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Foreword

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

The maintenance release of this document adjusts this fourth part to the second edition of the first
three parts. This includes the improvements on 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)[ZI. It does not change the concept of ISO 4037.

ISO #4037, focusing on photon reference radiation fields, is divided into four parts. ISO 403%-1 gives the
methods of production and characterization of reference radiation fields in terms,'of th¢ quantities
photlon fluence and air kerma free-in-air. ISO 4037-2 describes the dosimetry of the referenfe radiation
qualfities in terms of air kerma and in terms of the phantom related operational quantities of the
International Commission on Radiation Units and Measurements (ICRU)[2] IS® 4037-3 dé¢scribes the
methods for calibrating and determining the response of dosemeters and deserate meters|in terms of
the pperational quantities of the ICRUIZ]. This document gives special (considerations and additional
reqyirements for calibration of area and personal dosemeters in low energy X reference radiation fields,
whigh are reference fields with generating potential lower or equal £6.30 kV.

The jgeneral procedures described in ISO 29661 including Améndment 1 are used as far ag possible in
this document. In addition, the symbols used are in line with"lSO 29661.

NOTE For irradiation of the whole body, Hp(10) and H*(0)are relevant for radiation protectign, as long as
theyfare closer to their limit than H’(0,07) and Hp,(0,07). Thig’is the case down to about 15 keV.
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Scope

document gives guidelines on additional aspects of the characterization of low eng
htions and on the procedures for calibration and determination ofithe response of area a
(rate)meters as a function of photon energy and angle of ificidence. This document c
e accurate determination of conversion coefficients fromair kerma to Hp(10), H*(10]
and for the spectra of low energy photon radiations: As an alternative to the use of
ficients the direct calibration in terms of these quaritities by means of appropria]
uments is described.

Normative references
titutes requirements of this document. For dated references, only the edition cited

1037-1, Radiological protection — X and gamma reference radiation for calibrating dos
rate meters and for determiining their response as a function of photon energy — Part
acteristics and productionymethods

1037-2:2019, Radiolegical protection — X and gamma reference radiation for calibrating|
Hoserate meters and for determining their response as a function of photon energy — Part J
diation protection over the energy ranges from 8 keV to 1,3 MeV and 4 MeV to 9 MeV

1037-3:2019, Radiological protection — X and gamma reference radiation for calibrating
Hoseratemieters and for determining their response as a function of photon energy — Part 3
ea and personal dosemeters and the measurement of their response as a function of energ
ridence

of in

nergy

rgy photon
nd personal
bncentrates
, Hp(3) and
conversion
e reference

following documents are referred to‘in’the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition-of'the referenced document (including any amendments) applies.

bmeters and
1: Radiation

dosemeters
V: Dosimetry

dosemeters
Calibration
)y and angle

[SO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO 29661, Reference radiation fields for radiation protection — Definitions and fundamental concepts

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4037-1, ISO 29661 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp
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— IEC Electropedia: available at http://www.electropedia.org/

31
low energy X-ray reference radiation
all radiation qualities with nominal tube potentials up to and including 30 kV

Note 1 to entry: These radiation qualities are as specified in ISO 4037-1 and all continuous reference filtered X
radiations.

4 Symbols (and abbreviated terms)

The symbols (and abbreviated terms) used are given in Table 1.
Table 1 — Symbols (and abbreviated terms)
Symbol Meaning Unit

p air density kg/m3
PO air density under reference conditions: pg = 1,197 4 kg/m3 kg/m3

Dirr air density prevailing during irradiation kg/m3

Pcon air density prevailing during determination of the conventional quahbity value of kg/m3
the measurand

Pcal air density prevailing during calibration of the instrument kg/m3

PMC air density prevailing during calibration of the monitor chaniber kg/m3

Pspec air density prevailing during the spectral measurements kg/m3

Ap change of air density kg/m3

a angle of radiation incidence to the normal of thezphantom surface deg
Aa change of angle of radiation incidence deg

U tube potential \Y
AU change in tube potential \Y

T air temperature K
To air temperature under reference conditions: To = 293,15 K (equivalent to 20 °C), K

r relative air humidity —
ro relative air humidity under reference conditions: ro = 0,65 (equivalent to 65 %) —

p air pressure kPa
bo air pressure undetreference conditions: pp = 101,3 kPa kPa
mq gradient ofithe gradient m(d,iy) m2/kg

m(dair) |gradientfor distance dyjy m3/kg
m(1,0 m) |gradient for distance 1,0 m m3/kg
K, airkerma free-in-air Gy

k(p, M) |air density correction factor for measurand M —

Hp(10) |personal dose equivalent at 10 mm depth Sv
Hp(3) personal dose equivalent at 3 mm depth Sv
Hp(0,07) |personal dose equivalent at 0,07 mm depth Sv
H*(10) |ambient dose equivalent at 10 mm depth Sv
H'(3) directional dose equivalent at 3 mm depth Sv
H'(0,07) |directional dose equivalent at 0,07 mm depth Sv
hpk(10; a) |conversion coefficient from K, to Hp(10) for angle of radiation incidence a Sv/Gy
h*5(10)  |conversion coefficient from K, to H*(10) Sv/Gy
hpk(3; a) |conversion coefficient from K; to Hy, (3) for angle of radiation incidence a Sv/Gy

2 © IS0 2019 - All rights reserved
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Table 1 (continued)
Symbol Meaning Unit
E photon energy eV
dmc distance from the beam exit window of the X-ray tube to the monitor chamber m
dair distance from the beam exit window of the X-ray tube to the point of test m
®p(E) |spectral fluence at the photon energy E m-2 eV-1
N number of pulses generated in the detector —
Q charge Q generated in the detector by one photon C
RfE; Q)Y TeSpOISE furction m2 C-1
5 [eneral procedures for calibrating and determining response

In IS
for 1
first
sele

0 4037-2, two methods are given to determine the phantom related dose\equivalen
bw energy X reference fields. Both methods require a reference field according to 1ISO
method, method |, requires the dosimetry with respect to air kerma-frée-in-air and af|
ted operational quantity is derived by the application of a conversion coefficient that

air

erma free-in-air to the selected operational quantity. For matched-reference fields this

coefficient is taken from ISO 4037-3, for characterized reference fields the conversion
is determined using spectrometry. For the dose-equivalent-quantities H'(0,07) and Hy
prodedure is associated with only a small additional uncertainty, because the conversion
depgnd only slightly on the photon energy and angle of xadiation incidence for the rang
ISO #037-3. Therefore, for these dose equivalent quantities, no special attention is needed
enerfgy X reference radiation fields. For the four otherdose equivalent quantities Hp(10), H

and

'(3) this is different. For them, the use of cenversion coefficients can be associated
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ersion coefficients depend strongly on the photon energy and the angle of radiatiot
tailed description of all the measurefnents and methods necessary to avoid thesg
rtainties is given by Ankerhold et al:{8][4] and by Behrensl3l.

second method, method II, to detérmine the phantom related dose quantities is baseq
econdary) standards directly.calibrated in terms of these dose equivalent quantities. T
also be used for all non-validated radiation qualities, for which the recommended
ficients cannot be used.(This method is described in ISO 4037-2:2019, Clause 6.

reference field cannot be validated, then, method I can still be used if a spectrom
easure the spectrum of the radiation quality under consideration. From this spg

in-air.

ed-as a transfer device additional corrections shall be applied for differences in the
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ment under

test. The standard does not give advice on the construction of the instruments necessary for both ways.
Examples for the instruments and the experimental steps for both ways are given by Ankerhold et al.[3]
[4], Behrensl5] and Duftschmid et al.[e].

6 Characterisation and production of low energy X-ray reference radiations

6.1

General

This subclause specifies the characteristics by which a laboratory can produce the reference filtered
X radiations specified in ISO 4037-1 for the given purposes. For various influence quantities, data are
given on the required stability of these influence quantities. These data indicate how large the change
in value of these influence quantities can be until a change of the measurand of 2 % is caused. These

© IS0 2019 - All rights reserved
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data shall either be interpreted as limits for the deviation from its nominal value or, where possible, as
a criterion for the necessity of corrections.

The requirements given in ISO 4037-1:2019, 4.2, consider partly the special requirements for low
energy reference radiations for the quantities Hp(10) or H*(10). These special requirements are, to less
extent, also valid for the dose equivalent quantities H'(3), Hp(3). Therefore, this document focuses on
the quantities Hp(10) or H*(10) and assumes that for the dose equivalent quantities H'(3), Hp(3) nearly
the same requirements are valid.

6.2 Tube potential

This subclalise is relevant for method I and method II. The dose equivalent quantities Hp(10), HA
Hp(3) and H'(3) are for low energy X radiation more sensitive to the tube potential than the airke
K,, free-in-3ir. The requirements on the tube potential given in ISO 4037-1:2019, Table 7 ar€¢ yalid.
Table 7 givds values for the change of tube potential that cause a change in the value of the conver
coefficient ¢f 2 % if all other parameters are unchanged.

(10),
'ma,
This
sion

6.3 Spectral fluence and conversion coefficients

This subcla
the convers
facility. In I
The spectr4

1se is relevant for method I only. Knowledge of the spectral fluence isnecessary to determine
ion coefficient from air kerma to the measurand for every, radiation quality of the X-ray
50 4037-2:2019, Annex B, an example for the determination\of the spectral fluence is gjven.
1 fluence is converted to a spectral air kerma by multiplying the spectral fluence with the
plied

monoenerg

with the m

get the spe
conversion

btic fluence to air kerma conversion coefficients. Thisspectral air kerma is then multij

rtral Hp(10), H*(10), Hp(3) or H'(3) distributionmdich is then integrated to get the a
coefficient. The obtained conversion coefficients are valid only for the air density

onoenergetic conversion coefficients for the respéctive measurand (see ISO 4037-]

) to
tual

Dspec

prevailing during the spectral measurements.

7 Dosinjetry of low energy reference radiations

7.1 Gendral

hents to be used shall beStandard instruments as described in ISO 4037-2:2019, Claufe 4.
procedures in ISO 403742:2019, Clauses 5 and 6, and, where appropriate, the procedures
p ionization chambers'in ISO 4037-2:2019, Clause 7, shall be followed.

The instrury
The genera
applicable t

7.2 Stabflity check facility

Where appit f the

instrument

opriate, a radioactive check source may be used to verify the satisfactory operation o
prior to\periods of use.

8 Calibiation and determination of the response as a function of photon ener
and angle of radiation incidence

8.1 General

The general methods given in ISO 4037-3 shall be followed. For an unsealed standard ionization chamber
this includes correction for air temperature, pressure and humidity according to 1SO 4037-2:2019,
7.4.2. In Cause 8, additional requirements and advice on the selection of calibration method are given.
Moreover, for the dose equivalent quantity Hp(10) limits are given for the adjustment of the angle of
incidence.

© ISO 2019 - All rights reserved
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8.2 Selection of calibration method

This subclause gives information, additional to ISO 4037-2, on the choice of dosimetric method, which
can be used for determination of the conventional quantity value of the dose quantities of interest. As
explained in Clause 5, two methods are possible to determine the conventional quantity value of the
dose quantities of interest.

For the highest level of dissemination of the phantom related quantities, e.g., by National Metrology
Institutes, Method I, using spectrometry and reference instruments for K, is required to achieve an
uncertainty of the conventional quantity value of about 6 % (k = 2) or less. The air kerma, Kj, shall be
determined by a primary or at least directly traceable standard and spectrometry of the reference field
shal]be performed according to ISO 4037-2:2019, Annex B, both at the point of test.

Method II, using secondary standard instruments, which measure directly dose equivalent quantities,
may|be used by all other laboratories. The achievable uncertainty is between 6 % and 1p % (k = 2)
depgnding on the radiation quality.

The [time period starting from the determination of the conventional quantity value of thelmeasurand
unti] the calibration of the instrument under test and determination pfiits response as|function of
photfon energy and angle of radiation incidence has to be considered/because the stabilitly of certain
parameters over this period shall be maintained.

8.3 | Calibration by using reference instruments for K%

8.3.1 General

This| subclause is relevant for method I only. Duriig the potentially long time period bletween the
detefmination of the conversion coefficient (see\ 6.3) and the calibration of the instfument the
reqyirements on tube potential of 6.2 shall bé-fellowed. In addition, the air density at all measuring
everlts shall be constant within the limits given in Table 2, otherwise the appropriate gorrections,
provided in Annex A, shall be applied.

The fadditional corrections for the useyof a monitor chamber as a transfer device are also provided in
Annex A.

As an example, Table 2 gives(values for the percentage change of air density that causes p change in
the yalue of the air kerma, K} and the conversion coefficients hpg(10, 0°), h*x(10) and hpg(10, 60°) of
2 %/at 2,5 m distance of the point of test from the focus and for 0° and 60° radiation incidence. These
conditions are representative for calibrations with respect to Hp(10) performed on a ISQ water slab
phantom (see [SO 4037-3).

8.3.2 Conventional quantity value of the air kerma

Within thesshort time period (typically one or a few hours) from the measurement of the cpnventional
quantity Value of the air kerma and the determmatlon of the requlred phantom related qu hntity value

o €3 s g ens . : its given in
Table 2 2 These data are Valld for a dlstance of 2 5 m, Wthh is typlcal for cahbratlons with respect to
Hp(10) performed on an ISO water slab phantom. Normally, these air density requirements are fulfilled
and no correction is necessary, in the other few cases the correction method given in the Annex A shall
be applied as follows. If p¢on is the air density prevailing during determination of the conventional
quantity value of the air kerma K, and pca those during calibration of the instrument, then the
conventional quantity value of K, during calibration is

k(pcal 'Ka)
k(pcon 'Ka)

For the air density correction factor k(p, K,) for the quantity air kerma K, see Formula (A.2).

K, (pcal): K, (pcon) (1)

© IS0 2019 - All rights reserved 5
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If a monitor chamber is used as a transfer device for the measuring quantity air kerma K, then the
difference of the air density prevailing during the calibration of the monitor chamber and the air
density prevailing during the calibration of the instrument shall be within the limits given in Table 2.
Otherwise, the correction method given in the Annex A shall be applied as follows. If the monitor
chamber is mounted at a distance dyc from the beam exit window, puc is the air density prevailing
during calibration of the monitor chamber and p¢s those during calibration of the instrument at
the distance dajr, then the conventional quantity value of K, during calibration is (for the air density
correction factor kyvc(p, K3) see Formula (A.5)):

k ca 'Ka
(p—l)\Ka(PMc) (2)

Ka (pcal)z,, / o
"MCA\FMC ™a’)

Table 2 — Percentage change of air density that causes a change in the value of the air keraan,
Ka, and th¢ conversion coefficients hpk(10, 0°) or h*k(10) and hyk(10, 60°) of 2 % at 2,5.m"distance
of the point of test from the focus of the X-ray tube and 0°and 60° radiation ihcidence

Radiatign Tube potential Ap/p for 2,5 m distance causing a change of 2 % of the value of
quality U Ka hpk(10, 0°), h*¢(10) hpk(10, 60°)
kV % % %
L-10 10 09 6,3 4,8
L-20 20 53 >20 >20
L-30 30 14 >20 >20
N-10 10 0,8 3,5 29
N-15 15 2,1 9,2 6,9
N-20 20 4,3 >20 18
N-25 25 8,0 >20 >20
N-30 30 12 >20 >20
H-10 10 0,7 2,4 2,0
H-20 20 1,9 3,7 3,2
H-30 30 4,4 11 91

8.3.3 Conventional quantity valueof the dose equivalent quantities H,(0,07) and H'(0,07)

The deternjination of the conteiitional quantity value of the dose equivalent quantities Hp(0,07)f and
H'(0,07) is pased on the détermination of the conventional quantity value of the air kerma Kj [plus
the application of a conversion coefficient. For matched reference fields the conversion coefficlents
given in ISQ 4037-3 for.the dose equivalent quantities Hp(0,07) and H'(0,07) shall be applied, whilg for
characterizpd referenge fields the individually determined conversion coefficients shall be used. Using
the conventjional quantity value of the air kerma K, as determined in 8.3.2, leads to:

Hy (0,075ca1) = hpk (0,07)K 4 (Pear ) )

H'(0'07;pcal):h}( (0’07)Ka (pcal) @

8.3.4 Conventional quantity value of the dose equivalent quantities H,(10) or H*(10) and Hp(3)
or H'(3)

8.3.4.1 Corrections of hpg(10, @) or h*k(10) and hpk(3, @) or h'k(3, a) for air density
If the air density, pcal, prevailing during calibration of the instrument differs from the air density, pspec,

prevailing during the determination of the conversion coefficient using spectrometry (see 6.3) by more
than the limits given in Table 2, then, in addition to the correction of the air kerma, Kj,, the correction

6 © IS0 2019 - All rights reserved
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method given in Annex A shall also be applied to the conversion coefficients hpg(10, a) or
hpk(3, @) or h'k(3, a) as follows:

k pcal,hpK(lo,a)
[ ] hpg (10,a, pgpec ) or
k[pspec ’hpK(lo'aﬂ

K| Peat e (10)]

K| papec i (10)]

hpg (10,0, pcq1 )=

hye (10, pey )= hi (10, pgpec ) and

4:2019(E)

h*k(10) and

L r L L9 '\—l

K Pcal'”pK o,a)
I i hyg (3,0, Pspec ) OF

k[pspec'hpl( (3,06)]

k[ pear Mk (3,a)]

K papec Ik (3,0)]

he air density correction factors k[p, hpx(10,a)] or k[p, h*k(10)] andk{p, hpk(3,a)] or k
he conversion coefficients hpk(10, @) or h*k(10) and hpk(3, a) or h)g3, @), respectively, s

pr (B.a,pcar)=

'k (3,0, 0ca1) = 'k (3,0, Ppec)

For 1
fort

}.2  Evaluation of the effect of angle of radiation incidence « for H,(10), Hp(3) and

h given value of K, and parallel radiation incidence thé/conventional quantity value
ivalent quantities Hp(10), Hp(3) and H'(3) is changed ifithe angle of radiation incidence

All calculations in 8.3.4.2 are based on the following assumption. For the purpose o
es of the value of the dose equivalentguantity Hy,(10) for a given radiation quality, the respectiy
coefflicient can be replaced by the monoenergetic one for the mean energy.

NOTE 2  The adjustment of thelangle of radiation incidence a needs two steps, firstly the adju

(5)
(6)
(7)
(8)
P h'K(BI C()]
ce A.2.
H'(3)
of the dose
is changed;

al radiation

issumed for
, otherwise

f calculating
e conversion

stment of 0°

incidence and secondly a turn,ef.the device of a. If the uncertainty of the second step is lower than that of the

firsttep, then two measurements at two angles of radiation incidence of +a and —a are recommendg
valu¢ of the two measured values is taken as the value for the angle of radiation incidence @, which
(to the first order) the error of the adjustment of 0° incidence.

td. The mean
Compensates
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Table 3 — Change A« of the angle of radiation incidence a that causes a change of H(10) of 2 %
at 2,5 m distance of the point of test from the focus of the X-ray tube

A« in degrees causing a change of H,(10) of 2 % for angle of inci-
Radiation | Mean energy g ga change of Hp(10) of 2% for ang
quality
keV 0° 15° 30° 45° 60° 75°
L-10 9,0 2,0 0,93 0,38 0,17 0,016 |(8,8-10-6)a
L-20 17,3 10 4,8 19 0,90 0,41 0,083
L-30 26,6 16 10 4,2 19 0,83 0,33
N-10 8,5 1,8 0,85 0,34 0,15 0,011 (2,7-10-6)a
N-15 12,4 4,4 2,0 0,81 0,40 0,17 0,00%8
N-20 16,3 10 4,2 1,7 0,79 0,36 0,06p
N-25 20,3 17 7,1 2,6 1,2 0,54 0,15
N-30 24,6 15 9,3 3,7 1,7 0,75 0,29
H-10 8,0 1,6 0,80 0,31 0,13 0,0087 |(1,2-14-6)a
H-20 13,1 6,4 2,6 1,0 0,52 0,24 0,021t
H-30 19,7 17 6,9 2,5 1,2 0,53 0,14
a  Notachigvable in practice.
8.3.4.3 Dptermination of the conventional quantity value of H(10) or H*(10) and Hy(3) or H[(3)
The determjination of the conventional quantity value of the dosé.equivalent quantities Hy(10) or H{(10)
and Hp(3) of H'(3) is based on the determination of the conventional quantity value of the air kermag, Kj,
plus the application of a conversion coefficient. Using the conventional quantity value of the air kefma,
K,, as determined in 8.3.2 leads to:
Hp(IO;pcal):hpK(lo’a'pcal) K,(pca)or (9)
H*(105{p 01 )=hg (10, p.4) K, (peq)and (10)
Hp(3;pcal):hp1((3'a’pcal) K, (pear)or (11)
H'B;pda )=k (3,0, pca )z (Pcal) (12)

Formulae (9) to (12) are‘used to determine the conversion coefficients.

8.3.5 Perfforming.the calibration

The calibratjion is done according to ISO 4037-3 using the conventional quantity values determined alyove.

8.4 Calibration by using reference instruments which measure the ICRU dose
equivalent quantities

8.4.1 General

This subclause is relevant for method II only. Within the time period of typically one hour from the
measurement of the conventional quantity value of the ICRU dose equivalent quantities with the
reference instrument to the calibration of the instrument under test the requirements on tube potential
of 6.2 shall be followed. In addition, the air density shall be stable within the limits given in Table 4,
otherwise the stated corrections, provided in Annex A, shall be applied.

The additional corrections for the use of a monitor chamber as a transfer device are also provided in
AnnexA.
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As an example, Table 4 gives values for the percentage change of air density that cause a change in the
value of the dose equivalent quantities Hp(10, 0°) or H*(10) and Hp(10, 60°) of 2 % at 2,5 m distance of the
point of test from the focus and for 0° and 60° radiation incidence. These conditions are representative
for calibrations with respect to Hp(10) performed on a ISO water slab phantom.

8.4.2 Conventional quantity value of the dose equivalent quantities H,(10) or H*(10) and Hp(3)
or H'(3)

8.4.2.1 Correction of Hp(10) or H*(10) and Hp(3) or H'(3) for air density

Withinthe-shorttime-period{typicaltyene-erafew-hotrsifrom-the-measurement-efthe-epnventional
quantity value of Hy(10) or H*(10) and Hp(3) or H'(3) to the calibration of the instrument th¢ air density
shal| not change by more than the limits given in Table 4. For simplicity, the same values@re also assumed
for i, (3) or H'(3). These data are valid for a distance of 2,5 m, which is typical for lcalibrjations with
respect to Hp(10) performed on an ISO water slab phantom. Normally, these aix dénsity requirements
are fulfilled and no correction is necessary, in the other few cases the correctiph method given in the
Annex A shall be applied as follows. If pcon is the air density prevailing during determinption of the
conyentional quantity value of Hp(10) or H*(10) and Hp(3) or H'(3) and(pgal that during cglibration of
the |nstrument, then the conventional quantity value of Hy(10) or H*{10) and Hp(3) or H'(3) during
calijration is:
k| pcal,H,(10)
LIp(lo'pcal): [ ] Hp(lo'pcon) (13)
KL peon Hy (10)]
k[ pear , H *(10)
H *(10, peay )= [Pea J H*(10,p.0p ) (14)
kL peon » H*(10)]
k Pcal er (3)
Hp(?"pca]): |: ] Hp(3'pcon) (15)
KL Peon 1, 3)]
k[pcal H'(3)
H'(B.pcal)=[“—,] H'(3,Pcon) (16)
k[ peon H'(3)]
For the air density correctiemfactors k[p, Hp(10)] or k[p, H*(10)] and k[p, Hp(3)] or k[p, H'(10)] for the
quantities Hp(10) or H*(10))and Hp(3) or H'(3), respectively, see A.2.

Table 4 — Percentage change of air density that causes a change in the value of Hp([L0, 0°) or
H*(10) and Hp(10,60°) of 2 % at 2,5 m distance of the point of test from the focus and (° and 60°
radiation incidence
Ragliation quality Tube potential Ap/p for 2,5 m distance causing a change of 2 % of the value of

U Hp(10, 0°) or H*(10) Hp(10, 609

KV 70 70
L-10 10 1,1 1,2
L-20 20 59 6,2
L-30 30 15 15
N-10 10 1,1 1,2
N-15 15 2,8 31
N-20 20 5,2 5,7
N-25 25 8,3 8,8
N-30 30 12 13
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Table 4 (continued)
Radiation quality Tube potential Ap/p for 2,5 m distance causing a change of 2 % of the value of
U Hp(10, 0°) or H*(10) Hp(10, 60°)
kV % %
H-10 10 1,1 1,2
H-20 20 4,0 49
H-30 30 7,3 8,7

If a monitor chamber is used as a transfer device for the measuring quantity Hy(10) or H*(10) and Hp(3)

or H'(3) the
and the air
in Table 4. (
chamber is
during cali
the distanc
calibration

H, (10,

H*(10,

H, (3,0

H'(3,p{

For the air

klp, Hp(3)],
or H'(3), reg

84.22 A

bration of the monitor chamber and p¢a those during calibration of the\ instrume;

e dajr, then the conventional quantity value of Hp(10) or H*(10) and Hp(3)Yor H'(3) dy
s:
k| pearHp(10)
P cal )= [ ] H, (10, pyc)or
kmc I:PMC »Hp(loﬂ
k[ peat H*(10)
D)= [Pea ] H*(10, pyc ) and
kwicLpwc. H*(10)]
k pcal'Hp (3)
cal J = I: } Hp(3,pMC)OI‘
kmc |:pMC Hy, (3)]
k p ]!H'(B)
)AL , L 3 pu)
kmc [PMC JH (3)]
density correction factors k[p, Hp(10)], kmclp, Hp(10)] or k[p, H*(10)], kmc[p, H*(10)]

kmclp, Hp(3)] or k[p, H'(3)lskmclp, H'(3)] and for the quantities Hp(10) or H*(10) and K
pectively, see A.2.

ljustment of angle€.afradiation incidence « for H,(10) and Hp(3) or H'(3)

The value o
incidence;

unidirectional radiation values for the change of the angle of radiation incidence that causes a ch
in the valu¢ of the-dose equivalent quantity H,(10) of 2 %. For simplicity, the same values are
assumed fof Hy{3J"and H'(3). The angle of radiation incidence shall be within the limits given in Tal

otherwise

the dose equivalent quantities Hp(10) and Hp(3) or H'(3) depends on the angle of radid
is is not the"case for the dose equivalent quantity H*(10). Table 3 (see 8.3.4.2) give

euncertainty shall be determined individually.

n the difference of the air density prevailing during the calibration of the monitor champber
density prevailing during the calibration of the instrument shall be within the limits-given
therwise, the correction method given in Annex A shall be applied as follows. If the’monitor
mounted at a distance dyc from the beam exit window, pyc is the air density: prevajiling

nt at
ring

(17)

(18)

(19)

(20)

and
h(3)

ition
5 for
hnge
also
e 3,

8.4.2.3 Determination of the conventional quantity value of H,(10) or H*(10) and Hp(3) or H'(3)

The conventional quantity values of Hp(10) or H*(10) and Hp(3) or H'(3) are given by Formulae (13) to

(16) or (17)

to (20), respectively, without any additional corrections.

8.4.3 Performing the calibration

The calibration is done according to ISO 4037-3 using the conventional quantity values determined above.

10
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The determination of uncertainty shall be done in accordance with ISO/IEC Guide 98-3:2008, 8.5, is
relevant to methods I and II. Where only one method is affected by a particular point, this is mentioned.
The guidelines given in ISO 4037-3:2019, 9.1, shall be followed and the component uncertainties given
there shall be used. In addition to or replacing given component uncertainties the following relative
standard uncertainties (1 s or k = 1) shall be taken into account. These values are only approximations
and should not be taken directly. The uncertainties need to be evaluated by each laboratory for their
facilities.

uncertainty resulting from changes of the tube voltage: usually less than 2 % or corrected, should

e assessed by the test [aboratory;

lincertainty due to changes in air density: usually less than 2 % or corrected, should be
the test laboratory;

Lincertainty of the conversion coefficients, method I only: usually 1,5 %, should be ass¢
Lest laboratory;

incertainty of the conventional quantity value of Hp(10) or H*(10};.method II only: us
chould be given in the calibration certificate;

incertainty due to adjustment of the angle of incidence, Hp(10) only: usually less than
be assessed by the test laboratory.

assessed by

ssed by the

hally 2,5 %,

2 %, should

© IS0 2019 - All rights reserved
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Annex A
(normative)

Correction for air density

A.1 General

Corrections

for air density are given for all quantities defined in 10 mm and 3 mm depth in tissu

nominal tulpe potentials equal or greater 10 kV to less or equal 30 kV.

A.2 Method for air density correction

The climati
affect the va
from air ket
the dose eq
the irradiat
way from th

C conditions, given by the air temperature, 7, the air pressure, p, and the relative humid
lue of the air kerma, Kj, of the conversion coefficients hpg (10, a), h¥(10), hpk(3, @) and h
ma Kj to the dose equivalent quantities Hy(10), H*(10), Hp(3) and.H'(3) and of their pro
hivalent quantities Hp(10), H*(10), Hp(3) and H'(3) themselves, even if all other conditio

e beam exit window of the X-ray tube to the point of test and to the change of this absorp

with photon energy. All influences increase with increasing air path. The absorption depends onl

the air den{

ity p. For temperatures between 15 °C and 25 °C, p,is'determined by the following forn

see Drake ajnd BohmlZ] with modifications for new referencevalues given in Reference [3]:
[ 17,97
p=py 1,005699%—%%(%} T7°
where I
p isthe air pressure, pg = 101,3 kPa;
T Isthe air temperature, Tg £ 293,15 K (equivalent to 20 °C);
r isthe relative air humidity, r = 0,65 (equivalent to 65 %);
p isthe air density for Teference conditions, pg = 1,197 4 kg/m3.
NOTE Alchange ofthe air density of 1 % is equivalent to a change of the air pressure from 100 kPa to 10

(if temperat
pressure and

ire and humidity are unchanged) or to a change of the temperature from 293 K to 296 K (
| humidity are unchanged). The air pressure changes under normal conditions and altitudes b

e for

ty, r,
k(3)
Huct,
ns of

ion facility are constant. The effect is due to the absorption of the photon radiation on the

tion
y on
nhula,

A1)

| kPa
f air
elow

1000 m by alrout <20 % to +10 %.

The correction of each of the above mentioned quantities for air density is performed as follows: For
the air kerma Kj, taken as an example, the air density correction factor, k(p, K5), which is the quotient

12
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of the value of the measurand at the air density p and the value of the measurand at the air density at
reference conditions, py, is calculated according to:

(A.2)

K,(p)
k(p, Ka):a—
Ka(Po)
The value under irradiation conditions is then obtained from the value at reference conditions
according to:

Ka(pirr)zk(pirr'Ka)'Ka(pO)

(A.3)

wh

¢}

A lin

factor leads to:

whe
dist:

appl

The
m(d}

The
dete

p:

to alp overall uncertainty for thescorrections, |k(p)-1|, of about 5 %, this in turn resulting i

unceg

Valugs for these two parameters, m(1,0 m) and mgq, are given in A.3 for the air kerma K,

cony
coef
be ¢
h'k(3

A3

Fe pirr being the density of air during irradiation.

ear approximation to the air density in the range 0,96 kg/m3 < p < 1,32 kg/mS)of thd

((p)zl"'m(dair)'(P_pO)

Fe d,jr is the distance from the beam exit window to the referencefppint. If a monitor c
ince dyc from the beam exit window is used as a transfer device then the correction s
jed to the air path from the monitor chamber to the reference peint. This leads to:

|

gradients, m(d,ir), are different for different airpaths, dyir For 1,0 m < dyjr < 3,0 m,
ir) can be approximated by a linear fit, to:

MC

d
"Mc(P;Ka):1+m(dair)‘(P_P0)‘[1— d

air

‘n(dair):m(l,o m)+(dair -1,0 m)md

uncertainty of the linear approximations using m(1,0 m) and mgq compared with
rmined directly according to 8.4.2:1 is less than or equal to 1 % in the range of air d
,10 kg/m3 to p = 1,27 kg/m3. Inclusion of the uncertainties of the calculations thems

rtainty for the correction,factors, k(p), of about 2 %.

ersion coefficients¥p (10, @) and h*k(10), in A.4 for Hp(10) and H*(10) and in A.5 for the
ficients hpk(3,@)and h'k(3, a). No published data are available for Hpg(3, @) and H'(3, «
hlculated fronrthe data given in A.3 for K, and in A.5 for the conversion coefficients h
, Q).

Alr density correction parameters for K;, hp(10, a) and h*k(10)

correction

(A4)

hamber at a
hall only be

(A.5)

he gradient

(A.6)

the values
ensity from
elves, leads
n an overall

and for the
conversion
. They may
Lx(3, a) and

Tables A.1 and A.2 give, as an example, values for the two parameters m(1,0 m) and myg, for the quantity
Ka and the conversion coefficients hpg(10, @) and h*,(10). Data are taken from Behrens|8].

NOTE

neglected for the range of air density from p = 0,96 kg/m3 to p = 1,32 kg/m3.

A4

Air density correction parameters for H,(10) and H*(10)

The data can be slightly different from one X-ray facility to another, but the differences can be

Tables A.3 and A.4 give, as an example, values for the two parameters m(1,0 m) and my, for the quantities

Hp(1

NOTE

0) and H*(10). Data are taken from Behrensl[5].

neglected for the range of air density from p = 0,96 kg/m3 to p = 1,32 kg/m3.

© IS0 2019 - All rights reserved
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A.5 Air density correction parameters for hpk(3, @) and h'k(3, a)

Tables A.5 to A.8 give, as an example, values for the two parameters m(1,0 m) and mg, for the conversion

coefficients hpk(3, @) and h*k(3, ). Data are taken from Behrensl(8].

NOTE

neglected for the range of air density from p = 0,96 kg/m3 to p = 1,32 kg/m3.

The data can be slightly different from one X-ray facility to another, but the differences can be

Table A.1 — Parameter m(1,0 m) for the simple approximation of m(d,;;) given in Formula (A.6)

be different.

a  Theseva

ues are only valid in the range from p = 1,10:4kg/m3 to p = 1,27 kg/m3.

Radiation m(1,0 m) in m3/kg for the quantity
quality | g | p(10) | hpk(10,0°) | Ap (10, 15°) (thgKOo) hpk(10, 45°) | hpk(10, 60°) | hpk(30,75°)

L-10 -0,758 0,153 0,153 0,155 0,161 0,173 — —
L-20 -0,123 | 0,00998 | 0,009 95 0,0101 0,0109 0,012 4 0,015:4 0,02Q9
L-30 -0,0468|0,000929| 0,000 947 0,000 951 0,001 00 0,001 12 0,00D37 0,002(01
N-10 -0,9702 0,342 0,342 0,346 0,355 0,371 — —
N-15 -0,343 | 0,097 9 0,097 7 0,099 0 0,103 0,110 0,126 0,146
N-20 -0,163 | 0,0320 0,032 2 0,032 7 0,034 6 0,038.1 0,044 3 0,054 3
N-25 -0,0927| 0,0112 0,0109 0,0111 0,0118 0,013 0 0,0156 0,02(0 8
N-30 -0,0587| 0,00341 | 0,00338 0,003 39 0,003 60 0,004 04 | 0,00496 0,007|19
W-30 -0,0758| 0,00972 | 0,009 56 0,009 63 0,010 2 0,011 4 0,0137 0,018 5
H-10 -1,262 0,625 0,625 0,628 0,640 0,659 — —
H-20 -0,4552 0,276 0,276 0,278 0,285 0,297 0,316 0,337
H-30 -0,187a | 0,0911 0,090 8 0,0915 0,094 4 0,099 3 0,108 0,120

NOTE All dafa given in this table are calculated from the spectra‘given by Ankerhold[1], for different spectra the datajmay

Table A.2 — Parameter mq for the simple approximation of m(d,i ) given in Formula (A.6)
Radiation mq in m2/kg for the quantity
quality Ka h*(10) | hpr(@0, 0°) | hpk (10, 15°) | hpr(10,30°) | Apk(10,45%) | hpk(10,60°) | hpk(10,[75%)

L-10 -0,661a | 0,0747 0,0747 0,076 1 0,080 8 0,089 3 — —
L-20 -0,128 | 0,0169 0,016 9 0,017 0 0,017 8 0,019 2 0,021 8 0,026 8
L-30 -0,0465|0,000900| 0,000918 0,000 922 0,000 97 0,001 09 0,001 32 0,001(93
N-10 -0,6893,4~,0,088 0 0,088 0 0,089 9 0,0959 0,107 — —
N-15 -0,288~ 0,056 0 0,056 1 0,057 1 0,060 1 0,065 6 0,076 8 0,094 2
N-20 ~0,149 | 0,023 4 0,023 5 0,023 8 0,0253 0,0281 0,0331 0,041 7
N-25 00878 000847 | 000825 0,00837 0,008 95 0,0100 00123 0,017 0
N-30 -0,0581| 0,00339 | 0,00336 0,003 38 0,003 58 0,004 01 0,004 9 0,007 03
W-30 -0,0727| 0,00839 | 0,008 25 0,008 30 0,008 82 0,009 82 0,011 9 0,016 2
H-10 -0,663b| 0,0518 0,0517 0,054 2 0,061 3 0,074 1 — —
H-20 -0,2732 0,114 0,115 0,116 0,12 0,128 0,141 0,158
H-30 -0,125 | 0,0381 0,037 9 0,0383 0,040 3 0,043 8 0,050 1 0,060 5

be different.

a  These values are only valid in the range from p = 1,10 kg/m3 to p = 1,27 kg/m3.
b These values are only valid in the range from p = 1,15 kg/m3 to p = 1,23 kg/m3.

NOTE All data given in this table are calculated from the spectra given by Ankerholdl[1], for different spectra the data may
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