poged dosemeters dose equivalent higher than Hyi, + 0,1 mSv.
Distance to the The measured dose equivalent shall not differ from the meas-
8.8 hantom ured dose equivalent of dosemeters by more than -15 % +18 % All
p for dosemeters situated at 0,5 cm far from the phantom.
89 Sealing Precautions to prevent ingress to be stated All

6 Test methods

Tests to d
following
national re

The perfoi
characteris
the dosimg
to radiatio
proposed t

use of the flull neutron and photon package.

7 Performance tests: intrinsic'characteristics

7.1 Gen

This part d
of neutron
neutronsr

7.2 Irra

The tests s

bmonstrate compliance with the specified performance &equirements are detailed in
clauses. These provide guidance. Specific details pertdining to similar tests by var
gulatory agencies may differ from those described here:

mance tests are divided into two categoriesy(First, the tests to quantify the intri
tics of the dosimetry systems are described. Theén, the requirements in terms of changg
try systems due to external or internal comnditions (time, temperature, humidity, expoq
hs other than neutrons...) are specified. Before the performance tests, a preliminary te
o reduce the number of irradiations. This test concerns the qualification for eliminating

bral

f1SO 21909 proyides performance and test requirements for determining the acceptab
dosimetry systems to be used for the measurement of personal dose equivalent, H,(10)
hnging in en€rgy from thermal to 20 MeV.

liations

hall be performed with neutrons of several energies:

the
ous

hsic

S to
ure

bt is

the

lity
for

a)

b)
1SO 85

<)

d) 241Am

thermal beam as described in ISO 8529-1;

29-1:2001, Table 2;

the moderated 252Cf neutron source described in ISO 8529-1:2001, Table 1;

-Be or 252Cf neutron sources.

mono-energetic beams at 144 keV; 250 keV; 565 keV; 1,2 MeV; 14,8 MeV described in

During the tests, the dosemeter shall be irradiated on the ISO slab water phantom and under the

conditions

described in ISO 8529-3 and in ISO 29661.

No test for determining the detection threshold by measuring the background signal of unirradiated

dosemeters is described in this part of ISO 21909. However, the tests for “coefficient of variation

12

» o«

, “energy
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response” and “angular response” are all done at two levels of dose: close to the minimal recording value
and in the dose range (0,5 mSv ; 2 mSv). The criteria applied at these two levels of dose can differ.

To perform the tests characterizing the intrinsic properties of the neutron dosimetry system, several
irradiations are mandatory. They are summarized in Table 4. To reduce the number of irradiations,
the same irradiation may be used for several tests. For instance, the irradiation with a 241AmBe or
252Cf source to a conventional quantity value of personal dose equivalent of 1 mSv is used for three
tests: linearity, energy and angular tests.

© IS0 2015 - All rights reserved 13
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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 was preferred. The laboratory in charge of the irradiations or in
charge of the characterization of the dosimetry system, according to the present standard, has to
choose a value included in this range, which would not be known by the dosimetry laboratory.

Hpin corresponds to the minimal value of dose which is recorded. Hpip, is then the lower limit of the dose
range, defined by the dosimetry laboratory. Hyin would be logically at least equal or lower to the legal
threshold of the country. Depending on the country or the dosimetry laboratory, Hniy is different: 0,10;
0,20 or 0,30 mSy, for example. To comply with this standard, Hnin shall be equal to 0,3 mSv at maximum:

Hmin < 0,3 mSV

The criteria of the different tests, coefficient of variation, linearity, energy and angularresponses, are
funttions of the value of the chosen Hpjn. The value of Hpyin should be specified in the accpmpanying
documentation.

Although Hpj, corresponds to the minimal value of dose which is recorded, the value of the personal dose
equiivalent below this value should not be truncated, contrary to how it is done in the routine process.

The dosimetry laboratory should state the energy range in which«the dosimetry system| should be
chafacterized:

a) |thermal + fast;

b) [fast only;

c) [fast+ 14,8 MeV;

d) |thermal + fast + 14,8 MeV.

Thip energy range shall be clearly stated in the'documentation.

For|dosimetry systems whose stated raxnge does not include thermal energies, it is importapt to check
that the dosimetry system does not-over-respond to thermal fields even if the thermal confribution at
the|workplace is very low. The mandatory “H” irradiation series has been designed for that purpose
(seq Table 4) for all dosemeters.

Table 5 — Mandatory'series of irradiation as a function of the stated energy rangd of the
dosimetry systems

$tated energy range of the dosimetry systems Mandatory series of irradiation
Thgrmal + fast (A,B,P)+(C,D,E,F,GHILJ K L M,N)
Fasf only (C,D,E FGHILJ]KLM,N)
Fast + 14/8-MeV (C,D,E FGHLJ KL M,N) +(0)
Thgrimal + fast + 14,8 MeV (A,B,P)+(C,D,E,F,G H1]J K, L M,N)+ (0]

Table 5 gives the mandatory series of irradiations as a function of the stated energy range of the
dosimetry systems.

The maximum dose, 2 mSy, for thermal neutron tests is a proposal to take into account the reality of
the potential exposures with thermal neutrons and to take into account 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 Hpjp + 0,1 mSv.

A minimal value of four dosemeters is required for each test except for the test for the coefficient of
variation/linearity (see 7.4.2) and the test for eliminating the use of the full neutron and photon package
(see 7.3). Except for the test for the coefficient of variation/linearity, the number of dosemeters per lot
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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 50.

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. The chosen source for irradiations with an 241Am-
Be or 252Cf neutron source shall be the same than the one used to calibrate the dosimetry system.

Prepare for each of the mandatory series of irradiation function of the state energy range of the
dosimetry|[system j lots (j corresponding to the number of dose values given in Table 4) of i = 1 tp at
least 4 dodemeters and irradiate them with neutrons of energy and angle as stated in Table.4\to|the

conventional quantity value of personal dose equivalents, Hoj, as given in the first column of Table {.

In the casg¢s of the series “G” and “H”, mixed-field irradiations are performed withhalf of the dose
delivered by a radionuclide source (252Cf or 241Am-Be) and half of the dose deliveted’by low-endrgy
(144 keV of 250 keV) in case “G” and by thermal neutrons in case “H”.

NOTE To limit the number of irradiations and to take into account mixed field sitirations, dosemeters cpuld
be irradiatdd at the border of the allowed usual surface of irradiation of the phantom and half of them wpuld
be irradiatdd in both fields of the mixed field and half only in one of the fields{then adding values of that|last
dosemeters| (see Figure 1). Using the same methodology, a test in a mixedfield (fast + thermal) is prop¢sed
to detect npnlinearity of algorithm and over response of dosemeters for/thermal neutrons. In the case of
simultaneoys irradiation of several dosemeters on a phantom effects.assdescribed in ISO 29661 (inscatt¢red
neutrons frpm adjacent dosemeters, changes in the properties of the backscattered field) need special attenftion
and can leadl to a reduction of the number of dosemeters irradiated together.

16 © IS0 2015 - All rights reserved
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-2 3 Firstirradiationa

Second irradiationb

Key)

1 |bordure of the allowed usual surface of irradiation

2 |allowed usual surface of irradiation

3 [phantom

4 |dosemeters used for the irradiation ]

5 |dosemeters used for the test of mixing two differentfields: 2+ N = B

6 |dosemeters used for the irradiation C

a | All dosemeters irradiated with an 241Am-Be or\252Cf neutron source.

b ] All dosemeters irradiated with a 144 keV monoenergetic field.

NOTE The positions and number of-dosemeters are just given for example.

Flgure 1 — Principle of optimization of the irradiations that could be performed to §ake into
account mixed field situations

7.3| Qualificationfor eliminating the use of the full neutron and photon package

7.3]1 Aim ofthe test

Thi} testisinot mandatory if the full neutron and photon package is used.

Many eonfigurations of irradiations are required for the performance tests. Moreover, the|number of
dostnmmﬁgmmmmmﬁmmmmme minimal

recording value. Neutron dosemeters can be combined with photon dosemeters, working independently,
but packaged together. Neutron dosemeters (especially when they are integral with photon dosemeters)
can take up a lot of space on the phantom, limiting the number of dosemeters that can be irradiated at
one time. The number of dosemeters that can be placed on the phantom per irradiation is limited by the
size of the dosemeters. That is why several irradiations may be needed per configuration.

This test aims at characterizing the influence of the photon dosemeters and of the package on the
response of the neutron dosemeter. If the criterion of this test is met, then the influence of the photon
dosemeter and the package on the neutron response can be considered negligible. Then the following
performance tests can be done using only the neutron component of the combined dosemeter. The
overall number of irradiations can then be reduced, if the size of the neutron dosemeter is smaller than
that of the combined dosemeter.
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If this test fails, all the performance tests shall be performed with the whole dosemeters (combined
photon and neutron components as packaged together). Moreover, even if this requirement is met, the
responsible regulatory, licensing or accrediting body may not accept this clause. Then to respect the

regulatory

NOTE

rules, the full neutron and photon package may be mandatory.

the package can be considered necessary by dosimetry laboratory.

7.3.2 Method of test

Prepare fo
the whole
dosemeterp

For the tests to establish the “stability in the range of realistic conditions of use of the dosemeters”,

H].0 = 1 mPv, with a 241Am-Be or 252Cf neutron source for lots 1 and 3, and with a mono-+energetic
neutron beam at 144 keV for lots 2 and 4.
7.3.3 Interpretation of results
Read out apd determine the measured dose equivalent for each dosemeter, Hfj-Calculate the arithmletic
mean, Hj, ahd the experimental standard deviation, s;, for the four lots. Show that the criteria definedl by
Formulae ({1) and (2) are met:
for the irrddiations with a 241Am-Be or 252Cf neutron source,
Hy Hy
0,95 <||| |+ U 5| — <105 @8]
H , 0
3 Hj
for the irrddiations with a mono-energetic neutron beaim at 144 keV,
Hy Hy
0,9<||=5|£U,, —0§1,11 (2)
4 "] H,
where Up ) is the uncertainty for the quotient of the experimental arithmetic means, Hy, and|Hy,
calculated fin accordance with Formulai(E.5).
If the critefion of this test is met, the influence on the neutron response of the photon dosemeter and
the package is considered negligible. Then, the performance tests may be done using only the neufron
dosemeterf. If this test fails,\all of the performance tests shall be led with the photon and neufron
dosemeterf packed together:
This test cguld be replaced by a study based on Monte-Carlo calculations, if such method is validatedl by
measuremgents.
7.4 Perf|ormances tests

741 Ge

neral

The tests described in 7.4 (coefficient of variation/linearity, energy and angular responses) are
mandatory for all dosimetry systems.

74.2 Co

efficient of variation/linearity

7.4.2.1 General

This test aims at checking whether both the statistical fluctuations of the indicated value and the
dose response are acceptable from low to high dose exposures. The test shall be performed with 12

dosemeter

18

s for doses below 0,5 mSv and 6 dosemeters for doses =0,5 mSv.
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7.4.2.2 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 “]” in Table 4.

For every conventional dose ngj' determine the measured dose equivalent, iji' Calculate the
arithmetic mean, ij , for each lotj of each series k and the respective experimental standard deviation,

Sk,j- Calculate the response Rk']. = Hk']. /Hl(()']. . Then, determine the mean response R, of all the calculated

resnanse values for each series

7.4{2.3 Interpretation of results

S, .
ﬂ, of the 12 dosemeters for deses below D,5 mSv or

k,j
6 dgsemeters above 0,5 mSv for each series does not exceed the figure in Table 2, according fo Formula

(3):

Shojw that the coefficient of variation, ij =

S, .
% <r (3)
k,j

For|each series, show that the response weighted by the itnean response Rk,Rk]./Rk does not exceed

the[values given in Table 2, according to Formula (4):

R, .
1+r.<ﬁ

min —

j:Uk‘]. <1+r . 4)

with rmin and rmax defined in Table 2,

H

with Rk = —k,
0
Hy
whgre Uy j is the uncertaintyjrelated to the measurements of the personal dose equivalent |Hyj for the
R, .
conpbined quantity in-btackets, ﬁ] , calculated in accordance with GUM.
k

If the inequalitiésih Formulae (3) and (4) are valid, then the requirements are considered to]be met.

7.4{3 Energy and angle dependence of the response

7.413:1 General

This test uses the series of irradiations defined in Table 4 and corresponding to the energy and angle
ranges in which the dosimetry system should be characterized (see Table 5).

The test regarding the energy dependence of response raises the question of dosimetry systems with a
strong variable energy dependence of its response, as some thermoluminescent albedo dosemeters for
instance, for which a qualification has to be completed directly at the workplaces they are used.

If the former test is not fulfilled by the dosimetry system, this dosimetry system shall be qualified at
the work situations where it is used. A second part of this standard will give complementary specific
recommendations to deal with dosimetry systems whose response is highly energy dependent. This
part will give recommendations to the dosimetry laboratory to establish a calibration coefficient at
the workplace and to establish whether this coefficient is adaptable for the workplaces where the
dosemeters are used, to maintain the same limit of variation: =50 % to +100 %.

© IS0 2015 - All rights reserved 19


https://standardsiso.com/api/?name=2b798ba6037c04217dd3a851e9f6d592

ISO 21909-1:2015(E)

For dosimetry systems that are unable to fulfil the criteria of this test, dose monitoring can also be done
if workplace spectrometry at all workplaces where the dosemeter is likely to be used shows that the
dose contributions at the neutron energies at which the dosemeters do not comply the test are negligible.

7.4.3.2 Method of test

Read out each dosemeter of the lots of all the series of irradiations, corresponding in Table 4 either to
the energy test (tests noted “TE” in Table 4) or the angular test (tests noted “TA”). Determine the
measured dose equivalent, ij ;» and calculate the arithmetic mean, ij, for each lot j of each series k

and the respective experimental standard deviations Sk

7.4.3.3 Ipterpretation of results

Show that| for each lot and for dose Hl(z']., equal to Hmin, Hmin + 0,1 mSv and Hyppythe following

criterion i$ met:

H, .

0 K,j 0
1+ Mning — Urel,k,j < 0 + Uk,j <1+ Mmax + Urel,k,j (5)
Hk .
9]
where
min |is defined in Table 2;
'max |is defined in Table 2;
Uk,j Hy j
is the uncertainty for the combined quantity in brackets, —0‘ , calculated in accordange
H, .
k,j

with Formula (E.5);

is the relative uncertainty yelated to the conventional quantity value of the personal dog

[¢})

ul, . .
rebkj equivalent Hl(()]..

If the inequality in Formula-(5) is valid, then the requirement is considered to be met.

The resporjse at normalincidence in the stated energy range for the dosimetry system shall respect{the
limit of vaifiation defined in Table 2.

This criterfia is hot mandatory for the series “N” but just informative. The test would just have t¢ be
performed|and the result given.

7.4.4 Specific test for thermal neutrons

7.4.4.1 General

This testaims at checkingifthere is an over response 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 should be
performed by dosimetry laboratories which have stated that thermal energies are encompassed by the
energy range of their dosimetry system.

20 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=2b798ba6037c04217dd3a851e9f6d592

IS0 21909-1:2015(E)

7.4.4.2 Method of test

Read out each dosemeter of the lot corresponding to the series of irradiations named “P” in Table 4.

Determine the measured dose equivalent, H and calculate the arithmetic mean, H,, and the

P,i’ p’

respective experimental standard deviations, sp.

Read out each dosemeter of the lot corresponding to the series of irradiations named “A” in Table 4 and
the personal dose equivalent Hyp. Determine the measured dose equivalent, H , ;, and calculate the

arithmetic mean, H, and the respective experimental standard deviations, sg4.

7.4/4.3 Interpretation of results

Show that, the following criterion is met:

Hy

)

HO
£Up, | —0 <3 (6)
A Hp

where Upa is the uncertainty for the quotient of the arithmetic means) calculated in accorflance with
Formula (E.5).

If the inequality in Formula (6) is valid, then the requirement iS'considered to be met.

8 [Performance tests: stability in the range oftrealistic conditions of use of the
dosemeters

8.1 Fading

8.1]1 General

If alloss of signal could appear during'a long period of storage after irradiation, a correctign function
could be needed to avoid strong effect on the dose determination. This test aims at checKing that, if
neefded, this potential loss of signal is correctly taken into account.

Define the maximal perjod-of storage in days between irradiation and read out, denoted Drfrz;;i)i(ng. For
example, for a wearingperiod of three months and a maximal storage in the laboratory befgre reading
of ojne month, Drf:;‘g;(ng is equal to four months, i.e. 120 days.

8.1)2 Method of test

Prepare two lots of i = 1 to at least 4 dosemeters (25 dosemeters at maximum). Irradiate thege lots with

a 241 Am-Be or 252Cf neutron source to a conventional quantity value of personal dose equiyalent, HO,

between 1 mSv and 3 mSv on day Dy.

Process the first lot of dosemeters in two weeks just following the irradiation. Store and keep
dosemeters of the second lot under normal test conditions. Process them on day D, + lelig)l(ng +1.

Read out each dosemeter, determine the measured dose equivalent for each dosemeter, H].i, and

calculate the arithmetic mean H]. for each lot and the standard deviation Sk
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8.1.3 Interpretation of results

Show that the criterion in the Formula (7) is met:

HO
1
Uy, | —5 <118 (7)
H2
where Uy 1 is the uncertainty for the quotient of the arithmetic means, calculated in accordance with
Formula (E.5).

H
0,85 < ||—2%

Hy

Ifthe lneql Alitvin FEormula (7Y ic ualid thon tho roauiramaentic cancidaraed tahao mat
SHYHHOF SIS Yertes—+ e+ H-eehS-coRsStaelea+o0--o

..... TCITeT e TrreeT

8.2 Ageing

8.2.1 General

A modification of the response may appear after a long period of storage before irradiation. A correction
function mpy then be needed to avoid strong effect on the dose determination. This tést aims at checking
that, if neefled, this modification of response is correctly taken into account,

To determjne the maximal period of storage before irradiation, denoted D;g:}ing, determine first|the
following two periods, T1 and T> (see Figure 2):

— T1: mipimal period between the manufacturing date for disposable dosemeter or the day when|the
reset iy done for reusable dosemeters and the first day of possible irradiation;

— T7: makimal period between the manufacturing date for disposable dosemeter or the day when|the
reset i§ done for reusable dosemeters and last day gfpossible irradiation.
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Then, calculate D;g;ing =Ty-T1.

D >
a C
t t; t ty
e eeeeeeeceeeeeaaas > <4 $
T1 Dageing
e >
T,
@eerccscsssssnssssssssssnsnssnsssssnssnssasanncpeNlccscacsnnnannn -
B R A N -

a  |For usable dosemeter, day of the reception of the detector elenieit from the manufacturer; for
reusable dosemeter, day when the reset is done.

b |Possible range of first days of use.

¢ |Irradiation.
. _ = NG ageing
Figure 2 — Defimition of D >~

If the manufacturing date is not well known, the uncertainty on this date should be taken ifto account
in alpenalizing way.

8.2]2 Method of test

Prepare two lots of i = 1 to atleast4 dosemeters (25 dosemeters at maximum). The firstlot of dosemeters
corresponds to dosemeters stored in standard test conditions in the laboratory for T1 dayf. Irradiate
thiq lot with a 241Am-Be or\232Cf neutron source to a conventional quantity value of the pegsonal dose

equifivalent, HO, between’l mSv and 3 mSv. Process this first lot of dosemeters in two weeks just
follpwing the irradiation.

Chdose a seconddot of dosemeters stored in standard test conditions for T days. Irradiate this lot with
a 241Am-Be<or' 252Cf neutron source to the same conventional quantity value of the personal dose

equiivalent,H 0
Re:L out, determine the measured dose equivalent for each dosemeter, H;j, and calculate the|arithmetic
mean, Hj, and the experimental standard deviation, sj for lots 1 and 2.

8.2.3 Interpretation of results

Show that the criterion in Formula (8) is met:

0

H2 H1

085 <||—==|+U -—<1,18 (8)
2,1 0
1 H2

where Uy 1 is the uncertainty for the quotient of the arithmetic means, calculated in accordance with
Formula (E.5).

If the inequality in Formula (8) is valid, then the requirement is considered to be met.
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8.3 Effect of storage for unexposed dosemeters

8.3.1 General

This test aims at checking that there is no strong influence of the ageing on the background signal of
the dosemeters.

8.3.2 Method of test

Define the maximal period, Dyax, between manufacturing time of the detector or the day when reusable
dosemeterf WeTe T€SEt 0T Zeroed and tie firstday of USe.

Store a lot|of at least 10 dosemeters, which are unirradiated, under standard test conditions, during
Dmax. 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 Inferpretation of results

Show that p maximum of 10 % of the unirradiated dosemeters present a measured dose equivalent Hy
higher thah Hpin. Moreover, no dosemeter shall present a measured dose\equivalent Hy higher than
Hmin + 0,2 ’I’ISV.

If one or mpre dosemeters present a measured dose equivalent Hy higher than Hyj, + 0,2 mSv, a second

test with g lot of 50 dosemeters is necessary: a maximum of one dosemeter shall present a measyred
dose equivplent Hy higher than Hpyin + 0,2 mSv.

If these conditions are valid, then the requirement is considered to be met.
8.4 Exposure to radiation other than neutrons

8.4.1 Gepneral

Two mandatory tests are needed for all dosimetry systems to check whether the system is sensitivie to
radon or photon radiation. If so, complementary tests are required to characterize more precisely|the
influence df these two types of radiations on the dose response.

8.4.2 Phloton radiation
8.4.2.1 All dosimetry systems

8.4.2.1.1 | General

This test gpplies to all dosimetry systems. The purpose of this test is to determine whether|the
dosimetry lsystem is photon-sensitive If this test is successfully passed, then the dosimetry system is
not considered to be sensitive to photons. If not, the dosimetry system is considered photon-sensitive.
Supplementary performance tests shall then 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 source to a conventional quantity value of the personal dose

equivalent, HO, 10 mSv. Store lot 2 under standard test conditions.

Read out and determine the measured neutron personal dose equivalent for each dosemeter, Hji.

Calculate the arithmetic mean H]. for each of the two lots and the experimental standard deviation, s;.
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Interpretation of results

w that the criterion, expressed in milliSieverts, in Formula (9) is met:

‘(H1 - Hz)‘ LU, <H

min

9

where Uy 3 is the uncertainty for the difference of the arithmetic means, calculated in accordance with
Formula (E.5).

If the inequality in Formula (9) is valid, then the requirement is considered to be met.

8.4]2.2 Photon-sensitive dosimetry systems only

8.412.2.1 General

For|photon-sensitive dosemeters, supplementary performance tests shall be dohe and these dosemeters
sha|l comply to the tests as described below.

8.4]2.2.2 Method of test

Prepare three series named k= Q, Rand S of two lots numbered j& 1'and 2 of i = 1 to atleast 4 dosemeters
(25|dosemeters at maximum). Irradiate all the dosemeters with a241Am-Be or 252Cf neutron|source to a
conpentional quantity value of the personal dose equivalent, HO of 0,5 mSv for series|“Q”, 1 mSv

for

neutron
series “R” and 2 mSv for series “S”.

| quantity

In 4ddition, irradiate the second lot of each seriés*with a 137Cs source to a convention3
valyie of the personal dose equivalent, thoton of 1,5 mSv for series “Q”, 1 mSv for series “R” and

0,6

Read out and determine the measured dose equivalent for each dosemeter, iji' ca

arit]

8.4
Sho

whg
For

mSv for series “S”.

hmetic mean ij and the experimental standard deviation, s j, for the six lots.

2.2.3 Interpretationofresults

w that the criteriominformula (10) is met for each series k:

Hy —Hy | €U, <0,1mSv

2,k

re U1, xis'the uncertainty for the difference of the arithmetic means, calculated in accor
mulak:S).

If tH

culate the

(10)

dance with

einequality in Formula (10) is valid, then the requirement is considered to be met.

Tab

le 6 gives a summary of the required tests for the photon-sensitive dosemeters.

Table 6 — Performance tests for photon-sensitive dosemeters

Series

Neutron
irradiation

Photon
irradiation

0
neutron

(mSv)

0
H photon

(mSv)

0,5

1,5
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Table 6 (continued)
Series Neutron Photon
irradiation irradiation
0 0
neutron thoton
(mSv) (mSv)
R 1 1
S 2 0,6
8.4.3 Raldon
8.4.3.1 ethod of test

Prepare two lots numbered j = 1 and 2 of i = 1 of at least 4 dosemeters (25 doseméters at maxim
and expos¢ lot 1 to 3 MBq-h/m3 of radon at 50 % equilibrium with daughters (F= 0,5). Store lot
standard test conditions with no radon in excess of background.

Read out,

mean, H E

8432 1

Show that
-

where Uy
Formula (H

If the inequ
8.5 Stab

8.5.1 Ge|

The dosen
controlled
conditions.

for each of the two lots and the respective experimental standard deviations, s;.

hterpretation of results

the criterion, expressed in milliSieverts, in Formula{11) is met:

Hz)‘ ~U,, <0,5mSv

is the uncertainty for the difference.bf the arithmetic means, calculated in accordance
.5).

jality in Formula (11) is validy.then the requirement is considered to be met.
ility under various climatic conditions

neral

eters could dbe-exposed to many different climatic conditions at workplaces. They are
by the desimetry laboratories. This test aims at qualifying their performances in hd
[t givesrequirements in harder conditions representative to incidental conditions, for insta

1m)
P in

termine the measured dose equivalent for each dosemeter, H]. 0 and calculate the arithmletic

11)

vith

8.5.2 Effect on the dose response

8.5.2.1 General

This test aims at characterizing the stability of the response of the dosimetry system as a function of
climatic conditions.

8.5.2.2 Method of test

Prepare three lots numbered j=1, 2 and 3 of i = 1 to at least 4 dosemeters (25 dosemeters at maximum).
Store lot 3 in standard test conditions. Irradiate lot 1 with a 241Am-Be or 252Cf neutron source to a

26
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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].i, and calculate the

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

8.5/2.3 Interpretation of results

Show that for each lot, the following criterias are met:

H, Hy
085 <|—L|+U,,|-—3 <118 (12)
1,3 0
H, H]
0
H H
0,85 < ||[—2|£U,,|-— <118 (13)
H3 ’ Hg

where U p is the uncertainty for the quotient of the arithmeti¢ means, calculated in accorflance with
Formula (E.5).

If the inequalities in Formulae (12) and (13) are valid, then the requirement is considered to[be met.
8.5]3 Effect for unexposed dosemeters

8.5/3.1 General

Thip test aims at checking that ther€,is no strong influence of harsh climatic conditigns on 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 chamber in which the tgmperature
is 4P °C * 2 °C and theelative humidity is at least 90 %. After a continuous period of 48 h, femove this
lot ¢f dosemeters fram the climatic chamber. Read out and determine the measured dose eqiiivalent for
each dosemeter, H.

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

8.5]3.3¢ \Interpretation of results

Sh that—= Tmaximunrof—26—%6of thedosenreters (2 tdosenretersforatotatof 16 semeters,
4 dosemeters for a total of 20 dosemeters) presents a measured dose equivalent higher than Hpjp.
Moreover, no dosemeter shall present a measured dose equivalent higher than Hyi, + 0,1 mSv.

If these two conditions are valid, then the requirement is considered to be met.
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8.6 Effect of light exposure (insensitivity to light)

8.6.1 Effect on the dose response

8.6.1.1 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 them with a 241Am-Be or 252Cf neutron source to a conventional quantity value of the personal

dose equivalent, H®, of atleast 1 mSv and 3 mSv. Expose lot 2 to 1 000 W/m?2 of light for one week. Store

the dosem

Read out 4§

arithmetic
the two lot

8.6.1.2 1

Show that

0,85 <

where Ut 2
Formula (H

If the inequ

tersof fot timthe darkimam otherwise Tdenticat environmernt:

ind determine the measured dose equivalent for each dosemeter,H].i, and calculate

mean, Hj, for each of the two lots and the respective experimental standard deviations, s;
S.

hterpretation of results

the criterion in Formula (14) is met:
H, Hy
—=|+U, |- — <118
H ’ 0
1 H,

is the uncertainty for the quotient of the arithmetic\umeans, calculated in accordance v
.5).

fality in Formula (14) is valid, then the requirement is considered to be met.

8.6.2 Efflect for unexposed dosemeters

8.6.2.1 (

This test a
of the dose

8.6.2.2

feneral

ms at checking that there iswmo ‘strong influence of light exposure on the background sig
meters.

Method of test

Expose a
and deter

NOTE ’

8.6.23 1

H:t of 10 dosemete®s, which are unirradiated, to 1 000 W/m?2 of light for one week. Read

ine the measured dose equivalent for each dosemeter, H.

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

hterpretation of results

the

for

14)

vith

bnal

out

Show that a maximum of 20 % of the dosemeters (2 dosemeters for a total of 10 dosemeters,
4 dosemeters for a total of 20 dosemeters) presents a measured dose equivalent higher than Hyin.
Moreover, no dosemeter shall present a measured dose equivalent higher than Hyj, + 0,1 mSv.

If these two conditions are valid, then the requirement is considered to be met.

8.7 Drop test

This test aims at checking if there is a change in response due to physical damage.

28
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8.7.1 Effect on the dose response

8.7.1.1 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 them with a 241Am-Be or 252Cf neutron source to a conventional quantity value of the personal
dose equivalent, HO, 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.

Re C"t ear‘]n daosaematar and daotarmina tha maqsnrnd dese annhralnv\f‘ I—I - Ca]rn]dfn tha arithmetic

= ch-goSeeteraha—deterhetheneastHe GHvVaeRGH +etate—+4
)

meqn, Hj , and the respective experimental standard deviations, s;j, for the two lots.

8.7]1.2 Interpretation of results

Show that the criterion in Formula (15) is met:

0

H, Hy

0,85 <||—2|£U,,| —+ <118 (15)
) 0
1 H,

where Uj 2 is the uncertainty for the quotient of the arithmetiémeans, calculated in accorflance with
Formula (E.5).

If the inequality in Formula (15) is valid, then the requizement is considered to be met.
8.7]2 Effect for unexposed dosemeters

8.712.1 General

Thip test aims at checking that there is ng.strong influence of physical damage on the backgrgund signal
of the dosemeters.

8.712.2 Method of test

Drop a lot of 10 dosemeters, which are unirradiated, on a representative floor of the working area from
a hgight of 1 m. Read out’and determine the measured dose equivalent for each dosemeter, H.

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

8.7]2.3 Interpretation of results

Show thata maximum of 20 % of the dosemeters (2 dosemeters for a total of 10 dosemeters,
4 dpsemeters for a total of 20 dosemeters) presents a measured dose equivalent higher [than Hpip.
MoteaVer, no dosemeter shall present a measured dose equivalent higher than Hyi, + 0,1 m4v.

If these two conditions are valid, then the requirement is considered to be met.
8.8 Distance to the phantom

8.8.1 General

This test aims at checking the influence of the distance to the phantom on the dosimetry report.

© IS0 2015 - All rights reserved 29


https://standardsiso.com/api/?name=2b798ba6037c04217dd3a851e9f6d592

ISO 21909-1:2015(E)

8.8.2 Method of test

Prepare 2 lots of i = 1 to at least 4 dosemeters (25 dosemeters at maximum). Irradiate these lots with a

241 Am-Be or 252Cf neutron source to a conventional quantity value of the personal dose equivalent, H®,

between 1 mSv and 3 mSv. The dosemeters of the second lot are placed 0,5 cm far from the phantom.

Process the two lots of dosemeters.

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

calculate tw
8.8.3 Inferpretation of results

Show that

0,85 <

where Ut 2
Formula (H

If the ineq

8.9 Sealing

The manu
effectiveng

9 Identification and accompanying documentation

9.1 Indi

Dosemeten
shall not d
behaviour

intended fq

9.2 Coll

The follow
dosemeter

i’

'he criterion in Formula (16) is met:

is the uncertainty for the quotient of the arithmetic means, cdlculated in accordance v
.5).

jality in Formula (16) is valid, then the requirement is cofisidered to be met.

facturer shall state the precautions to be taken to prevent the ingress of moisture.
ss of the sealing and the associated precautigns should be demonstrated by the manufacty

vidual marking

s and detectors shall have simple, unique and secure means of identification. The martl
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in any significant manner. Dosemeters shall carry any necessary markings for determining
their origin, expiry date (if relevant). Moreover, dosemeters shall carry a marking stating that they
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5 or, failing this, on an accompanying note:

expiry
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name or trademark of the manufacturer;
complete designation;

serial number or manufacturer’s batch number;

date, if relevant.
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