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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe 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 document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 29661 \as prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies, and
radiological protection, Subcommittee SC 2, Radiological protection.
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oduction

International Standards 1SO 4037, ISO 6980, ISO 8529 and ISO 12789['l--[12] with focus on photon, beta and
neutron reference radiation fields, are each divided into several parts: one part gives the methods of production
and characterization of reference radiation fields, and others describe the dosimetry of the reference radiation
qualities and the procedures for calibrating and determining the response of dosemeters and doserate meters

in terms of the operational quantities of the International Commission on Radiation Units and Measurements
(ICRU)[25] [26] [27] [28] [31],

The subJect of these four Internat|onal Standards is the same; they differ only in the kind of radiation each

addre
ally the same — whatever the radiation. Nevertheless, they do differ, more or less, from ong
ail. This International Standard brings together terms and definitions and fundamentalconcg
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of them. Thus, it serves to harmonize International Standards on radiation protection.

es definitions relating to calibration primary quantities, the operational quantities-for area g
oring are specified. For area monitoring, the operational quantities are ambient dose equiv

ional dose equivalents, H'(0,07,2) and H'(3,Q), and the appropriate doseTates. For individy

personal dosemeters, the dose equivalent quantities, 7p(10), Hp(0,07).and Hp(3), and the res
are available.

nethod used to represent these operational quantities is the following. First, a basic (primary) g
kerma free-in-air, fluence or absorbed dose to soft tissue, ismeasured. Then the appropriat
ity is derived by the application of the conversion coefficient that relates the basic (primar

clected operational quantity. The procedure for the calibration and the determination of thg

lion protection dosemeters is described in general terms. Depending on the type of dosemet

psition of the reference point is specified differently ‘and the irradiation is either carried out g

ersonal dosemeters) or free in air (for area dosemeters or area survey meters).

the publication of this International Standard, it is intended that 1ISO 4037, 1ISO 6980, I
12789 be revised successively for further harmonization since, among other aspects, cg
tions differ from those published here-and the symbols chosen for this International Stand
stent with ICRU reports and other\International Standards used for radiation protection purp

to the other
pts common

nd individual
hlent, H*(10),
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pective dose
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INTERNATIONAL STANDARD 1ISO 29661:2012(E)

Reference radiation fields for radiation protection — Definitions

and fundamental concepts

1 Scope

This International Standard defines terms and fundamental concepts for the calibration of dosemeters and

equi ment used for the radiation prnfnr\ﬁnn animnh‘y of external radiation n pnrﬁmllar, for heta’ neutron

and photon radiation. It defines the measurement quantities for radiation protection dosemetefrs
mete[s and gives recommendations for establishing these quantities. For individual monitoring,"it
body|and extremity dosemeters (including those for the skin and the eye lens), and for area' monito
and ipstalled dosemeters. Guidelines are given for the calibration of dosemeters and doserate me
individual and area monitoring in reference radiation fields. Recommendations are made for the p
refer¢gnce point and the phantom to be used for personal dosemeters.

This |nternational Standard also deals with the determination of the response-as a function of rad
and angle of radiation incidence.

Itis ilntended to be used by calibration laboratories and manufacturers.

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 the referenc
(inclding any amendments) applies.

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of U
meagurement (GUM:1995)

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration
Corrgcted by ISO/IEC 17025:2005/Cor*1:2006

3 Terms and definitions

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

NOTH These térms and definitions are relevant for the calibration of dosemeters and for the quantities 3
coefficients that.are’general to ISO 4037, ISO 6980, ISO 8529 and ISO 12789. Special terms and definition
in thope International Standards.

3.1 | General

and doserate
covers whole
ing, portable
ters used for
osition of the

iation quality

t. For dated
ed document

ncertainty in

laboratories.

nd conversion
5 can be found

3141
angle of radiation incidence
(04

angle, in the coordinate system of the dosemeter, between the direction of radiation incidence and the reference

direction of the dosemeter in unidirectional fields

31.2

area dosemeter

area survey meter

meter designed to measure the ambient dose equivalent (rate) or the directional dose equivalent

[SOURCE: IEV 394-22-08, modified.]

© 1SO 2012 — All rights reserved
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background indication
indication obtained from a phenomenon, body or substance similar to the one under investigation, but for which

a quantity of

interest is supposed not to be present, or is not contributing to the indication

[SOURCE: ISO/IEC Guide 99:2007, 4.2.]

31.4
calibration

operation that, under specified conditions, in a first step, establishes a relation between the quantity values
with measurement uncertainties provided by measurement standards and the corresponding indications with

associated measurementuncertaintiesand,-ina-second anp, uses-this-information-to establish-a-relation for

obtaining a n

[SOURCE: I

Note 1 to entry:

curve, or calil
associated mq

Note 2 to entr|
measurement]

Note 3 to entry:

31.5
calibration ¢
NU,)
quotient of t
normalized t

Note 1 to entry:

equivalent to {]

N(U,r) =]

where
Ho
(;COFF
Ci(Y,a)

Ci

Concerning th

heasurement result from an indication

BO/IEC Guide 99:2007, 2.39.]

A calibration may be expressed by a statement, calibration function, calibration diagram, calib
ration table. In some cases, it may consist of an additive or multiplicative correctiod of-the indicatio

asurement uncertainty.

y: The measurement standard can be a primary standard, a secondaty standard or a w
standard.

Often the first step alone in the above definition is perceived as being calibration.

toefficient

b reference conditions

The calibration coefficient N(U,a) for the reference radiation quality U and the angle of incidenc]
he calibration factor multiplied by the instrument coefficient (see Annex B). It is given by

H

[0]

=C¢(U, @) ¢

corr

is the conventional guantity value;
is the corrected indication;
is the calippation factor for the radiation quality U and the angle of incidence «; and

is thelinstrument constant.

e dimension of the calibration factor and the calibration coefficient, see the Notes to 3.1.7 and 3.1.17.

ration
h with

brking

ne conventional quantity value to be measured and the corrected indication of the dosemeter

e ais

™

Note 2 to entry: The reciprocal of the calibration coefficient is the response under reference conditions. The value of the
calibration factor may vary with the magnitude of the quantity to be measured. In such cases a dosemeter is said to have
a non-constant response (or a nonlinear indication).

Note 3 to entry: To distinguish between the indication of the standard and the dosemeter, subscripts ‘s’ and ‘d’ are used
and the respective coefficients are named N(U,a)s and N(U,)q .

[SOURCE: ICRU Report 76 modified.]

3.1.6

calibration conditions
conditions within the range of standard test conditions actually prevailing during the calibration measurement

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=a8b8f207744d188a107e6f90de96a571

ISO 29661:2012(E)

317

calibration factor
Cs(U,)

factor by which the product of the corrected indication, G¢orr, and the associated instrument constant, ¢, of the
dosemeter is multiplied to obtain the conventional quantity value to be measured under reference conditions

Note to entry: The calibration factor is dimensionless.

[SOURCE: ICRU Report 76, modified.]

3.1.8
conventional quantity value

Ho

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

Note o entry: The conventional quantity value Hy, is the best estimate of the quantity to be measured, d4
primary standard or a secondary or working measurement standard which are traceable to a-ptimary stand

[SOYRCE: ISO/IEC Guide 99:2007, 2.39.]

3.1.9
corr¢ction factor

k

numgrical value by which the indication is multiplied to compensate fornthe deviation of measuremgq
from reference conditions or for a systematic effect (e.g. ion recombination)

Note o entry: If the correction of the effect of an influence quantity'requires a multiplicative factor, the infl
is of type F, see Note to entry 1 for 3.1.16.

3141
correction factor for non-constant response

kn

numaerical value by which the indication is multiplied to compensate for the non-constant response
indicgition) of the dosemeter, i.e. for the variation of the calibration factor or calibration coeffig
variafion of the magnitude of the quantity to be measured

Note fo entry: For a dosemeter withieonstant response with respect to the selected measuring quantity, i, i
3.1.11

corrected indication

GCOFF

indication of a dosenieter corrected for any differences of the values of the influence qu
reference conditiafs

Note [l to entry;\_The corrected indication, Ggorr, can be calculated with the correction factor, kn, for
response, thé\g correction factors, ks, for the influence quantities of type F and the p correction summan
influepce/quantities of type S. It is given by

btermined by a
ard.

nt conditions

lence quantity

or non-linear
ient with the

equal to unity.

antities from

non-constant
s, Gy, for the

54 &
Georr :kn'(G_sz)'ka
f=

w=1

(2)

which is a model function of the measurement necessary for any determination of the uncertainty according to
ISO/IEC Guide 98-3.

Note 2 to entry: To distinguish between the indication of the standard and the dosemeter, Subscripts ‘s’ and ‘d’ are used
and the respective indications are named Gs corr and G corr.

© 1SO 2012 — All rights reserved
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3.1.12

correction summand

Gw

value added to the indication to compensate the deviation of measurement conditions from reference conditions
or for a systematic error (e.g. zero indication)

Note to entry:

3113
ICRU tissue
material equ

If the correction of the effect of an influence quantity requires a summand, the influence quantity is of
type S, see Note 1 to entry 3.1.16.

valent to the human soft tissue with a density of 1 g-cm=3 and a mass compaosition of 7

2 %

oxygen, 11,1
[SOURCE: |

3114
ICRU spher
spherical ph

Note to entry:
equivalent ang

[SOURCE: I(

3115
indication
G

quantity valu

Note 1 to entry:

plus the elect
International §

Note 2 to entry:

% carbon, 10,1 % hydrogen and 2,6 % nitrogen
CRU Report 33]

gntom of 30 cm in diameter made of ICRU tissue

This phantom is only used for the calculation of conversion coefficients t0.ambient or directiona
not for dosemeter calibration.

CRU Report 33, modified.]

e provided by a measuring instrument or a measuring system

rometer, or the complete instrument in one housing, but always without the phantom (if used). |
tandard it is always termed a dosemeter.

The units of the indication of the desemeter are not necessarily the same as that of the measuran|

example, for measurements with ionisation chambers-the instrument indication is, in general, the value of the curre

of the charge ¢
influence quar

Note 3 to entry:

and the respe
[SOURCE: IS
3.1.16

tities and is corrected for intrinsi¢:background and other influences. The corrected indication is named

To distinguish between, the indication of the standard and the dosemeter, subscripts ‘s’ and ‘d’ are
Ctive indications are named Gs and Gg.

BO/IEC Guide 99:2007, 4.1.]

influence quantity

quantity that
relation betw

in a direct measurement, does not affect the quantity that is actually measured, but affec
een the indication and the measurement result

dose

A measuring instrument or a measuring system‘may consist of several parts, e.g. the ionisation chamber

n this

d. For
nt 7 or

D. It is necessary to document whéther the indication is normalized to the reference conditions to accogint for

GCOFF-

used

s the

Note 1 to entry: The correction of the effect of the influence quantity can require a correction factor (influence quantity
of type F) and/or a correction summand (influence quantity of type S) to be applied to the indication of the dosemeter, e.g.
energy for type F and microphony or electromagnetic disturbance for type S, see 3.1.9 and 3.1.12.

Note 2 to entry: The dose rate is an influence quantity when measuring the dose.

[SOURCE: ISO/IEC Guide 99:2007, 2.52.]

© 1SO 2012 — All rights reserved
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3117

instrument constant

¢

constant by which the indication of the dosemeter, G, or — if corrections or a normalization were applied — the
corrected indication, G¢orr, is multiplied to convert it to the same unit as the measurand

Note to entry: If the instrument’s indication is already expressed in the same unit as the measurand, ¢j is unnecessary.
[SOURCE: ICRU Report 76.]
3118

meastrand
quantity intended to be measured

[SOYRCE: ISO/IEC Guide 99:2007, 2.3]

3141
mea}ured quantity value
measured value

M
quantity value representing a measurement result

Note o entry: See 6.2.4.
[SOURCE: ISO/IEC Guide 99:2007, 2.10.]

31.20
monitor device
devige installed in an irradiation facility to monitor the fluence or dose (rate) of the irradiation field

31.21
perspnal dosemeter
metel designed to measure the personal dgse equivalent (rate)

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

[SOYRCE: IEV 394-22-08, modified.]

3.1.2p
phantom
artefact constructed to_simulate the scattering properties of the human body or parts of the human body such
as the extremities

Note fo entry: A phantom can be used for the definition of a quantity and made of artificial material, e.d. ICRU tissue,
or for|the calibration and then be made of physically existing material, see 6.6.2 for details.

31.28
pointoftest
point in the radiation field at which the conventional quantity value is known

[SOURCE: ICRU Report 76]

31.24

primary measurement standard

primary standard

measurement standard established using a primary reference measurement procedure, or created as an
artefact, chosen by convention

EXAMPLE Free-air chambers as primary measurement standards of the measurand air kerma free-in-air.

Note 1 to entry: A primary standard has the highest metrological quality in a given field of metrology.

© 1S0O 2012 — All rights reserved 5
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Note 2 to entry: The quantity value of the primary standard is equated to the best estimate of the quantity to be measured,
i.e. the conventional quantity value.

[SOURCE: ISO/IEC Guide 99:2007, 5.4.]

3.1.25

quantity

property of a phenomenon, body or substance, where the property has a magnitude that can be expressed as
a number and a reference

[SOURCE: ISO/IEC Guide 99:2007, 1.1]

Note to entry: The quantities considered In the scope of this International Standard are the operational quantities for
radiation protgction purposes (ambient dose equivalent, directional dose equivalent, personal dose equivalent and the
respective doge rates) and the basic quantities such as air kerma free-in-air, fluence and absorbed dose to soft tisspe.

3.1.26
quantity value
number and feference together expressing magnitude of a quantity

EXAMPLE 1,52 uGy h~1 as the dose rate in a given radiation field.

Note to entry: A quantity value is a product of a number and a measurement unit (the anit one is generally not ind|cated
for quantities ¢f dimension one).

[SOURCE: I$O/IEC Guide 99:2007, 1.19]

31.27
radiation detector
apparatus or] substance used to convert incident ionizing radiation energy into a signal suitable for indigation
and/or measpirement

[SOURCE: IEV 394-24-01.]

3.1.28
radiation quality
U
characteristi¢ of ionizing radiation determined by the spectral distribution of radiation with respect to enefgy

Note to entry: The characteristic is expressed by parameters which are given together with their values in ISO|4037,
ISO 6980, 1ISQ 8529 and ISO 12789, Examples of the parameters are effective energy, half-value layer, X-ray tube vpltage
and filtration.

[SOURCE: IEV 881-02-22madified.]

3.1.29
reference direction
direction, in {he €oordinate system of the dosemeter, with respect to which the angle of radiation incidernce is

measured in|réference fields

Note 1 to entry:  Atthe angle of incidence of 0° the reference direction of the dosemeter is parallel to the direction of radiation
incidence. At the angle of 180° the reference direction of the dosemeter is anti-parallel to the direction of radiation incidence.

Note 2 to entry: The reference direction, in the coordinate system of the dosemeter, points into the dosemeter (see
Figure 1). For parts to be irradiated consisting of a personal dosemeter and a cylindrical phantom such as a pillar or rod
phantom the reference direction points into the phantom and is perpendicular to the centre line of the phantom.

3.1.30

reference operating condition

reference condition

operating condition prescribed for evaluating the performance of a measuring instrument or measuring system
or for comparison of measurement results

[SOURCE: ISO/IEC Guide 99:2007, 4.11]

6 © 1S0 2012 — All rights reserved
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3.1.31
reference orientation

orientation of the dosemeter for which the direction of the incident radiation coincides with the reference

direction of the dosemeter
[SOURCE: ICRU Report 76.]

3.1.32
reference point
point of the dosemeter that is placed at the point of test for calibration and test purposes

Note 1 to entry: The distance of the measurement is given by the distance between the emission point of the radiation

sourck and the reference point of the dosemeter.

Note
proce|

P to entry:  In the case of the calibration of a personal dosemeter, the phantom has to be included in
s, see Figure 1 and 6.6.3.
[SOURCE: ICRU Report 76, modified.]

3.1.38
reference radiation field

radiafion field whose radiation quality and dosimetric parameters have values according to
Standlards or which is provided by the BIPM

Note [l to entry: Examples of such International Standards are 1ISO 40387, 1SO 6980, ISO 8529 and I1SO 12
Note P to entry: In the upper part of Figure 1, the direction of thiewradiation incidence and the referencq
parallgl, i.e. the angle of incidence is a = 0°. In the lower part of,Figure 1, the direction of radiation inci
refergnce direction have an angle of incidence of o = 45°.

3.1.34

resppnse

R

quotient of the indication, G, or of the correctedindication, G¢orr, and the conventional quantity value to
Note [l to entry: The full specification of thetesponse includes specification of whether it is determined f
and a|statement of the measuring quantity. Examples are the response of the corrected indication with resp
Ra, the response of the non-corrected indication with respect to kerma, Rk, and the response of the corre
with respect to the absorbed dose; Rp.

Note P to entry: The reciproecalof the response at reference conditions is equal to the calibration coefficig

Note
rate).

B to entry:  The yalle of the response may vary with the magnitude of the quantity to be measured
In such cases thewesponse is said to be non-constant (or the indication is nonlinear).

Note
it mayf

i to entry:<{_ The response usually varies with the energy and directional distribution of the incident radiat

energy E“of the radiation quality U and the direction @ of the incident monodirectional radiation. R(E)

the calibration

International

789.

b direction are
lence and the

be measured
fom G or Georr
ect to fluence,
tted indication

nt.

(dose or dose

on. Therefore,

be usefil'to give the response as table of single values or diagram or curve or function R(E,2) of the mean radiation

describes the

“energ ) angular dependence” o . for the Q )
angle, a, between the reference direction of the dosemeter and the direction of an external monodirectional

A

A

ressed by the
field.

Note 5 to entry:  For the determination of the energy dependence the most accurate information is obtained experimentally

if small spectra are used, e.g. for X-rays the radiation qualities of the N series as described in ISO 4037-1.

© 1SO 2012 — All rights reserved
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Key

1 personal Josemeter O ’
2 water slalj phantom %\

3 reference|point

o o

Direction pf radiatio@ﬁe‘nce.
Referencsd directi@
¢ Radiation incwe?c*e.

Figure 1 — R?emntETMﬁimthfmcﬁurufmdiaﬁurhﬁdwwevﬁ:mkdmmmﬂed

on water slab phantom [see 6.6.2 a)]

3.1.35

secondary measurement standard

secondary standard

measurement standard established through calibration with respect to a primary measurement standard for a
quantity of the same kind

Note 1 to entry: Calibration may be obtained directly between a primary measurement standard and a secondary
measurement standard, or involve an intermediate measuring system calibrated by the primary measurement standard
and assigning a measurement result to the secondary measurement standard.

Note 2 to entry: A secondary standard can be represented variously, e.g. as a measuring device or a radionuclide source unit.

8 © IS0 2012 — All rights reserved
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Note 3 to entry: The calibration of the secondary standard is only valid for the irradiation conditions used, e.g. energy,
dose and/or dose rate, environmental conditions.

Note 4 to entry: The quantity value of the secondary standard is equated to the best estimate of the quantity to be
measured, i.e. the conventional quantity value.

[SOURCE: ISO/IEC Guide 99:2007, 5.5.]

3.1.36

standard test conditions

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

Note [l to entry: Appropriate corrections to reference conditions should be made.

Note P to entry: Ideally, calibrations should be carried out under reference conditions. As this is'not alwgys achievable
(e.g. for ambient air pressure) or convenient (e.g. for ambient temperature) a (small) interval around the reference values
is acdeptable. Values for the standard test conditions together with the reference conditions @re-given in Tgble A.1.

[SOURCE: ICRU Report 76 modified.]

3.1.37
true puantity value
quantity value consistent with the definition of a quantity

Note o entry: In the error approach to describing measurement, a ttue quantity value is considered yinique and, in
practice, unknowable. The uncertainty approach is to recognize that, owing to the inherently incomplete amqgunt of detail in
the definition of a quantity, there is not a single true quantity value butrather a set of true quantity values congistent with the
definifion. However, this set of values is, in principle and in pragtiee, unknowable. Other approaches dispepse altogether
with the concept of true quantity value and rely on the concept of metrological compatibility of measurenient results for
assedsing their validity.

[SOURCE: ISO/IEC Guide 99:2007, 2.11]

3.1.38
working measurement standard
meagurement standard that is used routinely to calibrate or verify measuring instruments or measyring systems

Note [o entry:  According to ISQ/IEC Guide 99:2007, a working measurement standard is always fraceable to a
primalry standard.

[SOURCE: ISO/IEC Guide-99:2007, 5.7.]

3.2 | Quantitiescand conversion coefficients

3.21
absdrbed.dose
D

quotientof dE by dm. where dE is the mean energy imparted to matter of mass dm. thus

4B

D=t
dm

Note 1 to entry: The Sl unit of the absorbed dose is joules per kilogram (J-kg~'), known as grays (Gy).
Note 2 to entry:  The full specification of the absorbed dose includes the specification of the material, e.g. soft tissue or air.
Note 3 to entry: The absorbed dose rate D is the quotient of dD by dr, where dD is the increment of the absorbed dose

in time interval dz. The unit is grays per second (Gy-s~1). Other units are any quotient of the gray or its decimal multiples
and a suitable unit of time (e.g. mGy-h—").

[SOURCE: ICRU Report 60.]
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3.2.2

absorbed-do

hp

012(E)

se-to-dose-equivalent conversion coefficient

quotient of the dose equivalent, H, and the absorbed dose, D

Note 1 to entry: The unit of the absorbed-dose-to-dose-equivalent conversion coefficient is sieverts per gray (Sv-Gy™).

Note 2 to entry: The full specification of the absorbed-dose-to-dose-equivalent conversion coefficient includes the

specification g

f the radiation to which it refers and of the hJ/InQ of dose I=Yall Hvalent (nmhinnf directional or. pnrcnnnl)‘

s well

as for the absq

rbed dose the material, e.g. air or soft tissue. The absorbed-dose-to-dose-equivalent conversion coef

hp depends on the energy and, for Hy(10), Hp(3), Hp(0,07), H'(3;2) and H'(0,07;£2), also on the directional distribu

the incident ra|
of monoenerg

Note 3 to entry:

Hy(0,07) for th
hpp(10;U, a), ]

3.2.3

diation. Therefore, it is useful to consider the conversion coefficient as a function, #p(E, a), of the ene
etic particles at several angles of incidence «.

The conversion coefficients from D to H'(0,07;Q), to H'(3;Q), to H*(10), teyHg(10), to Hp(3)
e radiation quality U and the angle of incidence «, are indicated as h'D(O,07;U,a), hb(S;U,a) , h;(
pp(3;U, ), and /pp(0,07;U, a), respectively.

total air kerina free-in-air

Ka
quotient of d
by uncharge

o _GE

Note 1 to entry:

Note 2 to entry:

interval dz. Th
suitable unit o

Note 3 to entry:

and the radiat
production of
as ionization i
to the produc
third-generati
emission as 4
straggling and
See Referenc

[SOURCE: |

Sy

Ftr by dm, where dEy, is the sum of the initial kinetic energies of all the charged particles libg
| particles in a mass, dm, of air at a point of interest in air

r

The Sl unit of air kerma is joules per kilogram (J-kg~'), known as grays (Gy).

b unit is grays per second (Gy-s~'). Othér units are any quotient of the gray or its decimal multiples
f time (e.g. mGy-h™").

The definition given spegifies the total air kerma. It is given by the sum of the collision air kerma, 1
ve air kerma, Ka rad: Ka =Ka'coll + Karad- The collision air kerma is the part of the air kerma that leads
electrons through Compton scattering, photoelectric effect and pair production that dissipate their e
h or near the electron tracks in the medium. The radiative air kerma is the part of the air kerma that
ion of third-generation photons as the secondary charged particles are decelerated in the mediun
n photons are‘preduced via a) bremsstrahlung emission, b) positron annihilation in flight, c) fluores
result of elestron- and positron-impact ionization, and d) the effects on these processes of energ
knock-ontelgctron production. This scheme goes beyond that of ICRU 33, which formally includes o
b [37] fordetails.

CRU 60, modified.]

ficient
ion of
qy, E,

or to
oV),

rated

The air kerma rate, Ka,is a quotient-of’dK; by dz, where dK5 the increment of the air kerma i time

and a

Ka,coll,
to the
nergy
leads
. The
cence
y-loss

hly a).

3.2.4

air kerma-to-dose-equivalent conversion coefficient

hg

quotient of the dose equivalent, H, and the collision air kerma free-in-air, Ka coll, at a point in the photon
radiation field

H

h
K~k

a,

coll

Note 1 to entry: The unit of the air kerma-to-dose-equivalent conversion coefficient is sieverts per gray (Sv-Gy ™).

Note 2 to entry: The collision air kerma is the part of the air kerma that leads to the production of electrons that dissipate
their energy as ionization in or near the electron tracks in the medium. Therefore, this collision air kerma was always meant

in the definition

10

of the conversion coefficient, although not precisely specified. See Reference [37] for details.
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Note 3 to entry: The collision air kerma, Kacoll, is related to the total air kerma by the factor g : Kacon = Ka - (1-g).
Factor g is the fraction of the energy of the secondary electrons liberated by photons that is lost by radiative processes
(bremsstrahlung, fluorescence radiation or annihilation radiation of positrons). For water or air and for energies lower than
1,3 MeV, g is less than 0,003.

Note 4 to entry:  The full specification of an air kerma-to-dose-equivalent conversion coefficient includes the specification
of the type of dose equivalent, e.g. ambient, directional or personal. The conversion coefficient, g, depends on the energy
and, for Hp(10), Hp(3), Hp(0,07), H'(3;Q) and H'(0,07;0), also on the directional distribution of the incident radiation. It
is, therefore, useful to consider the conversion coefficient as a function, ig(E, «), of the energy, E, of monoenergetic
photons at several angles of incidence «.

Note 5 to entry:  The conversion coefficients from the air kerma free-in-air, K5, to H'(0,07),to H'(3), to H*(10), to Hp(10),
to Hp(B) or to Hp(0,07) for the radiation quality U and the angle of incidence « are indicated as /1 (0,07;U;0f) , 7y (3;U, ),
h}}(1 ;U), hpk(10;U, @), hpk(3;U, «), and hpx(0,07;U, «), respectively.

3.2.5
ambient dose equivalent
H*(d
dose|equivalent at a point in a radiation field that would be produced by the~corresponding expanded and
aligned field, in the ICRU sphere at a depth, d, on the radius opposing the direction of the aligned field

Note [l to entry: The Sl unit of the ambient dose equivalent is joules per kilogram'(J-kg-1), known as sievelrts (Sv).

Note P to entry: Inthe expanded and aligned field, the fluence and its energy distribution have the same valyes throughout
the vglume of interest as in the actual field at the point of test; the field.is‘unidirectional.

Note B to entry: The full specification of the ambient dose equivalent includes the specification of the refeffence depth, d,
expregsed in millimetres.

Note fi to entry: The ambient dose equivalent rate, H * (d);is the quotient of d/*(d) by dz, where dH*(d) is|the increment
of thelambient dose equivalent at a depth, 4, in time intefval dz. The unit is sieverts per second (Sv-s~1). Othdr units are any
quotignt of the sievert or its decimal multiples and a guitable unit of time (e.g. mSv-h-").

[SOURCE: ICRU Report 51, modified.]

3.2.6
diredgtional dose equivalent

H’(0,07,2)
dose|equivalent at a point in~a.radiation field that would be produced by the corresponding expahded field, in
the ICRU sphere at a depth, @, on a radius in a specified direction, Q

Note [I to entry: TheSlunit of the directional dose equivalent is joules per kilogram (J-kg-1), known as sigverts (Sv).

Note P to entry: ~IR"a unidirectional field, the direction can be specified in terms of the angle, «, betwgen the radius
opposing the_incident field and a specified radius. For a = 0°, the quantity H'(d; 0°) may be written as H'(d).

Note B to’entry: In the expanded field, the fluence and its angular and energy distributions have thel same values
throughaut the volume of interest as in the actual field at the point of test.

Note 4 to entry:  The full specification of the directional dose equivalent includes the specification of the reference depth,
d, expressed in millimetres.

Note 5 to entry: The directional dose equivalent rate, H'(d),is the quotient of dH'(d) by dz, where dH'(d) is the increment
of the directional dose equivalent at a depth, 4, in time interval dz. The unit is sieverts per second (Sv-s~'). Other units are
any quotient of the sievert or its decimal multiples and a suitable unit of time (e.g. mSv-h~1).

[SOURCE: ICRU Report 51, modified.]
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dose equivalent

H

product of Q and D at a point in tissue, where D is the absorbed dose and Q is the quality factor at that point, thus

H=0-D

Note 1 to entry: The Sl unit of the dose equivalent is joules per kilogram (J-kg~!), known as sieverts (Sv).

Note 2 to entry: The dose equivalent rate H is the quotient of dH by dt, where dH is the increment of the dose equivalent
in time interval dr. The unit is sieverts per second (Sv-s~1). Other units are any quotient of the sievert or its decimal

multiples and

[SOURCE: I

3.2.8

effective do

E
result of the

weighting fag

EzZv
T

B Suitable unit of tme (e.g. mSv-h- 1.

CRU 51

Se

tor, given by the expression

T -Hy

where Hr is {he equivalent dose in tissue or organ, 7, and wr is the tissue weighting factor for tissue, 7, ar]

effective dos

organs of the

[SOURCE: |

Note to entry:

energy, for wh

3.2.9
energy and
energy and

energy disti

Pro
quotient of d
propagating

D=
£2 " dEdQ

Note 1 to entry:
unit is (cm—2-\

e can also be expressed as the sum of the doubly weighted absorbed dose in all the tissue
body

CRU Report 57.]
In this International Standard, the symbol E ‘is used for the effective dose in order to distinguish i

ich E is the common symbol.

direction distribution of the fluence
direction distribution of the particle fluence
ibution of particle radiance

ithin a solid anglend@ around a specified direction , expressed as

d’®

The Sl unit of the energy and direction distribution of the (particle) fluence is m=2-J-"-sr'; a widely
ev-sr).

@ by dE and dQ, whére d@ is the fluence of particles with energy between E and £ + df

summation of the equivalent doses in tissues or organs, each multiplied by\the appropriate fjssue

d the
5 and

t from

and

used

Note 2 to entry: The full specification of the fluence includes the specification of the kind of particles, e.g. neutrons,
photons or betas.

Note 3 to entry: The energy and direction distribution of the (particle) fluence rate diE’Q is the quotient of d(lsE’Q by dr,

where d@y , is the increment of the energy and direction distribution of the fluence in time interval dz. The unit is

m=2J-1-srl-s-

12

1. a widely used unit is (cm—2-MeV"1-sr-1-s-1).
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3.2.10
energy distribution of the fluence
energy distribution of the particle fluence

e
quotient of d® by dE, where d@ is the fluence of particles of energy between £ and E + dE

_do
£ dE

Note 1 to entry: The unit of the energy distribution of the (particle) fluence is m—2-J-1; a widely used unit is cm—2-MeV-".

Note 2te-entry—Fhe—full-spesification—ofthe—fluence—includes—the-spesification-othekind—ofparticles—e.g. neutrons,

photops or betas.

Note B to entry: The measurand energy distribution of the (particle) fluence is used generally in neutron dosimetry.

Note # to entry: The energy distribution of the (particle) fluence rate @ is the quotient of d@p by d, where d @ is the

increment of the energy distribution of the fluence in time interval dz. The unit is (m247"s~1); a widely used unit is
(cm2MeVv-1-s1).

3.211
equivalent dose
Ht
doselin a tissue or organ given by

Hy =Y wr-Drgr
R

wherg DTR is the mean absorbed dose from radiation,“R, in a tissue or organ, T, and wr is [the radiation
weighting factor

Note o entry: Since wr is dimensionless, the unitfor the equivalent dose is the same as for the absorbefl dose, J kg‘1,
expregsed as sieverts (Sv).

[SOURCE: ICRP Report 103.]

3.21p
fluerice

particle fluence
(¢
quotient of dN by da, where’dN is the number of particles incident on a sphere of cross-sectional prea da, thus

_dv

@=Y
da

Note [l to entrys  The Sl unit of the fluence is m=2; a widely used unit is cm=2.

Note R to entry: The full specification of the fluence includes the specification of the kind of particles, |e.g. neutrons,
photons or betas.

Note 3 to entry: The fluence rate, @ , is the quotient of d®@ by dr, where d @ is the increment of the fluence in time interval
dz. The unitis (m2-s7'); a widely used unit is (cm2-s1).

[SOURCE: ICRU Report 60.]
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3.213

fluence-to-dose-equivalent conversion coefficient

particle flue
ho

nce-to-dose-equivalent conversion coefficient

quotient of the dose equivalent, H, and the (particle) fluence, @, at a point of test in the radiation field, undisturbed

by the irradiated object
H
he =—
* o

Note 1 to entry: The full specification of the fluence-to-dose-equivalent conversion coefficient includes the specification

of the kind of partictesegeutrons, photonsor betas;,and-of thetypeof doseequivatenteg—ambient,directional or
personal dosg equivalent. The conversion coefficient #¢ depends on the energy and, for Hp(10), Hp(3), H'3;8) and
H'(0,07;Q), @n the directional distribution of the incident radiation also.
Note 2 to entry: The Sl unit of the (particle) fluence-to-dose-equivalent conversion coefficient is S\;m2; a freqliently
used unit is Sy-cm2.
3.214
linear energy transfer
linear collisjon stopping power
L
quotient of dF by d/, where dE is the mean energy lost by the charged partiCle*due to collisions with elecfrons,
in traversingfa distance d/, thus
dE
L=—
d/
Note 1 to entry:  The Sl unit of the linear energy transfer is joules permetre (J-m-1), a widely used non-SI unit is keV{jum~".
Note 2 to entry: L is sometimes termed the unrestricted linear energy transfer.
[SOURCE: ICRU Report 51, modified.]
3.215
personal dase equivalent
Hp(d)
dose equivalent in soft tissue, at an appropriate depth, d, below a specified point on the body
Note 1 to entry: The Sl unit of the\pérsonal dose equivalent is joules per kilogram (J-kg~), known as sieverts (Sv)
Note 2 to entry:  The full specification of the personal dose equivalent includes the specification of the depth, d, expressed
in millimetres.
Note 3 to entry: Softtisste in this context is ICRU 4-element tissue with a density of 1 g-cm=3, see 3.1.13.
Note 4 to entry: ~ Fer the estimation of the local skin dose, a depth of 0,07 mm is employed. The personal dose equijalent
for this depth fis then denoted by Hn(0.07). For the estimation of the effective dose, a depth of 10 mm is employefl with

analogous notation Hp(10). For the lens of the eye, a depth of 3 mm is employed with analogous notation Hp(3).

Note 5 to entry:

In the ICRU Report 47 [27] ICRU has extended the definition of the personal dose equivalent to include

the dose equivalent at a depth, 4, in a phantom having the composition of the ICRU tissue. Then Hp(d), for the calibration
of personal dosemeters, is the dose equivalent at 4 in a phantom composed of ICRU tissue, but of the size and shape of
the phantom used for the calibration (see 6.6.2).

Note 6 to entry: The personal dose equivalent rate Hp(d) is the dose equivalent rate in soft tissue below a specified

point on the body at an appropriate depth, 4. The unit is sievert per second (Sv-s~'). Other units are any quotient of the
sievert or its decimal multiples and a suitable unit of time (e.g. mSv-h~").

[SOURCE: ICRU Report 51]
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0
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factor used to weight the absorbed dose D for biological effectiveness of the charged particles producing the

absorbed dose

Note to entry:

Q at a point in tissue is given by

1
Q=B{Q(L)'DLdL

wherg D is the absorbed dose at that point, D, is the distribution of D in linear energy transfer L, and Q(L).is thé forresponding
quality factor at the point of interest. The integration is performed over D;, due to all charged particles, ¢xcluding their
secorjdary electrons.
[SOYRCE: ICRU Report 51, modified.]
4 Symbols
The gymbols used are given in Table 1.
Table 1 — Symbols
Symbol Description WUnit
a Angle of radiation incidence deprees
d7(U, ) Calibration factor for radiation quality-J and angle of incidence « —
Ci Instrument constant context-flependent?
D Absorbed dose Gy
D Absorbed dose rate Gy-s™!
d Depth in soft tissue; recommended depths: 10 mm, 3 mm, 0,07 mm m
E Energy eV
E Effective dosé Sv
f Index of jnfluence quantities of type F —
D Energg-distribution of (particle) fluence m{2-J-1
DE 0 Epergy and direction distribution of (particle) fluence m-2{)-"1-sr1
) Rluence (particle fluence) m—2
b Fluence rate m{2-s1
G Indication context-flependent?
G4 fndicatiomrof the dosemeter tontext=dependent?
Gs Indication of standard used to determine quantity value context-dependent?
Gw Correction summand number w due to zero indication or an influence | context-dependent?
quantity
Georr Corrected indication context-dependent?
Gd corr Corrected indication of dosemeter context-dependent?
Gm corr Corrected indication of the monitor device at the measurement for context-dependent?
the calibration of the dosemeter
Gs,corr Corrected indication of the standard used to determine quantity value | context-dependent?
gm,corr Corrected indication of monitor device at measurement for calibration | context-dependent?
of monitor device

© 1SO 2012 — All rights reserved
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Table 1 (continued)

Symbol Description Unit
gs,corr Corrected indication of standard at measurement for calibration of context-dependentP
monitor device

Hoy Conventional quantity value as measurand

H Dose equivalent Sv

HT Equivalent dose Sv

H Dose equivalent rate Sv-s

H'(0,07,Q Direcfional dose equivalent at depth 0,07 mm Sv
H'(0,07,0 Directional dose equivalent rate at depth 0,07 mm Sws
Hp(0,07) Personal dose equivalent at depth 0,07 mm Sv
Hp(0’07) Personal dose equivalent rate at depth 0,07 mm Sv-s—1
H'(3,Q) Directional dose equivalent at depth 3 mm Sv
H'(3,9Q) Directional dose equivalent rate at depth 3 mm Sv-s1
Hp(3) Personal dose equivalent at depth 3 mm Sv

Hp(3) Personal dose equivalent rate at depth 3 mm Sv-s—1
H*(10) Ambient dose equivalent at depth 10 mm Sv
H *(10) Ambient dose equivalent rate at depth 10 mm Sv's™
Hp(10) Personal dose equivalent at depth 10 mm Sv
Hy(10) Personal dose equivalent rate at depth~10 mm Sv-s—1
hK Air kerma-to-dose-equivalent ¢onversion coefficient Sv-Gy!
h(E, @) Air kerma-to-dose-equivalent conversion coefficient, depending on Sv-Gy!
energy E of mono-energetic particles at angle of incidence «
hk(U, @ Air kerma-to-dose-eduiyalent conversion coefficient for radiation Sv-Gy'
quality U and anglé of incidence «a

ho (Particle) fluence=to-dose-equivalent conversion coefficient Sv:m—2

hp Absorbed-dose-to-dose-equivalent conversion coefficient Sv-Gy!

hp(E, o) Absorbed-dose-to-dose-equivalent conversion coefficient, Sv-Gy!
depending on the energy E of mono-energetic particles at the angle
ofiincidence «

hp(U, o) Absorbed-dose-to-dose-equivalent conversion coefficient for the Sv-Gy
radiation-guality U and-the angle of incidence «

Ka Total air kerma free-in-air Gy
Ka,coll Collision air kerma free-in-air Gy
Karad Radiative air kerma free-in-air Gy
k(U,q) Correction factor for radiation quality (or radiation energy distribution) —

U and angle of incidence « for determination of calibration coefficient
or factor

k Correction factor due to deviation of measurement conditions from —
reference conditions

ky Correction factor for influence quantity number 1 of type F —

kn Correction factor for non-constant response —
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Table 1 (continued)

Symbol Description Unit
M Measured value as quantity
NU,a) Calibration coefficient context-dependent@
NU,a)q Calibration coefficient of dosemeter context-dependent@
NU,0)m Calibration coefficient of monitor device context-dependent@
NU,a)g Calibration coefficient of standard context-dependent@
p Number of influence quantities of type S —
0 Quality factor —
q Number of influence quantities of type F —
R Response context{dependent
Rref Response under reference conditions context{dependent
R(U,a)c Response relating to indication G for radiation quality (or energy context{dependent

distribution) U and angle of incidence «

R(U,)Gd Response relating to indication G4 of dosemeter for radiation quality context{dependent
(or energy distribution) U and angle of incidence «

R{U,a)Gs Response relating to indication Gs of standard for<radiation quality (or | context{dependent
energy distribution) U and angle of incidence .

R(UY,x)ceorr | Response relating to corrected indication Ggsorr for radiation quality context{dependent
(or energy distribution) U and angle of jiricidence «

R(Ula)Gd corr | Response relating to corrected indieation Gg corr Of dosemeter for context{dependent
radiation quality (or energy distribution) U and angle of incidence «

R(Ua)es,corr | Response relating to corrected.indication Gs corr of standard for context{dependent

radiation quality (or energy-distribution) U and angle of incidence «

R Relative response —
U Radiation quality (radiation energy distribution), e.g. N-100 —
0o Specified direction —
w Index of influgnce quantities of type S —
WR Radiation-weighting factor —
wr Tissue Wweighting factor —

a Bee Note to entryfor 3.1.17.

b $Bee Note 2 toentry for 3.1.15.

5 Application of the measurement quantities and units

5.1 Measurement quantities for area monitoring

The measurement quantities for area monitoring are #*(10), H'(0,07,2) and H'(3,Q). Frequently, for area
dosemeters the measurement quantity is also the respective dose rate, i.e. the ambient dose equivalent rate,
H *(10), or the directional dose equivalent rate, H'(0,07,Q2) or H'(3,Q2).

NOTE 1 In practical radiation protection, the direction, 2, is rarely used. Almost exclusively, the maximum values of
H'(0,07,2) and H'(0,07,2) or H'(3,22) and H'(3,02), respectively, at the point of interest, are of importance, obtained
by rotating the portable area dosemeter until the maximum indication occurs. These maximum values are often given in
simplified terms as H'(0,07) and H'(0,07), or as H'(3) and H'(3), respectively.
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NOTE 2  In general, calibrations are performed in nominally unidirectional fields. In these cases, the direction, 2, can
be specified in terms of the angle « between the direction of the incident radiation and the reference direction of the
dosemeter. The measurement quantity is then denoted by H'(0,07,ct) and H'(0,07,c) or by H'(3,) and H'(3,cr),
respectively.

5.2 Measurement quantities for individual monitoring

The measurement quantities for individual monitoring are Hp(10), Hp(0,07) and Hp(3). Frequently, active
personal dosemeters can indicate, besides /,(10) and/or Hp(0,07) and/or Hp(3), the personal dose equivalent
rate at 10 mm depth Hp(10) or/and the personal dose equivalent rate at 0,07 mm depth Hp(0,07) or/and the

personal do
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ishing of the measurement quantities for area and individual monitoring

protection quantities (see 5.1 and 5.2) are linked by conversion coefficients toradiometri
antities characterizing the radiation field. In practice, the basic quantities thatare usually use

osimetry, the absorbed dose, D, to tissue,
n dosimetry, the collision air kerma free-in-air, K3 coll, and
n dosimetry, the particle fluence, @.

N protection (operational) quantity is obtained by multiplication of the basic quantity wit
onversion coefficient.

c and
d are

h the

ergetic conversion coefficients for parallel (unidiréctional), extended, monoenergetic beains of

heutrons were tabulated, for example, in ICRU Report 57 [291 and ICRP Report 74 [33]. Details
re given by ICRU Report 57[291[331[19]1[21][22] [28}-"These conversion coefficients for monoene
Il be treated as having no uncertainty.

on coefficients for photons and neutrons for a reference radiation quality can be calculat
h of the product of the energy distribution of the basic quantity of the field and the correspo
Lic conversion coefficients (see’ Reference [16] for photon radiation). The uncertainty g
pefficients for a given qualityas specified in the respective standard, can be reduced if thg
ndividually from the evaluated or measured spectrum(41 [16],

pn coefficients for betds are in most cases 1 Sv Gy, as the absorbed dose to tissue for a refe
ity is measured inthe-appropriate depth of 0,07 mm or 3 mm. Further details are given in ISO

~

neasurements)for photons shall be done with secondary charged particle equilibrium g
int of the dosemeter. If the thickness of the material in front of the reference point (e.g.

osemeter jtself) is not sufficient to achieve secondary charged particle equilibrium, an addi

poly(methyl

build-up. Furthef'details are given in ISO 4037.

}"

ethacrylate) (PMMA) layer shall be positioned in front of the dosemeter to secure comp

bf the
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b980.
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6 Calibration and determination of the response in reference radiation fields

6.1

6.1.1 Parts

General principles

to be irradiated

The parts to be irradiated in the radiation field are those of the dosemeter to be irradiated and possibly additional
equipment, e.g. a phantom. They are considered as a unit for the purposes of calibration and determination of
the response.

For an area dosemeter, the parts to be irradiated comprise at least the radiation detector and possibly additional
equipment, e.g. an additional cover or cables. They do not include any phantom.
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For a personal dosemeter, the parts to be irradiated comprise at least those of the personal dosemeter worn
by the person and an appropriate phantom (see 6.6.2).

6.1.2 Conditions of the dosemeter under test

Before any calibration or determination of the response is made, the parts to be irradiated and all further parts
of the dosemeter shall be examined to confirm that they are in a good working condition and free of radioactive
contamination. The set-up procedure and the mode of operation of the dosemeter shall be in accordance with
its instruction manual, as provided by the manufacturer.

6.1.3_Point of test and reference point

Meagurements shall be carried out by positioning the reference point of the dosemeter at the ppint of test at
which the conventional quantity value, Hy, and its associated uncertainty are known; Hy shall-be traceable to a
natiopal or international primary standard.

The dosemeter shall be positioned in the radiation field at the point of test such that-its reference direction is
orienfed in the required orientation. For an angle of incidence of « = 0° (normal.incidence), the dogemeter shall
be pasitioned such that its reference direction is parallel to the direction of radiation incidence.

6.1.4| Axes of rotation

For dalibrating a dosemeter at different angles of incidence, i.e/for'examining the effect of thg variation of
the djrection of radiation incidence on the dosemeter indicatioh, a rotation of all the parts to bq irradiated is
required. The axis of rotation shall pass through the reference\point of the dosemeter.

The dependence of the response on the direction of radiation incidence shall be determined by a rotation of all
the pprts to be irradiated around at least two axes being perpendicular to the reference direction. [The direction
of the axes shall be mutually perpendicular. The axe§'used shall be specified.

6.1.5| Reference conditions and standard test conditions for influence quantities

The ¢alibration is intended to be carried out under reference conditions (see Table A.1). Frequently, it is not
possible to keep all influence quantities (e.g. air pressure, humidity, temperature) at their refenence values.
Stanglard test conditions (see Tabile'A.1) describe the range of acceptable variations of influence quantities
whern those quantities are not at reference values. The effect of the deviation of influence quantities away from
refergnce values shall be corrected. If this is not possible, the effect of this difference shall be congidered in the
unceftainty statement. The-détermination of the response shall be performed under standard tesf conditions.

Depgnding on the way-Chosen for the presentation of the calibration results (see Annex B), gither several
sets pf reference €onditions differing by the radiation quality and angle of radiation incidence afe defined or
one single set-ef\reference conditions, including one reference radiation quality and one refergnce angle of
radiaion incidence, is chosen and several correction factors are specified.

6.2 | Calibration in reference radiation fields

6.2.1 Concept of calibration
The operation of the calibration of a dosemeter comprises of the following procedures.

— Firstly, the conventional quantity value of the dose equivalent H, and its uncertainty is determined in a
given radiation field for a radiation quality, U, and an angle of radiation incidence, «, at the point of test, i.e.
at a specified position in the radiation beam, see 6.2.2.

— Secondly, in the same radiation field, the dosemeter — or, more precisely, all the parts to be irradiated —
are irradiated, and the indication, Gg, or the corrected indication, Gq corr, Of the dosemeter is determined
together with its uncertainty.

— Thirdly, the calibration coefficient, N(U,a)q, for the quantity dose equivalent is calculated, see 6.2.3.
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When using the dosemeter in an unknown radiation field, the measured value, M, of the dose equivalent
determined with the dosemeter is calculated, see 6.2.4.

The conditions, e.g. dose, dose rate, the axis of rotation, for which the calibration coefficient is determined,
should be specified in the scope of the calibration of the dosemeter.

NOTE

Subscript ‘d’ refers to dosemeter.

6.2.2 Determination of the conventional quantity value from a secondary or a working standard

For the determination of the conventlonal quantlty value of the dose equivalent, Ho, the reference point of

a measuremsg
standard or 4

The conventi

or working st
Hqy = N(
where
Ho
N(U,O{)s
GS,COI’I‘
NOTE Sy

At the time o
may differ fr
corrections g

6.2.3 Detemmination of the corrected indicated value and the calibration coefficient

The indicatig
influence qu
values, the i
dosemeter, (
where applig

factors, ky, for

of type S. An

working measurement standard.

pnal quantity value of Hy at radiation quality U and angle of incidence «, determined by'a seco
andard, is given by
D, 00)g -G

s,corr

is the conventional quantity value of the dose equivalent;

is the value of the calibration coefficient given in the séeondary or working standard fq
quantity dose equivalent and for the radiation quality.J and angle of radiation incidendg

is the corresponding indication of the standard; normalized to reference conditiong
corrected for any other influences, where applicable.

bscript ‘s’ refers to standard (secondary or working'Standard).

bm its reference values. The influence-of these deviations to the indication can be reduced
nd shall be considered in the associated uncertainty (see 3.1.11).

n of the dosemeter, Gg,\is' determined at the point of test. If, at the time of measuremen
bntities and the parameters of the parts to be irradiated, e.g. phantom, differ from its refe
nfluence of these.deviations to the indication can be corrected. The corrected indication ¢
'd.corr, I-€. the indication normalized to reference conditions and corrected for any other influe
able, can belealculated with correction factor kn for non-constant response, the ¢ corre
the influenee quantities of type F and the p correction summands, G,,, for the influence quar
example'of an equation for the correction is

br the
e«

and

measurement, the influence quantities and-the parameters of the secondary or working stapdard

with

t, the
ence
f the
nces,
ction
tities

Gy corr =

D q
e AGq = . G,)- T *

(4)

where
Gd
kn

kf

}A

w=1

is the indication of the dosemeter;
is the correction factor for non-constant response (nonlinear indication);

is the correction factor for a quantity whose deviation from its reference value induces a

multiplicative change (influence quantity of type F) of the indication;

Gy
add

NOTE

20

is the correction summand for a quantity whose deviation from its reference value induces an

itive change (influence quantity of type S) of the indication.

Subscript ‘d’ refers to dosemeter.
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Formula (4) is useful for the determination of the uncertainty budget according to ISO/IEC Guide 98-3. Whether
or not the indication needs to be corrected depends on the level of accuracy required.

With the conventional quantity value of H, and the corrected indication of Gq corr at the time of the calibration
measurement, the calibration coefficient, N(U,a)q, for U and « is given by

Hy

N(U,Ol)d =

d,corr

()

The calibration coefficient can be determined with different procedures as described in 6.4. The choice of
procedure depends on the characteristics of the irradiation facility and the level of accuracy required.

The determination of the calibration coefficient shall be performed at constant dose indication or dosgrate indication.
Depgnding on the number of the defined values for U and «, calibration coefficient N(U,&)4-€an pe described
in twop different ways, see Annex B. This results in the fact that N(U,a)q can be either_dcalibration coefficient
functfon or a set of single calibration coefficients or one single calibration coefficient accompanied|by additional
correction factors according to the number of the values for U and «a. For purpdses of simpljfication, this
Intermational Standard generally refers to N(U,«)q as calibration coefficient for/both approaches.
6.2.4| Determination of the measured value
The measurement result, M, is the product of the corrected indication of the dosemeter at any time and the
calibration coefficient and is given by

M =N(U,a)q - Gg corr (6)
wherg

M is the measured value of the desemeter for radiation quality U and angle of indidence ¢;

MU, a)g is the calibration coefficient of the dosemeter (see Formula 5);

7 d corr is the corrected indidatjon of the dosemeter at any time, normalized to referenge conditions
and corrected for.anhy other influences.
6.3 | Determination of the(response in reference radiation fields
The response is defined asthe quotient of the output signal of the dosemeter and the corresponding|conventional
quantity value of H, férspecified conditions. The output signal can be the indication, Gg, or the corrected
indicqition, Gd corr-
Forepch response value determined, the type of response, i.e. whether it applies to Gq or Gq,corr., Shal| be specified,
as well as the-eonditions, e.g. the radiation quality U and angle of incidence « for which it was detefmined.
The lesponse with respect to the indication of the dosemeter R(U,(x)Gd is given by
Gy
R(U,a)¢, = R (7)

(o]

The response related to the corrected indication R(U,oz)Gd corr is defined analogously.

For

NOTE

the definitions of the symbols, see Clause 4.

For characterizing or testing a dosemeter, e.g. type testing, measurements are carried out intending to

determine the effects of the variation of the value of one influence quantity on the response. The other influence quantities
are then maintained at their reference values or at fixed values within the standard test conditions, unless otherwise
specified. For such purposes, response values are determined under non-reference conditions. Then, the dosemeter’s
relative response, r, is often given, which is the quotient of the response under non-reference conditions and the response
under reference conditions:
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R
Rref

=

(8)

where Ryef is the response under reference conditions and R is the response under non-reference conditions. The relative
response can be a useful quantity for describing the variation of response as a function of the energy and / or angle of
radiation incidence.

6.4 Methods for the determination of the calibration coefficient

6.4.1

Procedures

For the calil
procedures 4

the stan
irradiate

the stan
irradiate

an irradi
precisel

a secon
or, more

Which proce
required. Fo

Frequently, if X-ray facilities a monitor chamber is installed @nd is used for calibrating dosemeters.

ration of a dosemeter, the calibration coefficient N(U,a)q shall be determined. The ,folld
re possiblel33l:

dard realized as a measuring device and the dosemeter — or, more precisely;.the parts
d — are irradiated in a short time period, one after the other (see 6.4.2);

dard realized as a measuring device and the dosemeter — or, more precisely, the parts
d — are irradiated simultaneously at the same distance to the source (Seg6.4.3);

ation facility equipped with a calibrated monitor device is used to irradiate the dosemeter or,
, the parts to be irradiated (see 6.4.4);

precisely, the parts to be irradiated (see 6.4.5).

Hure shall be used depends on the characteristics of:.the irradiation facility and the level of acc
example, in beta and gamma dosimetry reference radionuclide sources are normally

6.4.2 Sequgntial irradiation of standard and dosemeter

When the stpndard is realized as a measuring device, then the calibration procedure may be executs
firstly, irradiating the standard and, secondly,irradiating the dosemeter — or, more precisely, their parts
irradiated. This procedure may be used ifitfie basic quantity in the radiation field is stable over the du

of the measl|
if the stated

rements for the calibration.or determination of the response. Stability is judged to be ade
pr required uncertainty.of-the calibration is achieved. For a dosemeter whose reference pq

wing

to be

to be

more

Hary standard realized as a reference radionuclide source:unit is used to irradiate the dosemeter

Liracy
sed.

d by,
to be
ation
juate
int is

subsequently positioned at the peint-of test after the irradiation of the standard, the value of N(U,a)q at U and
a is obtained by
H
N, )l =2 (9a)
Gd,corr
or
NU.a)e -Ge o
NU,a)4 = s (9b)
Gd,corr
where
N(U,a)q is the value of the calibration coefficient of the dosemeter;
H, is the conventional quantity value of the dose or dose rate;
Gd corr is the indication of the dosemeter, normalized to reference conditions and corrected for any
other influences, where applicable;
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Gs,corr is the indication of the secondary standard, normalized to reference conditions and corrected
for any other influences, where applicable;
NU,)s is the value of the calibration coefficient of the secondary standard, given in its calibration

The response of a dosemeter with respect to the corrected indication R(U,a)Gd corr

certificate.

G
R(U,oc) _ d,corr

=

The 3

NOTH
secof]
meas

6.4.3

For t
and {
field

techn
in the
of inf
anoth

Gd,corr - Ho

is determined by

(10a)

Ud,corr
U, = .
( )Gd_corr N(U,OC)S . Gs,corr

ymbols are as given above. The response relating to the indication R(U,oe)Gd is given anal

The condition of the stability of the radiation field can be checked by performing measurem
dary standard before and after the irradiation of the dosemeter. In such cases, Gs.corr is the mea
LiIrements before and after.

Simultaneous irradiation of standard and dosemeter

he calibration procedure using simultaneous irradiation of the‘standard, realized as a meas
he dosemeter — or, more precisely, their parts to be irradiatéd — both instruments are pos
by locating them symmetrically to the axis of the radiation. field at the same distance from thej

beam and if the conditions are applied in accordance with 6.6.5 for personal dosemeters.
uence quantities at the two positions are not identical within the expected statement of unc
er calibration procedure is recommended.

(10b)

bgously.

bnts using the
h value of the

uring device,
tioned in the
source. This

ique shall be used only if the indication of one instrument is not influenced by the presencg of the other

If the effects
priainty, then

~
~_ 3
\\\
4 ~—~__
Key
1 dbsémeter
2 standard
3 reference point
4 source
Figure 2 — Sketch of simultaneous irradiation of standard and dosemeter
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If the influence of asymmetry of the radiation field is significant, it shall be eliminated by repeating the
measurements after exchanging the positions of the two instruments. The geometrical mean of the value of the
calibration coefficient shall be calculated. The value of N(U,a)q for U and « is then given by

o [ ]

N(U,a)g = NU,a)s /f Oosor | [
V{ Mdcorr Ji | Mdcorr )5

Imbols are as defined in Clause 4 and the indices 1 and 2 refer to the two irradiations.

H H

[0} o

(11a)

Gd,corr Gd,corr

or

GS,COIT

(11b)

where the sy

NOTE P
dosemeters (3
accelerators d

imarily, this procedure will be applicable to those cases in which no phantom is required, e.g. fo
rea survey instruments). This technique is used particularly for reference radiation gaalities produg
r when using uncollimated sources.

area
ed by

The responsg of the dosemeter with respect to the corrected indication R(U,oz)Gd e is’determined by

_ Gd,corr
H

,corr

RU,0)g (12a)

(0]

or

1
corr N(U, o) '

Gd,corr Gd,corr

R(U,a) (12b)

o] (e

are as given above. The response relating to\the indication R(U,oz)Gd is given analogously

GS,COIT GS,COI’I’

The symbolg|

6.4.4 Calibfation and determination of the response using a calibrated monitor device

For the calib
fluence of th
measuring d
the other at {

Firstly, the m
calibration cq

N, o)

where

&gm,corr

&s,corr

N(U,Ol)s

NOTE

ration or the determination of the response of a dosemeter, moderate variations with time
b irradiation field can be assessed using a calibrated monitor device. The standard realized
bvice and the dosemeter —£ 0f; more precisely, the parts to be irradiated — are placed one
he point of test. The procedures are the following.

onitor device is calibrated using a standard (or working measurement standard). The value
efficient of the monijtor device, N(U,a)m, with respect to H, for U and « is determined. It is giv

_ N(U,a)s: &5 corr

Em,corr

n the
as a
after

pf the
en by

(13)

fsthemdicatiomof themonitor device, mormatizedto reference conditions and—correct

d for

any other influences, where applicable, at the time of the measurement for the calibration of

the monitor device;

is the indication of the secondary standard, normalized to reference conditions and corrected
for any other influences, where applicable, at the time of the measurement for the calibration

of the monitor device;

is the value of the calibration coefficient of the standard given in its calibration certificate.

for the calibration of the dosemeter. For the latter, capital G is used.

24

A lower-case g is introduced to distinguish the measurement for the calibration of the monitor device from that
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Secondly, the dosemeter — or, more precisely, the parts to be irradiated — is irradiated. The conventional
quantity value Hy is given by the calibrated monitor device and can be expressed by

Hy = N(Uva)m 'Gm,corr

The value of the calibration coefficient of the dosemeter, N(U,a)q, for U and « is obtained by

_ N(U’O‘)m ’ Gm,corr

NU,a)q = (14)
Gd,corr
where
F'm,corr is the indication of the monitor device, normalized to reference conditions andicorrected for
any other influences, where applicable, at the time of the measurement-for the calibration
of the dosemeter;
7 d corr is the indication of the dosemeter, normalized to reference conditions and corrgcted for any
other influences, where applicable;
and the other symbols are as given above.

In practice, if the irradiations of the standard and the dosemeter to be calibrated are performed

one g

nother, the ambient conditions of the monitor will remain nearlythie same and corrections of

shortly after
he indication

of the¢ monitor device to reference conditions may be unnecessary; nevertheless, they shall e taken into
accoynt in the uncertainty budget.
The response of the dosemeter with respect to the corrected indication, R(U,a)s dcon’ at U and ais determined by
G
B(U,a)G _ d,corr (15)
dcorr N(U, o), 'Gm,corr
The gsymbols are as given above. The response relating to the indication R(U,a)Gd is given analpgously.
6.4.5| Calibration and determination‘of the response using a reference radionuclide sourcg unit
If the|calibration of a dosemeter is'performed using a reference radionuclide source unit producing U, the value
of N(U,a)q at a is given by
H
NU,a)4 = 0 (16)
Gd,corr

wherg the symbals‘are as defined in Clause 4.
The gonventional quantity value of Hy is calculated from the calibration value of the reference|radionuclide
sourge unity
The kesponse—of a—dosemeterwith respect tothe indicationor the correstedindicatisais—determined in

A=A =g

accordance with 6.3.

6.5

6.5.1

Special considerations for area dosemeters (area survey meters)

Reference point and reference direction

The reference point of the dosemeter and its reference direction are to be stated by the manufacturer. The
reference point should be marked on the outside of the dosemeter. If this is impossible the reference point should
be indicated in the accompanying documents supplied with the instrument. In the absence of information on the
reference point and/or on the reference direction of the dosemeter to be calibrated or tested, these parameters
shall be chosen by the calibration or testing laboratory and stated on the certificate containing the results.
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All the distance between the radiation source and the reference point of the dosemeter shall be taken as the
distance between the effective emission point of the radiation source and the reference point of the dosemeter.

NOTE For the case of point sources in the absence of scattered radiation, the dose rate — for example, dose equivalent
rate or air kerma free-in-air rate — changes with the inverse square of the distance, /. A misplacement of the dosemeter’s
reference point in the beam by the amount of Al in the direction of the beam will lead to a relative error in the calibration
coefficient of 2Al/I at I. Misalignment perpendicular to the beam axis by A1 causes, in the case of point sources and in the

absence of scattered radiation, a relative error of (A/”L/l)2 . In the presence of scattered radiation and for sources of finite
dimensions, the above approximations are limited to values of Al or AA that are small in comparison with /.

6.5.2 Irradiation conditions
All irradiations shall be performed without any phantom, i.e. free in air.
Calibrations ¢r determinations of the response are ideally performed in broad, parallel beams providing a urnjiform

dose
hdent
bf the
sible,

irradiation of
rate is consta
on the size of
dosemeter —
at least the ¢

the total area of the dosemeter or, more precisely, of the parts to be irradiated, i.e{ideally, the
nt across the beam diameter. When using a collimated beam, the minimum distance is depe
the dosemeter and the amount of the scattered radiation from the unit itself. Ifithe dimension
- or, more precisely, of the parts to be irradiated — is such that a complete.irradiation is not pos|
bmplete detector shall be irradiated and appropriate corrections shall be-applied.

When the i
correcting th

adiation field is not homogeneous across the beam diameter, @& correction shall be appligd for

s effect.

NOTE 1 TH
parameters, e
from the room

NOTE 2 In
beams, which

e choice of the distance between the source and the point of test can be a compromise between s
g. the geometry of the irradiation facility, the field homogeneity; the dose rate or the backscatter rag
walls.

practice, the irradiation is carried out in more or leSs divergent beams. Examples are collimated
are nearly parallel within a sufficient distance, or:xieutron beams, where it is often necessary to pqg

bveral
iation

X-ray
rform

calibration me
in which case

psurements at distances where the field is non-homogeneous, e.g. to avoid extremely long irradiation
special corrections are necessaryl'8l.

imes,

NOTE3 Fd
exact specific

r H'(0,07,2) and H'(3,2), the calipration coefficient depends on angle «. For a given dosemetgr, the
tion of the rotation axis (e.g. horizontal or vertical) is necessary.
Besides the I

dosemeter. I
be different ¢
Then, an ade

bf the
may
ation.

rimary radiation the detectorrecords the radiation scattered by other irradiated components
only the detector part of the dosemeter is irradiated, the calibration results and the responsq
ompared to a complete)irradiation of the dosemeter due to the reduction of scattered radi
quate correction factor shall be used.

6.6 Specipl considerations for personal dosemeters

6.6.1 General

The measurenmient quantities are

— for individual monitoring, Hp(10), Hp(0,07) and Hp(3),
— for extremity dosemeters, H,(0,07) or Hp(3), and
— for whole-body dosemeters, Hp(10) and/or Hp(0,07).

These measurement quantities are defined at points in the human body, and they are measured by placing personal
dosemeters at the monitored persons. To have unequivocal reference values for the calibration and the determination
of the response, the irradiation of a personal dosemeter is to be performed on an appropriate phantom.
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6.6.2 Phantoms

Phantoms shall be used as follows:

for whole-body dosemeters worn on the trunk, a slab phantom;

for extremity dosemeters worn on the fingers, a rod phantom;

for dosemeters worn on the wrist or the ankle, a pillar phantom.

The ICRU has defined a slab phantom made of ICRU tissue. As ICRU tissue is not available as a standard
material and as phantoms for extremity dosemeters are also required, the following shall be used:

a) Ja water slab phantom, filled with water, with outer dimensions of 30 cm x 30 cm x 15 cm, ‘ahf walls made

of PMMA 2,5 mm thick in the case of the front walls and 10 mm thick for the other walls;

.

b) & rod phantom comprising a PMMA cylinder of 19 mm diameter and length of 300.mm;

c) & water pillar phantom consisting of a water-filled hollow cylinder with walls;*af PMMA, ha

diameter of 73 mm and length of 300 mm, and cylinder walls 2,5 mm thick-and end faces 10

ing an outer
mm thick.

Whe
indic
thess

such phantoms are employed in accordance with the above, no correetion factors shall be applied to the
tion of the device assembly under test, even if small differences in(backscatter properties gxist between
phantoms and those of ICRU tissuel!71[20] [36] [39],

By a
calib

jreement between the calibration laboratory and the customer, other phantoms may be
ations in terms of Hp(3)[1°1 (211,

sed, e.g. for

6.6.3| Reference direction and reference point

The rleference direction of the personal dosemeter,is-stated by the manufacturer.

The

dose
throu
point

eference point of any personal dosemetet.is at the centre of the front surface of the phantom behind the
Mmeter. The personal dosemeter is put©nthe phantom such that the reference direction of tHe dosemeter
gh the geometrical centre of its detegtor(s) — e.g. as specified by the manufacturer — hits {he reference

see Figure 3.

hall be taken
int.

The ¢
as th

ntire distance between the(radiation source and reference point of the personal dosemeter g
b distance between the effective emission point of the radiation source and the reference pq

6.6.4| Irradiation conditions

The point of test shall be chosen at a distance from the source such that the field size at thjs position is

suffig
be dq
dose

iently large \to-allow the irradiation of the entire front surface of the phantom. Ideally, the irr
ne in broad, parallel beams, providing a uniform irradiation of the front surface of the pha
rate is;constant across the beam diameter. With the use of point sources, this can generally

adiation shall
htom, i.e. the
be achieved,

approximately by a sufficient distance between the source and the point of test.

NOTE 1

See 6.5.2, Notes 1 and 2.

The quantity Hp(d) being defined in a body, only exists when the person or phantom is present. This means that
the body becomes part of the irradiation situation and, in some cases (particularly for neutrons), the radiation
field can be modified at the position of the person or phantom by multiple scattering. This can be of special
concern when considering calibration in simulated workplace fields!'8l. For the calibration of a dosemeter
in such radiation fields of broad direction distribution and/or scattered components, Hp(d) will need to be
calculated using the energy and direction distributions of the field incident at depth d in the phantom. The
tabulated conversion coefficients cannot be applied for such irradiation situations and a complete simulation of
the irradiation set-up will need to be done. For this situation the point of test should be considered at depth d in
the phantom below the geometric centre of the front surfacel38l.

Extremity dosemeters shall be fixed at half the length of the rod or pillar phantom such that they are attached
to the extremity during normal use. The rear side of the dosemeter shall be in contact with the phantom.
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