INTERNATIONAL

ISO

STANDARD 12794

First edition
2000-02-15

Nuclear energy — Radiation protection
Individual thermoluminescence doseme
for extremities and eyes

Energie nucléaire — Radioprote¢tion — Dosimétres individuel$

thermoluminescents pour yeux-€t extrémités

ters

Reference number

= R— ISO 12794:2000(E)

ISO

©1S0 2000


https://standardsiso.com/api/?name=786777840c735335afc1f046db6c20c5

ISO 12794:2000(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2000

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 7341079

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © I1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=786777840c735335afc1f046db6c20c5

ISO 12794:2000(E)

Contents Page
[0 =111 o] (o SRR iv
g e o [ e i o] o WU TP P UPPT P PPPPPPPPPN %
1 STl 0] o 2 PRSPPI 1
2 N(Ierative FEIEIEINCES ...eiiiiii ettt e e e e e e e s ssennneeeeee e e s ey [ereeen e 1
3 Terms and defiNitioNS ........cooiiiiiiii e e e o @ N e [ 2
4 L0 1 PO PP PP OPPUPPUPPPRTRPRPE S b OUPPPPUUTY ISUPPPPPPPPTPN 5
5 General test CONAItIONS ........ooiiiiiiiieiiee et e e sennneeeeee e S bt eeeee | 5
6 (04|21 ox= 11T o 1O NP SURP RSP 5
7 Performance reqUIrEMENTS ........cooiiiiiie ettt NG e et enree e sireeesnnne o fereernieee e e 6
8 JLIC: 2500051 10 Lo £SO S TS SRUP FPPRRRR 6
9 (O o {1 {Tor= o] o [P R UREPRSUPR PP 6
Annex A (normative) Reference conditions and standard test coNditionsS.............ocoeeerriieeeeiniieeennieeee o 8
Annex B (normative) Confidence lIMitS..........coiuiiiiiiiiiiiiiiie ettt e e e e srr e e e snnee s hriee e cen 9
Annex C (normative) PerformancCe teStS........ooooiiiiiiiiiie s i e fr 12
Annex D (informative) Determination of evaluated value s (E) from readout values ............cccoceeevveiee i 17
Annex E (normative) Conversion tables............oooo il 18
LT 0] oo =T o] 172 s e OSSPt 20
© ISO 2000 - All rights reserved iii


https://standardsiso.com/api/?name=786777840c735335afc1f046db6c20c5

ISO 12794:2000(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards 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 drawn to the possibility that some of the elements of this International Standard may be the| subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International| Standard 1SO 12794 was prepared by Technical Commiittee I1SO/TC 85, Nucledr energy,
Subcommittge SC 2, Radiation protection.

Annexes A, B, C and E form integral parts of this International Standard. Annex D is for information only.

iv © SO 2000 — All rights reserved
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Introduction

This International Standard covers dosemeters for the eyes and extremities.

This International Standard should be used in conjunction with IEC 1066:1991, which provides performance criteria
and tests for thermolumlnescence dosrmetry systems comprrsrng dosemeters readers ancrllary equipment and
doses, excluding
includes some performance crlterla and tests for thermolumlnescent detectors  and

It also
dosemetets, rather than on the reader or ancillary equipment.

This document was prepared and discussed by Working Group WG 7 of ISO/TC85/SC2 _follewing me
in August [L988, Moscow in May 1990, Rome in November 1991, Paris in September 1992 and Lond@n in October
1993. It wias not possible to hold a WG meeting in Orlando in October 1994. The~draft was agreed at the Paris
meeting by the working group and circulated by the Secretariat as a CD. A furthér,meeting of the W& was held in
London in|October but the results of the voting were not available until later in ‘©ctober 1995. A fingll draft, dated
February 1996, incorporating comments included with the results of the votingon ISO/CD (WI 7-2.07[1), circulated
as ISO/TJ85/SC2 N 475 in October 1993, was agreed by WG 7 in Albuguéerque in February 1996. The comments
following girculation as a DIS were considered by the WG in July 1997 and this International Standard|incorporates
those that|were agreed upon.

ings in Paris

© 1SO 2000 — All rights reserved \
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INTERNATIONAL STANDARD

ISO 127

94:2000(E)

Nuclear energy — Radiation protection — Individual
thermoluminescence dosemeters for extremities and eyes

1 Scope
This Intefnational Standard provides performance criteria and tests for determining the™~ pefformance of
thermolumiinescence dosemeters intended to be used for the measurement of radiation -doses to

extremities
photons fi
appropriat

This Inter
equivalent
provision f1
coefficient

In all casé
actually e
application

2 Norn

The follow
this Intern
publicatio
investigatq
undated r
maintain r

ISO 31-0,
ISO 4037+
determini

and the m|

ISO 6980,

(fingers, and limbs defined as hands, feet, forearms including the elbow, and leg including t
e reader, procedures and ancillary equipment. It does not cover information aecess and data pr

hational Standard provides performance criteria and tests for dosemeters intended to m
at depths of 7 mg-cm=2 in tissue for fingers and limbs and 300 mg-em~2 in tissue for the e
or the use of dosemeters only intended to be used once. Appropriate phantoms and dos
5 are recommended but others are not precluded.

s, performance is assessed under laboratory conditionswhich may not adequately simulg
perienced in personal dosimetry. For example, it may’be necessary to sterilize dosemeter
s. Therefore, caution is necessary in applying the results of these performance tests in real situ

native references
ng normative documents contain previsions which, through reference in this text, constitute

s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying thie most recent editions of the normative documents indicate|
eferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

Quantities and units— Part 0: General principles.
3:1999, X and gamma reference radiation for calibrating dosemeters and doserate me

g their response as a function of photon energy — Part 3: Calibration of area and persona
pasurement of their response as a function of energy and angle of incidence.

e eyes and
patella), for

pbm 15 keV to 3 MeV and beta radiation from 0,5 MeV to 3 MeV. It is conditional upon the use of an

cessing.

easure dose
es, including
e conversion

te conditions
5 for medical
ations.

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

ters and for
dosemeters

Reference beta radiations for calibrating dosimeters and dose-rate meters and for dete

rmining their

response

© 1S0O 2000 -
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3 Terms

and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1

thermoluminescence
radiothermoluminescence

TL

property exhibited by certain substances, namely the emission of light, which is induced by irradiation when the
substance is heated following exposure to ionizing radiation or UV

NOTE St
thermolumineg

3.2
thermolumine
TL material
substance eX

3.3
thermolumine
TL detector
detector

specified qud
defined by m

3.4
thermolumine
TL dosemeteg
dosemeter
passive devi
application),
appropriate d

35
thermolumine
TL dosemeteg)
reader

instrument u
essentially of

3.6
extremity dos
dosemeter in
(including the

fCtty —Speaking, the—property should—beTeferred—to a5 Tadiothermuotuminescence but—the—abbre
cence is usually adequate.

scent material

hibiting the property of thermoluminescence

scent detector

iated form

Intity of TL material, or such material incorporated with othef hon-luminescent material intp a matrix,

hss, shape or size or the mass of material incorporated in the.matrix

scence dosemeter
5

Ce consisting of one or more TL detectorsy which may be mounted in a holder (appropri
ntended to be worn on a person's body or placed in an environment for the purpose of asg
pse equivalent at or near the positionwhere it is placed

scence dosemeter reader
I reader

sed to measure the~light emitted from the detectors in thermoluminescence dosemeters;
a heating device, alight measuring device and the associated electronics

emeter
tended.tebe worn on the finger or limb [hands, feet, forearms (including the elbow), and
patelia)]

hte for the
essing the

consisting

lower leg

3.7

eye dosemeter
dosemeter intended to be worn near the eyes

3.8

reusable dosemeter
dosemeter intended to be reused, as opposed to one which is discarded after one use

NOTE w

hen used in medical applications, appropriate sterilization may be necessary.

© 1SO 2000 — All rights reserved
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3.9

batch

collection of detectors or dosemeters made to a specific design or specification and intended to have the same
performance characteristics consistent with the appropriate requirements of this International Standard

3.10
annealing
controlled thermal treatment of a TL detector or dosemeter during or after readout

3.11
prepare
reprepare
normal treptment of annealing, cleaning, etc. which the dosemeters or detectors are intended to be snllbjected to in
routine us§

3.12
readout
process of|measuring the light emitted when a TL detector or dosemeter is heated in a reader

3.13
readout value
m
value indidated by a TL reader after readout of a detector or dosemeter expressed in units appropriate to the output of
the reader

3.14
absorbed glose
D
guotient offde by dm, where de is the mean energy imparted-by ionizing radiation to matter of mass dm.

NOTE 1 |[The special name for the unit of absorbed,dose is gray (Gy) (1Gy=1 J-kg—l). In this Internatignal Standard,
absorbed dpses are specified in grays.

NOTE 2 |Where no ambiguity could be involvedthe term "absorbed dose" is abbreviated to "dose".

3.15

kerma

K

quotient off dey, by dm, where dg.is the sum of the initial kinetic energies of all the charged ionising particles liberated

by uncharged ionising particles\n’a matter of mass dm:

k=9 )
dm

3.16
dose equiyalent

H
product of D and Q at the point of interest in tissue where D is the absorbed dose and Q is the quality factor:

H=DQ (2)

NOTE The SI unit for both D and H is joule per kilogram. The special name for the unit of dose equivalent is the sievert
(Sv): (1 Sv=1Jkg1).

3.17
personal dose equivalent

Hp(d)
p
dose equivalent in soft tissue below a specified point at an appropriate depth, d

NOTE The SI unit for Hp(d) is joule per kilogram. The special name is sievert (Sv) (1 Sv=1 J-kg_l).

© I1SO 2000 — All rights reserved 3
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3.18
evaluated val
E

ue

value of the quantity of interest, e.g. dose equivalent (H), air kerma (K,), free-air absorbed dose (D, obtained by
applying the appropriate evaluation coefficient (F¢) to the readout value or values (m)

3.19
conventional
C

true value

best estimate of the quantity of interest at the point of measurement, e.g. dose equivalent (H), air kerma (K,), free air
absorbed dose (D,)

NOTE TH
3.20
evaluation co
Fe

factor or collg
NOTE S
3.21

residue

readout signg

3.22

is is a widely used standardized term. The grammatically correct synonymous term is Conventionally 1

efficient

e annex D.

| obtained on second readout following normal readout and @nnealing procedures

conversion cefficient

Fe
factor used tg

NOTE S

3.23
response

R

quotient of th

3.24
self-irradiatio
irradiation of

3.25
phantom

convert from air kerma or free-air absorbed doseto the corresponding dose equivalent

e annex E.

b evaluated value and the eonventional true value

S
he detector due’to radioactive impurities contained in the dosemeter holder or detector itself

specified obj¢ct used-to simulate the human body or parts thereof in terms of its scattering and absorption

and beta radi

ation

‘rue Value.

ction of factors, used to convert the readout value or values, (m), to the evaluated value of intergst (E)

of gamma

3.26
zero point
evaluated val

3.27
reader backg

ue of an unirradiated prepared dosemeter or detector

round

evaluated value corresponding to the readout value obtained when the reader is operated without a dosemeter or

detector

© 1SO 2000 — All rights reserved
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detection threshold
minimum evaluated value for which the readout value of a dosemeter or detector is significantly different (at the 95 %
confidence level) from the readout value of an unirradiated dosemeter or detector

3.29
coefficient of variation
ratio of the standard deviation s, to the arithmetic mean X of a set of n measurements x; is gven by the following
formula:

stzlllv” {x AZ )

x xVn-14i=0t" Y N

NOTE The coefficient of variation is generally expressed as a percentage.
3.30
quality control test
QT

test perforined on a number of TL dosemeter systems, dosemeters, detectors or readers of a given batch

designed t
3.31

type test
TT

test perfor
determine

4 Unitg
This Intern

necessary

5 Gen¢

5.1 Tes

All tests sh
shall be su

5.2 Ref

The radia

D assure quality control

med on a small number of TL dosemeter systems, dosemeters, detectors or readers of a
performance characteristics of that type

ational Standard uses Sl units. However, the following units of practical importance for time ar
days (d), hours (h). The symbols of the_units for time are provided by International Standard IS

bral test conditions

t conditions

all be performed-under standard test conditions (see annex A), except where otherwise stated
bjected to the-annealing, cleaning and handling procedures which are recommended by the m3

prence-radiations

ion.. sources specified in ISO 4037-3 and ISO 6980 shall be used in the manner speci

or production

pgiven type to

p used where
D 31-0.

Dosemeters
nufacturer.

fied in these

| Standards-Photon reference radiations-used-for cnor\frnl response checks-shall be chosen

Internatio

from the first

cqumn of table 1in 4 of 1ISO 4037-3:1999. Sources for beta spectral response shall be *Sr (in equilibrium with *°Y),
%Ru, and *®*T1. Calibration of radiation sources shall be traceable to the appropriate primary or secondary standards.

6 Classification

Dosemeters shall be classified in accordance with body part and the depth of intended measurement, and method of
intended use viz:

F(7)D

F(7)R

© 1S0O 2000 -

Finger, depth 7 mg-cm—2, disposable;

Finger, depth 7 mg-cm~2, re-usable;
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L(7)D
L(7)R
E(300)D

E(300)R

7

Limb, depth 7 mg-cm—2, disposable;
Limb, depth 7 mg-cm=2, re-usable;
Eye, depth 300 mg-cm-2, disposable;

Eye, depth 300 mg-cm~2, re-usable.

Performance requirements

The performg
tissue at the
tests may b
measuremen

depths of 7 n

Annex E inclt
are a solid 19
PMMA (ISO
filled PMMA
agreed betwi
determined fi
all except en

The performance requirements are identified in Table 1 as type tests (T) or quality control tests (Q). Typ

intended to d
the performa

The number
demonstrateq
be the same
10 or 20 dos
2,78, 2,26 or

Where the rq
manufacturer

Performance
true value in
suggests tha
International
Measuremen
The measure

e obtained by using the conversion coefficients specified in annex E, for each. type
L (finger, limb or eyes). In this International Standard, conversion coefficients are only<provide
g-cm~2 and 300 mg-cm~2.

des conversion coefficients for selected phantoms for photons and beta radiation. The selecteg
mm diameter cylinder of PMMA (ISO PMMA rod) for the finger, a 73 mm-diameter water-filled

vater pillar) for the limb, both of length 300 mm, and the ICRU spheréior 30 cm x 30 cm x 15
lab (ISO water slab) for the eyes. The use of other coefficients or phantoms is not precluded a|

ben the manufacturer and the purchaser. The evaluated valueyof the dose equivalent, (E
om the readout value in accordance with annex E. However, i’ the case of purely comparativ
rgy response and isotropy), the readout values may be used.instead of evaluated values.

bmonstrate the basic performance of the type of dosemeter and quality control tests are intend
nce of a specific production or delivery batch of desemeters.

bf dosemeters used for each test or repeated tests shall be such that the performance requiré

to be met to 95 % confidence. The number, n, of dosemeters (or irradiations) used for any te
for each test but may be determined.using annex B. However, it may be convenient to use, a
bmeters (or irradiations), in which case the Student's t-value, obtained from annex B, Table B.1
P,09 respectively.

sponse to neutrons is greater than 1 % of the response to photons, in terms of dose equ

shall draw the attentiop-of:the user to this fact and provide appropriate quantitative information.

testing being detérmined using conversion coefficients for appropriate phantoms. One school
this quantity’should be called Hy(d), analogous with measurements on the body. However,

Commission‘on Radiological Protection (ICRP) nor the International Commission on Radiatior]

ment guantity is therefore specified in this International Standard in the way described but is no

ince criteria are listed in Table 1. All dose values listed in the criteria are in terms of dose(equivalent to
ntended depth of measurement . The conventional true value of the dose equivalent, G;~fer gny specific

intended
for tissue

phantoms
cylinder of
cm water-
nd shall be
, shall be
b tests (i.e.

b tests are
bd to verify

bments are
5t need not
bitrarily, 5,
, would be

valent, the

requirements arecspecified in terms of the dose equivalent at appropriate tissue depths, the cgnventional

of thought
heither the

Units and

ts ICRUW-have specifically addressed the question of a name for the measurement quantity for extremities.

named.

8 Testm

ethods

Suggested tests to demonstrate compliance with the specified performance requirements are specified in annex C.
Alternative tests which equally demonstrate compliance are not precluded.

9 Certific

ation

Manufacturers claiming compliance (or part compliance) with the performance requirements of this International
Standard should provide a signed certificate including the following details:

© 1SO 2000 — All rights reserved
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a) names and addresses of the manufacturer and test laboratories;
b) description/specification of the dosemeters under consideration, including dosemeter classification;
c) description of reader, procedures and ancillary equipment used for the tests (Model, No., etc.);
d) statements certifying the results of each test, and dates undertaken (test reports should be available for
inspection by the purchaser);
e) statement giving the quantitative response to neutrons, if required,;
f)  detailgofconversion—coeffictentsandphantomsagreed-betweenthe manufacturerand-thepurchaser, where
those|specified in this International Standard are not used.
NOTE In the situation where all tests are not done in the same establishment, the certificate should clearly identify the
individual test laboratories for each test.
Table 1 — Performance requirements for extremity and eye dosemeters
No. Performa_nc_e Class of Performancetrequirements Test
characteristic dosemeter required &
1 Bafch homogeneity R/D The coefficient of variation‘of the evaluated value for n dosemeters Q
shall not exceed 15 % for'a'dose of 10 mSv or less
2 Reproducibility R The coefficient of variation of the evaluated value for n dosemeters Q
shall not exceed 109 for each dosemeter separately for a dose
of 10 mSv or less
D No requiretent
3 Lingarity R/D The response shall not vary by more than 10 % over the dose T
equivalent range 1 mSv to 1 Sv
4 Stapility of dosemeters R/D The evaluated values of dosemeters irradiated either at the beginning T
under various climatic or at the end of a storage period shall not differ from the conventiona|
corlditions true value by more than
5 % for 30 d storage under standard test conditions, or
10 % for 48 h storage at 40 °C and 90 % relative humidity
5 Defection threshold R/D The detection threshold shall not exceed 1 mSv T
6 Self- irradiation R/D After a storage period of 60 days, the zero point shall not exceed T
2mSv
7 Regidue R After irradiation with a conventional true value of 100 mSy, the T
detection threshold limit shall not be exceeded and the response shajl
remain within the requirement for linearity at a dose level of 2 mSv
8 Effect of light-exposure on R/D As a result of exposure to 1 000 W-m2 equivalent to bright sunlight T
the|dosemeter (295 nm to 769 nm) for 1 d, the zero point shall not change by more
than 1 mSv and, for exposure during one week, the evaluated value
shall not differ from the evaluated value of a dosemeter kept in the
dark by more than 10 %
9 Isotropy (photons) R/D When irradiated with photons of (60 + 5) keV, the mean value of the T
response at angles of incidence of 0°, 20°, 40° and 60° from normal
shall not differ from the corresponding response for normal incidence
by more than 15 %
10 | Energy response (photons) R/D When irradiated with photons in the energy range 15 keV to 3 MeV, T
response shall not vary by more than + 50 %
11 | Energy response R/D When irradiated with beta radiation in the energy range (Emax) T
(beta radiation) 0,5 MeV to 3 MeV, the response shall not vary by more than + 50 %
a T Type.
Q: Quality control.
© I1SO 2000 — All rights reserved 7
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Annex A
(normative)

Reference conditions and standard test conditions

Reference conditions Standard test conditions
Influence quantity (unless otherwise stated by the (unless otherwise stated by the
manufacturer) manufacturer)
Referende photon radiation To conform to ISO 4037-3 To conform to ISO 4037
Referende beta radiation To conform to 1ISO 6980 To conform to 1SQ,6980
Ambient temperature 20 °C 18 °Ct022 °C
Relative humidity 65 % 55'%"o 75 %
Gamma [adiation background <0,2 uGy-h-1 <0.2 uGy-h1
Contamination by radioactive Negligible Negligible
elementg
Light intgnsity 50 W-m-2 <100 W-m—2

8 © IS0 2000 — All rights reserved
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Annex B
(normative)

Confidence limits

B.1 General

If the mag

this measu

of measur
mean, X,

in order to
the test or

Key

1 Confidg
2 Permitt

3  Permitt

The test ig
variation, X

nitude of the random uncertainty of a measured value is a significant fraction of the permitted

reach one of the two cases mentioned above, which are necessary forap’ unequivocal decisi
not.

LB L

Nnpr——mmm—m—sr— 3

bnce interval of the mean,width 2 |
ed upper limit of variation;x,,

ed lower limit of variation, x

Figure B.1 — Test for confidence interval

passed-if the confidence interval of width 2 7around X lies between the permitted upper and
L and X

tolerances of

red value, the random uncertainty has to be considered by taking more than one measurement The number
bments or the sample size has to be chosen in such a way that the confidence interval obtajned for each
or a confidence level of 95 % lies either within the limits of variation of the measured’value pgrmitted in the
test (test gassed, points A in Figure B.1) or outside of these limits (test failed, points O in\Figure B.1).
permitted |

If one of the

mits of variation, X, or x;, lies within the confidence interval of the mean (points Win Figure B.1) the number
of measurg¢ments or the sample size can be increased to reduce the width 2 7 of the confidence interval o

the mean X,
bn of passing

lower limit of

X+ <X <x, -1 (B.1)

In each test, it is recommended to start with 10 measurements for each dosemeter. If it turns out to be necessary to
reduce the width 2 7 of the confidence interval of the experimental standard deviation, the nhumber of measurements
should be increased (see B.2).

Occasionally, it is more convenient to carry out a test (including, for example, an irradiation) with a certain number of
different dosemeters withdrawn at random from the batch instead of repeating a number of measurements with the
same dosemeter. There are no objections to such a procedure but the random uncertainties of the test results may be

increased.

© 1SO 2000 — All rights reserved
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B.2 Confidence interval for the standard deviation,

The confidence interval for the standard deviation of the means sis:

(s— s, s+ Ig)

(B.2)

where | is the half-width of the confidence interval of s. If sis calculated from ng measurements, the upper limit of I;at a
confidence level of 95 % is given by:

, 1
IS(nS):tn§ S,\ ,)/r‘ 1\

(B.3)

where t is
10 dosemete

B.3 Confid
The confiden
xX- 1,

where I, is t
from n, meas

| = tnSi]
Y

where § is
measuremen

For example,

s

[S.

X + ||)

[S.

for n; =10, |;

10

ence interval for the mean,

Ce interval for the mean X is:

2,265

V10

0,715

X

taken from table B.1 for ng; measurements. By way of example, I (10) = 0,53s\.is olptained for

(B.4)

he half-width of the confidence interval of x relative to the ith.set of measurements. When calculating X
Irements, the half-width of the confidence interval is given by:

(B.5)

the standard deviation for the ith group~of measurements, and t, is taken from Table|B.1 for n

© 1SO 2000 — All rights reserved
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Table B.1 — Student's t-values for 95 % confidence interval

n ty n; ty
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
[4 2,45 [510) 2,00
8 2,37 120 1,98
9 2,31 o 1,96
10 2,26

B.4 Conffidence interval for a combined quantity

If the limit$ of variation are stated for a quantity x, the mean value calculated from k means, X;, X5, X3,|.. Xy, is:
X= 1%, %, %,... %) (B.6)
and the hglf-width of the confidence interval of the ith mean is\};, the half-width, I, of the confidence interval for X is
given by :
k [8X 2
_ L -l -2
= A>—4i=l (5 XiJ l (B.7)

EXAMPLE

in general X

EXAMPLE

EXAMPLE

o v 4 [(2 .2
i X=X X, hence | =4(I{,+12).

n _ n
=>»_ X hencel= Z Ii2
i=1"1i i=1

X1/ % 2
12 hence | = 5
X1+X2 ()_(1+T(2)

© 1SO 2000 — All rights reserved
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C.1 Batch

Annex C
(normative)

Performance tests

homogeneity (Types R and D)

Prepare and
evaluated val
15 %.

C.2 Repro

irradiate n dosemeters to the same conventionally true value (C) of 10 mSv or less. Det
Lie (E) for each dosemeter and show that the coefficient of variation for the n dosemetersdoes

ducibility (Type R)

Prepare, irraxiate and read out n dosemeters. Repeat this 10 times. The conventional-true value shall be

same each ti

e and about 10 mSv or less.

For each of thhe n dosemeters, determine the mean evaluated value, Ej , and-the standard deviation, sg;.

Show that for

100 (SEj

=

Where I4is gi

C.3 Lineal

Prepare, irra
conventional

Calculate the|

Show that:

0,90 <

each of the n dosemeters:

) (C.1)

<10

ven in expression (B.2).

ity (Types R and D)

true values (G,) given toeach group shall be 0,001 Sv, 0,01 Sv, 0,1 Sv and 1 Sv.

mean evaluated-Value (E;) at each irradiation level and its standard deviation S

(C.2)

<110

brmine the
hot exceed

bxactly the

liate and read out four greups of dosemeters. Let n, be the number of dosemeters in the ith group. The

Where |;is obtained from equation (B.5) for n dosemeters. The uncertainties in C; are considered negligible.

C.4 Stabil

Prepare two

ity of dosemeters under various climatic conditions (Types R and D)

groups of n dosemeters each. Store both groups for 24 h under standard conditions.

Irradiate group 1 to a known conventional true value (C) of about 10 mSv.

Store both groups of dosemeters in a climatic chamber in which standard test conditions prevail.

12
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After a continuous period of 30 d, remove both groups of dosemeters from the climatic chamber. Irradiate group 2 to
the same conventional true value as group 1.

Store both groups for 1 d under standard test conditions. Determine the evaluated values (E) for each dosemeter and
calculate the mean of the evaluated values (E) for each of the two groups and the respective standard deviations, s.

Show that for each group:
E mall f
0,95 < < 1,05 (C.3)
where I is|calculated according to equation (B.5).
Repeat the test for a storage period of 2 d but in a climatic chamber in which the temperature is‘40°C
relative humidity is at least 90 %.

Show that

0,90 5

where I is

C.5 Det

Prepare and read out n dosemeters.

Determine,
dosemeter

Show that;

E+1

C.6 Self

Prepare n
rate is kno

Read out 1
all n dose

for each group :
=
| Etl <1,10 (C.4)
C

calculated according to equation (B.5).

ection threshold (Types R and D)

the evaluated value (E) for each (unirradiated) dosemeter and calculate the standard deviatior]
S.

< 10 mSv (C.5)

irradiation (Types’R and D)

dosemeters. Store them for 60 d under standard test conditions in a location where the bac
vn.

he dosemeters and determine the evaluated value (E). Calculate the mean of the evaluated
meters' and the standard deviation. Determine the conventional true value, Cg (background

backgrou

2 °C and the

(sg) for alln

ground dose

alues (E) for
, due to the

irradiation di wing storage

Show that:
(E +

where ; is

li[)-Cg <2mSv (C.6)

the half-width of the confidence interval, determined as in equation (B.5).

© 1SO 2000 — All rights reserved
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C.7 Residue (Type R)

C.7.1 Effect on detection threshold

Prepare, irradiate and read out the n dosemeters used for the detection-threshold test. The conventional true value (C)
shall be about 100 mSv.

Using the same dosemeters, repeat the test for detection threshold.

C.7.2 Effect on response

Prepare, irraJiiate and read out the same n dosemeters used above. The conventional true value, (C).-sha

2 mSv.

Determine th
standard dev

Show that:

0,90 <

where |, is de

C.8 Effect

C.8.1 Effec

Prepare two groups of 20 dosemeters each.

Expose grou
than 40°.

To produce 1
sunlight (295
a daylight flu

NOTE 1

Store the gro
dosemeters i

e evaluated value (E) for each dosemeter and calculate the mean of the evaluated Walues (|
ation, sg.

Eih

<1,10 (C.7)

termined according to equation (B.5).

of exposure to light (Types R and D)

t on zero point

b 1 to 1 000 W-m~2 of light for 1 d. Ensure that the temperature of the dosemeters is maintai

000 W-m~2 of light, use apparatus which produces light whose spectrum corresponds to th
nm to 769 nm), (forrexample with a xenon lamp equipped if necessary with appropriate filtg
brescent lamp.

D00 W-m~2 bright-sunlight includes 60 W-m~2 of UV.

Lip 2 dosemeters in the dark in an otherwise identical environment. Ensure that the temperature
5 withior£ 5 °C of the group 1 dosemeters.

| be about

) and the

hed at less

ht of bright
rs), or use

of group 2

After 1 d, rea

D

acpamaotarc

COUSCTTTCTICTS,

Determine the evaluated value (E) for each group and calculate the mean of the evaluated values (E ) for each of the
two groups and their respective standard deviations.

Show that:

[

where | is cal

E group

14

Egmupz) ‘+ | <1,0 mSv (C.8)

1=

culated according to equation (B.7) for the difference of two means.
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C.8.2 Effect on response
Prepare and irradiate two groups of 20 dosemeters each. The conventional true value (C) shall be about 10 mSv.
Expose and store groups 1 and 2 respectively as above.

After one week, read out all dosemeters.

Determine the evaluated value (E) for each and calculate the mean of the evaluated values (E) for each of the two
groups, and their respective standard deviations.

Show that:

gl 4 <110 (C.9)
group 2

0,90 «

mi| mi

where 7 is|calculated from equation (B.7) for the quotient of two means.

C.9 Isotfopy (photons) (Types R and D)

Prepare, iryadiate on a phantom and read out four groups of n dosemeters. Let n; be the number of dosgmeters of the

ith group. The conventional true value C shall be about 10 mSv usingphotons of energy (60 + 5) keV (K-radiation or
'Am) and for the following conditions:

— group|1: normal incidence;
— group|2: 20° off normal;
— group| 3: 40° off normal,
— group{4: 60° off normal.

For each group, the angle of incidence.for the n irradiations is varied in a positive and negative direction jin two planes
perpendicular to each other and to the-plane of the dosemeter.

Determine|the evaluated value\(E) for each dosemeter (see Table E.1) and calculate the mean of the evguated values
(E) for each of the four groups and the respective standard deviations.

Show that:

E
0,85 < 21 L+ 1<1,15 (C.10

where | is determined according to equation (B.7).
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C.10 Ene

rgy response (photons) (Types R and D)

Prepare, irradiate on a phantom and read out four groups of n dosemeters each. The conventional true value (C) shall
be about 10 mSv using the following reference radiations:

group 1:
group 2:

group 3:

15,8 keV;
in the range 30 to 40 keV;

in the range 80 to 100 keV,

group 4:

NOTE TH
may be used.

Determine th
(E) for each

For each gro

05 <2
C

where |; is de

C.11 Ene

Prepare, irradliate on a phantom and read out two groups of n dosemeters each. The conventional true valy

be about 10 1

group 1:

group 2:

D_etermine th
(E) for each

For each gro

H
0,5 <

X

**Cs or >°Co.

ese are the minimum requirements to fully comply with this International Standard. Additional referenc]

b evaluated value (E) for each dosemeter (see Table E.2) and calculate the mean of the evalual
Df the four groups and the respective standard deviations.

ip show that:

+ I;

<15 (fori=1,2,3,4) (C.11)

termined according to equation (B.5).

rgy response (beta radiation) (Types Rand D)

hSv using the following reference radiations:
ST
20411,

b evaluated value (E)for‘each dosemeter (see Table E.3) and calculate the mean of the evalua
bf the two groups.

Ip show that:

(C.12)

E radiations

fed values,

e (C) shall

ited values

where |; is determined according to equation (B.5).

16
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