INTERNATIONAL ISO
STANDARD 4037-3

Second edition
2019-01

Radiological protection —< X an
gamma reference radiation for
calibrating dosemeters and doserate
meters and for determining their
response as a function of photo
energy —

Part 3:

Calibration of area and persona
dosemeéters and the measurement of
theirresponse as a function of energy
and angle of incidence

Radioprotection — Rayonnements X et gamma de référenge
pour l'étalonnage des dosimeétres et des débitmétres et poyr la
détermination de leur réponse en fonction de l'énergie des photons —

Partie 3: Etalonnage des dosimétres de zone et individuels|et
mesurage de leur réponse en fonction de l'énergie et de l'angle
d'incidence

Reference number
1SO 4037-3:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

ISO 4037-3:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

Contents

FOT@WOIT ..o
IIEEOAUCEIONN. ...
1 SCOPI ...
2 NOIrmMAtIVe F@FET@IICES ...
3 Terms and definitions ...
4 Procedures applicable to all area and personal dosemeters

ISO 4037-3:2019(E)

4.1 General PriNCIPIES ... i)

4.1.1 Radiation qualities ...
4.1.2 Recommended conversion coefficients

4.1.3  Point of test and reference Point. ...y oo

414  Axes of rotation

4.1.5 Condition of the dosemeter to be calibrated................a S

4.1.6  Effects associated with electron ranges.......... o
4.2 Methods for the determination of the calibration factor and of the response..

4.2.1  Operation of the standard inStrument..............f. S

4.2.2  Measurements without a monitor for the spufrce output............
Particular procedures for area dosemeters................ S )i,
5.1 GENETAl PIANCIPIES ..o s
5.2 Quantities to Be MEASUIEA..........occ.coooooeeeeeeeeee et e ssssseeessssssseeees s
Conversion coefficients for area doSimetry. o/ ...,

6.1 Conversion coefficients from air kermayK,, to H'(0,07).

6.1.1  Mono-energetic radiation i . s
6.1.2 LOW QIT KeIMa Fate SEITES™ ..o

6.1.3 Narrow series

6.1.4 WAL SETIES ..o et
6.1.5  High air KErMAaTate SETIES. ...
6.1.6  Radionuclidess. ...

6.2 Conversion coefficients from air kerma, Kj, to H'(3) ..
6.2.1  Mono-energetic radiation ...
6.2.2  Low aipkerma rate series.................
6.2.3  NATNOW SEIieS ..o
6.2.4  \WHAE SETIES ..ottt
6.2.5-"THigh air KErma rate SETIesS. ...
6.2:6 Radionuclides........iiin
6.2.7  High energy photon radiations............cccc....

6.3 Conversion coefficient from air kerma, K, to H*(10)......
6.3.1 Mono-energetic radiation ...
6.3.2  LOW Qir KEIrma rate SEIIES. ...
6.3.3 Narrow series
LT T V1 T LIy 3 (=S
6.3.5  High air kerma rate series
6.3.6  RAIONUCHAES ..o
6.3.7  High energy photon radiations. ...

Particular procedures for personal dosemeters
7.1 General principles ...,
7.2 Quantities to be measured

7.3 Experimental CONAITIONS ...
7.3.1  US€ Of PRANTOIMIS ..o

7.3.2  Geometrical considerations in divergent beams
7.3.3  Simultaneous irradiation of several dosemeters
7.3.4  Influence of the orientation on the values of H,(0,07)

7.3.5  Length of the rod phantom ...

© IS0 2019 - All rights reserved



https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

ISO 4037-3:2019(E)

8 Conversion coefficients for personal dOSIMEetTY ..., 30
8.1 (7= 113 = OO 30
8.2 Conversion coefficients from air kerma, Kj, to H,(0,07) in the rod phantom...........c........ 30
8.2.1  Mono-energetic radiations ... ..o 30
LS TP/ o X A=V 1 ol (<) 0 00 = 10 0 LT <) o (< 30
8.2.3 Narrow series
LT S V1V Vo (YR Y<Y o (=Y
8.2.5  High air Kerma rate SEIIES. ..o 30
LT/ ST 2 F= Ve § (03 s 8 o] § a (K- 31
8.3 Conversion coefficients from air kerma, Kj, to H,(0,07) in the pillar phantom ................... 34
8.3.1 Mono-energeticradiations oo .34
8.3.2  LOW air KeIrma 1rate SEIIES...........oieeeeeesicceeeeessscceeeeesssscoeseesssessseseesssssssseessssssssseesssssssoseeees o .. 34
8.3.3 Narrow series .34
LT S V1V Vo [YRY<Y o (=Y A It .34
8.3.5  High air Kerma rate SEries. ... ot .34
8.3.6  RAAIONUCIIAES ..o sessssseessssssssseesssssssseees e e sssses e .34
8.4 Conversion coefficients from air kerma, Kj, to Hp(0,07) in the ICRU slab phantom......... .37
8.4.1 Mono-energetic radiations .37
8.4.2 Low air kerma rate series.......... .37
8.4.3 Narrow Series ... .37
L S V1V Vo LYY=y o (=Y . 0 DN .37
8.4.5  High air Kerma rate SETIeS. ... i st .38
8.4.6  RaAIONUCHIAES ......ooooooooieeeeeeeeeeeeeeeeeee s g oot .38
8.5 Conversion coefficients from air kerma, Kj, to Hp(3)in.the cylinder phantom............... .41
8.5.1  Mono-energetic radiations. ... B e .41
8.5.2  LOW Qir KEIMa 1ate SEIIES. ...t oo seoeeeesssssseseessssssssseeesssssssseesss s .41
LT T \\F= ) 0 0} V32 ) (0 o .41
LTS S V1V Vo [IEY<Y o (=Y oo .41
8.5.5  High air Kerma rate SEIIes. ..o it .41
8.5.6  Radionuclides .41
8.5.7  High energy photon radi@tions. ... .41
8.6 Conversion coefficients from airkerma, Kj, to Hp(10) in the ICRU slab phantom......... ...44
8.6.1 Mono-energetic radiations .44
8.6.2 Low air kerma rate series.......... .45
8.6.3  Narrow series ... 45
8.6.4  Wide series (.. )i .45
8.6.5  High air kerma rate series........... .45
LT YT 2 %= e § 06N ol e (K .45
8.6.7  Highleniergy photon radiations. ... ... 45
9 Uncertainties ... ¢ e, .53
9.1 Statenrent of uncertainties .53
Annex A (informative) Estimated conversion coefficients for fluorescence X radiation ................... .54
Annex B (ijfformative) Estimated conversion coefficients for gamma radiation emitted by
241 1K x adiuuuulidc ........................................................................................................................................................................................ 59
Annex C (informative) Estimated conversion coefficients for continuous filtered X radiation
based on the QUALTEY IIAE@X ... 61
Annex D (informative) Additional infOrmation ... 63
BIDIHOGTAPIY ... 67
iv © ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

ISO 4037-

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

The maintenance release of this document incorporates the improvements to high voltage generators
from 1996 to 2017 (e.g., the use of high frequency switching supplies providing nearly constant
potential), and the spectral measurements at irradiation facilities equipped with such generators
(e.g., the catalogue of X-ray spectra by Ankerhold[1]). It also incorporates all published information
with the aim to adjust the requirements for the technical parameters of the reference fields to the
targeted overall uncertainty of about 6 % to 10 % for the phantom related operational quantities of
the International Commission on Radiation Units and Measurements (ICRU)IZI. It does not change the
general concept of the existing ISO 4037.

ISO 4037, fdcusing on photon reference radiation fields, is divided into four parts. ISO 4037-1 give
methods of| production and characterization of reference radiation fields in terms of the-quant
spectral phpton fluence and air kerma free-in-air. ISO 4037-2 describes the dosimetry of/the‘refer]
radiation qualities in terms of air kerma and in terms of the phantom related operationat quantiti
the International Commission on Radiation Units and Measurements (ICRU)[2]. This ddcnment desci
the methodp for calibrating and determining the response of dosemeters and dosetate meters in te

of the pha
and additio
radiation fi
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Annex B -
requiremen

Then the a{propriate operational quantity is derived by the application of the conversion coeffi

The general
the symbol

om related operational quantities of the ICRU[2]. ISO 4037-4 gives(special considerat
hal requirements for calibration of area and personal dosemeters.ifvlow energy X refer
blds, which are reference fields with generating potential <30 kW,

ination of the response of dosemeters and doserate met€rs is essentially a three-ste
ocess. First, a basic quantity such as air kerma is meastred free-in-air at the point of
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the quantity measured to the selected operational quantity. These two steps ma

ts.

used are irline with ISO 29661.

be

a single-step if a standard for the phantom related quantities is used. Finally, the dgvice
5 placed at the point of test for the determinationi of its response. Depending on the type of
inder test, the irradiation is either carried gut' on a phantom or free-in-air for personal and
eters, respectively. For area and individual monitoring this document describes details of
s and provides, if applicable, the recomyimended conversion coefficients to be used for the
on of the response of dosemeters and doserate meters in terms of the phantom related
quantities of the ICRU for photons,; The use of these recommended conversion coefficlents
at the corresponding radiation "quality of the reference field used for the irradiatign is
or all non-validated radiation qualities, the recommended conversion coefficients capnot
' these radiation qualitie§, the dosimetry with respect to the phantom related operatjonal
f the ICRU - see ISO 4037-2:2019, Clause 6 - or the spectrometry - see ISO 4037-2:2019,
should be performed. For tube potentials of 30 kV and below ISO 4037-4 gives spgcial

proceduresdescribed in ISO 29661 are used as far as possible in this document. In addifion,
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Radiological protection — X and gamma reference

radiation for calibrating dosemeters and doserate meters
and for determining their response as a function of photon

energy —

Part3:

Calibration of area and personal dosemeters and the
measurement of their response as a function of-ener;
angle of incidence

This|document specifies additional procedures and data for the calibration of dosemeters a
meters used for individual and area monitoring in radiation profection. The general proce
califration and the determination of the response of radiation/protection dose(rate)meters
in IS0 29661 and is followed as far as possible. For this purpose, the photon reference rad

oy and

nd doserate
Hure for the
s described
ation fields

with mean energies between 8 keV and 9 MeV, as specified in ISO 4037-1, are used. In Anjnex D some

addifional information on reference conditions, required standard test conditions and effect
with electron ranges are given. For individual monitoring, both whole body and extremity
are ¢overed and for area monitoring, both portable and installed dose(rate)meters are cove

Charged particle equilibrium is needed for.the reference fields although this is not always
in the workplace fields for which the dosémeter should be calibrated. This is especially try

qualfities with photon energiesabove these values are considered as radiation qualities with
charjged particle equilibriur for the quantities defined at these depths. This document als
the determination of the fesponse as a function of photon energy and angle of radiation inci
meapurements can repréesent part of a type test in the course of which the effect of furth
quarnptities on the response is examined.

This|documentsis‘only applicable for air kerma rates above 1 pGy/h.

This|document does not cover the in-situ calibration of fixed installed area dosemeters.

The

!

5 associated
dosemeters
red.

established
e at photon
ends on the
75 MeV and
e radiation
utinherent
deals with
dence. Such
br influence

mendations

procedures to be followed for the different types of dosemeters are described. Recom
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conversion coefficients are only given for matched reference radiation fields, which are specified in

ISO 4037-1:2019, Clauses 4 to 6.1SO 4037-1:2019, Annexes A and B, both informative, include

fluorescent

radiations, the gamma radiation of the radionuclide 241Am, S-Am, for which detailed published
information is not available. ISO 4037-1:2019, Annex C, gives additional X radiation fields, which are
specified by the quality index. For all these radiation qualities, conversion coefficients are given in

Annexes A to C, but only as a rough estimate as the overall uncertainty of these conversion
in practical reference radiation fields is not known.

NOTE
area monitoring.

© IS0 2019 - All rights reserved
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 4037-1, Radiological protection — X and gamma reference radiations for calibrating dosemeters and
doserate meters and for determining their response as a function of photon energy — Part 1: Radiation
characteristics and production methods

ISO 4037-2:2019, Radiological protection — X and gamma reference radiations for calibrating dosemeters

and doserat
for radiatio

ISO 4037-4
and doserat
of area and

ISO 29661,
ISO 80000-

ISO/IEC Gu
measureme

ISO/IEC Gu
terms (VIM}

3 Terms

For the purj
ISO 80000-

ISO and IEC

IEC Ele

3.1
back-scatts
ratio of air
phantom. T
phantom sy

Note 1 to enf

ISO Online browsing platform: available at https://www.iso.org/obp

e TTTeters artd for deter g teir Tesporse us o f Urnction of photomenergy — Part 2 Dosir
| protection over the energy ranges from 8 keV to 1,3 MeV and 4 MeV to 9 MeV

2019, Radiological protection — X and gamma reference radiation for calibrating dosem

personal dosemeters in low energy X reference radiation fields
Reference radiation fields for radiation protection — Definitions and funddmental concept|
|0, Quantities and units — Part 10: Atomic and nuclear physics)

de 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertain
nt (GUM:1995)

de 99, International vocabulary of metrology — Basic.and general concepts and assoc

and definitions

poses of this document, the terms and definitions given in ISO 4037-1, ISO 4037-2, ISO 29
10, ISO/IEC Guide 99 and the following apply:

maintain terminological databases for use in standardization at the following address¢

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

T factor

kerma in frontef a phantom to the air kerma at the same position free-in-air withou
he field is considered to be unidirectional with a direction of incidence perpendicular t
rface

from the bealm axis), beam diameter, phantom size and material and radiation energy.

ryThe value of the back-scatter factor depends on the point of test (distance from the surfacg

etry

pters

e meters and for determining their response as a function of photon energy — Part4: Calibrqtion

2]

ty in

ated

661,

LS

t the
b the

b and

4 Procedures applicable to all area and personal dosemeters

4.1 General principles

4.1.1 Radiation qualities

All radiation qualities shall be chosen from, and produced in accordance to, ISO 4037-1. In general, it is
useful to select an appropriate validated radiation quality taking into account the specified energy and
dose or dose rate range of the dosemeter to be tested.

1) Under preparation. Stage at the time of publication ISO/Guide 80000-10:2019.

2
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4.1.2 Recommended conversion coefficients

If only a standard instrument for the air kerma, Kj, free-in-air is used for dosimetric measurements,
then for all the other phantom related operational quantities H*(10), Hp(10), H'(3), Hp(3), H'(0,07) and
Hp(0,07), appropriate conversion coefficients shall be applied to the measured air kerma values. These
conversion coefficients shall, in principle, be determined by spectrometry for any reference field, any
measuring quantity and, if applicable, for any phantom and angle of radiation incidence.

The air kerma is given by the sum of the air collision kerma, K, o1, and the air radiative kerma,
Karad: Ka = Kacoll + Karad- The air collision kerma, Kj col1, is related to the air kerma by the equation
Ka,coll = Ka - (1 - ga), where g, is the fraction of the energy of the electrons liberated by photons that
is 1ot by radiative processes (bremsstranlung, fluorescence radiation or annihilation tadiation of
positrons). Values of (1-g,) for mono-energetic radiation are given in ISO 4037-2, upperpatjt of Table 2.
In the lower part of that Table 2, values for the reference radiations S-Cs, S-Co, R-Cand R-F are given.
Valuks are interpolated for S-Cs or taken from Roos and Grosswendt[8] for S-Co and.from PTB-Dos-32
for R-C and R-F. For water or air and for energies lower than 1,3 MeV, g, is less thiari 0,003 and below 1,5
MeV|the values of (1-g,) can be considered to be unity, see ICRU Report 47[2]-A2.1.

The pir collision kerma is the part that leads to the production of electrongs that dissipate their energy
as ignization in or near the electron tracks in the medium - and is-obtained in some Monte Carlo
calctilations as the energy deposited. The interpretation that was<made in ISO 29661 was that the
origlnal conversion coefficients which were derived from ICRU Report 57 actually refer to pir collision
kerma. This approach is adopted in ISO 4037 in the following way: for energies up to and influding that
of the S-Co reference field the original values are used, as thedapplication of the factor (1 - §;) does not
charjge numerical values truncated to three significant digits. Conversion coefficients for the R-C and
R-F given in ISO 4037-3 differ from those given in ICRU and the previous edition of 4037-3 (1999) by the
factor (1 - ga) =0,987 and (1 - ga) = 0,978, respectively.

For the tables in Clauses 6 and 8, the irradiationsdistance is measured from the focal spot pf the X-ray
tube (or from the geometrical centre of the +adio nuclide source) to the point of test, af which the
refefence point of the dosemeter shall be loeated. For the R-C and R-F radiations, the irradiat{on distance
shal] be measured from the centre of the.target surface from which the radiation emerges fto the point
of tgst. For the X-radiation qualitiesréecommended conversion coefficients are given, if ayailable, for
two distances of 1,0 m and 2,5 m in,separate columns, even if they differ only by the last digit. This shall
avoifl the introduction of additional uncertainties. If these recommended conversion coefficients are
identical for both distances, tlien‘the two table cells are merged and only one recommended conversion
coefficient is given. This indi¢ates that the recommended conversion coefficient can be ujsed at least
for dlistances from 1 m o) 2,5 m. If the recommended conversion coefficients are diffefent for the
distgnces of 1 m and 2,5/m and a recommended conversion coefficient is required for other distances,
then| the given valuesof the recommended conversion coefficients shall be interpolated or ejxtrapolated

b 1S no difference in the recommended conversion coefficients for both distances. The¢ difference
s with decreasing nhoton enerov increasing definition depth increa "thespectra

In Clauses 6 and 8 and in Annexes A to C, a notation is used for the presentation of recommended
conversion coefficients which is explained in the following: The example of h'x(0,07; E, a) refers to
the conversion coefficient from air kerma Kj; to directional dose equivalent in a depth of 0,07 mm for
mono-energetic and unidirectional photon radiation of energy E, with an angle a between the reference
direction of the dosemeter and the direction of radiation incidence. The prime is replaced by an asterisk
for ambient dose equivalent or by the letter p as a subscript for personal dose equivalent. For personal
dose equivalent, the type of the phantom is indicated by a subscript at the end. The subscripts rod, pill,
cyl and slab stand for rod phantom, pillar phantom, cylinder phantom and slab phantom, respectively.
Similar to the above example this would be for the rod phantom hpg(0,07; E, a)rod. For radiation
qualities, U, of finite spectral width the symbol E is replaced by the letter U to represent any radiation

© IS0 2019 - All rights reserved 3
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quality or by the specific letter according to ISO 4037-1:2019, Table 1, denoting a particular series of
reference radiation, i.e. L, N, W, H, S or R.

Numerical values of conversion coefficients for mono- energetic and unidirectional radiation given in
the recon;maugda)n;:r;)n coefficients in the remaining tables of Clauses 6 and 8 shall be c0n51dered
as being associated with a standard uncertainty (k = 1) of 2 %. This uncertainty takes account of
differences between the spectrum used for the calculation of the conversion coefficient and that
prevailing at the point of test, see References [1] and [3].

For tube potentials of and below 30 kV, and espec1ally for the w1de and h1gh air kerma rate series, the
numerical Y ; y 7 depend

ates

energy part of the spectrum, while the major contribution to‘#*(10) and Hp(10) origi

experiment

tungsten evs
of the thickn
atmospheric

4.1.3 Poi

Measuremse
test. The rg

igh energy part of the spectrum, see Reference [4]. Differences.in energy distribution from
| arrangement to another can occur due to a variety of factors;evg., anode angle, anode roughe
porated on the tube window, presence of a transmission shonitor chamber in the beam, devi
ess of filters from nominal values, length of the air path'between focal spot and point of tes
pressure at the time of measurement. All these points are considered in ISO 4037-4.

nt of test and reference point

nts shall be carried out by positioning the reference point of the dosemeter at the poi
ference point and the reference direction of the dosemeter to be tested should be st

by the manjufacturer in accordance to ISO 29661 or fixed by agreement between manufacturer

testing labg
impossible

instrument
distance be

ratory. The reference point should be marked on the outside of the dosemeter. If this pr

one
ning,
htion
and

nt of
ated
and
oves

the reference point should be indicated in the accompanying documents supplied with the

All stated distances between the radiation source and the dosemeter shall be taken a
fween the radiation source-and the dosemeter's reference point.

In the absence of information en-the reference point or on the reference direction of the dosemet
nese parameters-shall be fixed by the testing laboratory. They shall be clearly stated if the

be tested, t
test certific

NOTE Iy
rate changes
beam by the
at the distan

pte.

the case of point sources and in the absence of scattered radiation and photon absorption, the
with thejnverse square of the distance R. A misplacement of the dosemeter's reference point i
amountof AR in the direction of the beam leads to a relative error in the calibration factor of 2
ce.R. Misalignment perpendicular to the beam axis by Ar causes a relative error of (Ar/R)2. 1

5 the

T to

dose
h the
\R/R
h the

presence of

scattered radiation and for sources of finite dimensions the above approximations are limit

bd to

values of AR

or Ar small in comparison to R.

4.1.4 Axes of rotation

For examining the effect of the direction of radiation incidence, a rotation of the area dosemeter or of
the combination of personal dosemeter and phantom may be required. The variation of response with
direction of radiation incidence shall be examined by a rotation around at least two dosemeter axes.
The direction of the axes shall be mutually perpendicular, if two axes are used. The axes of rotation
shall pass through the reference point of the dosemeter. For an illustration of the geometry, see Figure 1.
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4.1.5 Condition of the dosemeter to be calibrated

Before any calibration is made, the dosemeter shall be examined to confirm that it is in a good
serviceable condition and free of radioactive contamination. The set-up procedure and the mode of

oper

ation of the dosemeter shall be in accordance with its instruction manual.

4.1.6 Effects associated with electron ranges

Electrons with energies above 65 keV, 0,75 MeV and 2,1 MeV can just penetrate 0,07 mm, 3 mm
and 10 mm of ICRU tissue, respectively, see ICRU Report 56[3]. In photon reference radiation fields
capable of producing secondary electrons of these or higher energies, the quantity value and the

indi¢ation of the dosemeter depends on effects associated with electron ranges and this
condidered. In addition, the beam diameter is also of importance for the establishment
equiflibrium. For a more detailed discussion of this subject, see D.2. The proceduréte’ be
sucH cases is described in the following.

For all phantom related quantities, H'(0,07) and Hp(0,07), H'(3) and Hp(3) aswell as H*(10)
and for the reference radiation fields generated by X-rays, no special precautions are requ
the presence of air and of other materials, e.g. monitor chamber, build-up_is completed in t}
depth in practically all situations where the photon energy is below about 250 keV, see Refe

In the case of photon fields with energies from that of S-Cs up«to 9 MeV and for all phan
quantities, first the quantity value shall be determined at the point of test as described in IS
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hed or characterized reference fields. For matched referénce fields, the recommended
ficients listed in this document shall be used. Then, the'reference point of the dosemsg
ght to the point of test and a plate of polymethyl-methacrylate (PMMA) of a thicknej
bcure completed build-up shall be positioned in(front of the dosemeter (for area dos
ont of the combination of dosemeter and _phantom (for personal dosemeters).

e radiation field by introducing the PMMA plate should be taken into account by mu
ersion coefficient with the correction‘factor kpmma given in the Tables in Clauses 6
5-sectional area of the plate shall be'at least 30 cm x 30 cm and, for area dosemeters,
losemeter under test at minimum one time the distance from the plate to the centre of {
reference point of the dosemeter). The thickness of the plate shall be as given in the
 shall be positioned as close-as possible to the dosemeter and perpendicular to the beai

xample in Figure 1.

£ 1 For the S-Cs and $-Co reference fields a PMMA plate of 3 mm thickness is sufficient]
ndary electron equilibriumlél.

£ 2 As an example, for a spherical area dosemeter with 30 cm diameter and the reference
meter in itsecéntre, the size of the build-up plate shall be at least 60 cm x 60 cm if positione
ble to the’dpsemeter.
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Key

1 near-pafallel beam

2 build-uf layer, if required
3 referende point

4 dosemeter

5 slab phantom

Figure [l — Arrangement for the calibration of personal dosemeters at angle «, Left: largg
dosemeter, right: small dosemeter

A1

4.2 Methods for the determination of the calibration factor and of the response

4.2.1 Operation of the standard instrument

The mode of operation of the standard instrument shall be in accordance with its calibration certificate,
the instrument instruction manual and of ISO 4037-2:2019, Annex A, e. g., set zero control, warm up
time, application of range or scale correction factors. The time interval between periodic calibrations
of the standard instrument shall be within the period defined by national regulations. Where no such
regulations exist, the time interval should not exceed two years.

Measurements shall be made regularly, using either a radioactive check source or a calibrated radiation
field, to determine that the reproducibility of the standard instrument is within +1 % of the certificate

6 © IS0 2019 - All rights reserved
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value. Corrections shall be applied for the radioactive decay of the source and for deviations in air
density from its reference value, when necessary.

In the case of a sequential irradiation of the standard instrument and of the dosemeter under test,
see IS0 29661:2012, 6.4.2, a decision shall be made whether a monitor has to be used or not (see 4.2.2).

This

decision shall be based on the stability of the output of the radiation source.

There are two types of standard instruments: those that measure a more basic dosimetric quantity,
e.g., air kerma and others that measure directly the phantom related quantities in which the calibration
is to be performed. For the first kind of instruments, the suitable conversion coefficient h shall be used,
whlle no conversion coeff1c1ent is requlred for the second kind of instruments. The recommended

4.2.2

In g¢
radi

5

5.1

Thes
whe
calib
(wit
fron
Clau
Ka,

od given in ISO 4037-2:2019, 5.2 or Clause 6, shall be used.

. Measurements without a monitor for the source output

neral, a monitor, see ISO 4037-1:2019, 3.5, is not needed in reference radiation fields f

Particular procedures for area dosemeters

General principles

e principles apply to the calibration of portable and installed area dosemeters in referenc

rations of installed area dosemeters. Dosemeters for area monitoring shall be irradiate
hout any phantom). Measurements of the résponse may be necessary in the photon ej

e 6 contains, for matched ISO reference radiations, conversion coefficients h to conver

tp the operational quantities H'(0,07],°H'(3) and H*(10). Conversion coefficients for mor

photons for a broad parallel beam and in the absence of scattered radiation are also given.
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ecommended conversion.coefficients to a reference distance between radiation sourd
st. In case of a divergent-beam, the beam axis is considered as the direction of the bez
Fe a reference distancelis given together with an angle a of the direction of radiation in
ingle between the'reference orientation of the dosemeter and the actual direction of t}
ersion coefficients are determined for unidirectional radiation incidence.

Quantities to be measured

irea dosemeters the quantities to be measured shall be the directional dose equivaler]
(/(3), and the ambient dose equivalent, H*(10). For area dosemeters, calibration proced

—Jhall only be
erwise, the

roduced by

pactive sources. For X-radiation reference fields, the use of a monitoris usually recommended.

b radiations,

e the term area dosemeter comprises both active‘and passive devices. They do not apply to in-situ

1 free-in-air
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8 keV to 9 MeV, and, depending on the equipment for the irradiation, at various irradiation distances.
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o-energetic
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6 Conversion coefficients for area dosimetry

6.1

Conversion coefficients from air kerma, K,, to H'(0,07)

6.1.1 Mono-energetic radiation

See Table 1.

NOTE

Data were taken from ICRU 57[Z] (bold) and interpolated values either from Ankerho

Ankerholdl8l.

© IS0 2019 - All rights reserved
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6.1.2 Low air kerma rate series

See Table 2.

NOTE Data were taken from Ankerhold[1].

6.1.3 Narrow series

See Table 3.

NOTE Data were taken from Ankerhold[1] and, for N-350 and N-400, from AnkerholdI8].

6.1.4 WiJle series

See Table 4.

NOTE Dhta were taken from Ankerhold[1].

6.1.5 High air kerma rate series
See Table 5

NOTE Dhta were taken from Ankerhold[1] and, for H-350 and H-400, fromAnkerholdI8].

6.1.6 Radionuclides
See Table 6

NOTE Dpta were taken from DIN 6818-1:2004[10],

Table 1 — Conversion coefficient h'x(0,07; E, @) from air kerma, K,, to the directional dosé
equivplent H'(0,07) for mono-energetic and parallel photon radiation (expanded field)

efll;gg:lE h'k(0,07; Ea) in Sv/Gy for angle of incidence, o, of

keV 0° 15° 30° 45° 60° 75° 90° 180°
3 0,287 {0,266 | 0,214 | 0,151 | 0,044 | 0,000 | 0,000 | 0,000
4 0,586’ | 0,557 | 0,490 | 0,416 | 0,185 | 0,000 | 0,000 | 0,000
5 0,76 | 0,73 | 0,66 | 0,60 | 0,31 | 0,00 | 0,00 | 0,00
6 0,798 | 0,772 | 0,715 | 0,667 | 0,432 | 0,169 | 0,036 | 0,000
8 0,874 | 0,856 | 0,823 | 0,799 | 0,672 | 0,507 | 0,108 | 0,000
10 095 | 094 | 093 | 093 | 091 | 0,85 | 0,18 | 0,00
12 0,966 | 0958 | 0,949 | 0951 | 0,935 | 0,878 | 0,253 | 0,000
14 0982 | 0976 | 0,966 | 0970 | 0959 | 0,910 | 0,325 | 0,000
15 0,99 | 0985 | 0,975 | 0,980 | 0,970 | 0,926 | 0,361 | 0,000
20 1,05 | 1,05 | 1,04 | 1,05 | 1,05 | 1,03 | 0,57 | 0,00
30 1,22 | 1,21 | 1,21 | 1,21 | 1,20 | 1,15 | 0,76 | 0,00
40 1,41 1,40 1,39 1,39 1,37 1,31 | 0,924 | 0,014
50 1,53 | 1,51 | 1,50 | 1,50 | 1,48 | 1,41 | 1,06 | 0,03
60 1,59 | 1,57 1,56 1,56 1,55 1,47 1,12 | 0,041
70 1,61 1,60 1,59 1,59 1,57 1,50 1,16 | 0,051
80 1,61 | 1,59 1,59 1,59 1,57 1,50 1,19 | 0,061
100 1,55 | 1,53 | 1,53 | 1,53 | 1,52 | 1,46 | 1,19 | 0,08
125 1,49 1,47 1,47 1,47 1,46 1,42 1,21 0,09

8 © IS0 2019 - All rights reserved
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Table 1 (continued)
Photon h'k(0,07; E, a) in Sv/Gy for angle of incidence, «, of
energy, E
keV 0° 15° 30° 45° 60° 75° 90° 180°
150 1,42 1,41 1,41 | 1,41 | 1,41 | 1,38 | 1,24 | 0,10
200 1,34 | 1,33 1,33 1,33 1,34 1,31 1,17 0,11
300 1,31 | 1,31 | 1,31 | 1,31 | 1,34 | 1,31 | 1,17 | 0,13
662 1,20 | 1,20 | 1,20 | 1,20 | 1,20 | 1,18 | 1,07 | 0,22
1250 1,16 1,16 1,16 1,16 1,16 1,14 1,04 0,35

© IS0 2019 - All rights reserved 9
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6.2 Conversion coefficients from air kerma, K, to H'(3)

6.2.1 Mono-energetic radiation
See Table 7.

NOTE Data were taken from Behrens[l1l. For energies above 1,5 MeV the bremsstrahlun
according to 4.1.2 was applied. For the monoenergetic (1 - g,) values, see ISO 4037-2:2019, Table 2.

6.2.2 Low air kerma rate series

3:2019(E)

g correction

See Table 8.
NOTE Data were taken from Behrens[11].
6.2.3 Narrow series
See Table 9.
NOTE Data were taken from Behrens[11].
6.2.4 Wide series
See Table 10.
NOTE Data were taken from Behrens[11].
6.2.5 High air kerma rate series
See Table 11.
NOTE Data were taken from Behrens[11],
6.2.¢ Radionuclides
See Table 12.
NOTE Data were taken/from Behrens[11].
6.2.7 High energy-photon radiations
See Table 13.
NOTE Data were taken from Behrensl11]. The “bremsstrahlung” correction according to 4.1.2 was applied.
Table 7 — Conversion coefficient h'k(3; E, a) from air kerma, K, to the directional dose
equivalent H'(3) for mono-energetic and parallel photon radiation (expanded field)
Photon h'k(3; E, a) in Sv/Gy for angle of incidence, «, of
energy K25 L&y y g ) @
keV 0° 15° 30° 45° 60° 75° 90° 180°
5 <0,0001 | <0,0001 | <0,0001 | <0,0001 | <0,0001 | <0,0001 0 0
6 0,0011 0,0009 0,000 4 <0,0001 <0,0001 <0,0001 <0,0001 0
7 0,014 3 0,012 3 0,007 5 0,002 7 0,000 3 <0,0001 <0,0001 0
8 0,059 2 0,053 6 0,0386 0,019 2 0,004 4 0,00021 | <0,0001 0
9 0,140 0,130 0,104 0,063 3 0,022 1 0,001 71 | <0,0001 0
10 0,240 0,229 0,194 0,135 0,062 3 0,00845 <0,0001 0
© IS0 2019 - All rights reserved 15
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Table 7 (continued)
l:::rt_g; h'k(3; E, a) in Sv/Gy for angle of incidence, «, of

keV 0° 15° 30° 45° 60° 750 90° 180°

11 0,347 0,334 0,295 0,225 0,125 0,0266 | 0,0003 0

13 0,536 0,524 0,486 0,412 0,287 0,108 0,002 7 0

15 0,682 0,671 0,638 0,571 0,449 0,231 0,0155 0

17 0,791 0,784 0,756 0,699 0,588 0,364 0,048 7 0

20 0917 0912 0.890 0844 0750 0541 0136 0

24 1,04 1,04 1,02 0,982 0,903 0,719 0,278 | <p0p 1

30 1,22 1,21 1,20 1,16 1,09 0,921 0478 |1\0,0004

40 1,45 1,44 1,43 1,39 1,31 1,15 0,715 ™5+ 0,004 9

50 1,61 1,60 1,58 1,54 1,46 1,30 0,875 | 00239

60 1,68 1,68 1,66 1,62 1,54 1,38 971 0,0417

70 1,70 1,70 1,68 1,64 1,57 142 () 1,03 0,057 2

80 1,68 1,67 1,66 1,63 1,56 143\~ 105 0,067 9

100 1,61 1,61 1,60 1,57 1,52 1417 1,06 0,074 9

120 1,52 1,52 1,52 1,50 147|137 1,05 0,084 0

150 1,47 1,47 1,46 1,46 143 . F 1,35 1,06 0,0913

N\

200 1,39 1,39 1,39 1,38 1, 1,31 1,06 0,110

300 1,30 1,30 1,30 1,31 31 1,27 1,07 0,139

400 1,26 1,25 1,25 126 [\ 1,26 1,24 1,07 0,166

500 1,22 1,22 1,22 1,239 1,24 1,22 1,07 0,19

662 1,18 1,19 1,20 1,20 1,21 1,20 1,08 0,236

800 1,17 1,17 118 | 24,18 1,19 1,19 1,07 0,263
1000 1,15 1,16 116 (N 117 1,17 1,17 1,07 0,304
1300 1,15 1,15 115 . | 115 1,16 1,16 1,08 0,356
1500 1,14 1,14 1 1,14 1,15 1,15 1,08 0,383
2 000 1,12 112 (U112 1,13 1,13 1,13 1,07 0,444
3000 1,11 111 111 1,11 1,12 1,12 1,07 0,515
5000 1,10 1409 | 1,09 1,10 1,10 1,09 1,06 0,602
8000 1,08 |~ 008 1,07 1,08 1,08 1,07 1,04 0,645
10 000 1,07 ,\)\?5 1,07 1,07 1,07 1,07 1,06 1,03 0,673

e
S

16 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

2019(E)

ISO 4037-3

¥11°0 D0'T 1€7T LET 8¢1 8¢e1 8¢e1 LET 0¥Z-1
S0T0 DO'T A 6€T 0¥'T 1T 197 177 0121
61600 D0'T GeT ev'T 9T LY'T LY'T LY'T 0LT-1
21800 DT 6€T 0ST 8T 9ST 951 LST SCT-1
1,00 E0'T T SST 19T €91 59T 59T 0011
02%0°0 | 6 T¥00 %960 8¢1 ¥ST 19T 9T L9T 891 041
€610°0 | 26100 4780 Sz A ST ¥ST SST 95T SS-1T
01000 | 60000 #9¥°0 5060 801 STT BTIT 0Z1 127 ge-1
20000 | 20000 #SE0 ¥6L0 | €6L0 2L60 S0'T 607 0T'T 11T 0€-1
0 0 265000 | T8S0°0 | 850 | 9S€0 050 6,90 9€L0 S9L°0) €LLO 021
0 0 100003 | T000°0> |% €00°0|82000|L0€0°0|LSZ00|T9L0°0|LS90°0| 8IT'0 | EO0T'O“&FI'0 | 4210 | ¥STO | LETO 0T-1
wsg w T w gz WeT |WgZ | WQT | WSZ | WET | WSZ | WQT | WGZ | WQT | wWgiz | QT | WS | wQT
-08T 06 oSL 009 oS¥ o0€ ST o0 Anpenb
JO ddue)SIp pue ‘v ‘@duapIdul Jo A[Sue 3yl 10j A9/AS ul (v 1€)ALy uoneipey

(£),H yuareArnba asop [EUOIIIIIP 3] 0] ‘BY ‘BULId .ATe W) (¥ “T €)X,y JUIIIIJJI0D UOIS.IIAUOI PIPUIWWO0IIY — § d[qeL

17

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

2019(E)

ISO 4037-3

LYT0 L0T 9Z'1 621 621 62T 8Z'T 62T 00¥%-N
9€T0 LOT 87T 1€7 1€T 1€T 1€T 1€T 05€-N
SZ10 LOT 62T ¥eT eT YT ¥eT YT 00€-N
€IT0 90T 1€T LET 8€T 8€T 8€T 8€T 0SZ-N
18600 90T YET 71 €Y1 (A i 4 00Z-N
£ €800 90T 8€T 8Y'1 ST €57 ST ¥ST 0ST-N
18L00 90T 0v'T 28T 96T 6ST 09T 09T 0ZT-N
L8900 98900 S0'T T SST 19T 91 99T 99T 00T-N
68%00 88%0°0 ooo.e 6860 0v'T SST 91 991 89T 89T 08-N
68100 88100 Nﬁwé 1180 Y21 0%'T 8¥1 ZS‘T ST ¥ST 09-N
12000 12000 omm;v 8750 L96°0 PI'T 12T §2°1 9Z'T LZ'7T 0v-N
10000> | T 000°0> mmm.._u 0420 8690 | ¥69°0 | 9880 | €880 | 6960 | L960 109 €0°T €01 0€-N
10000> | T000°0> nm:_u €€10 8050 | 00S‘0 | ¥TL'0 | 90,0 | 0180 | ¥080 | 6580 | £58'0,| €88°0 | 4480 | 6880 | ¥880 SN
0 0 €TI¥0[0 | 8LED0 | 2620 | LLZ'0 | L6¥'0 | 64%0 | 6090 | Z6S°0 | 0490 | €590 " POL0 | #890 | 0IL0 | €690 0Z-N
0 0 9 €00[0 | 0£00°0 |S0600|SLLO0| SEZ0 | 6020 | ¥¥ED | ZIE0 | ZI¥'0 | 6LEQ | 640 | $TF0 | T9%'0 | LZ¥O ST-N
0 0 1000D> | T000°0> ¥ 2000|9 T00°0|8220°0|LSTO0|¥ 6500 |62¥0°0(Z¥60°0[Z0L0°0| LIT'Q [6[880°0| 9210 |9 S60°0 0T-N
w sz w01 w g’ QY Wwe'z | Wy we'z | Wy [ we'z [ WY lwe'z | we g lwe'Z [T | WSz | wogp
081 .06 oSL 09 oS¥ o0€ oST o0 Aypenb
JO ddUEBISIp puE ‘v ‘9ouapIdul Jo d[3ue Y} 10j A9/AS ul (v ‘N €)Xy uoneipey

(£),H 3usareAINba 3sop [BUOIIIDIIP 3Y) 03 ‘B ‘BULIDY .ITe WO.AJ (¥ ‘N ‘€)XY JUIIIIJJI0I UOIS.IIAUOD PIPUIWWI0IY — 6 I[qeL

© ISO 2019 - All rights reserved

18


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

2019(E)

ISO 4037-3

€110 D0‘T 1€T LET 8L 8€T 8€T 8€T 00E-M

€010 D0‘T €e1T 0%'T e 't V' T 0SZ-M
L0600 90600 00T 9¢'T A LY'T 87T 6v'T 6v'T 00Z-M
98L0°0 ¥ 8L0°0 GO'T 6ET 0S'T ¥S8T 96T LST LST 0ST-M
L €900 9 €900 €07 7T GST 19T 9T 99T 99T 0TT-M
L7£00 9700 | ¥68'd | €680 1€T LY'T GST 651 19T q9'1 19T 08-M
L €100 9 €100 | €¥L'0| | Z¥LO LT'T ¥ET T 71 9%'T S¥T LY'T 8¥'1T 09-M
071000 60000 | €0¥'Q | L6ED | LEBD 0£80 10T 10T 60T 60T €17 cVE ST'T 1T 911 ST'T 07-M
10000> | T0000> | £L0Z'Q0 | 20Z0 | S09°0 9650 |T080| €640 |1680| ¥880 | SE6'0 | 626044560 | 0E6'0 | €960 | LS60 0e-M

w sz w QT weg'g | Wwe'rp | Wz | wer |wgg| wET (WwsZ| wQT | WSz | WQT | WESZ | Wo'T | g | WOT
08T 06 oSL 009 oSt o0€ oSl o0 Ayrenb
JO do3uelSIp pue ‘v ‘@3uapIdul jo afdue ay3 10j An/As ur (v ‘M ‘€)Ay uoneipey

(£),H yuareAInba asop [eUOIIIDIIP 3Y) 0} By ‘CULIdY .ITe WO.LJ (¥ A\ ‘€)Y Y JUIIDIJJI0I UOISIIAUO0D PIPUIWUI0IIY — (T d[qeL

19

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

2019(E)

ISO 4037-3

b2 ‘6102:T-LE0¥ OSI 99S ‘UONIPUOD UOTLIPE.LIL S

(3 .10j 9[qIssod jou ST p[alj paydlew y

¥IT0 90T 1€T LET 6ET 6ET 6ET 6£T 00%-H
9010 90T €eT 1 77T T T T 0S€-H
89600 90T SET 't ST 9¥%1 9¥'1T 9¥%1 00€-H
59600 %9600 90T SET €T STY 9¥%1 LY'T 9¥%1 08Z-H
04800 T 4800 90T 9€T S¥'T 67T 0S'T 157 167 0SZ-H
8¥L00 L¥L00 40T 8€T 67T €97 9G'T LST LST 00¢-H
€8S00 28500 | ¥660 €660 LET 15T LST 09T 291 19T 91 0ST-H
0T€00 L0E00 | 9¥80[ | 1¥80 971 921 't 91T 67T €97 SST HST 9GT SST 00T-H
¥ 8100 08100 | 0%L0 1€L0 LT'T 91T €eT €T T 0v'T SH'T £V'T 9¥'1T qr'T YT 9¥'1T 08-H
LS00°0 SG000 | ¥¥S0|| ¥ES0 | SL60 2960 STT €T AN 121 9Z'T ST 87T 9zt 62T LZT 09-H
€0000 €0000 | ¥€2'0|| 8120 2190 | 985S0 | S080 | 8440 | S680 | 6980 | Z¥6'0 | 9160 €960 8£6'0 1460 | 9%60 0%-H
T10000> [ T0000>| ZOT'0||SSB0O0| 98€0 | 8CE0 | #4S0 | 9TIS0 | SL9°0 | 9190 €L0 TL9°0 | @SL0 .0 9940 | 80L0 0€-H
0 0 G ET0Q[S8000| 6210 |6L80°0| €920 €610 | 6S€°0 | 9420 6170 ZEE0 | TSVO_| €9€0 | €9%'0 | ¥LED 0¢-H
e— e— e— e— e— e— e— e— e— e— e— e— e— — e— e— 0T-H
w sz w01 w sz QY ez [ moyg ng'z [ moyg mwe'z [ mey ez [ gy ez w01 we'g | woc
081 .06 oSL .09 oS¥ o0€ oST o0 Ayirenb
JO ddUEISIp puE ‘D ‘90UIPIIUI Jo J[3ue 3y} J10J An/AS Ul (v ‘H ‘€)¥y uonerpey

(£),H 3usareAINba 3sOp [BUOIIIIIP 3} 03 ‘BY ‘BULIDY 1€ WO.dJ (¥ ‘H ‘€)XY JUIIIJJI0I UOIS.IIAUOI PIPUIWWO0IIY — LT d[qeL

© ISO 2019 - All rights reserved

20


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

2019(E)

ISO 4037-3

SYE0 80T LT'T LT'T 91T ST'T SEX ST'T 00T € 0)-S
€20 80T 0Z'T 121 121 0Z'T 61T 61T 00T € $J-S
ww
08T 06 oSL 009 0S¥ o0€ ST o0 VIWdy | viRdp
Ul G‘7 0] W T JO 9DUB]SIP pue ‘v ‘9duapioul jo afSue ay3 1oj A9 /As ur (v ‘S ‘€)X y d Toke| Anenb
n-pinq viWNd | uoryeipey

(£),H yuareAInba asop [EUOIIIBIIP 3Y) 0] ‘BY ‘ULIdY .ITe W) (¥ ‘S ‘€)Y, Y JUIIIJJI0I UOISIIAUOI PIPUIWWO0IY — ZT d[qeL

21

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

2019(E)

ISO 4037-3

1290 S0'T 60'T 60'T 60T 60'T 60'T 60'T S6°0 Y4 d-d
€850 901 0T'1 01T 0T'T 011 0T'T OT'T S6°0 Y4 0-d
i
-08T .06 oSL 09 0S¥ o0E oST 00
VINNdy | VIWINdp
W G‘Z 0] W T JO 92UBISIP pue ‘v ‘93uapidul Jo afdue ay) .10j An/Ag ur (v Y ‘€)X y Tohe| Axenb
: T : ' dn-p[inq yIWINd | uoneipey

(£),H yuareAINba 3sop [BUOIIIAIIP 3] 03 ‘BY ‘BULIdY TR W) (¥ Y ‘€)X Y JUIIIIJJI0I UOISIIAUO0D PIPUIWUI0IIY — £T d[qeL

© ISO 2019 - All rights reserved

22


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

6.3

ISO 4037-3:2019(E)

Conversion coefficient from air kerma, K,, to H*(10)

6.3.1 Mono-energetic radiation

See Table 14.

NOTE

Data were taken from ICRU 57[Z] (bold) and extrapolated values below 10 keV and interpolated values

from Ankerhold[1]. For energies above 1,5 MeV the bremsstrahlung correction according to 4.1.2 was applied. For
the monoenergetic (1 - g,) values, see ISO 4037-2:2019, Table 2.

6.3.2 __Low air kerma rate series

See

NOT

6.3.]
See

NOT

6.3.1
See

NOT

6.3.!
See

NOT

6.3.6 Radionuclides

See

NOT

6.3.]
See

NOT

Table 15.
J Data were taken from Ankerhold[1].
8 Narrow series

Table 16.

) Data were taken from Ankerhold[1] and, for N-350 and N-400, ffom Ankerhold[8].
L.  Wide series

Table 17.

= Data were taken from Ankerhold[1].

b High air kerma rate series

Table 18.

Table 19.

Table 20:

) Data were taken from Ankerholdi] and, for H-350 and H-400, from Ankerhold[8].

= Data were takémffom DIN 6818-1:2004[10] for Co-60 and Dos 23el4] for Cs-137.

f  High energy photon radiations

) Data were taken from Behrens et al.[12] The bremsstrahlung correction according to 4.1.2

was applied.

Table 14 — Conversion coefficient h*(10; £) from air kerma, Kj,, to the ambient dose equivalent

H*(10) for mono-energetic and parallel photon radiation (expanded field)

Photon energy, E h*k(10; E)
keV Sv/Gy
7 0,000 012
0,000 095
9 0,001 45
10 0,008
11 0,0331
12 0,0737

© IS0 2019 - All rights reserved
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Table 14 (continued)
Photon energy, £ h*k(10; E)
keV Sv/Gy
13 0,127
14 0,190
15 0,26
16 0,326
17 0,395
18 0,466
19 0,538
20 0,61
30 1,10
40 1,47
50 1,67
60 1,74
80 1,72
100 1,65
150 1,49
200 1,40
300 1,31
400 1,26
500 1,23
600 1,21
800 1,19
1000 1,17
1500 1,15
2000 1,13
3000 1,12
4000 1,11
5000 1,09
6000 1,09
8000 1,08
10 000 1,06
Table 15 — Recommended conversion coefficient h*,(10; L) from air kerma, K,, to the ambient
dose equivalent H*(10)
Radiation quality h*k(10; L) in Sv/Gy for the distance of
1,0 m 2,5m
L-10 —a —a
L-20 0,393 0,396
L-30 0,937 0,938
L-35 1,09 1,10
L-55 1,62
L-70 1,73
a A matched field is not possible for this irradiation condition, see
ISO 4037-1:2019, 4.2.4.
24 © IS0 2019 - All rights reserved
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Table 15 (continued)

Radiation quality h*k(10; L) in Sv/Gy for the distance of
1,0 m | 2,5m
L-100 1,70
L-125 1,61
L-170 1,49
L-210 1,42
L-240 1,38

ISO 4037-3:2019(E)

Table 16 — Recommended conversion coefficient h*x(10; N) from air kerma;K,,to th

Tal

A Tmatciredfietd s ot possibleforthisrradiatiomr comdition, see

ISO 4037-1:2019, 4.2.4.

dose equivalent H*(10)
Radiation quality h*k(10; N) in Sv/Gy for the distance of
1,0 m 2,5(m
N-10 —a e
N-15 —a —a
N-20 0,307 0,323
N-25 0,566 0,576
N-30 0,810 0,814
N-40 1,19 1,20
N-60 1,59
N-80 1,74
N-100 1,71
N-120 1,65
N-150 1,58
N-200 1,46
N-250 1,39
N-800 1,35
N-350 1,32
N-400 1,29

a A matched field is not possible for this irradiation condition, see

ISO 4037-1:2019, 4.2.4.

e ambient

© IS0 2019 - All rights reserved

le 17.—~Recommended conversion coefficient h*x(10; W) from air kerma, K, to the ambient
dose equivalent H*(10)
Radiation quality h*x(10; W) in Sv/Gy Tor the distance of
1,0 m 2,5m
W-30 0,687 0,697
W-40 0,998 1,01
W-60 1,50
W-80 1,66
W-110 1,71
W-150 1,62
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Table 17 (continued)
Radiation quality h*k(10; W) in Sv/Gy for the distance of
1,0m | 2,5m
W-200 1,52
W-250 1,44
W-300 1,39

Table 18 — Recommended conversion coefficient h*x(10; H) from air kerma, K,, to the ambient

Table 19 +— Recommended conversion coefficient h*x(10; S) from air kerma, K,, to the ambi
dose equivalent H*(10)
Jo . . . Irradiation " .
Radiption quality PMMA build-up layer distance h*k(10; S)
d A k A
PMM PMM - Sv/Gy
mm
S-Cs 1,00 1,0-3,0 1,21
S.Co 1,00 1,0-3,0 1,16

dose equivalent H*(10)

Radiation quality | h*k(10; H) in Sv/Gy for the distance of
H-10 —a —a
H-20 —a —a
H-30 —a —a
H-40 0,684 0,717
H-60 1,19 1,21
H-80 1,46 1,47

H-100 1,57 1,58
H-150 1,67
H-200 1,61
H-250 1,54
H-280 1549
H-300 1,49
H-350 1,44
H-400 1,41

a

A matched field is not possible for this irradiation condition, see

[SO 4037-1:2019, 4.2.4.

bnt

Table 20 — Recommended conversion coefficient i*x(10; R) from air Kerma, K,, to the ambient

26

dose equivalent H*(10)

Radiation quality PMMA build-up layer Irradiation h*k(10; R)
dpMMA kpmma distance
mm m Sv/Gy
R-C 25 0,95 1,0 1,11
R-F 25 0,95 1,0 1,10

© ISO 2019 - All rights reserved
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7 Particular procedures for personal dosemeters

7.1 General principles

These principles apply to the calibration of all personal dosemeters, i. e., whole body and extremity
dosemeters. The irradiation shall be performed on a phantom made of PMMA or a combination of
PMMA and water, see 7.3.1. Measurements of the response may be necessary in the photon energy range
from 8 keV to 9 MeV, at angles of radiation incidence from 0° up to 75° or 90° and at various irradiation
distances.

ee-in-air to
h phantoms
ed matched
ised for the
calibration

Clau
the phantom related operational quantities Hp(0,07), Hp(3), and Hp(10) defined by ICRU
made of ICRU tissue. These recommended conversion coefficients pertain only to validat
refefence radiation qualities, see ISO 4037-1. The difference in material from ICRU tissue, {
definition of the quantity, to the recommended ISO phantoms according to 7.3.1, used for the

of th
sam
matg
for g
ont
pha

Initi
bear

7.2

The
Hp(3
the (
air K
cony
cony
reco
as a
reco
for
refel

7.3

7.3.

Mea
and

e dosemeters, shall be ignored. This is because the ISO phantoms are designed to

e backscatter as phantoms made of ICRU tissue. However, as they are notunade of tissug
brial, the permeability/absorption is not the same as for phantoms madeé of ICRU tissug
ersonal dosemeters, any calibration procedure on the slab phantom,for angles larger t

tom. For these irradiation conditions, no conversion coefficients are given.

hl "reference” data of the conversion coefficients for meno-energetic photons for a br
h and in the absence of scattered radiation are given in\Tables 21, 27, 33, 39 and 46.

Quantities to be measured

quantities to be measured for individual menitoring are the personal dose equivalent
), and Hp(10). The phantom definition depth shall be chosen in agreement with the p

erma, K, to the personal dose equivalent Hp(d). Depending on the value of d the re
ersion coefficients pertain to different phantoms, all made of ICRU tissue. For d
ersion coefficients are provided/for the rod, the pillar and the slab phantom. For
Immended conversion coefficients are provided for the cylinder phantom defined in Re
cylinder of 20 cm length¢and 20 cm diameter, which is not (yet) included in the set @
mmended by ICRU. The(recommended conversion coefficients for a depth d = 10 mm a
he slab phantom. All'recommended conversion coefficients pertain only to validat
ence radiations as'given in [SO 4037-1.

Experimental conditions

| Use-of phantoms

sutements of the response as a function of radiation energy and direction of radiatig

provide the
b equivalent
. Therefore,
han 75° and

e other phantoms for angles larger than 90° makes no sense, as the radiation then pefetrates the

bad parallel

s, Hp(0,07),
roperties of

losemeter under test. Tables 21 to 52 cofitain recommended conversion coefficients copverting the

ommended
= 0,07 mm
d = 3 mm
ference [13]
f phantoms
re provided
bd matched

n incidence

19 : £ 11 1111 £ 1 1 11 :
LdIIUT dUUILS O PCISUIIdI UUSCTIIICLETL S SIidIlT DT PETTONITICU Ul d PIIdIILOIITN SUILdDIC T VICEW

f the depth

of measurement and of the type of dosemeter. For whole body dosemeters worn on the body, the ISO
slab phantom shall be used. For eye dosemeters, the cylinder phantoml[13] shall be used, which is not
(yet) included in the set of phantoms recommended by ICRU. For dosemeters worn on the fingers, the
ISO rod phantom shall be used. For those worn on the wrist or the ankle, the ISO pillar phantom shall
be used.

The ISO slab phantom is a water filled hollow slab with PMMA walls (front wall 2,5 mm thick, other
walls 10 mm thick) and of outer dimensions 30 cm x 30 cm x 15 cm. The ISO rod phantom is a PMMA
cylinder of 19 mm diameter and a length of 300 mm. The ISO pillar phantom is a water filled hollow
cylinder with PMMA walls and an outer diameter of 73 mm and a length of 300 mm. The cylinder walls
have a thickness of 2,5 mm and the end faces of 10 mm. The cylinder phantom[13] is a water filled hollow
cylinder with PMMA walls and an outer diameter of 200 mm and a length of 200 mm. The cylinder walls
and the end faces have a thickness of 5 mm.

© IS0 2019 - All rights reserved 27
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When using reference radiations with a mean energy equal to or above that of the radionuclide 137Cs,
also a solid PMMA slab of the same outer dimensions may be used.

When these phantoms are employed as described above, no correction factors shall be applied to the
reading of the instrument under test due to possible differences in back-scatter factor or properties
between these phantoms and those made of ICRU tissue.

NOTE In low energy radiation fields, where Hp(0,07) could be relevant for the exposure of the trunk, care
should be taken in the interpretation of the indicated values of dosemeters designed to measure Hp(0,07) when
worn on the trunk. Due to the absorption of radiation in the clothing the actual value of H,(0,07) may significantly
differ from the value indicated.

7.3.2 Gegmetrical considerations in divergent beams

test
nt is
hred
test.
h its

In case of a|divergent beam, the beam axis is considered as the direction of the beam. The point of
shall be chgsen at a distance from the source such that the field size in the plane of meaSureme
sufficiently|large to allow the irradiation of the entire phantom front face. The quantity;to be meas
shall be detlermined by positioning the reference point of the standard instrument.at the point of
Then the rgference point of the dosemeter under test shall be positioned at the\point of test wit

reference

attached to
shall be pog
and that its
shall be m3
instrument
incidence, t
as illustrate

NOTE1 I
to be tested.
measured p4
dosemeter i1

NOTE2 F
and to locate

7.3.3 Sin]

When sever
they shall n|
locus of the
The values

irection oriented parallel to the direction of the beam. Extremity,dosemeters shoul
the phantom in the way they are attached to the body during normal use. The slab phar
itioned in such a way that its front surface is in contact withr the rear side of the dosen
front surface is perpendicular to the beam axis. The irradiation of the device under]
de under conditions identical to those prevailing during the irradiation of the stan
but now with the phantom present. For a test of the influence of the direction of radis
he assembly consisting of dosemeter and phantom shall be rotated around the point of

din Figure 1.

this document, the entity of the personal dosenieter and phantom is considered as the dosen
The reference point of the entity is as stated by the manufacturer. The value of the quantity
rtains to the value of the dose equivalent in"depth, d, inside the reference phantom in absence g
broad parallel fields.

br an irradiation on the slab phantom,it may be practical to rotate the phantom only around ong
the dosemeter in two mutually perpendicular orientations on the surface of the phantom.

ultaneous irradiationof-several dosemeters

al personal dosemeters are irradiated simultaneously on the front face of the slab phar

d be

itom
eter
test
Hard
ition
test

heter
to be
f the

axis

ittom

pt cover any phantem surface outside a circle with a diameter, df, given by the approximate

98 % isodos€ gontour with respect to the dose in the centre of the phantom front
of dr depend/on the radiation quality and they are given for every reference radiatic

Tables 47 t¢ 52. If smaller irradiation distances than those given in the following tables are used

diameter, d

: becomes’smaller. Different distances between the reference points of the dosemeterg

the radiation sgurce shall be taken account of according to 4.1.3.

face.
n in

the
and

For a simul

areousdeterminationolthe responsc ol several dosemelersasalunclon ol the dire

tion

of radiation incidence, the reference points of the dosemeters shall be positioned on the axis of rotation.

Two effects associated with this (simplified) procedure require additional attention: i) by positioning
several dosemeters on the phantom surface the back-scatter may be reduced due to the attenuation
of the primary radiation passing through the dosemeters and ii) possibly different distances of the
reference points from the radiation source have to be considered. Such differences in distance should
be taken account of. Before such a practice is adopted, it shall be verified that it leads to results identical
to within 2 % of those obtained when only one dosemeter is irradiated in the centred position.

NOTE There may be certain types of dosemeters, which respond very sensitively to small changes in
the properties of the back-scattered photon field. This may be due to the usage of strongly energy dependent
detectors or possibly, by the properties of the algorithms used to arrive at the value of the dose equivalent from
the detector signal. In such cases, it may be advisable to have only one dosemeter mounted on the phantom
surface for any calibration.
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7.3.4 Influence of the orientation on the values of H,(0,07)

In a given radiation field the value of H,(0,07) depends on the direction of radiation incidence T . For the
pillar and the rod phantom there are two, mutually perpendicular, axes of rotation, both of which
intersect the reference point of the dosemeter. One is parallel to the cylinder axis while the other one is
perpendicular to both the cylinder axis and to the direction of radiation incidence. Figure 2 shows, as a
function of photon energy, that for an angle of rotation of 60° around either of the two axes, the value of
hpk(0,07; E, a)rod and hpk0,07; E, a)pill remains between 0,95 and 1,05 of the value of normal incidence.
The data for Figure 2 are taken from references [14] and [15]. For smaller angles of rotation, these
variations are always smaller. Due to the small magnitude of the angular variation of the conventional

qua and the rod
phantom is independent of the direction of radiation incidence for angles up to 60°. Rofations over
larger angles than 60° are not considered in this document.
NOTE1  The variation of +5 % of the value of hpg(0,07; E, a) over the range of a considéred here is larger than
the general figure on uncertainties of #2 % proposed in 4.1.2. Nevertheless, these yariations are|disregarded
in thliis document. This does not jeopardise the objective of this document of prowiding reliable and accurate
calibjration procedures, but rather reduces the size and number of the tables.
YA
1,10 -
1,08 -
1,06 -
1,04 |-
1,02
0\
1,00 — o
)
0,98 |-
0,96 |-
0,94 |-
0,92 -
0,90 b—— >
5 000
X
Key
X  pnergy, keV
Y aAWALwd | A ATA T ATV AR & SN A aWA Ly A A ATCAY
pt6:87F-605-Hpt8:84+6%
O 19 mm rod direction 1
O 19 mm rod direction 2
+ 73 mm pillar direction 1
A 73 mm pillar direction 2

NOTE 2 Direction 1 represents a rotation around the cylinder axis and direction 2 around the axis
perpendicular to the cylinder axis and to the direction of radiation incidence

Figure 2 — Variation of H(0,07 ; E; 60°)/Hp(0,07; E; 0°) for the rod (19 mm) and the pillar
phantom (73 mm) as a function of photon energy in the same radiation field

© IS0 2019 - All rights reserved 29


https://standardsiso.com/api/?name=ba67c25d0c9cc56031b5740b8d0f574c

ISO 4037-3:2019(E)

7.3.5 Length of the rod phantom

The nominal length of the rod phantom is 30 cm, but for the middle point of the phantom at half of its
length, the amount of backscattered radiation is not changed if the total length is reduced to 10 cm, i.e.,
5 cm phantom length to each side, see Brunzendorfl16]l, Therefore, for irradiation of a single dosemeter
in the middle of the phantom a length of 10 cm is sufficient.

8 Conversion coefficients for personal dosimetry

8.1 General

The recomn
all made of
and 20 cm d
in 7.3 whic
made of ICR

CRU tissue. The cylinder phantom is defined in Reference [13] as a cylinder of 20)cm le
iameter. Calibrations of individual dosemeters shall be performed on the phantéem descr
h suites the kind of instrument under test. These phantoms shall be considered as 4
U tissue. No corrections shall be made for possible differences in backscatter properti

the actual phantom used and the equivalent phantom of ICRU tissue with identical shape.

In practice,

calibrations are always performed in divergent beams. This is takefVaccount of by refer

the recomnpended conversion coefficients to a reference distance betweeniradiation source and j

of test. In ¢
where a ref
the angle bg
conversion

8.2 Cony

8.2.1 Mo
See Table 2]
NOTE D

from Grossw

8.2.2 Loy

See Table 22.

hse of a divergent beam the beam axis is considered as thedirection of the beam. In g
erence distance is given together with an angle a of the difegtion of radiation incidence]

coefficients are determined for unidirectional radiationincidence.
ersion coefficients from air kerma, K, to H(0,07) in the rod phantom

ho-energetic radiations
.

hta were taken for 3 keV extrapolated from Ankerhold[ll, for energies between 4 keV and 125
endt[14] (bold) and interpolated values from Ankerholdl[1].

y air kerma rate series

D

nended conversion coefficients refer to the rod, the pillar, the cylinder and the slab phanltom,

hgth
ibed
eing
es of

ring
oint
ases

ais

btween the reference orientation of the dosemeter and.thie actual direction of the beam. All

keV

NOTE Dhta were taken from Ankerhold[1].

8.2.3 Nairow series

See Table 238.

NOTE Detaswere-takenfrom-Ankerhold U and forN-350-and N-400 from-Ankerhold8l

8.2.4 Wide series

See Table 24.

NOTE D

8.2.5 Hig

ata were taken from Ankerholdl[1].

h air kerma rate series

See Table 25.

NOTE D

30

ata were taken from Ankerhold[1] and, for H-350 and H-400, from AnkerholdI8].
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8.2.6 Radionuclides

See Table 26.

NOTE Data were taken from DIN 6818-1:2004[10],

ISO 4037-3:2019(E)

Table 21 — Conversion coefficient hpx(0,07; E)rod from air kerma, Kj, to the dose equivalent
Hp(0,07) for mono-energetic and parallel photon radiation (expanded field) and the rod

phantom at angle of radiation incidence of 0°

Energy hpk(0,07; E)rod
keV Sv/Gy
3,0 0,306
4,0 0,587
5,0 0,755
6,0 0,841
7,0 0,891
8,0 0,922
9,0 0,940
10,0 0,948
11,0 0,956
12,0 0,959
12,5 0,960
13,0 0,964
14,0 0,971
15,0 0,976
16,0 0,987
17,0 0,993
175 0,995
18,0 0,999
19,0 1,00
20 1,01
25 1,04
30 1,06
35 1,08
40 1,09
45 1,11
50 1,12
55 413
60 1,14
70 1,15
80 1,16
90 1,17
100 1,17
125 1,16
150 1,16
200 1,15
300 1,14
400 1,12
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Table 21 (continued)

Energy hpk(0,07; E)rod
keV Sv/Gy
500 1,12
700 1,11
1000 1,11
1250 1,11

Table 22 — Recommended conversion coefficient hyx(0,07; L)o4 from air kerma, K, to the dose
equivalent H,(0,07) for the rod phantom at angle of radiation incidence from 0° up to 60

Radiation quality hpk(0,07; L)m%;l:u?:{, (;Y for the dis-

1,0 m 2,5m

L-10 0,936 0,939

L-20 0,992

L-30 1,04

L-35 1,06

L-55 1,11

L-70 1,14

L-100 1,16

L-125 1,17

L-170 716

L-210 1,15

L-240 1,15

Table 23 -~ Recommended conversion coefficient hpg(0,07; N)roq from air kerma, Kj, to the dose
equivajent H,(0,07) for the rod phantorn at angle of radiation incidence from 0° up to 60

1,0 m 2,5m
N-10 0,922 0,933
N-15 0,959 0,962
N-20 0,983 0,985
N-25 1,01
N-30 1,03
N-40 1,07
N-60 I,11
N-80 1,15
N-100 1,16
N-120 1,17
N-150 1,16
N-200 1,16
N-250 1,15
N-300 1,14
N-350 1,14
N-400 1,13
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Table 24 — Recommended conversion coefficient hpg(0,07; W)oq from air kerma, K, to the dose
equivalent H,(0,07) for the rod phantom at angle of radiation incidence from 0° up to 60°

Radiation quality hpk(0,07; Vgi);(t)gli:;:‘(;/fcy for the
1,0 m | 2,5m
W-30 1,02
W-40 1,05
W-60 1,10
W-80 1,13
W-110 1,16
W-150 1,16
W-200 1,16
W-250 1,15
W-300 1,15

Tahle 25 — Recommended conversion coefficient hpg(0,07; H);o4 from air kerma, K, to the dose

Talhle 26 — Recommended co

Radiation quality hpk(0,07; H]rog;:cse"(/) (f;y for the dis-

1,0 m 2,5m

H-10 0,905 0,927

H-20 0,954 0,963

H-30 0,988 0,995
H-40 1,02
H-60 1,07
H-80 1,10
H-100 1,12
H=150 1,15
H-200 1,16
H-250 1,16
H-280 1,16
H-300 1,15
H-350 1,15
H-400 1,15

pquivalent Hp(0,07) for the rod phantom at angle of radiationincidence from 0° up to 60°

nversion coefficient hpg(0,07; S)roq from air kerma, K;, tp the dose
nd nh ntfom nala o d3 1onincidancao am - N°

p to 60°

Radiation PMMA build-up layer Irradiation hpk(0,07; S)rod
quality dpMMA kpMMA distance
mm m Sv/Gy
S-Cs 1,00 1,0-3,0 1,13
S-Co 1,00 1,0-3,0 1,12
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8.3 Conversion coefficients from air kerma, Kj, to H,(0,07) in the pillar phantom

8.3.1 Mono-energetic radiations

See Table 27.

NOTE Data were taken from Grosswendtl14] for a phantom of 7,3 cm diameter.

8.3.2 Low air kerma rate series

See Table 28.

NOTE Dhta were taken from Behrens[17].

8.3.3 Nairow series
See Table 29.

NOTE Dpta were taken Behrensl[17],

8.3.4 Widle series
See Table 30.

NOTE Dhta were taken from Behrensl[17].

8.3.5 High air kerma rate series

See Table 31.

NOTE Dhta were taken from Behrens[17].

8.3.6 Radionuclides
See Table 3%.

NOTE Dhta were taken from Behrensf17].

Table 27 — Conversion co€fficient hpg(0,07; E)pil from air kerma, Kj, to the dose equivalent
Hp(0,07) for mono-energetic and parallel photon radiation (expanded field) and the pilla
phantom at angle of radiation incidence of 0°

-

Energy hpk(0,07; E)pin
keV Sv/Gy
4,0 0,588
5,0 0,755
6,0 0,843
8,0 0,921
10,0 0,949
12,5 0,964
15,0 0,983
20 1,04
25 1,102

30 1,18
a By error given in Reference [14] as 0,098.
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Table 27 (continued)
Energy hpk(0,07; E)pin
keV Sv/Gy
35 1,24
40 1,29
45 1,33
50 1,37
55 1,37
60 1,39
70 1,39
80 1,38
90 1,37
100 1,35
125 1,32
150 1,28
200 1,25
300 1,21
400 1,18
500 1,16
700 1,14
1000 1,13
1250 1,12

a  Byerror given in Reference [14] as 0,098.

Table 28 — Recommended conversionrcoefficient hpg(0,07; L)pil from air kerma, K, t
quivalent H,(0,07) for the pillar phantom at angle of radiation incidence from 0° yp to 60°

(¢}

hpk(0,07; L)pii for the

Radjation quality distance of 2,5 m
Sv/Gy
L-10 0,94
L-20 1,00
L-30 1,12
L-35 1,17
L-55 1,34
L-70 1,39
L-100 137
L-125 1,34
L-170 1,29
L-210 1,26
L-240 1,24
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Table 29 — Recommended conversion coefficient hpg(0,07; N)pii from air kerma, Kj, to the dose
equivalent H,(0,07) for the pillar phantom at angle of radiation incidence from 0° up to 60°

hpk(0,07; N)pin for the distance
Radiation quality of2,5m
Sv/Gy
N-10 0,93
N-15 0,96
N-20 0,99
N-25 1.03
N-30 1,09
N-40 1,20
N-60 1,33
N-80 1,39
N-100 1,37
N-120 1,35
N-150 1,32
N-200 1,27
N-250 1,24
N-300 1,22
N-350 1,21
N-400 1,20

Table 30 - Recommended conversion coefficient h§j(0,07; W)pij from air kerma, Kj, to the dose
equivalent H,(0,07) for the pillar phantom at angle of radiation incidence from 0° up to 6(°

hpk(0,07; W)pii for the
Radiation quality distance of 2,5 m
Sv/Gy
W-30 1,06
W-40 1,15
W-60 1,30
W-80 1,36
W-110 1,38
W-150 1,34
W-200 1,30
W-250 1,26
W-300 1,24

Table 31 — Recommended conversion coefficient hpg(0,07; H)pii from air kerma, K, to the dose
equivalent H,(0,07) for the pillar phantom at angle of radiation incidence from 0° up to 60°

hpk(0,07; H)pi for the
Radiation quality distance of 2,5 m
Sv/Gy
H-10 0,93
H-20 0,97
H-30 1,01
H-40 1,07
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Table 31 (continued)
hpk(0,07; H)pinl for the
Radiation quality distance of 2,5 m

Sv/Gy
H-60 1,21
H-80 1,29
H-100 1,33
H-150 1,36
H-200 1"2’2
H-250 1,31
H-280 1,28
H-300 1,28
H-350 1,26
H-400 1,25

TaIF]le 32 — Recommended conversion coefficient hpk(0,07; S)piy frem air kerma, K;, tp the dose
efuivalent H(0,07) for the pillar phantom at angle of radiation incidence from 0° up to 60°
Raliiation quality PMMA build-up layer Ir;g(:;z::ign hpk(0,07; S)pin
dpMMA PMMA
mm m Sv/Gy
S-Cs 1,00 2,5 1,14
S-Co 100 2,5 1,13

8.4 | Conversion coefficients from air Kerma, K, to H,(0,07) in the ICRU slab phantom

8.4.1

See Table 33.

NOTE

Mono-energetic radiations

Data were takenfer.energies below 10 keV from Grosswendtl18] and, for energies includi
10 kgV from Till et all19_For energies above 1,5 MeV the bremsstrahlung correction according

applied. For the mono-eneftgetic (1 - ga) values, see ISO 4037-2:2019, Table 2.

8.4.2
See Table 34-

Low air.Kerma rate series

hg and above
to 4.1.2 was

NOTE Data were taken from Behrens([17].
8.4.3 Narrow series

See Table 35.

NOTE Data were taken from Behrens(17].

8.4.4 Wide series

See Table 36.

NOTE

© IS0 2019 - All rights reserved
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8.4.5 High air kerma rate series

See Table 37.

NOTE Data were taken from Behrens[17]],

8.4.6 Radionuclides

See Table 38.
NOTE Data were taken from Behrens[17],
Tabl¢ 33 — Conversion coefficient hpg(0,07; E, a)siap from air kerma, Kj, to the dose
equivalent H,(0,07) for mono-energetic and parallel photon radiation (expanded field) and
the ICRU slab phantom
Photon hpk(0,07; E, a)slab in Sv/Gy for angle of incidence, «a, of
energy, £

keV 0° 15° 30° 45° 60° 75°
3 0,320 0,309 0,268 0,192 0,096 0,010
4 0,587 0,578 0,542 0,467 0)345 0,130
5 0,755 0,749 0,723 0,675 0,578 0,347
6 0,842 0,838 0,829 0,790 0,722 0,544
8 0,920 0,918 0,905 0,897 0,858 0,765
10 0,970 0,974 0,976 0,972 0,967 0,972
20 1,05 1,05 1,03 1,04 1,01 0,985

30 1,22 1,22 1,20 1,16 1,11 1,05

40 1,44 1,43 1,40 1,33 1,23 1,16

50 1,62 1,60 1,55 1,48 1,35 1,25

60 1,71 1,68 1,64 1,56 1,43 1,32

70 1,71 1,70 1,66 1,58 1,46 1,40

80 1,73 1,71 1,67 1,61 1,49 1,39

100 1,66 1,65 1,63 1,58 1,48 1,40

150 1,53 1,52 1,51 1,49 1,44 1,39

200 1,43 1,43 1,44 1,43 1,40 1,36

300 1,34 1,34 1,35 1,36 1,36 1,35

500 1,25 1,25 1,27 1,29 1,30 1,31

1000 1,17 1,18 1,19 1,21 1,25 1,25

3,000 1,12 1,13 1,13 1,15 1,18 1,18

6000 1,09 1,09 1,09 1,10 1,13 1,16

10 000 1,08 1,08 1,07 1,08 1,09 1,10

Table 34 — Recommended conversion coefficient hyx(0,07; L, a)siab from air kerma, K, to the
dose equivalent H,(0,07) for the ICRU slab phantom

Ralton o metray] POV L Oy oSy o dtance o 25 m and
cm 0° 15° 30° 45° 60° 75°

L-10 25 0,92 0,92 0,91 0,90 0,87 0,79
L-20 25 1,00 1,00 1,00 0,99 0,99 0,95
L-30 18 1,16 1,15 1,15 1,13 1,11 1,06
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Table 34 (continued)
Rquatity |Diameterds | K07 b eidence. mof

cm 0° 15° 30° 45° 60° 75°

L-35 16 1,23 1,22 1,22 1,20 1,16 1,10
L-55 11 1,58 1,57 1,55 1,51 1,44 1,32
L-70 11 1,71 1,70 1,68 1,64 1,56 1,43
L-100 11 1,71 1,70 1,69 1,66 1,60 1,48
1-125 11 163 162 1.62 160 156 147
L-170 12 1,52 1,52 1,53 1,51 1,48 1,44
L-210 12 1,45 1,46 1,46 1,46 1,44 h41
L-240 13 1,42 1,42 1,42 1,42 1,42 1,40

Tqble 35 — Recommended conversion coefficient hyk(0,07; N, a) sap from-air kerma, |K;, to the
dose equivalent H(0,07) for the ICRU slab phantom
Rodistion |orametercs| (007N oy i Sy for adiefance o 25 mand

cm 0° 15° 30° 45° 60° 75°

N-10 25 0,91 0,91 0,90 0,88 0,85 0,76
N-15 25 0,97 0,97 0,97 0,96 0,95 0,91
N-20 25 0,99 0,99 0,98 0,98 0,94 0,94
N-25 23 1,04 1,04 1,03 1,02 0,99 0,99
N-30 20 1,11 1,11 1,09 1,08 1,04 1,04
N-40 16 1,28 1,27 1,25 1,21 1,14 1,14
N-60 11 1,56 1,55 1,50 1,43 1,31 1,31
N-80 11 172 1,71 1,66 1,58 1,45 1,45
N-100 11 1,72 1,71 1,66 1,60 1,48 1,48
N-120 11 1,66 1,65 1,62 1,57 1,48 1,48
N-150 11 1,60 1,59 1,57 1,54 1,47 1,47
N-200 12 1,49 1,49 1,48 1,46 1,43 1,43
N-250 13 1,42 1,42 1,43 1,42 1,40 1,40
N-300 15 1,38 1,38 1,39 1,39 1,38 1,38
N-350 —a 1,34 1,35 1,36 1,37 1,36 1,36
N-400 —a 1,32 1,32 1,33 1,35 1,34 1,34

4 No data available.
Table 36 — Recommended conversion coelficient /i,x(0,07; W, aJs[ab ITOm air Kerma, Kj, to the

dose equivalent H,(0,07) for the ICRU slab phantom

Radiathon Totameter ds| "n007 Wi in Su/Gy for s isance of 2.5 mand
cm 0° 15° 30° 45° 60° 75°
W-30 —a 1,08 1,07 1,07 1,06 1,05 1,01
W-40 —a 1,20 1,19 1,19 1,17 0,14 1,09
W-60 11 1,49 1,48 1,47 1,43 1,37 1,27
W-80 11 1,64 1,63 1,61 1,57 1,50 1,38
W-110 11 1,71 1,70 1,69 1,65 1,59 1,47

a  No data available.
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Table 36 (continued)
Mauaity | Piameter dy| "0 G P ncidence, & of
cm 0° 15° 30° 45° 60° 75°
W-150 11 1,64 1,63 1,62 1,60 1,55 1,47
W-200 12 1,54 1,54 1,54 1,53 1,50 1,45
W-250 13 1,47 1,47 1,47 1,47 1,45 1,42
W-300 14 1,42 1,42 1,42 1,43 1,42 1,40

a___ Nodataavailable

Table 37

dose equivalent H,(0,07) for the ICRU slab phantom

— Recommended conversion coefficient hpg(0,07; H, a)siab from air kerma, K3,'to the

Sauality | Diameter de| 00T Pineidence,aof (o
cm 0° 15° 30° 45° 60° 75°

H-10 25 0,90 0,89 0,89 0,87 0,83 0,73
H-20 25 0,96 0,96 0,96 0,95 0,94 0,89
H-30 20 1,02 1,02 1,02 1,0% 1,00 0,96
H-40 —a 1,10 1,09 1,09 1,08 1,07 1,02
H-60 12 1,32 1,31 1,30 1,28 1,23 1,16
H-80 —a 1,49 1,48 1,47 1,44 1,38 1,27
H-100 12 1,58 1,57 1,56 1,52 1,46 1,35
H-150 —a 1,67 1,66 1,65 1,61 1,55 1,44
H-200 12 1,62 1,62 1,61 1,59 1,54 1,45
H-250 14 1,56 1,56 1,56 1,54 1,51 1,44
H-280 14 1,51 1,51 1,51 1,50 1,48 1,43
H-300 15 1,51 1,51 1,51 1,50 1,48 1,43
H-350 —a 147 1,47 1,47 1,46 1,45 1,41
H-400 —a 1,43 1,43 1,44 1,43 1,43 1,40

a  No data available.

Table 38(— Recommended conversion coefficient hpg(0,07; S, a)siap from air kerma, K, to the
dese equivalent H,(0,07) for the ICRU slab phantom
L PMM4&’build-up | . oter . .
Radiation layer hpk(0,07; S, @)siab in Sv/Gy for a distance of 2,5 m and
quality dpmMma | kpmMA dr the angle of incidence, «, of

TITITT CTIT O 15 30 15 60 75°

S-Cs 3 1,00 —a 1,21 1,22 1,22 1,23 1,26 1,28
S-Co 3 1,00 —a 1,17 1,17 1,17 1,18 1,21 1,23

a  No data available.
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8.5 Conversion coefficients from air kerma, Kj, to Hy(3) in the cylinder phantom

8.5.1 Mono-energetic radiations

See Table 39.

NOTE

Data were taken for energies below 10 keV from Behrens[20] using exponential attenuation law and,

for energies including and above 10 keV, from Table 2.2 of Vanhavere et all21l. For energies above 1,5 MeV no
bremsstrahlung correction according to 4.1.2 was necessary, as the data of Behrens[20] and Vanhavere et al.[21]

include this correction.

8.5.2 Low air kerma rate series

See Table 40.

NOTE Data were taken from Behrens[20],
8.5.3 Narrow series

See Table 41.

NOTE Data were taken from Behrens[20],
8.5.4 Wide series

See Table 42.

NOTE Data were taken from Behrens[20],
8.5.5 High air kerma rate series

See Table 43.

NOTE Data were taken from Behrehs[29],
8.5.¢ Radionuclides

See Table 44.

NOTE Data were taken from Behrens[20],
8.5.7 High energy photon radiations
See Table 45:

NOTE Data were taken from Behrens[20]. No bremsstrahlung correction according to 4.1.2 was
the datrofBehrensiinchidethiscorrection:

necessary, as

Table 39 — Conversion coefficient hpk(3; E, a)cyl from air kerma, K, to the dose equivalent Hy(3)
for mono-energetic and parallel photon radiation (expanded field) and the cylinder phantom

consisting of ICRU tissue

Photon; nergy, hpk(3; E, a)cy1 in Sv/Gy for angle of incidence, a, of
keV 0° 15° 30° 45° 60° 75° 90°
8,45-10-¢ — — — — — —
0,001 21 0,0009 0,000 443 — — — —
0,061 4 0,055 7 0,040 4 0,020 4 0,004 75 0,000 116 —
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Table 39 (continued)

PhotonEenergy, hpk(3; E, a)cy1 in Sv/Gy for angle of incidence, a, of
keV 0° 15° 30° 45° 60° 750 90°
10 0,244 0,232 0,197 0,139 0,066 9 0,0107 | 0,000 244
20 0,919 0,912 0,891 0,845 0,755 0,562 0,202
30 1,22 1,21 1,20 1,17 1,10 0,945 0,588
40 1,45 1,44 1,42 1,39 1,32 1,18 0,846
50 1.60 1,59 157 154 147 133 1 ﬂ1l
60 1,67 1,66 1,64 1,61 1,54 1,41 Rt
70 1,67 1,67 1,65 1,62 1,57 144 |A\O115
80 1,65 1,65 1,63 1,61 1,56 145 h" 1,17
90 1,61 1,61 1,60 1,58 1,54 144\ | 119
100 1,58 1,58 1,57 1,55 1,51 A2 1,17
110 1,55 1,55 1,54 1,53 149 [ O141 1,17
150 1,45 1,45 1,44 1,44 142 (N 1,36 1,15
200 1,37 1,37 1,37 1,37 1,360 1,32 1,14
300 1,29 1,29 1,29 1,29 R 1,27 1,13
400 1,24 1,24 1,24 125 [ <125 1,24 1,12
500 1,21 1,21 1,21 1,22 ) 1,23 1,21 1,11
600 1,19 1,19 1,20 1,202 1,21 1,20 1,11
700 1,18 1,18 1,18 L19 1,19 1,19 1,11
800 1,17 1,17 117 [ 118 1,18 1,18 1,10
900 1,16 1,16 116,0] 117 1,17 1,17 1,10
1000 1,15 1,15 116 1,16 1,16 1,16 1,10
1100 1,14 1,14 C b15 1,15 1,16 1,16 1,10
1500 1,13 113 . 1,13 1,14 1,14 1,14 1,09
2000 1,12 112 112 1,13 1,13 1,13 1,09
3000 1,11 1 1,11 1,11 1,12 1,11 1,09
4000 110 |0 1,10 1,10 1,10 1,10 1,09
5000 110 _Chv 1,10 1,10 1,10 1,10 1,09 1,07
6 000 L0V | 1,09 1,09 1,09 1,09 1,08 1,04
7000 109 1,08 1,08 1,09 1,08 1,08 1,04
8000 <108 1,08 1,08 1,08 1,07 1,07 1,09
10000 < 1,07 1,07 1,07 1,07 1,07 1,06 1,04
(o)

Table 40 — Recommended conversion coefficient hyg(3; L, a)cyl from air kerma, Kj, to the dose
equivalent Hp(3) for the cylinder phantom consisting of ICRU tissue

Radiation hpk(3; L, @)cy1 in Sv/Gy for a distance of 2,5 m and the angle of
quality incidence, «, of
0° 15° 30° 45° 60° 75° 90°
L-10 0,158 0,148 0,121 0,078 0,032 | 0,0037 | 0,000050
L-20 0,74 0,73 0,71 0,66 0,57 0,40 0,124
L-30 1,12 1,11 1,09 1,06 0,98 0,82 0,46
L-35 1,22 1,21 1,19 1,16 1,09 0,93 0,58
L-55 1,55 1,55 1,53 1,49 1,43 1,29 0,96
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Table 40 (continued)
Radiation hpk(3; L, @)cy1 in Sv/Gy for a distance of 2,5 m and the angle of
quality incidence, a, of
0° 15° 30° 45° 60° 75° 90°
L-70 1,65 1,65 1,63 1,60 1,53 1,40 1,10
L-100 1,62 1,62 1,61 1,59 1,54 1,44 1,17
L-125 1,55 1,55 1,54 1,53 1,49 1,41 1,17
L-170 1,45 1,45 1,45 1,44 1,42 1,36 1,15
L-210 139 139 1.39 1.39 138 133 114
L-240 1,36 1,36 1,36 1,36 1,35 1,31 1,14
Table 41 — Recommended conversion coefficient hpk(3; N, @)cyl from air kerma; K, t¢ the dose
equivalent Hp(3) for the cylinder phantom consisting of ICRU\tissue
Rgg;agti;)’n hpk(3; N, a)cy1 in Sv/Gy for a distance of 2,5 m and the angle of incidence, fr, of
0° 15° 30° 45° 60° 75° 909
N-10 0,129 0,121 0,097 0,061 0,023(7, 0,002 45 0,000 0R4 1
N-15 0,42 0,41 0,38 0,32 0,244 0,147 0,03p
N-20 0,67 0,66 0,63 0,58 0,50 0,35 0,10p
N-25 0,88 0,87 0,85 0,80 0,72 0,54 0,21p
N-30 1,04 1,03 1,01 097 0,89 0,72 0,37
N-40 1,28 1,27 1,25 1,22 1,15 1,00 0,61
N-60 1,54 1,53 1,51 1,48 1,41 1,27 0,91
N-80 1,66 1,65 1,64 1,60 1,54 1,42 1,12
N-100 1,63 1,63 1,62 1,59 1,54 1,44 1,17
N-120 1,58 1,58 1,57 1,55 1,51 1,42 1,17
N-150 1,52 1,52 1,51 1,50 1,47 1,40 1,16
N-200 1,42 1,42 1,42 1,42 1,40 1,34 1,15
N-250 1,36 1,36 1,36 1,36 1,36 1,31 1,14
N-300 1,32 1,33 1,33 1,33 1,32 1,29 1,173
N-350 1,29 1,30 1,30 1,30 1,30 1,27 1,13
N-400 1,27 1,27 1,27 1,28 1,28 1,26 1,12
Table 42 —Recommended conversion coefficient hpk(3; W, a)cyl from air kerma, K, tp the dose
equivalent Hp(3) for the cylinder phantom consisting of ICRU tissue
Radiation | hpg(3; W, @)cy in Sv/Gy for a distance of 2,5 m and the angle of
quality incidence, «, ol
0° 15° 30° 45° 60° 75° 90°
W-30 0,96 0,95 0,93 0,89 0,81 0,63 0,292
W-40 1,16 1,15 1,14 1,10 1,02 0,86 0,51
W-60 1,48 1,47 1,45 1,42 1,35 1,21 0,88
W-80 1,60 1,59 1,57 1,54 1,47 1,34 1,03
W-110 1,63 1,63 1,62 1,59 1,54 1,43 1,15
W-150 1,55 1,55 1,54 1,53 1,49 1,41 1,16
W-200 1,47 1,47 1,47 1,46 1,43 1,37 1,15
W-250 1,41 1,41 1,41 1,40 1,39 1,34 1,14
W-300 1,36 1,36 1,36 1,36 1,36 1,31 1,14
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Table 43 — Recommended conversion coefficient hpx(3; H, a)cyl from air kerma, Kj, to the dose

equivalent Hp(3) for the cylinder phantom consisting of ICRU tissue

Radiation hpk(3; H, a)cyl in Sv/Gy for a distance of 2,5 m and the angle of
quality incidence, a, of
0° 15° 30° 45° 60° 75° 90°
H-10 0,110 0,102 0,081 0,050 | 0,0188 | 0,00186 | 0,000019 2
H-20 0,43 0,42 0,39 0,34 0,268 0,170 0,046
H-30 0,74 0,73 0,71 0,66 0,58 0,43 0,166
H-40 0,96 0,96 0,93 0,89 0,81 0,64 0,32
H-60 1,29 1,28 1,26 1,23 1,16 1,00 0,66
H-80 1,46 1,46 1,44 1,41 1,34 1,20 0,87
H-100 1,54 1,54 1,52 1,49 1,42 1,29 0,98
H-150 1,60 1,59 1,58 1,56 1,51 1,40 142
H-200 1,55 1,55 1,54 1,52 1,48 1,39 1,15
H-250 1,49 1,49 1,49 1,47 1,45 1,37 1,15
H-280 1,45 1,45 1,44 1,44 1,42 1,35 1,15
H-300 1,45 1,45 1,44 1,44 1,41 1,35 1,15
H-350 1,41 1,41 1,40 1,40 1,39 {333 1,14
H-400 1,38 1,38 1,37 1,37 1,36 1,32 1,14
Table 44 — Recommended conversion coefficient hpk(3; §,a)cyl from air kerma, K, to the d¢se
equivalent Hp(3) for the cylinder phantom:consisting of ICRU tissue
PMMA build-up
Radiation layer hpk(3; S, a)cy)im'Sv/Gy for a distance of 2,5 m and the angle of
quality dpMMA KkpMMA incidence, a, of
mm 0° 15° 30° 45° 60° 75° 9(°
S-Cs 1,00 1,18 1,19 1,19 1,20 1,20 1,19 1,11
S-Co 1,00 1514 1,14 1,14 1,15 1,16 1,15 1,10
Table 45 + Recommended conversion coefficient hpg(3; R, a)cyl from air kerma, K, to the dose
equivalent Hy(3) for the cylinder phantom consisting of ICRU tissue
PMMA build-up
Radiation layer hpk(3; R, @)cy1 in Sv/Gy for a distance of 2,5 m and the angle of
quality dpvdiA kpMMA incidence, a, of
mm 0° 15° 30° 45° 60° 75° 90°
R-C 25 0,95 1,10 1,10 1,10 1,10 1,10 1,10 1,47
R-F 25 ;95 169 169 169 169 169 169 156

8.6 Conversion coefficients from air kerma, K, to H,(10) in the ICRU slab phantom

8.6.1 Mono-energetic radiations

See Table 46.

NOTE Data were taken from ICRU 57[Z] (bold) and interpolated values from Ankerhold[1l. For energies above
1,5 MeV the bremsstrahlung correction according to 4.1.2 was applied. For the monoenergetic (1-g5) values, see
[SO 4037-2:2019, Table 2.
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See Table 47.

NOTE Data were taken from AnkerholdI[1],

8.6.3 Narrow series

See Table 48.

NOTE Data were taken from Ankerhold[1] and, for N-350 and N-400, from Ankerhold[8].

8.6.4 Wide series

See Table 49.

NOTE Data were taken from AnkerholdI[1],

8.6.5 High air kerma rate series

See Table 50.

NOTE Data were taken from Ankerhold[l] and, for H-350 and H-4Q0, from AnkerholdI8].

8.6.6 Radionuclides

See Table 51.

NOTE Data were taken from DIN 6818-1:2004[10];

8.6.7 High energy photon radiations

See Table 52.

NOTE Data were taken from Behrens et all12]. The bremsstrahlung correction according to 4.1.2
Tab)e 46 — Conversion coefficient hpx(10; E, a)siap from air kerma, K, to the dose equiv4

fo

was applied.

lent H,(10)

' mono-energetic and\parallel photon radiation (expanded field) and the ICRU slab phantom
PhotonEenergy hpk(10; E, a)slab in Sv/Gy for angle of incidence, a, of

keV 0° 15° 30° 45° 60° 759
7 1,3-10-6 <1-10-6 <1-10-6 <1-10-6 <1-10-6 <1-10p6
8 1,07-10-4 | 8,13-10-5 | 2,99-10-5 | 0,38:10-5 <1-10-6 <1-10f6
9 0,001 63 0,001 36 6,94-10-4 | 1,78:10-4 | 0,38:10-5 <1106
10 0,009 0,008 0,005 0,002 0,000 12 <1-10-6
11 0,030 7 0,0281 0,0195 0,009 23 0,001 16 <1-10-5
12 0,071 6 0,066 3 0,0491 0,0258 0,00552 | 0,000 066

12,5 0,098 0,091 0,069 0,038 0,010 0,000 21
13 0,130 0,122 0,094 8 0,005 53 0,016 9 0,000 55
14 0,198 0,189 0,154 0,099 7 0,038 3 0,002 55
15 0,264 0,255 0,217 0,152 0,069 0,008
16 0,339 0,329 0,288 0,215 0,111 0,017 6
17 0,411 0,399 0,358 0,280 0,159 0,032 0

17,5 0,445 0,432 0,391 0,312 0,185 0,041
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Table 46 (continued)
PhotonEenergy hpk(10; E, a)siab in Sv/Gy for angle of incidence, a, of
keV 0° 15° 30° 45° 60° 75°
18 0,481 0,468 0,427 0,345 0,212 0,0511
19 0,549 0,536 0,495 0,408 0,265 0,074 6
20 0,611 0,600 0,558 0,466 0,318 0,102
25 0,883 0,865 0,827 0,735 0,574 0,282
30 1,11 1,09 1,06 0965 0,796 0,457
40 1,49 1,45 1,43 1,33 1,13 0,736
50 1,77 1,74 1,70 1,57 1,38 0,929
60 1,89 1,87 1,83 1,72 1,50 1/06
80 1,90 1,86 1,85 1,75 1,54 1,13
100 1,81 1,80 1,76 1,68 1,51 1,11
125 1,70 1,69 1,66 1,59 1,45 1,10
150 1,61 1,60 1,58 1,52 1,40 1,09
200 1,49 1,49 1,48 1,43 1,34 1,08
300 1,37 1,37 1,36 1,35 1,27 1,06
400 1,30 1,31 1,30 1,29 1,24 1,06
500 1,26 1,26 1,26 1,26 1,22 1,06
600 1,23 1,23 1,23 1,23 1,20 1,06
800 1,19 1,19 1,19 1,20 1,17 1,06
1000 1,17 1,17 1,16 1,18 1,16 1,06
1500 1,14 1,14 1,14 1,15 1,14 1,06
3000 1,11 1,11 1,12 1,11 1,11 1,06
6000 1,09 1,09 1,09 1,08 1,08 1,08
10 000 1,07 1,07 1,06 1,06 1,06 1,03
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9.1 Statement of uncertainties

3:2019(E)

ISO/IEC Guide 98-3 shall be used for the determination of uncertainties and the statement of uncertainty
shall be consistent with the approaches recommended in ISO 29661.

The following component uncertainties shall be taken into account. The listed numerical values refer
to a confidence level of 95 % (two standard deviations, k = 2) and serve only as a guideline. For further
information, see also ISO 4037-2.

a)

b)

c)

d)

f)

g)

h)

[Uncertainty of the conventional quantity value; as taken from the calibration cerntif]
tandard instrument or provided for the reference field.

[Uncertainty in the exact positioning of standard and test instrument (see 4.1¢3);to be
Fhe test laboratory.

Uncertainty resulting from different irradiation distances; 2 % for irtadiation distan
fhan 2 m, otherwise to be assessed by the test laboratory.

Uncertainty of the conversion coefficient; usually 4 % for matched reference fields, for ch
reference fields the test laboratory shall assess the uncertainty on the basis of thg
prevailing.

[Uncertainty due to field inhomogeneity over the cross-séctional area of the beam in {
measurement owing to beam divergence and, in the‘Case of X radiation, to the 'heel effi

icate of the

hssessed by

ces greater

aracterized
conditions

he plane of
bct’; 4 % for

matched reference fields and for distances betweén source and point of test greater than 2 m, for

characterized reference fields the test laboratory shall assess the uncertainty on the
Conditions prevailing.

Uncertainty due to the simultaneous irradiation of several dosemeters (see 6.3.3); an
Lhe effect of absorption of the primary radiation by the dosemeters shall be made and 4
Cfomponent uncertainties, where applicable, upper limit 4 %.

[Uncertainties due to simplified procedures (see 6.3.1); where applicable, to be assesse(
aboratory, upper limit 4 %:

[Uncertainty introduced\by using a build-up plate; where applicable 2 %.

Uncertainty due to”long-term variation of response of standard instrument, uppei
([see 4.2.1)

basis of the

bstimate on
dded to the

| by the test

limit 4 %
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ISO 4037-3:2019(E)

Annex A
(informative)

Estimated conversion coefficients for fluorescence X radiation

A.1 Principle

The calibrafion of dosemeters and doserate meters by means of fluorescence radiation makeés, u

be of

the K fluorgscence lines of certain materials having energies between 8,6 keV and 100 keV-and which

are given,

s a first approximation, by that of their K41 line (see ISO 4037-1:2019, Figuye A.1).

The

contributiop of the Kz lines is made negligible with the aid of secondary filters whgse K-absorgtion

edges lie beftween the Ky and Kg lines (see ISO 4037-1:2019, Table A.1).

A.2 General

For the ref¢rence fluorescence radiation fields sufficient information.n*the fluence spectra an

d on

the requirements for all relevant parameters of the matched or chafacterized reference fields i not
available tq achieve the targeted overall uncertainty of about 6 %<to 10 % for the phantom related
operationall quantities. There is a paper of Behrens et al.[22] gnfluorescence radiation fields, which
shows som¢ deficiencies of the fields specified by ISO 4037-1;2019, Table A.1, but there is no pradtical
experience [with these modified fields. Therefore, the conversion coefficients are provided here as
estimated yalues. For any reference fluorescence radiatign field, the conversion coefficients and the

achieved ovlerall uncertainty need individual determindtion.

A.3 Estimnated conversion coefficients for area dosimetry

A.3.1 Estjmated conversion coefficients from air kerma, K;, to H'(0,07)

See Table A[1.

A.3.2 Estjmated conversion coefficient from air kerma, K;, to H*(10)

See Table A|2.
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