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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-governm ental in liaison with ISQ _also take part inthe work 1SQ collaborates r‘IncnIy with the International

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

The main tagk of technical committees is to prepare International Standards. Draft International Stangards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of pgatent
rights. ISO shall not be held responsible for identifying any or all such patent rights..

ISO 21909 was prepared by Technical Committee ISO/TC 85, Nuclear eriergy, Subcommittee SC 2, Radjation
protection.
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Introduction

ISO 21909 contains performance and test requirements for dosemeters to be used for the determination of
personal dose equivalent, Hp(10), in neutron fields with energies ranging from thermal to 20 MeV. In this
energy range, reference neutron radiation are reported in ISO 8529-3. Reference radiation are required for the
proper calibration of the dosemeters. This International Standard covers the following five classes of passive
neutron detectors that can be used as a personal dosemeter in part or all of the above-mentioned neutron

energy range:

— nuclear track emulsion dosemeters (NTED);

— golid state nuclear track dosemeters (SSNTD);
— thermoluminescence albedo dosemeters (TLAD);
— guperheated emulsion dosemeters (SED);

— ipnization chamber dosemeters (ICD).

© 1SO 2005 - All rights reserved \
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INTERNATIONAL STANDARD ISO 21909:2005(E)

Passive personal neutron dosemeters — Performance and test

requirements

1 cope
This [International Standard provides performance and test requirements for determining [the ag

persanal neutron dosemeters to be used for the measurement of personal dose-~equivalent
neutrpns ranging in energy from thermal to 20 MeV.

2 ormative references
The [following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO %-2:2001, Photography — Density measurements — Part\2: Geometric conditions for transmi

ISO 8$529-1:2001, Reference neutron radiations — Part, 1*Characteristics and methods of produci

ISO $529-2:2000, Reference neutron radiations =~ Part 2: Calibration fundamentals of radiati
deviges related to the basic quantities characterizing the radiation field

ISO $529-3:1998, Reference neutron radiations — Calibration of area and personal dos
detenmination of response as a function\of energy and angle of incidence

ISO 12789:2000, Reference neutron radiations — Characteristics and methods of production
workplace neutron fields

3 Terms and definitions

For the purposes-ofi.this document, the following terms and definitions apply.

3.1 | General terms

ceptability of
i Hp(10), for

t. For dated
b referenced

5sion density
jion

bn protection
bmeters and

of simulated

3.141

ageing
changes occurring in an unirradiated dosemeter with time

3.1.2
batch

(detectors or dosemeters) grouping of detectors or dosemeters manufactured according to the same

specification and usually at the same time

NOTE 1 Detectors from a batch are intended and supposed to have the same performance characteristics, consistent
with the appropriate requirements of this International Standard, and to be used in type or quality test procedures.

NOTE 2 In the case of SSNTD, a batch under this definition can be as small as one single sheet.

© 1SO 2005 - All rights reserved
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313
detector

device or substance that indicates the presence of a phenomenon without necessarily providing a value of an
associated quantity

means a signal or other indication suitable for measuring one or more quantities.

changes occurring in an irradiated dosemeter with time

In particular, in the presence of radiation, such devices or substances provide by either a direct or indirect

NOTE

314

fading

315
personal do
device comp
dose equival
3.2 Quan
3.21
absorbed dose
D

de divided b
NOTE 1 TH
NOTE 2 In
3.2.2
ambient dos
H*(d)

dose equiva
aligned field
NOTE 1 TH
sievert (Sv).
NOTE 2 Fd

for this depth i

3.23

dose equivalent

H
product of O
point

semeter

rising one or more detectors positioned in a holder, suitable for the measurement lef per
ent

ities

y dm, where d £ is the mean energy imparted by ionizing radiation to matter with mass dm
e Sl unit of absorbed dose is the J/kg. The special name for the unit of absorbed dose is gray (Gy)[2°]

quoting values of absorbed dose, it is necessary to specify the material. e.g. soft tissue.

e equivalent

n the ICRU sphere at a depth, d, onthe radius opposing the direction of the aligned field

e Sl unit of ambient dose equivalent is J/kg. The special name for the unit of ambient dose equiva

r strongly penetrating radiation, a depth of 10 mm is currently recommended. The ambient dose equi
5 then denoted by H*(10){20],

and Dsata point in soft tissue, where D is the absorbed dose and Q is the quality factor 4

sonal

ent at a point in a radiation field that"would be produced by the corresponding expanded and

ent is

valent

t that

NOTE TH

LA

3.24

(<] it af o H ] $ 3 Th ] £, k. H 3 £ ol H ] $ H L
C o oMt OT oSt CquivarCTTrT SOy e SpeliararmCTOTr e ot OT GOSCCUUIvaCTit IS S1ICVETT(

neutron fluence

D

n

dN divided by da, where dN is the number of neutrons incident on a sphere of cross-sectional area da

NOTE

3.2.5

The Sl unit of neutron fluence is m=2, a frequently unit used is cm=2 (ISO 8529-1).

personal dose equivalent

H(d)

dose equivalent in soft tissue, at an appropriate depth, d, below a specified point on the body

© I1SO 2005 - All rights reserved
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NOTE 1 The SI unit of personal dose equivalent is J/kg. The special name for the unit of personal dose equivalent is
sievert (Sv)[20],

NOTE 2 Soft tissue in this context is the ICRU 4-element tissue.

3.2.6

conversion coefficient

hp@(’l 0;E,)

quotient of the personal dose equivalent, H,(10), and the neutron fluence, @,, at a point in the radiation field
and used to convert from neutron fluence info the personal dose equivalent at 10 mm depth in the ICRU tissue
slab phantom, where E is the energy of the incident neutrons impinging on the phantom at an angle «

NOTH The Sl unit of the conversion coefficient is Sv-m2. A commonly used unit of the conversion coefficient is
pSv-cn?.

3.3 | Calibration and evaluation

3.31
arithmetic mean
x

average of a series of » measurements, x,, given by the equation

n
X = (1/n)2x,~
i=1

3.3.2

calibration
set ;I operations which establish, under a controlled-set of standard test conditions, the relationghip between
the rgading given by a dosemeter and the quantity to be measured

3.3.3
calibration factor
N
quotient of the conventional true value, H,, divided by the reading, M (see 3.3.16), derived under standard
condftions, given by the equation

equivalent at

3.3.5

coefficient of variation

V

measure of dispersion for a series of » measurements, x;, given by the equation

vV =s/x

where s is the experimental standard deviation and x, the arithmetic mean of » measurements.

© 1SO 2005 - All rights reserved 3
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3.3.6
control specimens
lot of reference detectors or dosemeters of the same type and batch as those used in the test procedures

3.3.7

conventional true value of a quantity

Hy

(dose equivalent) best estimate of a value of a quantity, as determined by a primary or secondary standard or
by a reference instrument that has been calibrated against a primary or secondary standard

NOTE A conventional true value is regarded as being sufficiently close to the true value such that the difference is
considered as[insignificant for the given purpose.

3.3.8
detection thyreshold
minimum measured dose equivalent which is significantly higher (at the 95 % confidencé level) thah the
measured dgse equivalent of a typical unirradiated dosemeter

3.39
experimentgl standard deviation
N
parameter fof a series of n measurements, x;, characterizing the dispersion and given by the equation

1| « 2
e

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

3.3.10
in-field calilration
procedure to|calibrate neutron dosemeters in neutron fields representative of a working environment for yhich
the personal dose equivalent rates or neuton_spectra and angle distributions have been determingd by
appropriate methods and hence are sufficiently.-well known

3.3.11
influence qyantity
quantity (parfmeter) that can haye a bearing on the results of a measurement without being the objectfve of
the measurement (1ISO 8529-3)

3.312
measured dpse equivalent
Hy,
product of the reading, M, and the calibration factor, N
Hy =M™
NOTE In the case of TLAD, elaborate algorithms are generally required (see E.3).
3.3.13
phantom

specified object used to simulate the human body or parts thereof in terms of scattering and absorption
properties

NOTE For calibrations, the ISO water slab phantom is employed. It is made with polymethylmetaacrylate (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.

4 © I1SO 2005 - All rights reserved
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3.314

quality test

QT

test performed on a number of detectors or dosemeters of a given batch or production designed to assure
their quality

NOTE These tests are usually carried out by the user.
3.3.15

read out
process of determining the indication of a detector or dosemeter reader

NOTE For the NTEDs and SSNTs, the reading is usually the number of tracks recorded per unit-ared; for TLADs, it
is the|integrated current from the reader; for SEDs, it is the number of bubbles detected or the change|in vplume; and for
ICDs,|it is the electric charge collected.

3.3.1p
reading
M
quaniitative indication of a detector or dosemeter when it is read out, generally corrected for|background,
ageirlg, fading and non-linearity of the process or the read out system

3.3.17
referpnce conditions
set of influence quantities for which the calibration factor is valid:without any correction (ISO 852943)

3.3.1B
resppnse
R
meagured dose equivalent, Hy,, divided by the conventional true value of the dose equivalent, H; (see 3.3.7),
as giyen by the following equation

_Hy
Hy

R

NOTH 1 The reading, M, is converted into dose equivalent, H,,, by multiplying M by an approprigte conversion
coeffitient. In the case of TLAD, elaborate algorithms are generally required (see E.3).

NOTB 2  In this International Standard, the quantity is personal dose equivalent: R = H, \,(10)/H,, ((10).
NOTH 3 In this International Standard for the sake of shortness, Hy, = H will be used in Annex C.

NOTH 4 For¢he'specified reference conditions, the response is the reciprocal of the calibration factor.
NOTH 5 £ I radiation metrology, the term response, abbreviated for this application from “response chargcteristic’l'! is
defingdas the ratio of the reading, M, of the instrument, to the value of the quantity to be measured by the |nstrument, for
a sp iftedt typc, cnergy anddirection—distributiomof-radiation—it-is recessary; imorder-to—avoictconfust 1, to state the

quantity to be measured, e.g. the “fluence response” is the response with respect to the fluence, the “dose equivalent
response” is the response with respect to dose equivalent (ISO 8529-3).

3.3.19

standard test conditions

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

© 1SO 2005 - All rights reserved 5
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3.3.20
type test
TT

2005(E)

performance test of one or more devices that are made to a certain design to show that the design meets
given specifications

3.4 Terms with respect to nuclear track emulsion dosemeters (NTED)

3.4.1
film packet

ensemble containing the emulsion wrapped in a light tight envelope that is placed in a sealed pouch, generally

filled with dry| nitrogen or air, meant to protect the emulsion against fading

3.4.2

latent imag

invisible chamge occurring within the photographic emulsion when it is exposed to actinic radiation, i.e. \isible
light, ultraviolet or radiation that is directly or indirectly ionizing and that will be converted-upon processing into
a visible image like a nuclear track

343

nuclear tracks

tracks creatdd in a nuclear emulsion following the interaction of neutrons withithe nuclei in the emulsion, pase,
wrapping and holder giving rise to protons [by 14N(n,p)14C] or recoil nuclej

344

nuclear track emulsion

photographid emulsion capable of recording nuclear tracks in a [atent form

NOTE THese tracks become visible after the chemical development and can be counted under a microscope ¢r any
other appropripte scanning device.

3.45

nuclear track emulsion dosemeter

passive devige consisting of a film packet mounted in a holder (appropriate for the application), intended|to be
worn on a gerson’s body, detecting neutrons for the purpose of assessing the appropriate personal|dose
equivalent atjor near the position where.itis placed

3.4.6

optical dendity

S

logarithm to fhe base 10 af‘the ratio of aperture flux [ISO 5-2] to the flux transmitted by the sample undg¢r the
same beam geometric.conditions

3.4.7

scanning

process of e lallm’ring a-nuclear track emulsion h\ll Pmmﬁng the visible tracks under a mi{*rne(‘npn either y an

operator or b

3.4.8

y an automatic scanning device

stability of latent image

degree to which a nuclear track emulsion is capable of producing a developed image of a nuclear interaction
irrespective of the time elapsed between the formation of the latent image and the development of the
emulsion and irrespective of the ambient conditions that have prevailed during this time (temperature or
humidity)

3.4.9

track density
number of tracks scanned per unit area

© I1SO 2005 - All rights reserved
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3.5 Terms with respect to solid state nuclear track dosemeters (SSNTD)

3.5.1
chemical etch bath
configuration containing the etching solution for etching detectors under a defined temperature

3.5.2

converter material

material in which neutrons undergo nuclear reactions and produce charged particles that can be detected by
SSNT

NOTH Examples are hydrogen compounds Tor Tast neutrons, and o8, °Li of nirogen-containing dompounds for
thermial and epithermal neutrons.

3.5.3

etch |chamber
devide containing the detectors in a geometry allowing their proper etching under defined|temperature
condjtions and an applied voltage (if applicable)

3.5.4
etching
procgss to develop the radiation induced tracks in detectors to make them countable

NOTEH Etching could be chemical by putting the detectors into a proper chemical solution under defindd temperature
condifions. When an alternating high voltage is applied across the detector, then etching is called electro-cjemical.

3.5.5
solid state nuclear track dosemeter
passive device consisting of one or more track. etch detectors mounted in a holder (appropriate for the
appligation), intended to be worn on a person’s-body to detect neutrons for the purpose of gssessing the
appropriate personal dose equivalent at or near(the position where it is placed

3.5.6
tracK etch detector
matefial, usually plastic in nature,‘\carefully manufactured under controlled conditions for thg purpose of
radiafion measurements

3.5.7
tracK etch reader
devige used to establish-the number of tracks per unit area

3.6 | Terms with respect to thermoluminescence albedo dosemeters (TLAD)

3.6.1
albetlljo
fractipn-of incident radiation scattered from a surface

NOTE Neutrons scattered back from a body following interactions within the body are called albedo neutrons.

3.6.2
annealing
controlled thermal treatment of a TL detector or dosemeter during or after readout

3.6.3

apparent photon dose equivalent
Ha

measured dose equivalent of each detector evaluated as if it had been irradiated by reference photon radiation

© 1SO 2005 - All rights reserved 7
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3.64
preparation
normal treatment of annealing, cleaning, etc., of detectors or dosemeters that are intended for routine use

3.6.5

thermoluminescence

TL

emission of light exhibited by certain substances or materials when the substance is heated following its
exposure to ionizing radiation or U.V.

NOTE Strictly, the property should be referred to as radiothermoluminescence, but the abbreviated form is usually
adequate.

3.6.6
thermolumiJ'escence albedo neutron dosemeter
albedo dosgmeter

passive devige, consisting of two or more TL detectors, mounted in a holder (appropriate fotithe applicdtion),
intended to detect incident and albedo neutrons when worn on a person’s body for the purpose of assessing
the approprigte personal dose equivalent at or near the position where it is placed

3.6.7
thermoluminescent detector
specified quantity of TL material, or such material incorporated with othér)non-luminescent material ihto a
matrix, being defined by mass, shape or size or the mass of material incorporated in the matrix

3.6.8
thermoluminescence dosemeter reader
TL reader
instrument ysed to measure the light emitted from therdetectors of thermoluminescence dosemeters,
consisting egsentially of a heating device, a light measuring device and the associated electronics

3.6.9
zero point
reading of urfirradiated TLDs expressed in apparent photon dose equivalent

3.7 Terms with respect to superheated emulsion dosemeters (SED)

3.71
activation
procedure to|render superheated emulsions ready for use

NOTE 1 Bdybble detectors~(BD) are typically stored and kept inactive under pressure, which is applied keeping their
screw caps or]. They are‘activated by removing the screw cap.

NOTE 2  Syperheated drop detectors (SDD) are typically stored and kept inactive at reduced temperature. They are
activated by allowing them to reach ambient temperature.

3.7.2
bubble reading
reading of a dosemeter based on superheated emulsions

NOTE In bubble detectors (BD), the number of visible bubbles, that comprise the measurement, is obtained by
optical counting or by use of an automatic electro-optical instrument. In the superheated drop detectors, the volume of
evolved gas is measured with the help of a calibrated scale.

3.7.3

depletion

decrease in the number of superheated drops due to their transformation into bubbles after being struck by
neutrons

8 © I1SO 2005 - All rights reserved
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NOTE In the bubble detectors (BD), the initial sensitivity is restored by repressurization and no depletion correction
is necessary. In the superheated drop detectors, the bubbles separate permanently from the detector and a depletion
correction is necessary with prolonged use.

3.74
resetting
clearing of bubbles from the visco-elastic matrix

NOTE In the bubble detectors (BD), this is done by the application of external pressure using a piston assembly. In
the superheated drop detectors, resetting is unnecessary because the bubbles leave the medium by rising to the top of
the dosemeter due to their buoyancy.

3.75
superheated drops
dropsg of superheated liquid, generally of 5 ym to 100 ym diameter

NOTEH These drops dispersed throughout a visco-elastic matrix represent the radiation-sensitivg sites of the
detector.

3.7.6

superheated emulsion

SE

supefheated drops dispersed within a clear visco-elastic matrix

NOTE Superheated emulsions are typically contained in a devicel consisting of a transparent, cylipdrical holder.
Visiblg bubbles are formed throughout the device when irradiated ‘with neutrons. The number of bubbles provides a
measpre of the neutron dose.

3.7.7
superheated liquid
fluid @bove its normal boiling point that is still in theliquid phase

3.7.8
viscg-elastic matrix
(gely pqueous or polymer gel in which immiscible superheated drops are uniformly emulsified

NOTH In bubble detectors, the“visco-elastic matrix typically keeps bubbles immobilized at the logation of their
formation. In superheated drop detectors (SDD), the visco-elastic matrix typically allows bubbles to rise out pf the detector
by bupyancy.

3.8 | Terms with respect to ion chamber dosemeters with direct ion storage (ICD)

3.81
apparent photon dose equivalent
Ha
meagured dose equivalent of each detector evaluated as if it had been irradiated by reference phqton radiation

3.8.2

direct ion storage

DIS

permanent storage of an electric charge in a MOSFET with an open floating gate connected to an ion chamber

3.8.3

ion chamber detector

air volume surrounded by conductive wall material with applied electric field to collect ions produced by ionizing
radiation

NOTE The neutron sensitivity of an ion chamber strongly depends on the wall material. Pairs of ion chambers with
different neutron sensitivities are used to differentiate between neutron and photon radiation.

© 1SO 2005 - All rights reserved 9


https://standardsiso.com/api/?name=a3b2abfb5699a50f126ad494892519da

ISO 21909:

4 Units

2005(E)

This International Standard uses Sl units. However the following units of practical importance for time are used

where neces

sary: days (d) and hours (h).

5 General test conditions

5.1

Test conditions

I

All tests shal
actual condit
a series of m

Irradiation of

and angle d¢pendence of response tests. For the other tests, dosemeters may be irradiated free-in-ai

reference qu

5.2 Refer

The referend
fields may b
241Am-Be or

NOTE Fd
can be used fi

5.3 Testn

All detectors
the manufagq
performance
simulate the
when applyin

6 Perfor

The following

parrfarmmed ndaoar ctandard tact Aot~ (o Ao AN N ik aora ~fthamano ot

|JUI TUTTTTOU UTIUCT oldlNudiu tCol VUTTUTUUTTO \OGU PATITTOA I_\}, UI\UU'JI. VWITOT GO ULTTOTVWIOU OoldLiy
ons should be indicated in the test report. They should not undergo large or rapid changes@
easurements.

Vo

dosemeters shall be performed on a phantom in terms of personal dose equivalentor the e

antity could be neutron fluence.

bnce radiation
e radiation fields defined in ISO 8529-1 shall be used. In addition, simulated workplace ng

e used (ISO 12789). For many of the tests, it is sufficient tofuse only one neutron source
252Cf neutron sources). Information on irradiation conditions s found in Annex D.

r the tests.

equirements

and dosemeters shall be subjected to the preparation, handling and read-out recommend
turer. Packaging, handling and pracessing of the detectors and dosemeters govern

conditions actually experienced-in practical personal dosimetry, caution is therefore nece
g the results of these performance tests in real situations.

mance requirements
general requirements apply to the tests for all detectors and dosemeters.

5 are performed on a specified number of dosemeters randomly selected from one batch.

ts are’made to assess the basic characteristics of the detectors or dosemeters and are

. The
uring

nergy

r and

utron
(e.g.

r TLADs, any neutron source with adequate low-energy neutron intensity, the more moderated the better,

bd by
their

that is generally assessed under laboratory conditions. As these conditions can never adequately

ssary

often
vices

by-recognized national laboratories, while quality tests are usually done by dosimetry sef

af | $ £ 43 4 Lol H 4
TUTUUST UUSTITITCICT S TUT TOUTTTT TTICTUT UTT PTT SUTTAr UUSTTITTC Ny .

The performance requirements are listed in Tables 6.1 to 6.5 as type tests (TT) or quality tests (QT).

at the 95 % confidence level.

a) The test

b) Type tes
assured
that inte

c)

d)

e)

establish consistency of operation.

Information on the characteristics of detectors and dosemeters is given in Annex E.

10

The number of dosemeters used in each test shall be such to demonstrate that the requirements are met

The reader used in the evaluation of the detectors and dosemeters shall be subjected to routine tests to
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Table 1 — Performance requirements for nuclear track emulsion dosemeters

Performance

No. L .. Performance requirements Test
characteristics
1 Batch homogeneity | The coefficient of variation of the reading for n dosemeters shall not exceed [QT C.1.1
30 % for a given personal dose equivalent greater than 1 mSv.
2 Reproducibility Not applicable —
3 Linearity The response to neutrons shall not vary by more than 20 % over the personal | TT C.1.2
dose equivalent range from 0,5 mSv to 20 mSv.
4 Detection threshold [ The detection threshold shall not exceed a personal dose equivalent of | QT C.1.3
0,2 mSv.
5| [Fading (stability of The fading of tracks under normal test conditions shall not be greater t!an QT C.14
the latent image) 10 %, 15 %, 20 % and 30% for periods of 3 days, 10 days, 30/days and
90 days, respectively, when comparing the test samples.-with confrol
specimens.
6 | |Ageing Not applicable —
7 Residual signal Not applicable —
8 | | Self-irradiation Not applicable —
9 | |Exposure to radiation | The arithmetic mean of the response to neutréns shall differ by less than 10 % | TT C.1.5
other than neutrons |for a personal dose equivalent between 1"mSv and 2 mSv and an additignal
exposure to 3 mSv of photon radiation from a 137Cs source compared With
dosemeters not subjected to photon radiation.
10| | Stability under The fading of tracks at a temperature of 40 °C and a humidity of 100 % shall| TT C.1.6
various climatic not be greater than 15 %, 30 %" and 50 % for periods of 3 days, 10 days and
conditions 30 days when comparing the test samples with control specimens.
11| | Effect of light No streaks shall be observed on the processed test film when exposed to| TT C.1.7
exposure (opacity to |1 000 W/m?2 for ong_hour using a xenon lamp equivalent to bright sunlight
light) (295 nm to 769 nmh).
The mean optical density over the useful area of the film shall not differ| by
more than three experimental standard deviations in comparison with the
mean optical density of the control specimen.
12| | Physical damage Net'applicable —
13| |Energy dependence (| The response at normal incidence in the stated energy range for the dosimegtry | TT C.1.8
of response system shall not vary by more than + 50 % for a personal dose equivalent ¢f a
least 1 mSv.
14| | Angle dependerice of | The arithmetic mean of the response of a dosemeter at angles of incidencg of | TT C.1.9
response 0°, 15°, 45° and 60° from normal shall not differ by more than 30 % from fhe
corresponding response at normal incidence.
© 1SO 2005 — Al rights reserved 1
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Table 2 — Performance requirements for solid state nuclear track dosemeters

Performance

No. Ay Performance requirements Test

characteristics

1 Batch homogeneity | The coefficient of variation of the reading for n dosemeters shall not exceed [QT C.2.1
15 % for any given personal dose equivalent greater than 1 mSv.

2 Reproducibility Not applicable —

3 Linearity The response to neutrons shall not vary by more than 10 % over the personal | TT C.2.2
dose equivalent range from 1 mSv to 10 mSv.

4 Detection threshold | The detection threshold shall not exceed a personal dose equivalent of [QT C.2.3
0,3 mSv.

5 Fading The response of dosemeters irradiated at the beginning of a storage period|,TT €.2.4
shall not vary by more than 30 % for a 90-day storage period under standard
test conditions. (The period from the manufacture of the detectorstolthe
beginning of the test shall not exceed 90 days.)

6 |Ageing The response of dosemeters irradiated at the end of a storage petiod shall not| TT €£.2.5
vary by more than 30 % for a 90-day storage period under standard test
conditions. (The period from the manufacture of the detectors’fo the beginning
of the test shall not exceed 90 days.)

7 Residual signal Not applicable —

8 | Self-ifradiation Not applicable —

9 Expogure to radiation | The response to radiation other than neutrehs, in particular '37Cs photons, | TT £.2.6

other than neutrons | shall be less than 10 % in terms of /7,(10);
The zero point shall not change byw.more than 0,5 mSv for dosemeters
exposed to 3MBg - h/m3 of radoh at 50 % equilibrium with daughters
(F=0,5).

10 | Stabiljty under The measured dose equivalenb shall not differ from the conventional true value | TT €£.2.7
varioys climatic by more than 20 % for 484h storage at 40 °C and 90 % relative humidity when
condifions the dosemeters are itradiated either at the beginning or at the end of the

storage period.

11 | Effecf of light The zero point ‘shall not change by more than 1 mSv when exposed to a|TT .2.8
expogure xenon lamp@quivalent to bright sunlight (295 nm to 769 nm) to 1 000 W/m?

for one day.
For exposure of one week, the reading shall not differ from the reading of a
dosemeter kept in the dark by more than 10 %.

12 | Physifal damage Not applicable —

13 |Enerdy dependenée~"| The response at normal incidence in the stated energy range for the dosimetry | TT £.2.9
of response system shall not vary by more than = 50 % for a personal dose equivalent of at

least 1 mSv.
14 | Anglel dependence of | The arithmetic mean of the response of a dosemeter at angles of incidence of 1T
respopse 0°, 15°, 45° and 60° from normal shall not differ by more than 40 % from the| C.?.10
corresponding response at normal incidence. The personal dose equivalent
should be at least 1 mSv.
12 © ISO 2005 — All rights reserved



https://standardsiso.com/api/?name=a3b2abfb5699a50f126ad494892519da

1ISO 21909:2005(E)

Table 3 — Performance requirements for thermoluminescence albedo dosemeters

Performance

No. L .. Performance requirements Test
characteristics

1 Batch homogeneity [The coefficient of variation of the apparent photon dose equivalent for|QT C.3.1
n dosemeters shall not exceed 20 %.

2 Reproducibility The coefficient of variation of the apparent photon dose equivalent for|[QT C.3.2
n dosemeters shall not exceed 20 % for each dosemeter separately when
irradiated ten times.

3 Linearity The response shall not vary by more than 10 % when dosemeters are|TT C.3.3
;Ilad;ath vv;th ||cu‘uu||a all\‘l.‘ phUtUIIO pluduu;lly |cad;||ya Uf appalcllt ph On
dose equivalents between 1 mSv and 100 mSv.

4 Detection threshold | The detection threshold shall not exceed an apparent photon dose~equivalent | QT C.3.4
of 0,3 mSv.

5 Fading The response of dosemeters irradiated at the beginning of(aystorage period| TT C.3.5
shall not change by more than 10 % for a 90-day sterage period unfler
standard test conditions.

6 | |Ageing Not applicable —

7 Residual signal The residual signal shall not exceed an apparént photon dose equivalent to| TT C.3.6
0,3 mSv following an irradiation corresponding to an apparent photon dgse
equivalent to 10 mSv.

8 | [Self-irradiation After a storage period of 60 days, the zero point shall not change by|an|TT C.3.7
apparent photon dose equivalent of.more than 0,3 mSv.

9 Exposure to radiation |Not applicable (see E.3) —

other than neutrons

10| | Stability under The apparent photon dose equivalent shall not differ from the conventignal | TT C.3.8

various climatic true value by more-~than 5 % after 30 days storage under standard fest

conditions conditions or 10 % for'48-h storage at 40 °C and 90 % relative humidity, when
the dosemeters-are irradiated either at the beginning or at the end of the
storage perjod.

11| | Effect of light The zero point shall not change by more than an apparent photon dgse|TT C.3.9

exposure equivalent of 0,3 mSv when exposed with a xenon lamp equivalent to bright
sunlight (295 nm to 769 nm) to 1 000 W/m? for one day.
For exposure of one week, the apparent photon dose equivalent shall hot
differ from the apparent photon dose equivalent of a dosemeter kept in the
dark by more than 10 %.

12| |Physical damage Not applicable —

13| |Energydependence |Not applicable (see E.3) —

of responise

14| |Angle dependence of | The arithmetic mean of the response of a dosemeter at angles of incidencg of TT

fesponse 0°, 15°, 45° and 60° from normal shall not differ by more than 30 % from the| C.3.10
corresponding response at normal incidence. The personal dose equivalent
should be about 1 mSv.
© 1SO 2005 — Al rights reserved 13
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Table 4 — Performance requirements for superheated emulsions

Performance

No. L Performance requirements Test
characteristics
1 Batch homogeneity |The coefficient of variation of the reading for n dosemeters shall not| QT C.4.1
exceed 25 % for a personal dose equivalent greater than 0,1 mSv.
2 Reproducibility The coefficient of variation of the reading for n irradiations shall not| QT C.4.2
exceed 25 % for any given personal dose equivalent less than 1 mSv.
3 Linearity The response to neutrons shall not vary by more than 25 % over the TT
personal dose equivalent range from 0,1 mSv to 1 mSv. C43
4 Ddtection threshold | The detection threshold shall not exceed a personal dose equivalent of | QT.¢.4.4
0,1 mSv.
5 Fading Not applicable =+
6 Adeing Bubble detectors shall not change in response by more than 25 %ver up Tr
to 3 months, if used and reset and stored in an inactivated state’following C.4.5
daily use.
7 Rgsidual signal Following an irradiation of up to 1 mSv, no bubble should be,present in the | QT €.4.6
detector after the resetting procedure.
8 Sqf-irradiation Not applicable -+
9 Exposure to radiation | Not applicable =+
otITer than neutrons
10 Stlability under The response shall not vary by more_than 25 % over the temperature Tr
vafious climatic range from 20 °C to 40 °C. C4.7
copditions
11 Effect of light Not applicable -+
exposure
12 Physical damage A drop from a height of 1 m should not produce more than four bubbles. QT ¢.4.8
13 Energy dependence |[The response shall:not vary by more than 25 % upon irradiation with Tr
of fesponse mono-energetic neutrons (ISO 8529-1) over the energy range specified for| C.4.9
the detector.
14 Angle dependence of | The arithmetic mean of the response of a dosemeter at angles of QT
regponse incidencelof 0°, 15°, 45° and 60° from normal shall not differ by more than| C.4.10
30 % from the corresponding response at normal incidence. The personal
dese equivalent should be such that at least 100 bubbles are formed in a
detector.
14 © ISO 2005 — All rights reserved
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Table 5 — Performance requirements for ion chamber detectors with direct ion storage

Performance

should be at least 1 mSv.

No. L .. Performance requirements Test
characteristics

1 Batch homogeneity [The coefficient of variation of the apparent photon dose equivalent for|QT C.5.1
n dosemeters shall not exceed 20 %.

2 Reproducibility The coefficient of variation of the apparent photon dose equivalent for|[QT C.5.2
n dosemeters shall not exceed 20 % for each dosemeter separately when
irradiated ten times.

3 Linearity The response shall not vary by more than 10 % when dosemeters are|TT C.5.3
;llad;atcd vv;th IIUUtIUIIO alld phUtUIIO pluduu;lly Icad;llyb \JUIIUDFUIId;II tO
apparent photon dose equivalents between 1 mSv and 100 mSv.

4 Detection threshold | The detection threshold shall not exceed an apparent photon dose~equivalent | QT C.5.4
of 0,3 mSv.

5 Fading The response of dosemeters irradiated at the beginning of(aystorage pefiod| TT C.5.5
shall not vary by more than 10 % for a 90-day storage period under standprd
test conditions.

6 | |Ageing The response of dosemeters irradiated at the end ef-@storage period shall hot| TT C.5.6
vary by more than 10 % for a 90-day storage*period under standard fest
conditions.

7 Residual signal Not applicable —

8 | | Self-irradiation Not applicable —

9 Exposure to radiation | The arithmetic mean of the response’ to neutrons shall differ by less than 2Q % | TT C.5.7

other than neutrons |for a personal dose equivalent®etween 1 mSv and 2 mSv and an additignal
exposure to 3 mSv of photon radiation from a 137Cs source compared With
dosemeters not subjected’to'photon radiation.

10| | Stability under The apparent photon.dose equivalent shall not differ from the conventignal TT

various climatic true value by moresthan 10 % for 48-h storage at 40 °C and 90 % relafive| C.5.8
conditions humidity when the dosemeters are irradiated either at the beginning or at the
end of the storage period.

11| | Effect of light Not applicable —

exposure

12| | Physical damage Not applicable —

13| |Energy dependence- \\-The response at normal incidence in the stated energy range for the dosimegtry | TT C.5.9

of response system shall not vary by more than + 50 % for a personal dose equivalent ¢f a
least 1 mSv.
14| | Angle dependence of | The arithmetic mean of the response of a dosemeter at angles of incidenceg of TT
response 0°, 15°, 45° and 60° from normal shall not differ by more than 30 % from the| C.5.10
corresponding response at normal incidence. The personal dose equivalent

7 Test methods

Tests to demonstrate compliance with the specified performance requirements are detailed in Annex C. These
provide guidance; specific details pertaining to similar tests by various national regulatory agencies shall take
precedence over those described here.

© 1SO 2005 - All rights reserved
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8 Identification and accompanying documentation

8.1 Individual marking

Dosemeters and detectors shall have simple, unique and secure means of identification. The marking shall not
impair the useful portion of the detector either directly or indirectly, nor shall it change its behaviour in any
significant manner. Dosemeters shall carry any necessary markings for determining their origin, expiry date, if

relevant, and

that they are intended for neutron dosimetry.

8.2 Collective marking

The followin
dosemeters

— name of
— complet

— seriesn

— expiry date, if relevant.

8.3 Accompanying documentation

The note attdched to each box or other packing container shall carry at least the following information,

not provided
— complet
— name ar
— neutron

— method

9 Certifi

An acknowlg
manufacture
International

a) name ar

g information shall be indicate on each box (or other collective packing) of detecto
r, failing this, on an accompanying note:

trademark of the manufacturer;
b designation;

imber or manufacturer's batch number;

on the container:

b designation;

d trademark of manufacturer;

energy range for which the detectafs,or dosemeters are designed;

Df processing.

cation
dged testing laboratory will make the certification. Some basic requirements are suggests
's claiming_tompliance (or partial compliance) with the performance requirements o
Standard:

d address of the manufacturer;

's or

f it is

d for
this

b) name ar

d address of the +nefing Inhnrnfnry or Inhnrnfnrinc, when more than one is in\/nl\lnr*l;

c) description/specification of the dosemeters under consideration, including how the dosemeter is

assembl

d) descripti

ed; drawings or photos are encouraged;

on of reader, procedures and ancillary equipment used (model No., etc.);

e) statements giving the dates and the outcome of each test (test reports shall be available for inspection by
the purchaser);

f) details of conversion coefficients and phantoms agreed between the manufacturer and the purchaser,
when those proposed in this International Standard are not used;

g) anydevi

16

ations from the recommended testing procedures should be justified.
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Reference and standard test conditions

Table A.1
Referenceconditions— itions
Influence (unless otherwise stated by the (unless otherwise ‘stgted by the
manufacturer) manufacturer)

Reference neutron radiation

Conforming to ISO 8529-3

Conforming to ISO[8529-3
and1SO 12789

Ambient temperature T=20°C F=18°Cto22°C
Relative humidity 65 % 50 % to 75 %
Atmospheric pressure p=101,3 kPa p =86 to 106 KPa

Radiation background

H*(10) < 0,1 uSv/h

H*(10) < 0,25 pBv/h

Conthmination by radioactive elements

Negligible

Negligible

Light intensity

50 W/m?

<100 W/m3

© 1SO 2005 - All rights reserved
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Annex B
(normative)

Confidence limits

B.1 General

The magnitude of the uncertainty of a measured value due to random effects is a significant fraction (I)f the

allowed tolefances of this measured value. This uncertainty is considered by taking more(“than
measuremerit.

In fact, the number of measurements should be large enough to ensure that the arithmetic-mean, x,
series of mpasurements provides a reliable estimate of the “true” mean, u, andcthat in additio
experimental standard deviation, s, is a reliable estimate of the standard deviation, ¢t91”In this Interna

Standard, th

confidence lgvel of 95 %, the confidence interval obtained for each arithmetic mean, x, lies either with
limits of variation of the measured value allowed in the test (test passed, point\A in Figure B.1) or outs

these limits

confidence i
sample size
order to rea
passing the t

Key

1 confiden

number of measurements or the sample size shall be chosen i6-sich a way that,

test failed, point O in Figure B.1). If one of the allowed limits ofvariation, x, or x, lies with
hterval of the arithmetic mean (points U in Figure B.1), the mumber of measurements @
can be increased to reduce the width 2/ of the confidencerinterval of the arithmetic mean,
ch one of the two cases mentioned above that are neeessary for an unequivocal decisi
est or not.

e interval of the arithmetic mean x of width 2/

one

of a
n the
tional
for a
n the
de of
n the
r the
X, in
bn of

2 allowed U

pper limit of variation, x,

3  allowed lower limit of variation, x,

Figure B.1 — Test for confidence interval

The test is passed if the confidence interval of width 2/ around x lies between the allowed upper and lower
limits of variation x,, and x; as given by Equation (B.1):

X +l<x<xy—!

(B.1)

In each test, it is recommended to start with 10 measurements and to increase the number of measurements
or dosemeters if it turns out to be necessary to reduce the width 2/ of the confidence interval.

18
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B.2 Confidence interval for the arithmetic mean, x

The confidence interval for the arithmetic mean, X, is (x -/, x +1), where /; is the half width of the

confidence interval of x relative to the ith series of measurements. When calculating x from n;
measurements, the half width of the confidence interval is given by Equation (B.2):

li:tn~sl~/\/n7i (B.2)

where

is the experimental standard deviation for the jth series of measurements;

4, is taken from Table B.1 for n, measurements.

EXEMPLE Forn,=10;/,=2,26 -5,/\10 =0,71 - s,.

Table B.1 — Two-sided Student’s t values for 95 % confidence interyval for sample sjze »;

n; by n; Ly

2 12,71 15 2,15
3 4,30 20 2,09
4 3,18 25 2,06
5 2,78 30 2,05
6 2,57 40 2,02
7 2,45 50 2,00
8 2,37 60 1,98
9 2131 120 1,96
10 2,26 o0 1,96

B.3 [Confidence interval for the experimental standard deviation, s

The ¢onfidence intefval for the experimental standard deviation, s, of the arithmetic mean, x, is|given by the
exprgssions

=l ST)

wherg 7_s the half width of the confidence interval of s. If s is calculated from n measurements for which the
probability distribution is close to normal, the upper limit of [, at a confidence level of 95 % is approximated by
Equation (B.3):

ly(n)=t, -54/0,5/(n—1) (B.3)

EXAMPLE [(10) = 0,53-s is obtained for n = 10 measurements and ¢, is taken from Table B.1.
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B.4 Confidence interval for a combined quantity

If the limits of variation are stated for a quantity, the arithmetic mean, x, calculated from &k means x4, x5, X3,
. X} is given by Equation (B.4):

f:f(f, 22,23,...,)%)

(B.4)

and the half width of the confidence interval of the ith arithmetic mean is /. The half width, /, of the confidence
interval for x is given by Equation (B.5):

1:\/2

i 2
0T (X0 X2, X3, - X Jox; | -1}

EXAMPLES
a) x=xtx, hence l:w/l12+122
In general, E::Z;fi hence = Z;liz
_ 4 _ _ _\2 N
b) x:x1/x2 hence 1:()(?1/)(2)\/(11/)61) +(12/}C2)
_ L _ _ 2 _ 2 2
c) x=( 1*X2)/(X1+X2) hence 12_—_2\/()(2'11) +(X1'12)
(X1+X2)
B.5 Configdence interval for detection threshoid

In the case fi
define the cri

t,s

The Student
Student’s ¢ di

Tabl

20

tical level of the decision limit [27]):

br the calculation of the detection threshold according to the following formula (used elsewh:g

(B.5)

bre to

(B.6)

s ¢ values to be used-are’ the ones reported in the following table belonging to the one-sided
stribution.
p B.2 — One-sided Student’s ¢ values for 95 % confidence interval for sample size »;

I’ll- tn nl. tn

2 6,32 15 1,76

3 2,92 20 1,73

4 2,35 25 1,71

5 2,13 30 1,70

6 2,01 40 1,68

7 1,94 50 1,68

8 1,89 60 1,67

9 1,86 120 1,66

10 1,83 o 1,64
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Annex C
(normative)

Performance tests

Nuclear track emulsions (NTE)

Batch homogeneity

Prepgre and irradiate a lot of i = 1 to n dosemeters of the same emulsion with a 24'Am-Be or %2Cf neutron

sourge to the same conventional true value of the personal dose equivalent, H;, of atléast 1 mSv.

Develop, read out (scan at least 100 tracks), determine the track density for each dosemeter, }/;, and show

that the coefficient of variation, ¥, for the reading, M,, of the n dosemeters does.not exceed 30 %.

C.1.2 Linearity

Prepgre six lots numbered j=1 to 6 of i=1 to n dosemeters ahdvirradiate them with a 241Am-Be or 252Cf

neutrpn source to a conventional true value of personal dose equivalents, H; ;, of 0,5 mSy, 1
5 m8yv, 10 mSv and 20 mSy, respectively.

Develop, read out (scan at least 100 tracks) each dosgmeter, determine the measured dose eq
calculate the arithmetic mean, H ;, for each lot j and.the respective experimental standard deviati
that fpr each personal dose equivalent, H, meets the eriterion given in Equation (C.1):

wher

C.1.3 Detection threshold

Develop and read out (scan) » unirradiated dosemeters. Use the conversion coefficient for a
252C{ neutron source to transform the number of tracks into measured dose equivalent, H;, and

expe

wher

D.8<(H ;+1;;)[Hy<12

b the ll-J- are calculated in accordance with Equation (B.2).

[imental standardydeviation, s, for the n dosemeters. Show that the criterion in Equation (C.2)
2 - $<0,2mSv [27]

p the values for 7, are listed in Table B.2.

mSv, 2 mSy,

uivalent, #, .,
)
pns, s;. Show

(C.1)

241 Am-Be or
calculate the
is met:

(C.2)

C.1.4 Fading (stability of the latent image)

Prepare five lots numbered j =1 to 5 of n + 2 dosemeters. Irradiate i = 1 to » dosemeters of each lot with a
241Am-Be or 252Cf neutron source to the same value of the conventional true value of the personal dose
equivalent, H,, between 1 mSv and 2 mSv at days D, (lot 1), D, + 60 (lot 2), D, + 80 (lot 3), D, + 87 (lot 4) and
D, + 90 (lot 5) and keep two dosemeters of each lot as background samples. Following irradiation, store and
keep all dosemeters under normal test conditions. Develop all dosemeters together on days D, + 91 or

Dy +

©I1SO

92 and consider the dosemeters of lot five as the control specimens.
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Read out (scan at least 100 tracks) each dosemeter, determine the track density,
background dosemeters for an undue increase of tracks. Determine the arithmetic mean o

j\/[l. .

» and check the
flthe reading, M,

and the experimental standard deviation, Sjs for each of the five lots. Show that the criterion of Equation (C.3) is

met:

(42, /3

S)il>QR,j

(C.3)

where j = 1 to 4, the Or4 to Or,4 are 0,7, 0,8, 0,85 and 0,9, respectively, and / for the quotient of the arithmetic
means is calculated in accordance with Equation (B.5).

C.1.5 Expg
Prepare two
neutron sour
addition irrad
Develop, rea

Determine th
lots. Show th

(

where [ for th

0,9 < (M

<

S

C.1.6 Stab

Prepare four
n dosemeter
personal dog
Dy + 30 (lot 4
keep all dosq

Develop all

control speci
M, ;, and che
ari’{hmetic m
Show that th

(42, /i1

where the Q
calculated in

| ati thert I
lots numbered j =1 and 2 of i = 1 to n dosemeters and irradiate them with a 241Am-Be or
Ce to a conventional true value of the personal dose equivalent, H;, between 1 mSy-and 2 m
iate the second lot with 3 mSv of photon radiation from a 137Cs source.

d out (scan at least 100 tracks) and determine the track density for €ach dosemeter

e arithmetic mean of the reading, M;, and the experimental standard (deviation, 8js for th
At the criterion in Equation (C.4) is met: '

21/M2)il<1,1
e quotient of the arithmetic means is calculated in accordanee with Equation (B.5).

lity under various climatic conditions

lots of n+2 dosemeters each and identify. the lots by numbers j =1 to 4. Irradiate i
5 of each lot with a 241Am-Be or 252Cf neutron source to the same conventional true value
e equivalent, H;, between 1 mSv and 2 mSy at days D, (lot 1), D, + 20 (lot 2), D, + 27 (lot 3
) and keep two dosemeters of each lot:as background samples. Following irradiation, stor
meters at 40 °C and a relative humidity of 100 %.

Hosemeters together on days 'P,+ 31 or D, + 32 and consider the dosemeters of lot4 &

ck the background dosemeters for an undue increase of tracks in the samples. Determin

ban of the reading, M) ‘and the experimental standard deviation, Sj» for each of the fou
p criterion in Equation(C.5) is met: '

4) t1>0R;

b1 to Opyare 0,5, 0,7 and 0,85, respectively, and / for the quotient of the arithmetic mea

accordance with Equation (B.5).

25ZCf
Bv. In

ij*
b twi

(C.4)

1 to
bf the
) and
b and

s the

mens. Read out (scan at least 100 tracks) and determine the track density for each dosemeter,

e the
lots.

(C.5)

ns is
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C.1.7 Effect of light exposure (opacity to light)

Expose film packets randomly selected from a batch to an illumination from a xenon lamp of 1 000 W/m?2 for
1 h at a sufficiently large distance from the light source to avoid the film packets exceeding a temperature of
30 °C. Set the face of the film packets perpendicular to the luminous radiation. Then expose the other face of
the film packets under the same conditions for 1 h. Then expose each edge of the film packets under the
same conditions for 1 h.

Process films simultaneously with an unexposed control specimen and compare their optical densities with
respect to streaks or lack of homogeneity of the optical density. The optical density, Sk is measured at ten
different points on each film j. Calculate the mean optical density, S;, and the experimental standard
devigtiom, -, foreach—fitm—and—compare—the—vatues—with—thoseof the—controt—specimen,—5-—Show that the
criterjon in équation (C.6) is met:

(5)-Sc)+1<3-; (C.6)

J

wherg [/ for the difference of the arithmetic means is calculated in accordance with Equation (B.5).

C.1.8 Energy dependence of response

Prepare m lots numbered j = 1 to m of i = 1 to n dosemeters and irradiate them with m neutron efgergies in the
appli¢able energy range for which compliance with this standard js;'sought. These neutron energies should be
taken from 1SO 8529-1:2001, Table 2.The dosemeters shall be.irradiated on the ISO slab water phantom to a
conventional true value of the personal dose equivalent, /;, between 1 mSv and 2 mSv.

Develop, read out (scan at least 100 tracks), determinethe measured dose equivalent for each dosemeter,

H; ; gnd calculate for each lot j (energy), the arithmetic.mean, #;, and the respective experimental standard

devigtion, s;. Show that the criterion in Equation (C.7)is met:
.5 < (H;+1;;)/Hy; < 15 (C.7)
wherg the liJ are calculated in accordanee with Equation (B.2).

C.1.9 Angle dependence of response

Prepare four lots numbered j =1 to 4 of four dosemeters each numbered i =1 to 4. Irradiate al] dosemeters
with peutrons to a value.of the conventional true value of the personal dose equivalent, H,, bgtween 1 and
2 m8y on the ISO slab water phantom under the following conditions (ISO 8529-3):

— Ipt1: normal incidence;
— lpt2: 15° off normal;
—  ot3 45° off normal;
— lot 4: 60° off normal.

For lots 2 to 4, the angle of incidence for the dosemeters i =1 to 4 irradiated is varied positive and negative in
two planes perpendicular to each other and to the plane of the dosemeter. Determine the conventional true
value of the personal dose equivalent employing the appropriate conversion coefficient for the neutrons used
in the test at the respective angles j, H,.
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Develop, read out (scan at least 100 tracks), determine the measured dose equivalent for each dosemeter,

H

ij?

standard deviation, Sj» and the response, R;. Show that the criterion in Equation (C.8) is met:

0,7<[0

,2522?:1(12]-/121)}11 <13

where [ for the sum of the ratios is calculated in accordance with Equation (B.5).

C.2 Solid

state nuclear track detectors (SSNT)

and calculate the arithmetic mean,ﬁj, for each of the four lots (angles), the respective experimental

(C.8)

C.2.1 Batc

Prepare and
241Am-Be or
at least 1 mS

Etch, read q
dosemeters

h homogeneity
252Cf neutron source to the same conventional true value of the personal dose’equivalent,
V.

ut each dosemeter and show that the coefficient of variation, V7, for the reading, A,
loes not exceed 15 %.

C.2.2 Linearity

Prepare five

lots numbered j =1 to 5 of i =1 to n dosemeters each.and irradiate them with a 241Am-

252Cf neutroi source to a conventional true value of personal dose-equivalents, Hyj, of 1 mSv, 2m3v, 5

10 mSv and

Etch, read o
mean, H ;, fq
dose equival

0,85 < (
where the /; ;

C.2.3 Dete

Etch and reg
neutron sou
experimenta
Equation (C.

t,-s<0

n

PO mSv, respectively.
ut, determine the measured dose equivalent.for each dosemeter, H; . calculate the arith

ent, Hyj, the criterion in Equation (C.9) is met:
i+ 1, ;) [Hy; < 115
are calculated in accordance\with Equation (B.2).

ction threshold

d out i =1 to n.unirradiated dosemeters. Use the conversion coefficient for a 241Am-Be or
ce to transform“the number of tracks into measured dose equivalent, /;, and calculat
standard_devwiation, s, for the n dosemeters. Show that the criterion, expressed in millisieve
0) is met:

3127}

P

irradiate a lot of i =1 to n dosemeters belonging to the same batch (sheet or’material) V

r each lot j and the respective experimental standard deviations, Sj- Show that for each per]

vith a
H;, of

of n

Be or
mSyv,

metic
sonal

252Cf
e the
ts, in

10)

where the va

lues for ¢, are listed in Table B.2.

C.2.4 Fading

Prepare and irradiate i =1 to n dosemeters with a 241Am-Be or 252Cf neutron source to the same value of the
conventional true value of the personal dose equivalent, H,, of at least 1 mSv. Store the dosemeters under
standard test conditions for 90 days.

24
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Following storage, etch, read out, determine the measured dose equivalent for each dosemeter, H;, and

calculate the arithmetic mean, H, and the experimental standard deviation, s. Show that the criterion in
Equation (C.11) is met:

0.7 <(H=l;)/H <13 (C.11)
where /; is calculated in accordance with Equation (B.2).

C.2.5 Ageing
Prepare and Store 7 =110 7 JOSeMMeters under Standardtest conditions for 90 gays- Folfowing Stotage irradiate
them| with a 247Am-Be or 252Cf neutron source to the same conventional true value of the personal dose
equivalent, Hy, of at least 1 mSv.

Etch, read out, determine the measured dose equivalent for each dosemeter, H;, and calculate the arithmetic
mean, H, and the experimental standard deviation, s. Show that the criterion in Equatlon (C.12) ig met:

0,7 < (H=1;)[H <13 (C.12)
wherg [, is calculated in accordance with Equation (B.2).

C.2.6 Exposure to radiation other than neutrons

C.2.61 Photon radiation
Prepaire two lots numbered j =1 and 2 of i =1 to n.ddsemeters and irradiate them with a 241Am-Be or 252Cf
neutrpn source to a conventional true value of the personal dose equivalent, H;, between 1 mSv gnd 2 mSv. In
additfon, irradiate the second lot with 3 mSv of photon radiation from a 137Cs source.

Etch,| read out and determine the measuretddose equivalent for each dosemeter, A, ., calculate the arithmetic

mean, H:, and the experimental standard deviation, Sj» for the two lots. Show that thg criterion in
Equation (C.13) is met:

0,9 < (Hq/Hp)+1<11 (C.13)
wherg [ for the quotient.of the arithmetic means is calculated in accordance with Equation (B.5).

C.2.4d.2 Radon

Prepare two-lots numbered j =1 and 2 of i =1 to n dosemeters and expose lot 1 to 3 MBq-h/mP of radon at
50 %] equilibrium with daughters (F =0,5). Store lot 2 in standard test conditions free of radon.

Et h road A1t Antaronina tha oo en d doca couivunlant far Anea h daocoameotar LI and oaloaglatn th t
C y ToTUOuUG Ot TCT measurea-aese STy aCTTT O Cat UOSCriCIC =1 oy carethate e arithmetic

mean, for each of the two lots and the respective experimental standard deviations, s.. Show that the
criterion expressed in millisieverts, in Equation (C.14) is met:

‘(1?1 —I-_Iz)‘ilgo,S (C.14)

where [ for the difference of the arithmetic means is calculated in accordance with Equation (B.5).
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C.2.7 Stability under various climatic conditions

Prepare two lots numbered j =1 and 2 of i = 1 to n dosemeters. Store both lots for 24 h under standard test
conditions. Irradiate lot 1 with a 24TAm-Be or 252Cf neutron source to a conventional true value of the personal
dose equivalent, H;, of at least 1 mSv. Store both lots 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 lot 2 to the same conventional true value
of the personal dose equivalent as lot 1.

Etch, read out, determine the measured dose equivalent for each dosemeter, A, ;, and calculate the arithmetic
mean, H ;, for each of the two lots and the respective experimental standard deV|at|ons Show that for each
lot the criterl i Equation (€15 s met:

0.8<(H;+1;;)/Hy <12 (£-15)
where the /; )|are calculated in accordance with Equation (B.2).
C.2.8 Effegt of light exposure
C.2.8.1 Effiect on zero point
Prepare two|lots numbered j =1 and 2 of i =1 to n dosemeters and expose lot 1 to 1 000 W/m2 of light for
1 day. Store fosemeters of lot 2 in the dark in an otherwise identical environment.
Etch, read o(it, determine the measured dose equivalent for each dosemeter, A, ., and calculate the arithmetic

mean, H fq
criterion, exp

r each of the two lots and the respective experimiental standard dewatlons 8j- Show that the
ressed in millisieverts, in Equation (C.16) is met:

‘(ﬁ1—52)‘il<1 (c.16)
where [ for tHe difference of the arithmetic means is calculated in accordance with Equation (B.5).
C.2.8.2 Efflect on the reading
Prepare two |lots numbered j = 1 and 2-of i = 1 to n dosemeters and irradiate them with a 241Am-Be or P52Cf
neutron sourge to a conventional-true value of the personal dose equivalent, H;, of at least 1 mSv. Exppsure
lot 1 to 1 009 W/m2 of light for {-veek. Store the dosemeters of lot 2 in the dark in an otherwise identical
environment
Etch, read ¢ut each_ dosemeter, M, ;, and calculate the arithmetic mean of the reading, M;, angdl the
experimental standard deviation, s for the two lots. Show that the criterion in Equation (C.17) is met:

0,9 < (W {/M2)+1 <11 €.17)

where [ for the quotient of the arithmetic means is calculated in accordance with Equation (B.5).

C.2.9 Energy Dependence of Response

Prepare four lots numbered j =1 to 4 of i =1 to n dosemeters and irradiate them with four neutron energies
taken from ISO 8529-1:2001, Table 2, in the applicable energy range for which compliance with this standard
is sought. The dosemeters shall be irradiated on the ISO slab water phantom to a conventional true value of
the personal dose equivalent, H;, of at least 1 mSv.
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Etch, read out, determine the measured dose equivalent for each dosemeter, H; ;, calculate the arithmetic
mean, H ;, for each of the four lots (energies) and the respective experimental standard deviation, sj- Show
that the criterion in Equation (C.18) is met: '

0.5<(H;+l;;)/Hy; <15 (C.18)
where the liJ are calculated in accordance with Equation (B.2).

NOTE These are the minimum requirements to fully comply with this International Standard. It is possible to use
additional reference neutron radiation energies and their use is encouraged.

C.2.10 Angle dependence of response

Prepare four lots numbered j=1 to 4 of i=1 to n dosemeters. For this test, a serigsof mgno-energetic
neutrpn energies could be used. It is however convenient that the dosemeters are irradiated on an ISO water
slab |phantom using a 241Am-Be, 252Cf or other neutron source according to the’ methods ¢f production
described in ISO 8529-1. The conventional true value of the personal dose equivalent, H;, shqll be at least
1 mSv and the irradiation conditions shall be the following (ISO 8529-3):

— Ipt1: normal incidence;
— Ipt2: 15° off normal;
— Ipt 3: 45° off normal;
— Ipt4: 60° off normal.

For Ipts 2 to 4, the angle of incidence for the niirfadiations is varied positive and negative ip two planes
perpgndicular to each other and to the plane of-the dosemeter. Determine the conventional trug value of the
persgnal dose equivalent by employing the appropriate conversion coefficient for the neutrony used at the
respgctive angles j, H, ;.

Etch,fread out, determine the measured dose equivalent for each dosemeter, 4, ;, and calculate the arithmetic

mear), H;, for each of the fourdots (angles), the respective experimental standard deviatior], Sj» and the
respqnse, R;. Show that the critetion in Equation (C.19) is met:

4
.6 <[ 0,25 (R /Re) |1 <14 (C.19)
j=1

wherg [ for thessutm of the ratios is calculated in accordance with Equation (B.5).

C.3 [Fhermoluminescence albedo dosemeters (TLAD)

C.3.1 Batch homogeneity

Prepare and identically irradiate each dosemeter from a lot of i=1 to n, dosemeters to a combined
neutron/photon field which gives an apparent photon dose equivalent, H,, , of about 1mSv to the
photon-sensitive detector element and an apparent photon dose equivalent, Hy, ;, of about 2 mSv to the
neutron-sensitive element.

Read out and determine the apparent photon dose equivalent, H, ;= Hy, ; — Hyp ;,

show that the coefficient of variation, ¥, for the n dosemeters does not exceed 20 %.

for each dosemeter and
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C.3.2 Reproducibility

Prepare and identically irradiate each dosemeter from a lot of i=1 to n dosemeters to a combined

neutron/photon field which gives an apparent photon dose equivalent,
sensitive detector element and an apparent photon dose equivalent, H.

Haz

an, i’

., of about 1 mSv to the photon-
of about 2 mSv to the neutron-

sensitive element. Repeat this 10 times with exactly the same value of the apparent photon dose equivalent,
H,, for each of the n dosemeters.

Read out, determine for each of the i =1 to n dosemeters the j =1 to 10 apparent photon dose equivalent,

Ha,i,_j = Han,i,_j

each of the i

— Hyp i ;» the arithmetic mean, Ha,i' and the experimental standard deviation, s;. Show th

=1 to n dosemeters, the criterion in Equation (C.20) is met:

at for

(s;+1g;

where the |/

[Ha; <0,2

P

s,| are calculated in accordance with Equation (B.3).

C.3.3 Linearity

Prepare five
neutron/phot
about twice t
dose equival

Read out, de

the arithmeti¢
each appare

where the /; ;

C.3.4 Dete

Prepare i=

Ha,i = Han,i

criterion, exp|

where the va

C.3.5 Fadi

-5 <,

lots numbered j=1 to 5 of i=1 to n dosemeters each and irradiate’ them with a com
bn field such that the apparent photon dose equivalent to the neutren sensitive element, H,
hat to the photon-sensitive element, /7, ;, and where the conventional true values of the per
bnt, Hyj, are 1 mSyv, 3 mSy, 10 mSyv, 30 mSv and 100 mSv, respectively.

termine the apparent photon dose equivalent for each dosemeter, /7, ;
C mean, H for each lotj and the respective experimental standard
nt photon dose equivalent, H . ., the criterion in Equation (C.21) is met:

anl i calg
eV|at|ons 8; how th

ai,j’

—

= )/Ha,i,j <11

are calculated in accordance with Equation (B.2).

ction threshold
to n unirradiated dosemeters. Read out, determine the apparent photon dose equiv|
ressed in millisieverts,\in’ Equation (C.22) is met:

3127]

—~

ues for z{.are listed in Table B.2.

K

gn,i’

20)

bined
is
sonal

ulate
at for

21)

blent,

, for each dosemeter’and calculate the experimental standard deviation, s. Show that the

22)

Prepare i=1 to n dosemeters and irradiate them all with a combined neutron/photon field such that the

apparent photon dose equivalent of the neutron sensitive element, H
sensitive element, H

determine th

an,i’
ap,i’

H

an,i

-H

e apparent photon dose equivalent for each dosemeter, H, ;= ap

is about twice that of the photon-
and where the conventional true value of the personal dose equivalent, H,, is about
1 mSv. Store the dosemeters under standard test conditions for 90 days. Following storage, read out,

, and calculate the

arithmetic mean, H, and the experimental standard deviation, s. Show that the criterion in Equation (C.23) is

met:

0,9<(

H+

1)/ Ha; <11

where /; is calculated in accordance with Equation (B.2).

28

(C.23)
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C.3.6 Residual signal

Prepare the i = 1 to n dosemeters used for the test of the detection threshold (C.3.4) and irradiate them all with
a combined neutron/photon field which gives an apparent photon dose equivalent, /7, ap,i of about 10 mSv to
the photon-sensitive detector element and an apparent photon dose equivalent, /7, ;, of about 20 mSv to the
neutron-sensitive element. Anneal and read out the detectors according to the routine procedure.

Anneal and read out the dosemeters a second time, determine the apparent photon dose equivalent for each

neutron-sensitive and photon-sensitive detector element, H,,; or H,,,; and calculate the experimental

standard deviation, s. Show for each detector element type that the criterion, expressed in millisieverts, in

Equation (24) is met:

ns<03 (C.24)
wherg the values for ¢, are listed in Table B.1.
C.3.T Self-irradiation
Prepare i = 1 to n dosemeters. Store them for 60 days under standard test@enditions in a locatipn where the
background dose rate is known.
Read out, determine the apparent photon dose equivalent for each<neutron-sensitive and phqton-sensitive
deteqtor element, H,, ; or H,, ;, calculate the arithmetic mean, Hy)and the experimental standard deviation, s.
Show for each detector element type that the criterion, expressed in millisieverts, in Equation (C.2p) is met:
Hj+z,.)<o,3 (C.25)
wherg /. is calculated in accordance with Equation (B<2).

C.3.8 Stability under various climatic.conditions

Prep
test

equiy
Storg

After

in thq

Read

hre two lots numbered j =1 and 2'of i = 1 to n dosemeters each. Store both lots for 24 h urn
conditions. Irradiate lot 1 to_& _combined neutron/photon field such that the apparent
alent of the neutron sensitive,element, H,, ; ;, is about twice that of the photon-sensitive elg
both lots of dosemeters ifi aclimatic chamber in which standard test conditions prevail.

a continuous periodef 30 days, remove both lots of dosemeters from the climatic chamber.
same way as lot(~Store both lots for one day under standard test conditions.

-H

ap.i,p for each do

out, determine the apparent photon dose equivalent, H, ;.= H, n.ij
and the experimental standar({ deV|at|on Sy

der standard
photon dose

ment, Hyp ; .

rradiate lot 2

semeter and

calculate the afithmetic mean, for the two lots. Bhow that for
each|lot theeriterion in Equation (/C 26) is met:

D95 < (H, + I, )/Ha,.,.<1,05 (C.26)
where the liJ are calculated in accordance with Equation (B.2).

Repeat the test for a storage period of 48 h, but in a climatic chamber in which the temperature is 40 °C £+ 2 °C
and the relative humidity is at least 90 %. Show that for each lot the criterion in Equation (C.27) is met:

0,95<(H;*1;;)/Ha;; <11 (C.27)
where the /; ; are calculated in accordance with Equation (B.2).
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C.3.9 Effect of light exposure

C.3.9.1 Effect on zero point

Prepare two lots numbered j=1 and 2 of i=1 to n dosemeters. Expose lot 1 to 1 000 W/m2 of light for
one day ensuring that the temperature of the dosemeters is maintained at less than 40 °C. Store the
dosemeters of lot 2 in the dark in an otherwise identical environment. Ensure that the temperature of the
dosemeters of lot 2 stays within + 5 °C of the dosemeters of lot 1.

Read out all dosemeters after one day, determine the apparent photon dose equivalent for each neutron-
sensitive and photon-sensitive detector element, 4, ;; or H,, ;;, and calculate the arithmetic mean, H ;, for
each detectdr element type of the two lots and their respective experimental standard deviations, s.. Shqw for
each detectdr element type and for each lot that the criterion, expressed in millisieverts, in Equation (G:R8) is

met:

Ha"]— a2 +/<0,3

—~

.28)
where [ is calculated in accordance with Equation (B.5).

C.3.9.2 Efflect on the reading

to an

Prepare two

lots numbered j =1 and 2 of i =1 to n dosemeters each and.irradiate them with neutrons

apparent phqton dose equivalent of about 1 mSv. Expose and store lots 1Kand 2, respectively, as descriljed in
C.3.9.1.
Read out all dosemeters after one week, determine the apparentphoton dose equivalent for each dosemeter,
Hy;j=Han ;|- Hap;j» calculate the arithmetic mean, H;, for each of the two lots and their respgctive
experimental standard deviation, Sj- Show that the criterion-in’Equation (C.29) is met:

0,9 <(H4/Hp)xl<11 (£-29)

where [ for th

e ratio of the arithmetic means is calculated in accordance with Equation (B.5).

C.3.10 Anglle dependence of response

Prepare four
simulated wq

lots numbered j = 1 t0, 4)of i = 1 to n dosemeters. Irradiate on an ISO water slab phantom ug
rkplace neutron fieldin accordance with the methods of production described in ISO 127

ing a
39 or

D,0-moderated 252Cf as specified in 1ISO 8529-1. The conventional true value of the personal dose equivplent,
H;, shall be gbout 1 mSv and\the irradiation conditions shall be the following (ISO 8529-3):

— ot 1: normalingidence;

— lot2: 152 off normal;

— lot3: 45° off normal;

— lot4: 60° off normal.

For lots 2 to 4, the angle of incidence for the » irradiations is varied positive and negative in two planes
perpendicular to each other and to the plane of the dosemeter. Determine the conventional true value of the
personal dose equivalent employing the appropriate conversion coefficient for the neutrons used in the tests at
the respective angles j, Hy ;.
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az] Han
late the arithmetic mean,

and the response, R Show that the criterion in Equation (C.30) is met:

]il<1,3

]1

0,25i(Rj/R1)

J=1

where [ for the sum of the ratios is calculated in accordance with Equation (B.5).

- H,

ap,ij» and

for each of the four lots (angles), the respective experlmental standard

(C.30)

C4

C.4.

Ensu
irradi
betws
the r
ensu

Read
varia

C4.2

Ensu
Prep
dose
not v

For &

expe
Equa

wher

C.4.]

Prep
valus

Superheated emulsions (SE)

Batch homogeneity

re that the room temperature is within the specified operating range of thé-~detectors.

bte each of i = 1 to n detectors to a specified conventional true value of the ‘personal dose e
ben 0,1 mSv and 1 mSv (preferably to achieve approximately 100 bubbles! in the detector)
bcommended ISO neutron sources. If the irradiations are done sequentially at a reprodug
re that the room temperature variation during the irradiation period is-kept to a minimum (< 2

out each dosemeter in accordance with the manufacturer's recommendation. Evaluate the
ion, ¥, for the reading, M,, for the n dosemeters and show that it does not exceed 25 %.

Reproducibility

re that the room temperature is within the specified operating range of the detectors (20
bre and irradiate each of the n detectors of C.4/1 to a specified conventional true value of
equivalent H; of 1 mSv or less and repeat-this 10 times. The room temperature during irrag
ary by more than 2 °C. Read the detectors‘out in accordance with the manufacturer’'s recomn

ach of the i = 1 to n detectors, deteérmine the j = 1 to 10 readings, M; ;, the arithmetic mean,

[imental standard deviation, 5j- Show that for each of the 1_1 to n dosemeters, thd
tion (C.31) is met:

s;+ls;)[M; <0,25

e the [ ; are calculated in accordance with Equation (B.3).
3 Linearity
hre _four-lots numbered j =1 to 4 of i = 1 to n dosemeters each and irradiate them to a con

Prepare and
quivalent, H,,
using one of
ible location,
’C).

coefficient of

C to 40 °C).
the personal
iation should
nendation.

M and the
cr|ter|on in

(C.31)

entional true

of personal dose equivalents, Hyj, within the range of 0,1 mSv to 1 mSv.

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

]1

for each lot j and the respective experimental standard deviations, s

Show that for each p

equivalent, H; ;, the criterion in Equation (C.32) is met:

0.75<(H; +1;)[Hy; <125

where the /; are calculated in accordance with Equation (B.2).
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C.4.4 Detection threshold

Prepare three lots numbered j =1 to 3 of i = 1 to n detectors. Irradiate lot 1 to a conventional true value of the
personal dose equivalent, H; 1, choosing neutrons in the energy range where the dosemeter is used. The value
of H; 4 should be approximately 0,05 mSv.

Irradiate lot2 to approximately H;,=2 H;4 and lot3 to approximately H;;=4 H; 4. Read the detectors,
determine the measured dose equivalent for each dosemeter, H;, and calculate the arithmetic mean, H for
each lotj and the respective experimental standard deviations, s]
Fit a straight line through the function s /th versus 1/ /Ht] The requiredlu_ncertainty in personal dose
equwalent Hy; Ueulleb d pUIlll. o the bleIng—IIlle IIl WHITH gives thevatueof 1 Ht], frommwhichtheTequired
value of H; ; ¢an be determined. This value of #, ; is the detection threshold and shall not exceed 0,1 mSv

x2 Y4 100 25 11 6.3 4 28 2 16 2

-—(0,35 T T T T T T T T T T

~

0,3 e

i /
0,25 /

0,2 ”

0,15 I /
0,1 /
i /
0,05 i‘

0 | | | | | | | | | |

0 0,1 0,2 03 0,4 0,5 0,6 07 08 0.9 1
Key
ISIRINC
X2 Hy;

1 relative standard deviation

Figure C.1 — Plot of relative standard deviation on the dose readings, sJ/Ht‘] versus 1/ |Hyj
for the determination of the detection threshold(28]
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C.4.5 Ageing

C.4.51 Superheated drop detectors

Prepare two lots numbered j =1, 2 of i =1 to n superheated drop detectors. Activate the detectors of the first
lot and irradiate them under standard conditions to a conventional true value of the personal dose equivalent,
H;, of less than 1 mSv to produce approximately 100 bubbles. Read the detectors, determine the measured
dose equivalent for each detector of the first lot, H,4, and calculate the arithmetic mean, H,, and the
experimental standard deviation, s.

Store the detectors of the second lot in a laboratory away from direct sunlight or other sources of heating, as

specified by the manufacturer. Leave the detectors inside their containers for a period of one year
Repdat the experiment that was carried out on detectors of lot 1 with the detectors of dot-2 under identical
condftions. For each of the two irradiations, show that the criterion in Equation (C.33) is met:

0,85 < (H,; +1;)/H{ < 115 (C.33)
wherg the lj are calculated in accordance with Equation (B.2).
C.4.52 Bubble detectors
Prepare i =1 to n bubble detectors, activate and irradiate the:detectors under standard test cqnditions to a

conv
150 4
each
Reco
expe

After

i/

C.4.6 Residual Signal

Prep
conv:
100 §

be present afterwards,~Ensure that any new bubbles that may form are not the result of respon

(i.e. d

C.4.

Prep
the r

entional true value of the personal dose equivalent, Hy; of less than 2 mSv to produce
ubbles. Following this first irradiation, read the detectors, determine the measured dose ¢
detector, 4,4, and calculate the arithmetic mean{'/4, and the experimental standard
mpress the bubbles by screwing the cap back on the detectors 8 h after irradiation.
[iment j times on a daily basis as per normal work schedule (e.g. 5 days per week).

continuing the experiment for three months, evaluate the coefficient of variation, ¥, for
1, of all the measurements ;. The co€fficient should be less than 25 %.

are i=1 to n detectorss~'‘activate and irradiate the detectors under standard test cor
entional true value of the-personal dose equivalent, H;, of less than 1 mSv to produce
ubbles. Reset the detectors in accordance with the manufacturer's recommendation; no by

osmic rays) or radioactive neutron sources.

f Stability under various climatic conditions

hre i =(1"to n detectors. The irradiations are to be performed in controlled temperature envirg

gpproximately

quivalent for
feviation, s,.
Repeat the

he response

ditions to a

dpproximately

bbles should
se to natural

nments over
them in the

bnge 20 °C to 40 °C and allow the detectors to reach temperature equilibrium by leaving

irradi
dose

gtiormared for atteastthourtTradiate theactivateddetectorstoaconventiomattroe vatue of
equivalent, H,, producing approximately 100 bubbles in each detector.

the personal

Read out the detectors in accordance with the manufacturer's recommendation, evaluate the measured dose

equivalent for each detector, H, and determine the arittrmetic mean, H,

and the experimental standard

deviation, s. Repeat the experiment j times at different temperatures over the range 20 °C to 40 °C. Show that
the criterion in Equation (C.34) is met:

0,75 < ( ) /th <125 (C.34)
where the lj are calculated in accordance with Equation (B.2).
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C.4.8 Physical damage

Select a lot of i = 1 to n detectors. Activate them and then drop them on a representative floor of the working
area from a height of 1 m. No more than four bubbles per detector should form.

C.4.9 Energy dependence of response

Prepare m lots numbered j = 1 to m of i = 1 to n dosemeters and irradiate them with m neutron energies in the
applicable energy range for which compliance with this standard is sought. These neutron energies should be
taken from 1SO 8529-1:2001, Table 2.

Ensure that

detectors an
equivalent, H
Read out thg

equivalent fd
experimenta

0,75 < (
The lj is calq

C.4.10 Ang

Prepare four
energies cou
phantom usi
ISO 8529-1.
irradiation co

lot 1:
lot 2:
lot 3:
lot 4:
For lots 2 tog
perpendicula|
personal dog

the respectiv

Read out, d

i irradiate them on the ISO slab water phantom to a conventional true value of the personhal
o producing approximately 100 bubbles in each detector.

detectors in accordance with the manufacturer's recommendation, evaluate the.measured
r each detector, H; ., and calculate for each lot j (energy) the arithmetic-mean, H;, an
standard deviation, 8;- Show that the criterion in Equation (C.35) is met:

—~

i1 +1;)/Hy; <125

ulated in accordance with Equation (B.2).

le dependence of response

lots numbered j =1 to 4 of i = 1 to n detectors. Forthis test, a series of mono-energetic ng
Id be used. It is however convenient that the dosemeters are irradiated on an ISO wate
ng 241Am-Be, 252Cf or other neutron source acéording to the methods of production descrik
The conventional true value of the personal dose equivalent, H;, shall be at least 1 mSv an
hditions shall be the following (ISO 8529-3):

normal incidence;

15° off normal,;

45° off normal,

60° off normal.

4, the angle of’incidence for the n irradiations is varied positive and negative in two p
I to each other and to the plane of the dosemeter. Determine the conventional true value

e equivalent employing the appropriate conversion coefficient for the neutrons used in the t
e anglesy/, H, ;.

he irradiations are done under controlled temperature conditions (< 2 °C variation). Activafe the

dose

dose
d the

I~
~

35)

utron

slab
ed in
d the

anes
pf the
bst at

ptermine the measured dose equivalent for each dosemeter H and calculate the arith

metic

mean, H;,
response, R;.

7<!O,25i(Rj/R1)]i <

for each of the four lots (angles) the respective experimental Standard deviation, s;, and the

Show that the criterion in Equation (C.36) is met:

where [ for the sum of the ratios is calculated in accordance with Equation (B.5).
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lon chamber detectors with direct ion storage

C.5.1 Batch homogeneity

Prepare and identically irradiate each dosemeter from a lot of i=1 to n dosemeters to a combined

neutron/photon field which gives an apparent photon dose equivalent, A,

sensi
sensi

Read

itive detector element and an apparent photon dose equivalent, H, . , of about 2 mSv to

itive element.

an,i’

:Hanz_H

out and determine the apparent photon dose equivalent, H. a

show that the coefficient of variation, ¥, for the n dosemeters does not exceed 20 %.

» of about 1 mSv to the photon-

the neutron-

» for each dosemeter and

C.5.2 Reproducibility

Prep
neutr
sens
sens

Hyp

Read
Ha,l
eac

wher

C.5.3

Prep
neutr
abou
persq

Read

the a
each

wher

re and identically irradiate each dosemeter from a lot of i=1 to » dosemeters to
pn/photon field which gives an apparent photon dose equivalent, H ;, of abeut 1 mSv tg
tive detector element and an apparent photon dose equivalent, H,, ;, , of @bout 2 mSv to
tive element. Repeat this 10 times with exactly the same value of the apparent photon dog
or each of the n dosemeters.

out, determine for each of the i =1 to n dosemeters the j = 1,040 apparent photon dos
= Hyp, ij — Hyp i ;» the arithmetic mean, Ha,, and the experimental standard deviation, s;. $
of the i = 1 to n dosemeters the criterion in Equation (C.37) i§/mét:

A\ +ls,i)/ﬁa,i <0,2

e the [ ; is calculated in accordance with Equationt(B.3).

3 Linearity

hre four lots numbered j =1 to 4 of\i'=1 to » dosemeters each and irradiate them with
pn/photon field such that the apparent photon dose equivalent to the neutron sensitive elem

twice that to the photon-sensitive element, , and where the conventional true V
nal dose equivalent, /; ;, are\hmSv, 2 mSv, 5 mSv and 10 mSv, respectively.

out, determine the apparent photon dose equivalent for each dosemeter, H,, ;. = H,, ij— Ha
rithmetic mean, #;,“for each lot j and the respective experimental standard deV|at|ons, Sj-
apparent photon dose equivalent, i the criterion in Equation (C.38) is met:

D9 < (H 4% ) [Hay; <11

S

e the /;7-are calculated in accordance with Equation (B.2).

a combined
the photon-
the neutron-
e equivalent,

e equivalent,
bhow that for

(C.37)

a combined
ent, Hap o |
alues of the

, ;. » calculate
Bhow that for

(C.38)

C.5.4 Detection threshold

Prepare i=1 to n unirradiated dosemeters. Read out, determine the apparent photon dose equivalent,

Hy ;i

=H

anij H,

al’

criterion, expressed in millisieverts, in Equation (C.39) is met:

t,-s<0,3271

where the values for ¢, are listed in Table B.2.

©I1SO
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for each dosemeter and calculate the experimental standard deviation, s. Show that the

(C.39)
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C.5.5 Fading

Prepare i =1 to n dosemeters and irradiate them all with a combined neutron/photon field such that the
apparent photon dose equivalent of the neutron sensitive element, H. Hyp, ;, is about twice that of the photon-
sensitive element, H,, ;, and where the conventional true value of the personal dose equivalent, H,, is about
1 mSv. Store the dosemeters under standard test conditions for 90 days. Following storage, read out,
determine the apparent photon dose equivalent for each dosemeter, H, ;= H, an,; — Hap » @nd calculate the
arithmetic mean, H, and the experimental standard deviation, s. Show that the criterion in Equation (C.40) is
met:

0,9<(Hxl;)[Hqy; <11 (C.40)

where /; is cglculated in accordance with Equation (B.2).

C.5.6 Ageipg

Prepare and store i=1 to n dosemeters under standard test conditions for 90 days. Following stdrage,
irradiate them with a 24TAm-Be or 252Cf neutron source such that the apparent photon_dose equivalent ¢f the
neutron sengitive element, Han » is at least 1 mSv. Read out, determine the apparent photon dose equiyalent
for each dospmeter, H, ang ~

Hap, and calculate the arithmetic mean, H, and the experimental stapdard
deviation, s. $how that the criterion in Equation (C.41) is met:

(@)

0,9<(H+1;)/Hqa; <11 41)

where /; is cglculated in accordance with Equation (B.2).

C.5.7 Expgsure to radiation other than neutrons

Prepare two Jots numbered j =1 and 2 of i = 1 to n dosemeters and irradiate them with a 241Am-Be or P52Cf
neutron soufce such that the apparent photon dose equivalent of the neutron sensitive element, Hf ,,
between 1 mSv and 2 mSv. In addition, irradiate the second lot with 3 mSv of photon radiation from a

137Cs sourcd.

Read out, determine the apparent photon dose equivalent for each dosemeter, H,, = Hy,,;; — Hyp; 1 and
calculate the|arithmetic mean of the-reading, H;, and the experimental standard deV|at|on Sj for the twg lots.

Show that the criterion in Equation (€.42) is met:

0,8§(f_;1/l’_12)il§1,2

A
@)
~

0

where [ for tHe quotient.of the arithmetic means is calculated in accordance with Equation (B.5).

C.5.8 Stabjlity under various climatic conditions

Prepare two lots numbered j =1 and 2 of i = 1 to » dosemeters each. Store both lots for 24 h under standard
test conditions. Irradiate lot 1 to a combined neutron/photon field such that the apparent photon dose
equivalent of the neutron sensitive element, H,, ;, is about twice that of the photon-sensitive element, H,, ;
Store both lots of dosemeters in a climatic chamber in which the temperature is 40 °C + 2 °C and the relatlve
humidity is at least 90 %.

After a continuous period of 48 h, remove both lots of dosemeters from the climatic chamber. After waiting for
2 h, irradiate lot 2 in the same way as lot 1.
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Read out, determine the apparent photon dose equivalent, H,
calculate the arithmetic mean, Hj, and the experimental standardj dev

each

0,9<(Hji

1ISO 21909:2005(E)

-H

anz ap,i,j’

lot the criterion in Equation (C.43) is met:

l; )/Ha,l»,j <11

where the ll-J- are calculated in accordance with Equation (B.2).

C.5.9 Energy dependence of response

for each dosemeter and
|at|on Sj for the two lots. Show that for

(C.43)

Prep
taker
stand
valus
the n

Read
relev
arithr
;. Sh

wher

NOTE
referg

C.5.

Prep
neutr
slab

proddiction described in ISO 8529-1."The conventional true value of the personal dose equivalent,

at leg
lot 1:
lot 2:
lot 3:
lot 4:

For |

hre four lots numbered j =1 to 4 of i =1 to n dosemeters and irradiate them with four ne
from of 1SO 8529-1:2001, Table 2, in the applicable energy range for which complia

ard is sought. The dosemeters shall be irradiated on the ISO slab water phantom te~a.con
of the personal dose equivalent, H;, of at least 1 mSv, such that the apparent pheton‘dose

butron detector element is at least twice that of the photon detector element.

out, determine the apparent photon dose equivalent for each dosemeter, Hy = Han;i j

ant calibration procedure to calculate the neutron personal dose equivalent, H., and

_Ha

ow that the criterion in Equation (C.44) is met:
D.5<(H; +1;;)/Hy <15

e the /; ; are calculated in accordance with Equation (B.2):

These are the minimum requirements to fully cemply with the standard.
nce neutron radiation energies and their use is encouraged.

It is possible to

0 Angle dependence of response

hre four lots numbered j =1 to 4_of\#’'=1 to n dosemeters. For this test, a series of mg
pn energies could be used. It is however convenient that the dosemeters are irradiated on
bhantom using a 24'Am-Be or 252Cf neutron source or other neutron sources according to th

st 1 mSv and the irradiation conditions shall be the following (ISO 8529-3):
normal incidence;
15° off nermal;
45%0ff normal;
60° off normal.

bts2 to 4, the angle of incidence for the » irradiations is varied positive and negative i

ufron energies

|

ce with this
entional true
equivalent of

b7 apply the
,alculate the

netic mean, ﬁj, for each of the four lots (energies) and the respective-experimental standérd deviation,

(C.44)

Lse additional

no-energetic
An ISO water
e methods of
H;, shall be

n two planes

perpendicular 1o each other and 10 the plane of the dosemeter. Determine the conventional true

value of the

personal dose equivalent employing the appropriate conversion coefficient for the neutrons used at the
respective angles j, H; -

Read out, determine the apparent photon dose equivalent for each dosemeter, H,
arithmetic mean, Hj

for each of the four lots (angles), the respective experimental stan

the response, R;. Show that the criterion in Equation (C.45) is met:

4

0,7<|0,25) (R, /Ry) |+1<13

=1

where [ for the sum of the ratios is calculated in accordance with Equation (B.5).

©I1SO
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, and calculate the
d/ard deviation, s

and

(C.45)
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Annex D
(informative)

Irradiation conditions

Reference neutron sources, as specified in ISO 8529-1, that can be traced back to appropriate primary and
secondary standards shall be used for type and quality testing of detectors and dosemeters. Radionuclide
neutron sources are specified in 1SO 8529-1:2001, Table 1. whilst nearly mono-energetic neutron radiations
primarily used for determining or testing the energy response of neutron detectors and dosemeters are given
in ISO 8529-1:2001, Table 2. These “mono-energetic’ neutron sources are available only at highly spécialized
and well-equjpped laboratories staffed with experts in radiation spectroscopy. Generally, these laboratorids are

already certified by national bodies or are recognized as having the required expertise to (investigate the
properties of[neutron detectors and dosemeters.
Irradiation cgnditions that shall be observed for the calibration of dosemeters are described in ISO 8529-p and

should also
calibration fa

e followed in the type and quality testing of neutron detectors and dosemeters. In particuldr, the
cility should meet the following specifications.

The totg
contribu
supports
scattere

_ t its
and

hs for

| neutron scatter from the floor, walls and ceiling of the roem should be kept such t
ion to the dose equivalent intended to be delivered is smaller/than 10 %. Therefore, tabl
should have a minimum mass and not be made of material containing hydrogen. Correctio
 neutrons can be made using one of several techniques.described in ISO 8529-2.

Id be
h the
iated

If severs
sufficien
readingg
alone in

| dosemeters are irradiated together on the same phantom, the distance between them shot
tly large that the mutual influence on their reading should be such that the difference i
of a dosemeter irradiated together with other“dosemeters and the same dosemeter irrag
the same position is less than 3 %.

hould
may

In order
be placd
be madd

to subject several dosemeters to the. Same value of the calibration quantity, their supports s
d on the same dose rate contour.(If sufficient homogeneity cannot be achieved, the suppor
to rotate around the source.

When the ddg
back face in

semeter is calibrated or tested on the ISO water slab phantom, it should be positioned w|
contact with the phantom’and the radiation impinging perpendicularly onto the surface ¢

th its
f the

dosemeter, ¢xcept in the case where the angle dependence of the response is determined. The “souice to

dosemeter”

istance is defined-as-the distance from the equivalent point source to the geometric centre

sensitive vol
hp@(’l 0;E,)
radiations as

Simulated w

me of the dosemeter. The necessary neutron fluence-to-dose equivalent conversion coeffi
re given in IS0-8529-3 for both radionuclide neutron sources and nearly mono-energetic ne
specified in\ISO 8529-1.

brkplace* neutron fields as specified and produced in accordance with the methods describ

ISO 12789 ¢

in term of theirspectral fluence. This will permit the establishment of a fluence-to-dose equivalent conve

bn-also be chosen for testing and calibration, provided these spectra are sufficiently characte

pf the
ients
utron

ed in
rized

rsion

coefficient for the spectrum of interest and define reference dose equivalents at the calibration position.
Simulated workplace neutron fields are important in practical radiation protection because they closely
resemble neutron fields encountered in routine radiation protection. However, for type tests of angle
dependence, simulated workplace neutron fields are only recommended for thermoluminescence albedo
dosemeters. Complete information on these fields and the “field” calibration conditions shall be contained in

adequate certification documents.
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Annex E
(informative)

Performance of neutron dosemeters

All tests are performed on a specified number of dosemeters randomly selected. The detec

tors shall be

chosen from a single production batch, i.e. from one emulsion number in the case of the nuclear track

emulsion or material from the same sheet of material in the case of the solid-state nuclear track d

etectors.

The pumber of dosemeters used in each test shall be such to demonstrate that the performance
are met at the 95 % confidence level. The performance tests proposed take in considération
featufes of the detectors used. Hence, in the case of the nuclear emulsion and the solid state
deted
following tests are pertinent to all dosemeters.

Batch homogeneity is determined by observing the variability among the readings of dosemeters
the spme value of the calibration quantity under identical conditions, includingTaboratory and oper:

The
whol

1ead out value of a dosemeter should be linearly related to the-personal dose equivalent, Hy
useful dose range.

The
deter

detection threshold of any detector is a function of ‘the variability of the background
mined for each batch of detectors or dosemeters.

Temperature, humidity and light influence the response of most dosemeters. Tests with respect tg
and humidity are performed in climatic chambers:To produce 1 000 W/m2 of light, use an app
prodyices light where the spectrum correspondscto that of bright sunlight (295 nm to 769 nm). This
for example, with a xenon lamp equipped, if necessary, with appropriate filters or by usin
fluorgscent lamp.

NOT! 1 000 W/mZ of bright sunlight includes nominally 60 W/m?2 of U.V.
In a
Hy(1
teste

ition to the angle dependence of the response, the variation in response to personal dos
), with neutron energy-is-one of the most important performance parameters of the dose
l as all known personal-neutron dosemeters show a strong dependence of response with ne

E.1 |Nuclear track emulsions
The huclearstrack emulsion (NTE), the oldest passive method for neutron detection, is useg
dosimetry for persons working with radioactive neutron sources and in stray neutron fields

biological shielding around accelerators where neutron energies reach up to the maximum ¢

fequirements
he particular
huclear track

tor, a test on reproducibility is meaningless, as the detectors cannot be reused.~On the other hand, the

subjected to
htor.

(10), over its

hat shall be

temperature
aratus which
is achieved,
g a daylight

e equivalent,
meters to be
Iitron energy.

in personal
outside the
nergy of the

primary beanT. T e nuctear emuision 1S No tonger emptoyed around nuctear pOwer Teactors
energies are mostly below the detection threshold of the detector.

ere neutron

The loss of latent information or fading with time is the greatest problem in nuclear track emulsions. In order to
reduce the fading to a minimum, the nuclear emulsion is, before use, generally desiccated in dry nitrogen and
sealed in an air- and moisture-proof pouch called a film packet. The test on fading checks the stability of the
latent image under normal test conditions and should assure that the dosimetric information stored stays
sufficiently stable during a normal wearing period.

The packaging and the development of the nuclear track emulsion as well as the scanning equipment used
influence the performance.
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Since fading of nuclear tracks is strongly influenced by temperature and humidity, the quality of the air- and
water-tight pouch used to seal the nuclear track emulsion shall be checked at higher temperature and
humidity, i.e. conditions that correspond to the most adverse practical wearing practices of the dosemeter.

Nuclear track emulsions are carried as personal dosemeters in radiation fields containing photons. A fogging
of the emulsion by an important exposure to photons will make the scanning of recorded neutron tracks
difficult. For a reasonable exposure to photons, generally in mixed neutron-gamma radiation fields, the loss of
information for the neutron component should be negligible.

The film package shall be light-tight and shall be tested accordingly.

Due to the fact-that in the case of the nuclear track emulsion at least 100 tracks per dosemeter must be

counted to reach a sufficiently low stochastic uncertainty, it is inconvenient to use too many doseémeters.
However, all tests should be performed with lots comprising at least five dosemeters.

The tests on|the angle and the energy dependence of the response shall prove the compliance of the nyclear
track emulsign as a dosemeter measuring the quantity personal dose equivalent, Hp(10), with\respect to pngle
and energy df a neutron exposure with sufficient accuracy.

For nuclear frack emulsions, the useful neutron energy range starts between 500-keV and 1 MeV with its
response to personal dose equivalent rising to a maximum at 14 MeV, as shown in Figure E.1.

Y A
60

50

40 %

30 § // N |4 A
§§* // ¢ \\\A
20 5 - N
N

/

10
/’{ N
/

Ty
0 10 100 X

0

Key

X  energy, MeV
Y  tracks, mm=2-mSv~!

NOTE Open symbols are taken from Reference [4], whilst solid symbols are from Reference [13]. It is evident that
for tests, only those neutron sources in the energy range from 2 MeV to 5 MeV and chosen from ISO 8529-1 are
meaningful and should be used. However, for convenience, all tests could be made with neutrons from readily available
241Am-Be or 252Cf sources, except the one on energy response.

Figure E.1 — Energy response for the nuclear track emulsion in tracks per mm2 and per mSv
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