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Introduction

This part of ISO 4037 is closely related to the three other parts of ISO 4037. The first, ISO 4037-

the methods of production and characterisation of the photon reference radiations. The second,
describes the dosimetry of the reference radiations and the third,
callbratlng and determlnlng the response of dosemeters and doserate meters |n terms of the

this

-equivalent quantity. For the dose-equivalent quantities H'(0,07) and (O, 07)
iated with only a small additional uncertainty, because the conversion coefficients depend

-equivalent quantities, no special attention is given for the low energy*X reference radiation fi
bther dose-equivalent quantities H,(10), and H*(10), this is different. For them, the use 0

idered; see the remark already given in these cases in\ISO 4037-3. This is because thg
icients depend strongly on the photon energy and the.angle of radiation incidence. For n
b radiation quality as defined in ISO 4037-1, the conversion coefficients can differ by se
ent. A detailed description of all the measurements*and methods necessary to avoid thes
rtainties is given by Ankerhold et al. [4, 5] and by.Behrens [6].

perc
uncse

NOT!
clos¢

For irradiation of the whole body, H_(10) and H*(10) are relevant for radiation protection, as lon

[ to their limit than £7(0,07) and #,(0,07). Thisis the case down to about 15 keV.

1, describes
1ISO 4037-2,

ISO 4037-3, describes procedures for

International
for radiation

)w energy X
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7) H (O 07),
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on fields are
b conversion
ominally the
eral tens of
te additional

g as they are

© I1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=bb445f70fc8a0b461259e5c207ac1f9b



https://standardsiso.com/api/?name=bb445f70fc8a0b461259e5c207ac1f9b

INTERNATIONAL STANDARD

ISO 4037-4:2004(E)

X and gamma reference radiation for calibrating dosemeters
and doserate meters and for determining their response as a
function of photon energy —

Pa

rt 4:

Calibration of area and personal dosemeters in low energy X

ref

1

This
radizs

ISO
H*(1
the d

2

The
refer
docu

ISO
dete
meth

ISO
dete
the 6

ISO
dete
dose

erence radiation fields

Scope

part of ISO 4037 gives guidelines on additional aspects of the c¢haracterization of low en

1037 concentrates on the accurate determination of conversion coefficients from air kerma t
D) for the spectra of low energy photon radiations. As an‘alternative to the use of conversion
irect calibration in terms of these quantities by means(f appropriate reference instruments is|

Normative references

following referenced documents areindispensable for the application of this documen
ences, only the edition cited applies? For undated references, the latest edition of theg
ment (including any amendments)\applies.

1037-1:1996, X and gammar-reference radiation for calibrating dosemeters and doserate mé
'mining their response as a,function of photon energy — Part 1: Radiation characteristics an
ods

1037-2:1997, X and gamma reference radiation for calibrating dosemeters and doserate mé
nergy ranges{rom 8 keV to 1,3 MeV and 4 MeV to 9 MeV
1037-3:1999, X and gamma reference radiation for calibrating dosemeters and doserate mé

'mining “their response as a function of photon energy — Part 3: Calibration of area 4
nieters and the measurement of their response as a function of energy and angle of incidenc

ergy photon

tions. This part of ISO 4037 also describes procedures for calibration and determination of the response
of afea and personal dose(rate)meters as a function of photon¢energy and angle of incidence.

This part of
D Hp(10) and
coefficients,
described.

. For dated
referenced

bters and for
d production

bters and for

'mining their response as a function of photon energy — Part 2: Dosimetry for radiation protection over

bters and for
nd personal

al
-

BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML, Guide to the Expression of Uncertainty in Measurement, 1995

ICRU Report 51:1993, Quantities and Units in Radiation Protection Dosimetry, International Commission on

Radi

ation Units and Measurements, Bethesda, Maryland 20814, USA

© 1SO 2004 - All rights reserved


https://standardsiso.com/api/?name=bb445f70fc8a0b461259e5c207ac1f9b

ISO 4037-4:2004(E)

3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 4037-3 and the following apply.

3.1

low energy X-ray reference radiation
all radiation qualities as specified in 1SO 4037-1 and ISO 4037-3 with nominal tube potentials up to and

including 30

NOTE

kV

These radiation qualities are all continuous reference filtered radiations and fluorescence radiations.

3.2
spectral flu
distribution ¢

bnce
f fluence @ with respect to photon energy E

dp
Qp =——
EdE
3.3
spectral airlkerma

distribution g

(Ka)E

3.4

f air kerma, K, with respect to photon energy £

dK 4
dE

pulse height spectrum

dn/dO
distribution @

3.5

spectral-flu
function R(H
dn/dO

v _
do

J

3.6
unfolding
determinatio

3.7

f number of pulses N with respect to charge @ generated in the detector

pnce response function
, ) describing the relationship between spectral-fluence @ and the pulse height spec

" R(E,0)- @ dE
Fo

n of the spegtral-fluence @ from the (measured) pulse height spectrum, dV/dQ

spectral-fl

u
matrix wher£

nce response matrix
each column represents the response function R(E, Q) for photons with energy E

4 Symbols (and abbreviated terms)

The symbols (and abbreviated terms) used are given in Table 1.

rum,

© ISO 2004 — All rights reserved
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Table 1 — Symbols (and abbreviated terms)

Symbol Meaning Unit
p air density kg/m3
Po air density under reference conditions: p, = 1,1974 kg/m3 kg/m3
Pir air density prevailing during irradiation kg/m3
Peon air density prevailing during determination of the conventionally true value of the kg/m3
measurand
Peal air density prevailing during calibration of the instrument kg/m3
OMC air density prevailing during calibration of the monitor chamber kg/m3
Aspec 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 the phantom surface ° (degree)
Aa change of angle of radiation incidence ° (degree)
U tube potential \%
AU change in tube potential \%
T air temperature K
Ty air temperature under reference conditions: 7, = 293,15.K{equivalent to 20 °C) K
r relative air humidity —
o relative air humidity under reference conditions: %= 0,65 (equivalent to 65 %) —
)4 air pressure kPa
Po air pressure under reference conditions:p, = 101,3 kPa kPa
my gradient of the gradient m(d;) m2/kg
m(dy,) | gradient for distance d; m3/kg
m([l,0 m) |gradient for distance 1,0m m3/kg
K, air kerma free in air Gy
k(lo, M) air density correction’factor for measurand M —
Hp(10) personal dose<equivalent at 10 mm depth Sv
HJ 0,07) |personaldese-equivalent at 0,07 mm depth Sv
H*(10) ambient dose-equivalent at 10 mm depth Sv
H'[0,07) _|directional dose-equivalent at 0,07 mm depth Sv
hy, A(10La) | conversion coefficient from K, to Hp(10) for angle of radiation incidence « Sv/Gy
h1.(19) | conversion coefficient from K_ to H*(10) SviGy
E photon energy eV
dyc distance from the beam exit window of the X-ray tube to the monitor chamber m
dg distance from the beam exit window of the X-ray tube to the point of test m
@c(E)  |spectral fluence at the photon energy E m-2.eV-1
N number of pulses generated in the detector —
(0] charge Q generated in the detector by one photon C
R(E, Q) |response function m2.C~1

© 1SO 2004 - All rights reserved
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5 General procedures for calibrating and determining response

Al criteria and procedures in Parts 1 to 3 of ISO 4037 are based on the measuring quantity air kerma, K, free
in air. Either K, is the selected measuring quantity or one of the dose-equivalent quantities /7'(0,07), H, (O 07),

(10) and H*(10) is determined using conversion coefficients from air kerma K}, to it. K is measured usmg a
secondary standard or other appropriate instruments exactly calibrated. For the dose -equivalent quantities
H'(0,07) and H, (0 07), this procedure is associated with only a small additional uncertainty, because, for the
ranges given |n ISO 4037-3, the conversion coefficients depend only slightly on the photon energy and the
angle of radiation incidence. Therefore, the only correction given for them for the low energy X reference
radiation fields, in addition to Parts 1 to 3 of ISO 4037, is the air density correction and the same applies to the
air kerma K, free in air. For the two other dose-equivalent quantities H,(10) and H*(10), this is different. For

a )
€ Of conversion coetfficients can be associated with Iarge a%dltlonal uncertainties it low eneingy X

them, the us

reference ra
Tables 9 to
strongly on

nominally th

several tens

There are t

measure the

coefficient ¢
special stan

similarly sm

response as

This part of
experimenta
used as a tr
during calib
ISO 4037 dg
for the instry
[6] and Dufts

6 Chara

6.1 Gene
This clause
given in ISQ
which causd
deviation fro

The requirements.given in ISO 4037-1:1996, 4.1.2, paragraph 5 (mean energies within £ 5 % and resol

within = 15§

Hp(10) or Hf!

replaced by

6.2 Tube

Hiation fields are considered, see the remarks already given in these cases in ISO 4037-3:19
11, 28 to 30 and 32. This is because the conversion coefficients 4,;(10, o) and 1*(10) de
the photon energy, and /,,(10, ) depends in addition on the angle of radiation incidence
e same radiation quallty as defined in ISO 4037-1, the conversion coefficients“can diffq
of percent.

spectrum of the radiation quality under consideration. From this specirum, the exact conve

hn be calculated and applied to the measured value of air kerma, Ky, free in air. For methog
dard chamber for H, (10) or H*(10) is used. This chamber must have for these quantitig
all variation in response with energy and, for H, (10) in-addition angle dependence of
required for the standard instrument for air kerma K free in@irin 1ISO 4037-2:1997, 4.3.

ISO 4037 defines the conditions that must be met to-tuse one of the two methods andg
steps to be used for the selected method. If a monitor chamber (see 1SO 4037-2:1997, 8
ansfer device, additional corrections must be applied for differences in the air density prev.
ation of the monitor chamber and during calibration of the instrument under test. This p
es not give advice on the construction of the\instruments necessary for both methods. Exa

ments and the experimental steps for both-methods are given by Ankerhold et al. [4, 5], Beli
chmid et al. [7].

cterization and production of low energy X-ray reference radiations

ral

4037-1 for the-given purposes. For various influence quantities, data are given on the ch
s a change of the measurand of 2 %. These data shall either be interpreted as limits foj
I its nominakvalue or, where possible, as a criterion for the necessity of corrections.

o of\the values given in Tables 3, 4 and 5 of ISO 4037-1) must not be used for the quan

09 in
pend

For
br by

vo possible approaches to overcome this deficiency. For method I, a pectrometer is usg¢d to

rsion
I, a
S, a
the

the
2)is
hiling
rt of
ples
rens

specifies the charaeteristics by which a laboratory can produce the reference filtered X radiations

ange
Ir the

ution
tities

(10) for low energy reference radiations, as they are not sufficient in these cases and sha

Il be

the requirements in this clause.

potential

This subclause is relevant for methods | and Il. The dose-equivalent quantities Hp(10) and H*(10) are, for low
energy X radiation, more sensitive to the tube potential than the air kerma, K, free in air. Table 2 gives values
for the change of tube potential that cause a change in the value of the conversion coefficient of 2 %, if all
other parameters are unchanged. For methods | and I, the requirements on the absolute value of the tube
potential (given in ISO 4037-1:1996, 4.2.2) of + 2 % are sufficient, but the change in tube voltage must not
exceed the limits given in Table 2.

© ISO 2004 — All rights reserved
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NOTE All calculations in this subclause are based on the following assumptions. Firstly, for the purpose of calculating
changes of the value of the conversion coefficient to the dose-equivalent quantity, Hp(10) or H*(10), for a given radiation
quality, the respective conversion coefficient can be replaced by the monoenergetic one for the mean energy. Secondly,

the relative change of tube potential and the relative change of the mean energy are equal to each other.

Table 2 — Change of tube potential that causes a change in the value of the conversion coefficients of
2 % for radiation qualities with nominal tube potentials up to and including 30 keV

AU causing a change of 2 % of | AU/U causing a change of 2 % of
Tube Mean the conversion coefficient the conversion coefficient
zauﬂ;:;?a" potential U energy P Vv o
< eV hphli(,:(?b())o) ho (10, 60°) hphlé;(?b‘))°) i}, (10, 60°)

L-10 10 9,2 12 54 0,12 0,054

L-20 20 17,4 150 79 0,74 0,40

L-30 30 26,7 450 320 1,5 1,1

N-10 10 8,9 10 5,6 0,1 0,056

N-15 15 12,7 41 22 0,28 0,15

N-20 20 16,5 130 67 0,63 0,33

N-25 25 20,4 250 150 0,99 0,61

N-30 30 24,7 450 300 1,5 0,99

H-10 10 8,7 9 4,6 0,09 0,046

H-20 20 14,0 83 41 0,41 0,21

H-30 30 20,1 300 180 1,0 0,59
a8  Bee Table 1 of ISO 4037-3:1999.
b alues were taken from reference [8] in the Bibliography for a distance of 2,5 m, a typical distance for calibrations with respect to
Hp(1 D) performed on an ISO water slab phantont.

6.3 | Field uniformity and scattered radiation

This|subclause is relevant for methods | and Il. The cross-sectional area of the reference-radiation beam
shoyld be sufficient to completely irradiate area dosemeters and doserate meters, or the phantom|used for the
calibration of personal"dosemeters. The variation of the air kerma rate over the beam area shall [pbe less than
5 %, and the contribution of scattered radiation to the total air kerma rate shall be less than 5 % (see
ISO #037-1:1996;-4.5). Test 1 of ISO 4037-1:1996, 4.5.3.1 shall not be performed, because the cgrrections for
air aftenuation.are large and can only be performed if the spectral fluence is known.

6.4 | Spectral fluence and conversion coefficients

This subclause is relevant for method | only. For every radiation quality, the knowledge of the spectral fluence
is necessary to determine the conversion coefficient from air kerma to the measurand under consideration for
the X-ray facility used. In informative Annex B, an example for the determination of the spectral fluence is
given. The spectral fluence is converted to a spectral air kerma by folding the spectral fluence with the
monoenergetic fluence to air-kerma conversion coefficients. This spectral air kerma is then folded with the
monoenergetic conversion coefficients for the respective measurand (see ISO 4037-3) to get the spectral
Hp(10) or H*(10) distribution which is then integrated to get the actual conversion coefficient. The conversion
coefficients obtained are valid only for the air density, Pspecs prevailing during the spectral measurements.

© 1SO 2004 - All rights reserved 5
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7 Dosimetry of low energy reference radiations

7.1 General

The instruments to be used shall be standard instruments as given in Subclause 4.1 of ISO 4037-2:1997. The
general procedures in Clause 5 of ISO 4037-2 and, where appropriate, the procedures applicable to ionization
chambers in Clause 6 of ISO 4037-2:1997, shall be followed. Subclause 7.2.1 is relevant for method | and
subclause 7.2.2 for method II.

7.2 Operation of the standard instruments

7.2.1 Instruments for the measurement of air kerma
This subclayise is relevant for method | only. ISO 4037-2 gives detailed guidelines on the operation of the

instruments [to be used for the measurement of the air kerma, K, free in air. These guidelines shqll be
followed.

7.2.2 Instuments for the measurement of the dose-equivalent quantities defined in ICRU 51

7.2.21 General

This subclapse is relevant for method Il only. The instruments to beyused for the measurement of the
reference rafiation shall be a secondary standard or other appropriate\instruments. Generally, this complrises
an ionizatior) chamber assembly and a measuring assembly. The detailed guidelines given in ISO 403742 for
instruments |to be used for the measurement of the air kerma;, K, free in air are transferred herg for
instruments for the measurands considered in this part of ISO 4037.

7.2.2.2 Chplibration

The standa:l)d instrument shall be calibrated for the“range of energies and for the measurands thaj are
intended to e used.

7.2.2.3 Epergy dependence of the response of the instrument
Above a mdan energy (see ISO 4037-1) of 30 keV, the ratio of the maximum to minimum response df the
instrument shall not exceed 1,2 oyer the energy range for which the standard instrument is to be used| For
mean energles between 8 keV abd 30 keV, the limit of this ratio shall not exceed 1,3.

Whenever practical, the reference radiations used to calibrate the secondary standard instrument shou|d be
the same as|those used.fot the calibration of radiation protection instruments.

7.2.2.4 Stgability‘check facility

Where appropriate, a radioactive check source may be used to verify the satisfactory operation of the
instrument prior to periods of use.

8 Calibration and determination of the response as a function of photon energy 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 corrections for air temperature, pressure and humidity according to 1ISO 4037-2:1997, 6.7.3.

6 © ISO 2004 — All rights reserved
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In this clause, 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.

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 conventionally true value of the dose quantities of interest. As explained in
Clause 5, two methods are possible to determine the conventionally true value of the dose quantities of
interest.

Method |, using spectrometry and reference instruments for K, is recommended for those laboratories, which
need to achieve an uncertainty of the conventionally true value of about 4 % (k = 2) or less.

Meth
reco
on th

od Il
mmended for all other laboratories. The achievable uncertainty is between 4 % and 6.% (k =
e radiation quality.

using secondary standard instruments which directly measure dose-equivalent quantities, is
2) depending

and until the
oton energy
ers over this

The
calib
and

time period, starting from the determination of the conventionally true value«<of the measur
ration of the instrument under test and the determination of its responsé as a function of ph
angle of radiation incidence, has to be considered, because the stability of certain paramet

perigd must be maintained.

8.3 | Calibration by using reference instruments for X,

8.3.1 General

This|subclause is relevant for method | only. Within the\long time period (typically one month orf more), from
the determination of the conversion coefficient (see 6:4) to the measurement of the conventionally true value
of the air kerma and the calibration of the instrumeént, the requirements concerning tube potential of 6.2 must
be followed. In addition, the air density at all measuring events shall be constant within the limits given in

Tablg 3, otherwise the appropriate corrections given shall be applied.

The pdditional corrections for the use of a monitor chamber as a transfer device are given.
As 3
valug of the air kerma, K, and the conversion coefficients 4, (10, 0°), 2*,(10) and hy K (10, 6
2,5 m distance between the point of test and the focus, and for 0° and 60° radlatlon incidg
conditions are representative for calibrations with respect to H, (10) performed on a ISO water s
(see|lSO 4037-3).

n example, Table 3 gives values for the percentage change of air density that cause a change in the
D°) of 2 % at
ence. These
ab phantom

Conventionally true value of the measurand air kerma

n the short time period (typically one or a few hours) from the measurement of the conve

determlnatlon of the conventlonally true value of the air kerma K and |f Peal is that durlng calibration of the
instrument, then the conventionally true value of K, during callbratlon is

k(pca K a)

k( COﬂ’K ) (1)

Ka(pcal) = Ka(pPcon)-

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

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 3. Otherwise the correction method
given in Annex A shall be applied as follows. If the monitor chamber is mounted at a distance dyc from the
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beam exit window, py,c is the air density prevailing during calibration of the monitor chamber and if o, is that
during calibration of the instrument at distance d;,, then the conventionally true value of K, during calibration
is (for the air density correction factor ky,c(p, K,) see Equation (A.5) in Annex A):

k(pca Ka)

K, 2
kmc(ome K a) (Puc) )

Ka(pcal) =

Table 3 — Percentage change of air density that causes a change in the value of the air kerma K, and
the conversion coefficients 7, (10, 0°) or 7*;(10) and /4, (10, 60°) of 2 % at 2,5 m distance between the
point of test and the focus of the X-ray tube and 0°and 60° radiation incidence

(This distarce s typfcatfor catibrations with Tespect to ¢ to) performed omran SO water stab-ptramtom. )

. Aplp for 2,5 m distance causing
. Tube potential a change of 2 % of the value of
Radiation U
quality @ W K, hy (10, 0°), h*(10) hy, 1(10,60°)
% % %
U-10 10 0,9 6,3 4,8
U-20 20 5,3 > 20 > 20
4-30 30 14 > 20 > 20
N-10 10 0,8 3,5 29
N-15 15 21 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 44 11 9,1
a8  Sep Table 1 of ISO 4037-3:1999.
8.3.3 Conyentionally true value-of the measurands dose-equivalent quantities #/,(0,07) and /(0,01)
The determihation of the canventionally true value of the dose-equivalent quantities H (0 07) and H'(0,07) is
based on the determination of the conventionally true value of the air kerma K, plus the application|of a
conversion coefficient-~ The conversion coefficients given in 1SO 4037-3 for the dose -equivalent quartities
(0 07) and H'(0,07).shall be applied. Using the conventionally true value of the air kerma K, as deternfined
in 8 3.2 leadp to
Hp(oyo';pcal)_hp, {600k tprar) 3)
H'(0,07; pga)) = h g (0,07) K 5(pcal) 4)

8.3.4 Conventionally true value of the measurands dose-equivalent quantities 7/,(10) and /7*(10)

8.3.4.1  Corrections of hp,K(1O, a) and 1*(10) for air density

If the air density p., prevailing during calibration of the instrument differs from the air density pg,. prevailing
during the determination of the conversion coefficient using spectrometry (see 6.4) by more than the limits
given in Table 3, then, in addition to the correction of the air kerma K, the correction method given in Annex A
shall also be applied to the conversion coefficients 4, x(10, a) or 1" (10) as follows:
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k(peatip k (10,0))
k(Pspemhp,K (1 010‘))

hp‘K(‘l 0,a, pcal) = hp,K(10,a,pSpeC), and

k( poar ki (10))

k(pspe07h1*<(10))

hi (10, pca) = hx (10, Pspec)

®)

(6)

For the air density correction factors k(p, h, x(10,a)) and k(p, h*(10)) for the conversion coefficients 4, (10,a)
and 1*{10), see A.2.

8.3.4

For @ given value of K, and parallel radiation incidence, the conventionally true value of:the dos

quar
equi
radizs
of ra
cons

NOT
chan
coeff]

NOT
and {
step,
the t
comp

.2  Evaluation of the effect of angle of radiation incidence « for Hp(10)

tity /,(10) is changed if the angle of radiation incidence is changed; this is pot.the case f
alent quantity H*(10). Table 4 gives, for unidirectional radiation values, the-change of
tion incidence that cause a change in the value of the dose-equivalent quantity Hp(10) of 29
diation incidence shall be within the limits given in Table 4, otherwise the_enhanced uncerta
idered.

E 1 All the calculations in this clause are based on the following{assumption. For the purpose
pes of the value of the dose-equivalent quantity 4 (10) for a given) radiation quality, the respecti
cient can be replaced by the monoenergetic one for the mean energy.

F 2 The adjustment of the angle of radiation incidence ¢ needs two steps, firstly the adjustment o]
econdly a rotation of the device through angle «. If the uncertainty of the second step is lower than t
then two measurements at two angles of radiation incidence of + ¢ and — « are recommended. The
wo measured values is taken as the value for thgi-angle of radiation incidence « which will (to t
ensate the error of the adjustment of 0° incidence.

able 4 — Change Aa of the angle of radiation incidence « that causes a change of (1

he

e-equivalent
or the dose-
he angle of
0. The angle
inty must be

of calculating
e conversion

f 0° incidence
hat of the first
ean value of
first order)

D) of 2 %

Mean energy °
keV

Radiation
quality @

Aain deg causing a change of /(10) of 2 % for angle of inc
0° 15° 30° 45° 60°

idence of
75°

L-10 9,2 2,0 0,93 0,38 0,17 0,016

(8,8 x 10-6)c

L-20 17,4 10 4,8 1,9 0,90 0,41

0,083

L-30 26,7 16 10 4,2 1,9 0,83

0,33

N-10 8,9 1,8 0,85 0,34 0,15 0,011

(2,7 x 1078y

N-15 12,4 4,4 2,0 0,81 0,40 0,17

0,0078

N-20 16,4 10 4,2 1,7 0,79 0,36

0,066

N-25 20,4 17 7.1 2,6 1,2 0,54

0,15

N-30 24,7 15 9,3 3,7 1,7 0,75

0,28

H-10 8,6 1,6 0,80 0,31 0,13 0,0087

(1,2 x 1078y

H-20 14,0 6.4 2,6 1,0 0,52 0,24

0,021

H-30 20,1 17 6,9 2,5 1,2 0,53

0,14

a
b
Hy(1

C

See Table 1 of ISO 4037-3:1999.

Values were taken from reference [8] in the Bibliography for a distance of 2,5 m, a typical distance for calibrations
0) performed on an ISO water slab phantom.

Not achievable in practice.

with respect to
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8.3.4.3

Determination of the conventionally true value of Hp(10) and H*(10)

The determination of the conventionally true value of the dose-equivalent quantities Hp(10) or H*(10) is based
on the determination of the conventionally true value of the air kerma K, plus the application of a conversion
coefficient. Using the conventionally true value of the air kerma K, as determined in 8.3.2 leads to

Hy(10; peal) = hp x (10,a, pcar) Ka(pcal), and

H*(10;

Pcal) = h;<(1 0, pcal) Kalpcal) -

(7)

(8)

Equations (§

8.3.5 Performing the calibration

The calibrati

8.4 Calib
quantities

8.41

This subclal
the conventi
requirement

within the linpits given in Table 5, otherwise the corrections given shall be applied.

The addition

As an exam
value of the
point of test
calibrations

8.4.2 Cony

8.4.21 C
Within the s
value of H(
limits given
correction
determinatio

instrument, thencthe conventionally true value of Hp(10) or H*(10) during calibration is

Gene¢ral

kN (V225 4 [y : 41 : iy +
) Aaliu (U) alc UstU U UTITTITINIT UTS CUNVETSIUNT CUCITTIVICTILS.

pn is done according to ISO 4037-3 using the conventionally true values determined above.

ration by using reference instruments which measure the ICRU dose-equivalent

se is relevant for method Il only. Within the time period of typieally 1 h from the measuremgq
pnally true value of the ICRU dose-equivalent quantities \to, the calibration of the instrumen
5 concerning tube potential of 6.2 must be followed. In>addition, the air density shall be

al corrections for the use of a monitor chamber as a transfer device are given.

ple, Table 5 gives values for the percentage change of air density that cause a change i
dose-equivalent quantities H,(10, 0°).or H*(10) and Hp(10, 60°) of 2 % at 2,5 m distance ¢
from the focus and for 0° and 60° radiation incidence. These conditions are representativ
vith respect to Hp(10) performed on a1SO water slab phantom.

yentionally true value of the measurands dose-equivalent quantities Hp(10) and H*(10)

prrection of Hp(10) and)H*(10) for air density

hort time period.(typically one or a few hours) from the measurement of the conventionally
0) or H*(10) tothe calibration of the instrument, the air density must not change by more tha
n Table 5. Normally, this is the case and no correction is necessary. In the other few cases
ethod given' in Annex A shall be applied as follows. If p.,, is the air density prevailing d
n of the;conventionally true value of H,(10) or H*(10) and if p, is that during calibration g

nt of
, the
table

n the
f the
e for

true
n the
, the
uring
f the

k(pal Hp(10))

Hp(10:pcal): Hp(10rpcon)
k(Pcon’Hp“O))
. K(pea*(10)
H mapmo=—iﬁi—<;—lffmapmm
k(pconsH (10))

()

(10)

For the air density correction factors k(p, #,(10)) and k(p, H*(10)) for the quantities H,(10) and #*(10), see A.2.

10
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Table 5 — Percentage change of air density that causes a change in the value of A (10, 0°) or £*(10)
and Hp(10, 60°) of 2 % at 2,5 m distance of the point of test from the focus and 0° and 60° radiation

(This distance is typical for calibrations with res;)r:a((‘,:ltdt?)n:]:(m) performed on an ISO water slab phantom.)
Aplp for 2,5 m distance causing a change of 2 % of
Radiation Tube plc])tential the value of
quality 2 o Hy(10, 0°) or H*(10) Hp,(10, 60°)
% %
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 3,1
N-20 20 5,2 57
N-25 25 8,3 8,8
N-30 30 12 13
H-10 10 1,1 1,2
H-20 20 4,0 4,9
H-30 30 7,3 8,7
a8  See Table 1 of ISO 4037-3:1999.

If a

diffe
prev
corre
dista
chan

ence of the air density prevailing during-the calibration of the monitor chamber and th

air density

monitor chamber is used as a transfer device for the measuring quantity Hp(10) or H*(}O), then the

piling during the calibration of the insfrument shall be within the limits given in Table 5. O
ction method given in the Annex A“shall be applied as follows. If the monitor chamber is n
nce dyc from the beam exit windew, pyc is the air density prevailing during calibration of

hber and p, is that during calibration of the instrument at the distance d,;, then the conve

valug of Hp(10) or H*(10) duringcalibration is

k( ek p(10))

ke Pvc. Hp(10))

Hp(10spcal): Hp(10,,0|\/|c),0r

k(pcal 1 *(10))

11 (10,50l - :
kmc (Pmc, H*(10))

H*(10, pyic)-

For

herwise, the
hounted at a
the monitor
htionally true

(11)

(12)

he”air density_correction factors o H (10 k(o H (10V) L (o H*10)) and klo H*
Ps Fr=pl LZANRAI\"/ G2 Vot Bkl 0N 777 MCF~ A} 77 \Vaa)

guantities Hp(10) and H*(10), see A.2.

8.4.2.2  Adjustment of angle of radiation incidence « for 7,(10)

10)) for the

The value of the dose-equivalent quantity #,(10) depends on the angle of radiation incidence, this is not the
case for the dose-equivalent quantity #*(10). Table 4 (see 8.3.4.2) gives, for unidirectional radiation values,
the change of the angle of radiation incidence that cause a change in the value of the dose-equivalent quantity
Hp(10) of 2 %. The angle of radiation incidence shall be within the limits given in Table 4, otherwise the
enhanced uncertainty must be considered.

© 1SO 2004 - All rights reserved
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8.4.2.3 Determination of the conventionally true value of Hp(10) and H*(10)

The conventionally true values of Hp(10) or H*(10) are given by Equations (9) and (10) or (11) and (12)
without any additional corrections.

8.4.3 Performing the calibration

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

8.5 Statement of uncertainty

This subclayse is relevant to methods | and Il. Where only one method is affected by a particular point}this is
mentioned. The guidelines given in ISO 4037-3:1999, 7.2 shall be followed and the component uncertainties
given there shall be used. In addition to or replacing given component uncertainties, the following ohes given
as relative [standard uncertainties (1 s or k=1) shall be taken into account. These yvalues are|only
approximate| values and should not be taken directly. The uncertainties need to be eyaluated by pach
laboratory fgr their facilities.

a) Uncertainty resulting from changes of the tube voltage: usually less than 2 %“or corrected, should be
assessgd by the test laboratory.

b) Uncertdinty due to changes in air density: usually less than 2 % or corrected, should be assessed by the
test labgratory.

c) Uncertajinty of the conversion coefficients, method | only: usually)1,5 %, should be assessed by thg test
laboratqry.

d) Uncertajnty of the conventionally true value of Hp(10) or+*(10), method Il only: usually 2,5 %, shou|d be
given in|the calibration certificate.

e) Uncertajnty due to adjustment of the angle of incidence, Hp(10) only: usually less than 2 %, should be
assesséd by the test laboratory.
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Annex A
(normative)

Correction for air density

A.1 General

pctions for air density are given for all quantities defined in 10 mm depth in tissue fer’fjominal tube

htials equal to or greater than 10 kV to less than or equal to 30 kV.

Corr
pote

A.2| Method for air density correction

r, affect the
to the dose-

The Elimatic conditions, given by the air temperature T, the air pressure p and(the relative humidity
valug of the air kerma K, of the conversion coefficients / K(1O a) and 1 *x(10) from air kerma K

equi
them
absg

alent quantities H, (10) and H*(10) and of their product the dose-equivalent quantities Hp(10
selves, even if all other conditions of the irradiation facility aare“constant. The effect is
rption of the photon radiation on the way from the beam exit window of the X-ray tube to the

) and H*(10)
due to the
point of test

bir path. The
given by the
reference [4]

o the change of this absorption with photon energy. All inflaéences increase with increasing
rption depends only on the air density p. For temperatures: between 15 °C and 25 °C, p is
ving formula, see Drake and Béhm [9] with modificationsfor new reference values given in
b Bibliography:

and
abso
follo
in th

y T 1797 T
p=po |1005609 £ - T | . 0 (A1)
Po 175 7 ro To T
where
b is the air pressure, pg = 101,3 kPa;
I is the air temperature,.T; = 293,15 K (equivalent to 20 °C);
- is the relative air-humidity, », = 0,65 (equivalent to 65 %);
oo is the airdensity for reference conditions, py = 1,197 4 kg/m3.
NOTE A change of the air density of 1 % is equivalent to a change of the air pressure from 100 kPal to 101 kPa if
tempprature.and humidity are unchanged, or to a change of the temperature from 293 K to 296 K if air|pressure and
humidlity“are unchanged. The air pressure changes under normal conditions and altitudes below 1000 m by|about — 20 %
to + 10-%.

The correction of each of the above-mentioned quantities for air density is performed as follows: For the air
kerma K, taken as an example, the air density correction factor, k(p, K;), which is the quotient of the value of
the measurand at the air density p and the value of the measurand at the air density at reference conditions,
Po, is calculated according to

Ka(p)

k(p, K .
v Ka(po)

a)= (A2)

The value under irradiation conditions is then obtained from the value at reference conditions according to

(A.3)

Ka(pir) = k(pir,Ka) Kalpo)
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Py being the density of air during irradiation.

A linear approximation to the air density in the range from p = 0,96 kg/m3 to p = 1,32 kg/m3 of the corre
factor leads to

ction

k(p)=1+m(d ) (p—po) (A4)

where d_;. is the distance from the beam exit window to the reference point.

air

If a monitor chamber at a distance dy,c from the beam exit window is used as a transfer device, then the
correction must only be applied to the air path from the monitor chamber to the reference point. This leads to

knc (P, K o) =1+ m(daie )(p ~ po) (“sz.C J

The gradients, m(d,;), are different for different air paths, d,;. For d,;. = 1,0 m to d; = 3,0'm, m(dy;,) g
approximated by a linear fit, too:

m(dy;) 3 m(1,0 m) + (dg;, — 1,0 m) m

air

A.5)

n be

A.6)

The uncertajnty of the linear approximations using m(1,0 m) and my compared with the values deternined

directly accgrding to 8.4.2.1 is less than or equal to 1 % in the range of air density from p = 1,10 kg/n
p = 1,27 kg/im3. Inclusion of the uncertainties of the calculations themselves leads to an overall uncertain
the correctidns, [k(0)-1]|, of about 5 %, this in turn resulting in an overall uncertainty for the correction fagq
k(p), of about 2 %.

In A.3, valugs for these two parameters, m(1,0 m) and my, are*given for K, and the conversion coeffio
hp,K(10, a) and h*(10), and in A.4 for Hp(10) and H*(10).

A.3 Air density correction parameters for K, /1, (10, ) and /"(10)

Tables A.1 and A.2 give, as an example, values for the two parameters m(1,0 m) and my for the quanti

and the corjversion coefficients £, (10, @) and 2*,(10). The data may be slightly different from one

faC|I|ty to arfother, but the differences €an be neglected for the range of air density from p= 1,10 kg/n
=1,27 kg/mn3

A.4 Air density correction parameters for /,(10) and /7*(10)
Tables A.3 and A.4 give; as an example, values for the two parameters m(1,0 m) and my, for the quar

(10) and }7*(10). The‘data may be slightly different from one X-ray facility to another, but the differences
be neglected for the-range of air density from p = 1,10 kg/m3 to p = 1,27 kg/m3.

n3 to
y for
tors,

ients

y K
K-ray
h3 to

tities
5 can
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