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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 1SO. also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft Intefnational Standards adopted by the technical committees are circulated to the membeér,_bodig¢s for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

International Standard 1SO 4037-3 was prepared by Technical Committee ISQA-C 85 Nuclear energy,
Subcomniittee SC 2, Radiation protection.

ISO 4037 consists of the following parts, under the general title X and gamma_reference radiation for calibrating
dosemetdrs and doserate meters and for determining their response as a funetion of photon energy :

—  Part|1: Radiation characteristics and production methods
—  Parf|2: Dosimetry for radiation protection over the energy ranges 8 keV to 1,3 MeV and 4 MeV to § MeV

— Part| 3: Calibration of area and personal dosemeters and the measurement of their response as |a function of
enefgy and angle of incidence
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Introduction
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This part of ISO 4037 is closely related to two other International Standards. The first, ISO 4037-1, describes the
methods of production and characterization of the photon reference radiations. The second, ISO 4037-2, describes
the dosimetry of the reference radiations.

This part of ISO 4037 is the third part of the series, and it describes procedures for calibrating and determining the

Measureme

ts (ICRU) operational quantities [1,2,3,4] for radiation protection purposes [5]. The rationale

response ofJ:dosemeters and doserate meters in terms of the International Commission on Radiation

the operatio
directly. The
most photon

The determi
basic quant

al quantities is based on the fact that the effective dose as defined in ICRP 60 [6] cannot be
operational quantities provide a reasonable and conservative approximation to theyeffectiv
radiations.

hation of the response of dosemeters and doserate meters is essentially a three-step proce
ty such as air kerma is measured free in air at the point of test. Then the appropriate g

quantity is d

Depending

brived by the application of the conversion coefficient that relates the, quantity measured to th

n the type of dosemeter under test, the irradiation is either carfied out on a phantom or freg

operational Iuantity. Finally the device under test is placed at the same point farythe determination of its

personal an
methods an
doserate mg

area dosemeters, respectively. For area and individual monitoting, this part of ISO 4037 des
i the conversion coefficients to be used for the determination of the response of dosem
ters in terms of the ICRU operational quantities for photons:

Units and
for using
measured
b dose for

5s. First a
perational
b selected
response.
e in air for
cribes the
eters and
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X and

gamma reference radiation for calibrating dosemeters and

doserate meters and for determining their response as a function
of photon energy —

Part 3

Calibr
their ry

1 Scop

This part

Ation of area and personal dosemeters and the measurem
psponse as a function of energy and angle of incidence

A1”4

Df 1ISO 4037 specifies the calibration of dosemeters and doserate meters used for individual

monitorin

in photon reference radiation fields with mean energies between8 keV and 9 MeV (see ISO

bnt of

and for area
4037-1). For

individual|monitoring, both whole body and extremity dosemeters are ecovered and for area monitoring Ipoth portable
and installed dosemeters are covered. This part of ISO 4037 also deals with the determination of the rg
function of photon energy and angle of radiation incidence. Such measurements may represent part of

the cours

This part
in a futurg

The proce
the phant
gives guid

NOTE 1
monitoring

NOTE 2

of which the effect of further influence quantities on the response is examined.

Df ISO 4037 does not cover the in-situ calibration®of fixed installed area dosemeters which wi
standard.

dures to be followed for the different types of dosemeters are described. Recommendations
bm to be used and on the conversjon coefficients to be applied. In addition, this Internatio
ance on the statement of uncertainties and on the preparation of calibration records and certif

The term dosemeter is used @s\‘a generic term denoting any dose or doserate meter for indiy

Throughout this part of ISQ@ 4037, unless otherwise stated, the term kerma is used to denote air kermal

2 Norm

tive references

The following normative documents contain provisions which, through reference in this text, constitute
this part gf 1ISO4037. For dated references, subsequent amendments to, or revisions of, any of these
do not apply.‘However, parties to agreements based on this part of ISO 4037 are encouraged to in

possibilit

sponse as a
A type test in

| be covered

are given on
nal Standard
icates.

jdual or area

free in air.

provisions of
publications
estigate the

of” applying the most recent editions of the normative documents indicated below.

For undated

references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

ISO 4037-1:1996, X and gamma reference radiation 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 4037-2:1997, X and gamma reference radiation for calibrating dosemeters and doserate meters and for
determining their response as a function of photon energy — Part 2: Dosimetry for radiation protection over the
energy ranges 8 keV to 1,3 MeV and 4 MeV to 9 MeV.

ISO Guide to the Expression of Uncertainty in Measurement, 1993.
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3 Definitions

For the purposes of this part of ISO 4037, the following definitions apply.

©1SO

3.1 Quantities and units
311
dose equivalent
H
product of Q and D at a point in tissue, where D is the absorbed dose at that point and Q the quality factor
(ICRU 51 [7]x
H= QD
NOTE 1 THe unit of the dose equivalent is joules per kilogram (J - kg~1) with the special name sievert (SV).
NOTE 2 Fdr the purpose of this part of ISO 4037, for photon and electron radiation, the quality factonhas the valug unity.
3.1.2
operational uantities
3121
ambient dose equivalent
H*(10)
dose equivalent that, at a point in a radiation field, would be produced:by the corresponding expanded and aligned
field, in the ICRU sphere, at a depth of 10 mm on the radius opposing-the direction of the aligned field
NOTE 1 THe unit of the ambient dose equivalent is joules per kilogram (J - kg~1) with the special name sievert (Sv).
NOTE 2 In|the expanded and aligned field, the fluence and\jts energy distribution have the same value throughout the
volume of intgrest as at the point of test; the field is unidirectional.
3.1.2.2
directional dpse equivalent
H’(0,07;0Q)
dose equiveient that, at a point in a radiation field, would be produced by the corresponding expanded field in the
ICRU spherg at a depth of 0,07 mm on-a-radius in a specified direction Q
NOTE 1  THe unit of the directional-dose equivalent is joules per kilogram (J - kg1) with the special name sievert ($v).
NOTE 2 In|a unidirectional field,/the direction can be specified in terms of the angle, a, between the radius ofposing the
incident field &nd a specifiedradius. When a = 0, the quantity H'(0,07;0) may be written as H'(0,07).
NOTE 3 Injthe expanded field, the fluence and its angular and energy distributions have the same value over the volume of
interest as in fhe actual:fi€ld at the point of measurement.
3123
personal dose-gguivalent
Hy(d)
dose equivalent in soft tissue as defined in ICRU 51 [7] below a specified point on the body at an appropriate
depth d
NOTE 1 The unit of the personal dose equivalent is joules per kilogram (J - kg~1) with the special name sievert (Sv).
NOTE 2 Any statement of personal dose equivalent should include a specification of the depth, d, expressed in millimetres.

For weakly penetrating radiation, a depth of 0,07 mm for the skin is employed. The personal dose equivalent for this depth is
then denoted by Hp(0,07). For strongly penetrating radiation, a depth of 10 mm is frequently employed with analogous notation.

NOTE 3 In Report 47 [4], the ICRU has considered the definition of the personal dose equivalent to include the dose
equivalent at a depth d in a phantom having the composition of the ICRU tissue. Then H_(d), for the calibration of personal
dosemeters, is the dose equivalent at a depth d in a phantom composed of ICRU tissue (see 6.2), but of the size and shape of
the phantom used for the calibration (see 6.3.1).

1)
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3.2 Calibration factor and response determination

3.2.1

influence quantity
influence parameter
guantity which may have a bearing on the result of a measurement without being the subject of the measurement

EXAMPLE The reading of a dosemeter with an unsealed ionization chamber is influenced by the temperature and pressure of
the surrounding atmosphere. Although needed for determining the value of the dose, the measurement of these two quantities
is not the primary objective.

3.2.2

reference
reference
correction
(See also

NOTE
to be calib

3.2.3
standard

standard {est conditions represent the range of values of a set of influencé«uantities under which a ca

determing

NOTE
ambient ai
The deviat

be corrected for. In practice, the uncertainty aimed at serves as a criterion as to which influence quantity has to

account by
influence (
standard tg
A.2 of ann

3.24
calibration
conditions

3.25
reference

(dosemet

NOTE
dosemeter

3.2.6
point of te

conditions
conditions represent the set of influence quantities for which the calibration factor is"valid

note to 3.2.3.)

The value for the quantity to be measured may be chosen freely in agreement with.the properties of {
ated. The quantity to be measured is not an influence quantity (3.2.1).

est conditions

tion of response is carried out

Ideally, calibrations should be carried out under reference «conditions. As this is not always achie
pressure) or convenient (e.g. for ambient temperature), a (small) interval around the reference values
ons of the calibration factor from its value under reference conditions caused by these deviations shod

an explicit correction or whether its effect may be jacorporated into the uncertainty. During type testg
uantities which are not the subject of the test are”fixed within the interval of the standard test c(

st conditions together with the reference conditions applicable to this part of ISO 4037 are given in T
bX A.

conditions
within the range of standard{est conditions actually prevailing during the calibration

point
br) point which is placed at the point of test for calibrating or testing purposes

The distance of measurement refers to the distance between the radiation source and the refereng

St

without any

he instrument

libration or a

able (e.g. for
may be used.
Id in principle
be taken into
, all values of
nditions. The
ables A.1 and

e point of the

point in th

eCradiation field at which the reference point of a dosemeter is placed for calibrating or testi

ng purposes

and at wh

3.2.7
reference

ich the conventional true value (see 3.2.9) of the quantity to be measured Is known

direction

direction, in the coordinate system of a dosemeter, with respect to which the angle to the direction of radiation

incidence

3.2.8
reference

is measured in unidirectional fields

orientation

(dosemeter) orientation for which the direction of incident radiation coincides with the reference direction of the
dosemeter
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3.29

conventional true value of a quantity
best estimate of the value of the quantity to be measured, determined by a primary or secondary standard or by a
reference instrument that has been calibrated against a primary or secondary standard

NOTE

insignificant for the given purpose.

©1SO

A conventional true value is, in general, regarded as being sufficiently close to the true value for the difference to be

EXAMPLE Within an organization, the result of a measurement obtained with a secondary standard instrument may be taken
as the conventional true value of the quantity to be measured.

3.2.10

response
R

(dosemeter)
response sh

EXAMPLE The response with respect to ambient dose equivalent H*(10):

R =MIH

NOTE1l TH
is said to be 1}

NOTE2 TH
useful to con
direction Q (
dependence”
the direction (

NOTE 3 Sd
combination ¢
dose equival
irradiation wit

sufficient to characterize the dosemeter in all radiation fields.

3.2.11
calibration
quantitative
as a function

(See also ng

NOTE N@
performed, u
calibration faq
calibration wil
the procedurg
standard test

quotient of its reading M and the conventional true value of the measured quantity; th
buld be specified

10)

e value of the response may vary with the magnitude of the quantity to be measured. In such cases, a
on-linear.

e response usually varies with the energy and directional distribUtion of the incident radiation. It is
sider the response as a function R(E,Q) of the energy E of the incident mono-energetic radiation
f the incident monodirectional radiation. R(E) describes the)*“energy dependence” and R(Q) th
of response; for the latter 2 may be expressed by the angle o' between the reference direction of the
f an external monodirectional field.

me evaluation algorithms of multi-element detectors*may not be additive, if the dosemeter is irrag
f radiations of various energies and angles of incidence. For example, if there are two such contribu
bnt, H, and H,, the sum of the two corresponding readings may differ from the reading caused
h H, + H,, i.e. My, + My, # Myj+hp- In suchhcases, the function R(E,Q) dealt with in the previous

e type of

@

dosemeter

therefore,
and of the
e “angular
device and

iated by a
ions to the
y a single
hote is not

Hetermination, under a confrolled set of standard test conditions, of the reading given by a dosemeter

of the value of the quantity’to be measured

te 2t0 3.2.12.)

rmally, the calibration conditions are the full set of standard test conditions (A.1). A routine calibrat
der simplified,conditions, either to check the calibration carried out by the manufacturer or to check v

on can be
hether the

tor is suffiCiently stable during a continued long-term use of the dosemeter. In general, the methods

conditions as closely as possible (see also 6.3.1). A routine calibration is often used to provide batch

calibration fag

tors.

f a routine

be worked out on the basis of the results of a type test. One of the objectives of a type test may be {o establish
s for areutine calibration in a way that the result of a routine calibration approximates that of a calibration under

r individual

3.2.12

calibration factor

N

conventional true value of the quantity the dosemeter is intended to measure, H, divided by the dosemeter’'s
reading, M, (corrected if necessary)

EXAMPLE The calibration factor with respect to personal dose equivalent is given by

N= Hp/M

NOTE 1
indicating the

conventional true value correctly has a calibration factor of unity.

©)

The calibration factor N is dimensionless when the instrument indicates the quantity to be measured. A dosemeter
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NOTE 2 The reciprocal of the calibration factor is equal to the response under reference conditions. In contrast to the
calibration factor, which refers to the reference conditions only, the response refers to any conditions prevailing at the time of
measurement.

NOTE 3 The value of the calibration factor may vary with the magnitude of the quantity to be measured. In such cases, a
dosemeter is said to have a non-linear response.

3.2.13

normalization

procedure in which the calibration factor is multiplied by a factor in order to achieve, over a certain range of
influence quantities, a better estimate of the quantity to be measured

NOTE A normalization may be practical when a dosemeter will be used mostly under conditions diffefing from the
reference ¢onditions. In this case, the normalization takes account of differences in response under reference_donditions and
under conditions of normal operation.

3.2.14
kerma-to-flose-equivalent conversion coefficient
hy
guotient of the dose equivalent, H, and the air kerma, K, at a point in the radiation field:

he=H/K, (4)

NOTE 1 |The conversion coefficients of clauses 5 and 6 averaged oyver“spectral distributions are bpsed on the
mono-energetic data of ICRP 74 [17].

NOTE 2 |Any statement of a kerma-to-dose-equivalent conversion coefficient requires the statement of the[type of dose
equivalent) e.g. ambient, directional or personal dose equivalent. The ggonversion coefficient h, depends on the epergy and, for
H (10 o) ahd H'(0,07;0), also directional distribution of the incident\fadiation. It is, therefore, useful to consider the conversion

coeff|C|ent as a function h,(E) of the energy E of mono-energetic photons at several angles of incidence. This sef of basic data
is frequently called the conversion function.

3.2.15
back-scatter factor

ratio of aif kerma in front of a phantom to the air’kerma at the same position free in air
NOTE 1 |The field is considered to be unidirectional with a direction of incidence perpendicular to the phantom gurface.

NOTE 2 |The value of the back-scatter_factor depends on the point of test (distance from the surface and fom the beam
axis), on tHe beam diameter, on the phantom size, on the material and on the radiation energy.

4 Procegdures applicable to all area and personal dosemeters
4.1 Gengral principles

4.1.1 Rafliatiofngualities

All radiatien gua ) be useful to
select an appropriate radlat|on guality taking into account the specmed energy and dose or dose rate range of the
dosemeter to be tested. For reasons of brevity, short names are introduced in this part of ISO 4037 for the radiation
qualities of ISO 4037- 1.

For X-radiation, the letters F, L, N, W or H denote the radiation quality, i.e. the fluorescence, the low air kerma rate,
the narrow, the wide, the high air kerma rate series, respectively followed by the chemical symbol of the radiator for
the fluorescence radiation and the generating potential for filtered X-radiation.

Reference radiations produced by radioactive sources are denoted by the letter S combined with the chemical
symbol of the radionuclide ; reference radiations produced by nuclear reactions are denoted by the letter R followed
by the chemical symbol of the element of the target responsible for the emission of the radiation.
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Table 1 contains all radiation qualities covered in this part of ISO 4037 together with their mean energies E
averaged over the fluence spectrum. The dosimetry in these radiation fields shall be conducted in accordance with

ISO 4037-2.
Table 1 — Radiation qualities covered in this part of ISO 4037
Radiation Energy Radiation E Radiation E Radiation E Radiation E
quality quality quality quality quality
keV keV keV keV keV
F-Zn 8,6 L-10 8,5 N-10 8 W-60 45 H-10 7,5
F-Ge 9,9 L-20 17 N-15 17 W-50 of H-20 2,9
F-Zr 15,8 L-30 26 N-20 16 W-110 79 H-30 19,7
F-Mo 17,5 L-35 30 N-25 20 W-150 104 H-60 B7,3
F-Cd 23,2 L-55 48 N-30 24 W-200 137 H-100 b7,4
F-Sn 25,3 L-70 60 N-40 33 W-250 173 H-200 1p2
F-Cs 31,0 L-100 87 N-60 48 W-300 208 H-250 1p2
F-Nd 37,4 L-125 109 N-80 65 H-280 146
F-Sm 40,1 L-170 149 N-100 83 H-300 147
F-Er 49,1 L-210 185 N-120 100
F-W 59,3 L-240 211 N-150 118
F-Au 68,8 N-200 164
F-Pb 75,0 N-250 208
F-U 98,4 N-300 250
Radionuclides High energy photon radiations
radiation radio- E radiation quality reaction E
quality nuclide keV MeV
S-Am 241Am 59,5 RC 12¢ (p,pty) 12C 4362
S-Cs 137cs 662 R-F 19F (p,ay) 160 6,612
S-Co 60Co 1250 R-Ti (n,y) capture in Ti 5,148
R-Ni (n,y) capture in Ni 6,262
R-O 160 (n,p) 16N 6,612
a  Averape taken over the-Spectral fluence.
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4.1.2 Conversion coefficients

For the Tables in clauses 5 and 6 and in annex A.2, the irradiation distance is measured from the focal spot of the
X-ray tube (or from the geometrical centre of the radionuclide source) to the point of test, at which the reference
point of the dosemeter shall be located. For the fluorescence X-radiation, and the R-C, R-F or the R-O radiations,
the irradiation distance shall be measured from the centre of the radiator or target surface from which the radiation
emerges to the point of test. If a range is given for the distance, the values of the conversion coefficients may be
used without modification over this range of distances.

In clauses 5 and 6 and in annex A.2, a notation will be used for the presentation of conversion coefficients which is
explained in the following: The example of h'(0,07;E,c) refers to the conversion coefficient from air kerma K, to

directionaj d0Se equivalent in a deptn of 0,07 mim for photon radiaton of energy E, with an angle o
reference|direction of the dosemeter and the direction of radiation incidence. In other examples, the,pr
replaced py an asterisk for ambient dose equivalent or by the letter p for personal dose equivalent.

gualities ¢f finite spectral width, the symbol E is replaced by the letter according to Table Lytenoting
series of feference radiation, i.e. F, L, N, W, H, S or R.

Numerica
and A.3

remaining
This unce
coefficien

values of conversion coefficients for mono-energetic radiation [16] given ihythe Tables 2, §
hall be treated as having no uncertainty. Unless otherwise stated, the ‘conversion coeffi
tables of clauses 5 and 6 shall be considered as being associated with)a standard uncertai

s [8] and that prevailing at the point of test.

For tube
conversio

oltages below about 30 kV, and especially for the high air_Kerma rate series, the numerical

h coefficients h,*(10;E) and hpK(lo;E,a) actually applicable*to a given experimental set-up

substantiglly more than 2 % from the nominal value given in_the Tables of clauses 5 and 6. Co

radiation pualities and conversion coefficients which are seqsitive to small variations in energy dis
marked i the corresponding tables with an exclamation\niark. In this case, the 2 % uncertainty
sufficient pnd a proper estimate of the uncertainty or admore reliable value of the conversion coeffig
required. Jf a radiation quality listed in Table 1 is not contained in one of the tables for the conversion
h,*(10;E)|and hpK(lo;E,a), this means that no reliable’values may be given.

NOTE

numerical
part of the
[9]. Differe

For low photon energies, small differences in the energy distribution can result in significant ch

spectrum, while the majority contribution to H*(10) and Hp(lO) originates from the high energy part off
nces in energy distribution from:-ohe experimental arrangement to another can occur due to a grq
factors, e.¢. anode angle, anode roughening, tungsten evaporated on the tube window, presence of a transm
chamber i the beam, deviation of the.thickness of filters from nominal values, length of the air path between f
point of tegt and atmospheric pressure’at the time of measurement. For fluorescence radiations, it may be nece
out an optimization in view of bringing the contribution from scattered radiation down to an acceptable level.
achieved by using a thinner radiator and/or by lowering the tube voltage.

4.1.3 Stgndard test conditions

Calibratiops and.thevdetermination of response (see also 4.1.4) shall be conducted under standard teq
The rangg¢ of yalues of influence quantities within the standard test conditions are given in Tables A.]
radiation-felated and other parameters, respectively.

between the
me could be
For radiation
a particular

, 15, 21, 27
Cients in the
Nty of £ 2 %.

rtainty takes account of differences between the spectrum used for the calculation of the conversion

alues of the
ay differ by
binations of
tribution are
may not be
ient may be
coefficients

anges in the

alues of these conversion coefficients_as the majority contribution to the air kerma originates from the low energy

the spectrum
at number of
ssion monitor
ocal spot and
ssary to carry
This may be

t conditions.
and A.2 for

4.1.4 Variation of influence quantities

For those measurements intended to determine the effects of the variation of one influence quantity on the
response, the other influence quantities should be maintained at fixed values within the standard test conditions,
unless otherwise specified.

NOTE There may be cases in which it is important that an influence quantity is varied in a way that the response of the
instrument under test is constant. For example, if the energy dependence of a dosemeter with a counter tube is to be examined
in a dose rate range where there is a substantial dead time, it may be desirable that the measurements with the various
radiation qualities be carried out at constant indication and not at constant dose rate. The same holds true for
thermoluminescence dosemeters exhibiting a so-called supra-linearity. However, it should be added that it is usually advisable
to carry out the examination of an instrument under conditions in which the response to dose or to dose rate is essentially
linear.
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4.1.5 Point of test and reference point

Measurements shall be carried out by positioning the reference point of the dosemeter at the point of test. The
reference point and the reference direction of the dosemeter to be tested should be stated by the manufacturer. The
reference point should be marked on the outside of a dosemeter. If this proves impossible, the reference point
should be indicated in the accompanying documents supplied with the instrument. All distances between the
radiation source and the dosemeter shall be taken as the distance between the radiation source and the
dosemeter's reference point.

In the absence of information on the reference point or on the reference direction of the dosemeter to be tested,

these param

eters shall be fixed by the testing laboratory. They shall be stated in the test certificate.

NOTE In
with the inver
the direction
perpendicular
of finite dimen

4.1.6 Axes

For examin
combination
radiation inc
shall be mut

the dosemeter. For an illustration of the geometry, see Figure A.1.

4.1.7 Cond

Before any (¢
and free of r|
accordance

4.1.8 Effect

Electrons wi
In photon re
with electron
to be followsd

For the quar
special prec
is complete
250 keV [10
photon field
radiation fiel

the case of point sources and in the absence of scattered radiation and photon absorption, the dose-ral
be square of the distance |I. A misplacement of the dosemeter's reference point in the beam by thesamdg
of the beam will lead to a relative error in the calibration factor of 2Al/l at the distance 1. M
to the beam axis by /AL causes a relative error of (AM/1)2. In the presence of scattered radiation and
sions, the above approximations are limited to values of Al or AJ that are small in compdtison to |.

Df rotation

ng the effect of the direction of radiation incidence, a rotation of ‘the area dosemeter
of personal dosemeter and phantom may be required. The variation of response with d
dence shall be examined by a rotation around at least two dosgmeter axes. The direction o
Lially perpendicular, if two axes are used. The axes of rotation<hall pass through the referen

tion of the dosemeter to be calibrated

alibration is made, the dosemeter shall be examined to confirm that it is in good serviceable
hdioactive contamination. The set-up procedure-and the mode of operation of the dosemeter
Wwith its instruction manual.

5 associated with electron ranges

h energies above 65 keV and 2 MeV can penetrate 0,07 mm and 10 mm of ICRU tissue, res
ference radiation fields capable of producing electrons of such energies, or higher effects ¢
ranges need to be considered: For a more detailed discussion of this subject, see A.3. The
d in such cases is described-as follows.

tities H'(0,07) and Hp(0,07) and for the energies covered in Tables 2 to 7, 15 to 26 and A.3
hutions are required> Due to the presence of air and of other materials, e.g. monitor chambe|
d in the reference depth in practically all situations where the photon energy is be

5 becomes,‘progressively more meaningless. Instead, a calibration in suitable electron
s [19]'should be conducted. For further explanations, see A.3.

te changes
unt of Al in
salignment
or sources

or of the
rection of
f the axes
te point of

condition
shall be in

spectively.
\ssociated
procedure

to A.8, no
r, build-up
ow about

. For a determination of response at higher energies, a calibration under equilibrium conditions in

reference

(10), first

O 4037-2.

In the case ¢f(photon fields with energies from that of S-Cs to 9 MeV and for the quantities H*10) and H
the convent%mmmmrmmmmmtm

Then the reference point of the dosemeter shall be brought to the point of test and a plate of
polymethyl-methacrylate (PMMA) of a thickness sufficient to secure completed build-up should be positioned in front
of the dosemeter (for area dosemeters) or in front of the combination of dosemeter and phantom (for personal
dosemeters). The modification of the radiation field by introducing the PMMA plate should be taken into account by
multiplying the conversion coefficient with the correction factor kpya given in Tables 14 and 33. The
cross-sectional area of the plate shall be 30 cm x 30 cm and the thickness of the plate shall be as given in Tables
14 and 33.

NOTE For irradiations on a phantom and for some area dosemeters, it may be practical to position the PMMA plate a
certain distance away from the dosemeter or dosemeter phantom combination so that it is not necessary to also rotate the plate
when the variation of response with the direction of radiation incidence is examined (see Figure A.1).
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4.2 Methods for the determination of the calibration factor and 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 and the
instrument instruction manual, e.g. set zero control, warm-up time, battery check, 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 three

years.

Measurements shall be made regularly, using either a radioactive check source or a calibrated radiation field, to

determin acipiti NSru ISwWithin £ 2% ii] value.
be applied for the radioactive decay of the source and for deviations in air density from its reference
necessary.
In the cade of a sequential irradiation of the standard instrument and of the dosemeter under-test, a d
be made fas to whether a monitor has to be used (see 4.2.3.1 and 4.2.3.2) or not (se€ 4.2.2.1 and 4
decision ghall be based on the stability of the output of the radiation source.
There may be two types of standard instruments: ones which measure a morg-basic dosimetric qua
example, jair kerma and others which directly measure the quantity in which the ‘calibration is to be p¢
the first kind of instruments, the suitable conversion coefficient h shall be used in the formulas of subg
to 4.2.5 while his equal to unity for the second kind of instruments.
4.2.2 Mepsurements without a monitor for the source output
In general, a monitor is not needed in reference radiation fields’produced by radioactive sources. Fo
referenceffields, the use of a monitor is usually recommended:
4.2.2.1 dalibration
This procgdure may be adopted, if the air kerma.rate in the radiation field is stable over a time span ¢
to the durption of the calibration to the extent.necessary to achieve results of the desired accuracy. Th
factor, Ngl of a dosemeter whose detector is.subsequently positioned at the point of test for the sam
detector df the standard instrument shallbe obtained by

No = hN M

B —MB

h  kerma-to-dose-equivalent conversion coefficient;

N, ¢qalibration fagtor of the standard instrument;

Ng ¢alibration factor of the dosemeter under calibration;

M, | : ard i . i ltinlied 1 ion f :

ections shall
value, when

ecision shall
.2.2.2). This

ntity like, for
rformed. For
lauses 4.2.2

r X-radiation

brresponding
e calibration
b time as the

®)

air density, where applicable;

lifferences in

measured value of the dosemeter under calibration, i.e. reading multiplied by the correction factor for

differences in air density, where applicable.
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4.2.2.2 Determination of the response as a function of energy and angle of incidence

©1SO

Under conditions not necessarily identical to the reference conditions, the response of a dosemeter is determined

by

R(E, o)

Mg (E, @)

(6)

where the symbols are defined as in 4.2.2.1 and kg and k, are the correction factors to be applied to the reading of
the standard instrument to take into account the differences in radiation quality and direction of radiation incidence

between the

reference conditions and those prevailing at the time of measurement

Often, the 1|
reference cg

NOTE Th
energy or ang

4.2.3 Meas
4.2.3.1 Cali

Moderate v3
standard ins
correct for v
The measur
after the oth
obtained by

NB:

where
my ist

mg ist

psponse of the dosemeter is given as its relative response, r, with respect to its respo
nditions.

s the response under reference conditions.

e relative response can be a useful quantity for describing the 4/ariation of response as a function
le of incidence (see also 3.2.10).

Irements with a monitor for the source output

pration

trument and dosemeter sequentially . This technique is often employed with X-ray units i
priations in air kerma rate when the standard and dosemeter are placed alternately at the pog
ed values M, and Mg for the standard instrument and the dosemeter whose detectors are 1o
er at the point of test shall be related to the values for the monitor. The calibration factor M

e )

ne measured value of the monitor for the irradiation of the standard instrument;

Ma

mp

mpg
Mg

ne.measured value of the monitor for the irradiation of the dosemeter to be calibrated.

hse under

(7)

of photon

riations in the air kerma rate with time can be corrected for by using a monitor and by irradiating the

N order to
nt of test.
cated one
g shall be

(8)

hand N, are defined as in 4.2.2.1.

NOTE 1

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

one after another, the ambient conditions of the monitor remain the same and corrections of the indicated value of the monitor
to reference conditions are unnecessary.

NOTE 2

reference instrument after having been calibrated by the standard instrument.

4.2.3.2 Determination of the response as a function of energy and angle of incidence

(see 4.2.2.2)

In cases where the monitor has a good long-term stability (see also 4037-2:1997, subclause 8.2) it may serve as the

Under conditions not necessarily identical to the reference conditions, the response of a dosemeter is determined

by

10


https://standardsiso.com/api/?name=9c4b816868008c0d7fedf28b48f1dd13

©1SO

R(E,

a)=

ISO 4037-3:1999(E)

myMg (E,a)
h(E,a)N,mg M, kek,

The relative response is obtained using equation (7).

4.2.4 Measurements by simultaneous irradiation of standard instrument and dosemeter

4241 C

In some circumstances (see note below) calibrations may also be performed by simultaneous

alibration

C)

irradiation of the

standard instrument and the dosemeter under test in a field by locating them symmetrically to the axis of the

radiation
large so t
2 %.

To eliminate the influence of asymmetry of the radiation field, the measurements shall be répéeated afte

the positid
factor Ng

Ng 4

where the
NOTE

This techn
1ISO 4037-

4242 O

Under conditions not necessarily identical to the reference conditions, the response of a dosemeter is

by

R(E,

where the
The relati
425 De

For a gar
dosemete

ield at the same distance from the source. The distance between the two detectors shallb
nat the reading of either instrument is not influenced by the presence of the other to an-exte

ns of the two instruments and the geometrical mean of the readings shall becdetermined. TH
shall be obtained by
Jz

i

symbols are as defined in 4.2.2.1 and the indices 1 and 2.refer to the two irradiations.

Ma

Mg

Ma

hN
) (e

Primarily, this procedure will be applicable to those cases in,which no phantom is required, i.e. for are
que is used particularly in reference radiations produced(by accelerators or when using uncollimated

).

etermination of the response as a function of energy and angle of incidence

1

B Mg (E, )
h(E, a)NAkEka

M

MB (E,O()

o0
) Ma

(el

symbols are as defibed’in 4.2.2.1 and 4.2.2.2 and the indices 1 and 2 refer to the two irradiati
e response is.6btained by using equation (7).
erminatiomof the calibration factor and the response in a known gamma radiation field

hma radiation field in which the air kerma rate at the point of test is known, the calibratio
r under calibration, N, is obtained by

e sufficiently
Nt exceeding

exchanging

e calibration

(10)

h dosemeters.
sources (see

determined

(11)

ons.

h factor of a

Ng

Ka

hK ,
MB

is the air kerma;

Mg measured value (under reference conditions) of the dosemeter under calibration;

h

is as defined in 4.2.2.1.

(12)

11
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5 Particular procedures for area dosemeters
5.1 General principles

These principles apply to the calibration of portable and installed area dosemeters in reference radiations, where
the term area dosemeter comprises both active and passive devices. They do not apply to in-situ calibrations of
installed area dosemeters. Dosemeters for area monitoring shall be irradiated in free air (without a phantom).
Measurements of the response may be necessary in the photon energy range 8 keV to 9 MeV, and, depending on
the equipment for the irradiation, at various irradiation distances. Subclauses 5.3.1 and 5.3.2 contain, for the 1SO
reference radiations, conversion coefficients h to convert air kerma to the operational quantities H*(10) and H'(0,07)
defined in clause 3. Conversion coefficients for mono-energetic photons for a broad parallel beam and in the
absence of 4cattered radiation are given in 5.3.1.1 and 5.3.2.1.

In practice, |calibrations are always performed in divergent beams. This is taken account ofhby’ referring the
conversion ¢oefficients to a reference distance between the radiation source and point of test’Jn case$ where a
reference digtance is given together with an angle a of the direction of radiation incidence,-a\is the angl¢ between
the reference and actual orientation of the dosemeter in the field.
5.2 Quantities to be measured

For area dogemeters, the quantities to be measured shall be the ambient dose~equivalent, H*(10), and firectional
dose equivalent, H'(0,07).

5.3 Convefsion coefficients

5.3.1 Convgrsion coefficients from air kerma to H'(0,07)
5.3.1.1 Mono-energetic radiation

See Table 2
5.3.1.2 Flugrescence radiations and ~ 241Am
See Table 3
5.3.1.3 Low air kerma rate series
See Table 4
5.3.1.4 Narfow series
See Table 5
5.3.1.5 Wide series

See Table 6

5.3.1.6 High air kerma rate series

See Table 7.

12
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H'(0,07)

h'(0,07;E,a) from air kerma, Kj, to the dose equivalent

for mono-energetic and parallel photon radiation (expanded field) and the ICRU sphere

Table 2 — Conversion coefficient
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h',(0,07;F,a) and h'(0,07;S,a) from air kerma, K, to the dose equivalent

H'(0,07) for radiation qualities given in 1ISO 4037-1 (expanded field) and the ICRU sphere,

Table 3 — Conversion coefficient

reference distance 2 m
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Table 4 — Conversion coefficient
for radiation qualities given in 1ISO 4037-1 (expanded field) and the ICRU sphere, reference distance 2 m

H'(0,07)

h'(0,07,L, a) from air kerma, K, to the dose equivalent
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H'(0,07)

Table 5 — Conversion coefficient
for radiation qualities given in ISO 4037-1 (expanded field) and the ICRU sphere, reference distance 2 m

h',(0,07;N, a) from air kerma, K, to the dose equivalent
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Table 6 — Conversion coefficient  h’,(0,07;W,a) from air kerma, K, to the dose equivalent H’(0,07)
for radiation qualities given in ISO 4037-1 (expanded field) and the ICRU sphere, reference distance 2 m

olo|lo|lo|lvw||»
2IN|R| 09| X|®] R
s|lo|lo|lo|lo|lo|lo|o
slalt(s|lale| -]
elelelele] | =l —
~|o|o|lo|olo|o|o
Sle|lv|lelo|-|x]|»
olelelel T ==
~|o|lo|o|oclo|o|o
blR|le|laja|[t|o]|~
olelelel =l =l
~|lo|lo|lolo|lo|lo|o
Sin|afo|ly|lw|o| =
Q1| ] =N NN
~|o|oc|lo|o|o|o|o
“— sin|elorlolo]o
o ol T|winNININ ™2
9 ~|o|oclo|lo|loc|lo|o
c
3 ©o|o|o|o|o|s]|=
— ola|lel~| | | I~
S Sl|l=l=|=|=~]~
=
o olvw|la|lo|o|aufo
2 QIN ||| MfA}?
mwv—v—v—s—v—v—v—
c
©
= o |O|O| =N S
L (<2 B2 A R 5 s e
> Nl |~~~ ]|~
9
> o |lo|lo|lwlolm|lo]|w
@ lalalIgw|al<lala
£ Ol ===~~~
T
- o ol —|lolololn]|<
2 |g|2|ele|a|s n|a
"\" WD~ |~~~ | —~] ~
(<)
=)
x ~|—|O|—|™|N]T
P S I BN B N B CCN
~ q.1—v—-~v—'l—1—'l—'l—
o ==l
(=3 IS BN Bl Bl Bl B B2
Fle|r-|v~| =]~
o =l =l
=3 I B U LA B BN ()
Oel IR I B R R Rl R
o Jalaln|=lol ]|
=3 I A Bt AL B B (2
Nl |~~~ ~[~]|+~]|+~
o lalalinti—[ol ]| <
(=3 IS BTN BUTH Bt B A 2
“{I |||~ ~]
ols|lo[o| || T
el m
||| ]| ]~
c
o3 olelalalalala
= c a|la|a|d ||| o
Sa b |||
S lelelelelela
I::E ||| ]| ]|
c
o> ololololo
- = QIO ~|WO]j]O|Wn]| O
8T nd Bod Bl Dol IR B B
LK R BRI S
[+

17


https://standardsiso.com/api/?name=9c4b816868008c0d7fedf28b48f1dd13

ISO 4037-3:1999(E) ©1SO

Table 7 — Conversion coefficient  h’,(0,07;H,a) from air kerma, K, to the dose equivalent H’(0,07)
for radiation qualities given in ISO 4037-1 (expanded field) and the ICRU sphere, reference distance 2 m
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5.3.2 Conversion coefficient from air kerma to
5.3.2.1 Mono-energetic radiations

See Table 8.

H*(10)

ISO 4037-3:1999(E)

Table 8 — Conversion coefficient  h*,(10) from air kerma, K, to ambient dose equivalent H*(10)
for mono-energetic and parallel photon radiation (expanded and aligned field) and the ICRU sphere

Photon energy h*,(10)
keV SUGy
10 0,008
15 0,26
20 0,61
30 1,10
40 1,47
50 1,67
60 1,74
80 372

100 1,65
150 1,49
200 1,40
300 1,31
400 1,26
500 1,23
600 1,21
800 1,19

1 000 1,17
1500 1,15
2 000 1,14
3000 1,13
4 000 1,12
5000 1,11
6 000 1,11
8 000 1,11
10 000 1,10
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5.3.2.2 Fluorescence radiations
See Table 9.
Table 9 — Conversion coefficient  h*,(10;F) from air kerma, K, to ambient dose equivalent H*(10)
for radiation qualities given in ISO 4037-1 (expanded and aligned field)
and the ICRU sphere, reference distance 2 m.
Radiation Irradiation distance h*(10;F)
quality m SvIGy
-z +-6—2:6 6;32
F-Mo 2 1,0-2,0 0,44
F-Cd 1,0-2,0 0,80
F-Sn 1,0-3,0 0,91
F-Cs 1,0-3,0 1,14
F-Nd 1,0-3,0 1,39
F-Sm 1,0-3,0 1,47
F-Er 1,0-3,0 1,65
F-W 1,0-3,0 1,74
F-Au 1,0-3,0 1,75
F-Pb 1,0-3,0 1,74
F-U 1,0-3,0 1,65
2 With these radiation qualities, care' needs to be taken as
energy impurities may have a _substantial influence on the
numerical values of conversion ¢oéfficients (see 4.1.2).
5.3.2.3 Low air kerma rate series
See Table 10.
Table 10 — Conversion coefficient  h*,(10;L) from air kerma, K, to ambient dose equivalent  H[(10)
for rpdiation qualities given in 1SO 4037-1 (expanded and aligned field) and the ICRU sphere,
reference distance 2 m
Radiation Irradiation distance h* (10;L)
quality m SviGy
L-20@ 1,0-2,0 0,37
L-302@ 1,0-2,0 0,90
L-35 10-20 1,08
L-55 1,0-3,0 1,61
L-70 1,0-3,0 1,73
L-100 1,0-3,0 1,69
L-125 1,0-3,0 1,61
L-170 1,0-3,0 1,50
L-210 1,0-3,0 1,42
L-240 1,0-3,0 1,38
& With these radiation qualities, care needs to be taken as
variations in energy distribution may have a substantial influence
on the numerical values of conversion coefficients (see 4.1.2).
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5.3.2.4 Narrow series

See Table 11.

Table 11 — Conversion coefficient  h*,(10;N) from air kerma, K, to ambient dose equivalent H*(10)
for radiation qualities given in ISO 4037-1 (expanded and aligned field) and the ICRU sphere,
reference distance 2 m

Radiation Irradiation distance h* (10;N)

quality m Sv /Gy

N-25 2@ 1,0-2,0 0,52

N-30 2 1,0-2,0 0,80

N-40 1,0-3,0 1,18

N-60 1,0-3,0 1,59

N-80 1,0-3,0 1,73

N-100 1,0-3,0 1,71

N-120 1,0-3,0 1,64

N-150 1,0-3,0 1,58

N-200 1,0-3,0 1,46

N-250 1,0-3,0 1,39

N-300 1,0-3,0 1,35
& with these radiation qualities, «care needs to be taken as
variations in energy distribuition may have a substantial influence
on the numerical values of conversion coefficients (see 4.1.2).

5.3.2.5 Wide series

See Tablg 12.

Tablg¢ 12 — Conversion coeffigignt  h*,(10,W) from air kerma, K, to ambient dose equivalent | H*(10)
fqr radiation qualities given.in ISO 4037-1 (expanded and aligned field) and the ICRU sphere,
reference distance 2 m

Radiation Irradiation distance h* 1 (10;W)
quality m SviGy
W-60 1,0-3,0 1,49
W-80 1,0-3,0 1,66
W-110 1,0-30 1,71
W-150 1,0-3,0 1,62
W-200 1,0-3,0 1,52
W-250 1,0-3,0 1,44
W-300 1,0-3,0 1,39
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5.3.2.6 High air kerma rate series
See Table 13.
Table 13 — Conversion coefficient  h*,(10;H) from air kerma, Kj, to ambient dose equivalent H*(10)
for radiation qualities given in ISO 4037-1 (expanded and aligned field) and the ICRU sphere,
reference distance 2 m
Radiation Irradiation distance h*(10;H)
quality m SviGy
H-60 1.0-30 1.15
H-100 1,0-3,0 1,57
H-200 1,0-3,0 1,61
H-250 1,0-3,0 1,54
H-280 1,0-3,0 1,49
H-300 1,0-3,0 1,48
5.3.2.7 Radionuclides and high energy reference radiations
See Table 14.
Table 14 — Conversion coefficient  h*,(10;S) and h*,(10;R) from air kerma, K, to ambient dose equivalent
H*(10) for radiation qualities given in ISO 4037-1 (expanded and aligned field)
and the ICRU sphere for collimated beams,.feference distance 2 m.
Radiation Irradiation distance Build-up dayer kpmmA h*(10;S)
quality thickiiess h* (10;R)
m mm Sv/Gy
S-Am 1,0-2,0 -- - 1,74
S-Cs 1,0-3,0 1,00 1,20
S-Co 1,0-3,0 4 1,00 1,16
R-C 1,0(- 3,0 25 0,94 1,12
R-F 1,0-3,0 25 0,94 1,11
R-Ti 1,0-3,0 25 0,94 1,11
R-Ni 1,0-3,0 25 0,94 1,11
R-O 1,0-3,0 25 0,94 1,11
When using fan uncollimated irradiation geometry, the irradiation distance should also be in the range recommended
in 1ISO 4037{2for this parameter.

6 Particular procedures for personal dosemeters

6.1 General principles

These principles apply to the calibration of all personal dosemeters, i.e. whole body and extremity dosemeters. The
irradiation should be performed on a phantom. Measurements of the response may be necessary in the photon

energy range from 8 keV to 9 MeV and at various irradiation distances.

Subclauses 6.4.2 and 6.4.3 contain conversion coefficients hpK(d) to convert air kerma free in air to the operational
quantities Hp(0,07) and Hp(lo) defined in 3.1.2.3. These conversion coefficients pertain to the nominal photon
fluence spectra given in ISO 4037-1.

22


https://standardsiso.com/api/?name=9c4b816868008c0d7fedf28b48f1dd13

©1SO ISO 4037-3:1999(E)

If the energy distribution of the reference radiation differs from the nominal distribution, 4.1.2 shall be observed.
Initial "reference" data of the conversion coefficients for mono-energetic photons for a broad parallel beam and in
the absence of scattered radiation are given in Tables 15, 21, 27 and A.3.

6.2 Quantities to be measured

The quantities to be measured for individual monitoring are the personal dose equivalent, Hp(0,07) and Hp(lo). The
depth shall be chosen in agreement with the properties of the dosemeter under test. Tables 15 to 30 contain
conversion coefficients converting the air kerma K to the personal dose equivalent Hp(d). Depending on the value
of d, the conversion coefficients pertain to different phantoms. For d= 0,07 mm, conversion coefficients are
provided for the rod and the pillar phantom. The conversion coefficients for a depth d=10 mm refer to the

30cmx 3
coefficien

NOTE
6.3 Exp
6.3.1 Us

Measuren
of person
and of thg
note belo
wrist or th
diameter
outer dian
have a th

0 cm x 15 cm slab phantom of the four component ICRU tissue with a density of 1 g cm™,-Al
s pertain to the reference radiations recommended in ISO 4037-1.

Conversion coefficients from air kerma to Hp(0,07) in the ICRU slab phantom are given in As2:
brimental conditions
p of phantoms

nents of the response as a function of radiation energy and direction ef radiation incidence ang

type of dosemeter. As a rule, the depth of 0,07 mm will be applicable only for extremity dose
V). For dosemeters worn on the fingers, the ISO rod phantofm should be used and, for those
e ankle, the ISO pillar phantom should be used. The ISO.rod phantom is a PMMA cylind
hnd a length of 300 mm. The ISO pillar phantom is a water-filled hollow cylinder with PMMA
neter of 73 mm and a length of 300 mm. The cylinderwalls have a thickness of 2,5 mm and t
ckness of 10 mm. For dosemeters worn on the body to measure H,(10), a phantom of oute

| conversion

| calibrations

bl dosemeters should be carried out on a phantom that is suitable\in view of the depth of measurement

emeters (see
worn on the
er of 19 mm
walls and an
he end faces
dimensions

30 cm x 30 cm x 15 cm with PMMA walls (front wall 2,5-mm thick, other walls 10 mm thick) filled with water and
termed the 1ISO water slab phantom, should be used. When using reference radiations with a mean en¢rgy equal to
or above that of the radionuclide 137Cs, a solid PMMAJslab of the same outer dimensions may be used.

When the
instrumen
ICRU tiss

5e phantoms are employed as described above, no correction factors shall be applied to the r
t under test, due to possible differences in back-scatter properties between these phantoms
e,

pading of the
and those of

Routine chlibrations (see note in 32.17) need not always be performed on a phantom but may sometines be done
more simply, free in air, or with"another type of radiation than that which the dosemeter is intended|to measure.
Such simplifications, if they are-to be applied, shall be justified prior to their adoption by demonstrating that they lead
to results|identical to those~from procedures described in this part of ISO 4037, or that any differepces can be
corrected|for reliably. Thisunay be done on the basis of the results of a type test.

NOTE In low energy radiation fields, where H,(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 H,(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

6.3.2 Gehmetrical considerations in divergent beams

The point of test shall be chosen at a distance from the source such that the field size in the plane of measurement
is sufficiently large to allow the irradiation of the entire phantom front face. The quantity to be measured shall be
determined by positioning the reference point of the standard instrument at the point of test. Then the reference
point of the dosemeter under test shall be positioned at the point of test with its reference direction oriented parallel
to the direction of radiation incidence. Extremity dosemeters should be attached to the phantom in the way they are
attached to the body during normal use. The slab phantom shall be positioned in such a way that its front surface is
in contact with the rear side of the dosemeter and is perpendicular to the beam axis. The irradiation of the
dosemeter under test shall be made under conditions identical to those prevailing during the irradiation of the
standard instrument, but now with the phantom present. The calibration factor or the value of the response shall be
obtained from the formula in 4.2.2.1 or 4.2.2.2, respectively. For a test of the influence of the direction of radiation
incidence, the assembly consisting of dosemeter and phantom shall be rotated around the point of test as illustrated
in Figure A.1.

23


https://standardsiso.com/api/?name=9c4b816868008c0d7fedf28b48f1dd13

ISO 4037-3:1999(E) ©1SO

NOTE 1 In this part of ISO 4037 the entity of the personal dosemeter and phantom is considered as the dosemeter to be
tested. The reference point of the entity is the reference point of the dosemeter. The value of the quantity to be measured
pertains to the value of the dose equivalent at depth, d, inside the reference phantom in the absence of the dosemeter.

NOTE 2 This concept is consistent with the definition of H_ which, at least in principle, requires the determination of the dose
equivalent at a non-accessible point inside the body. Placing the reference point of the dosemeter at the point of test has two
practical advantages. The first one is that the dose due to the primary radiation coming from the source is always measured
correctly, irrespective of the extent of beam divergence. As this part of the dose always represents the majority contribution to
the total dose, including the scattered radiation from the phantom, the convention adopted implies that the calibration factor of
the dosemeter does not depend unnecessarily on the distance between the source and point of test. The second advantage
arises in an experimental determination of the dependence of response on the direction of radiation incidence. If the reference
point and the point of test coincide, the reading of the dosemeter under test does not have to be corrected for a variation of the

distance between source and reference point with the angle of rotation.
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Al personal dosemeters are irradiated simultaneously on the front face of the.Slab phantom,
y phantom surface outside a circle with a diameter, dg, given by the approximate locus of
our with respect to the dose in the centre of the phantom. The values.of’ d- depend on thg
ney are given in Tables 28 to 33. If smaller irradiation distances thancthese given in Tables 16
hmeter dr becomes smaller. Different distances between the reference points of the dosen
source shall be taken account of according to 4.1.5.

hneous determination of the response of several dosemeterstas a function of the direction o
e reference points of the dosemeters shall be positioned<en the axis of rotation.

associated with this (simplified) procedure require additional attention: a) by positionin
on the phantom surface the back-scatter mayibe reduced due to the attenuation of th
5sing through the dosemeters; and b) possibly different distances of the reference points
rce have to be considered.

nces in distance should be taken account of according to 4.1.4. Before such a practice is 3
fied that it leads to results identiealto within 2 % of those obtained when one dosemete]
the centred position of the phantom:

ere may be certain types of dosemeters which respond very sensitively to small changes in the prope
0 photon field. This may be,due to the usage of strongly energy-dependent detectors or possi

ave only one dosemeter'mounted on the phantom surface for any calibration.

nce of the orientatien on the values of Hp(0,07)

diation fieldythe value of Hp(0,07) depends on the direction of radiation incidence Q. For the
tom, there.are two, mutually perpendicular, axes of rotation, both of which intersect the refer
heter.t@ne is parallel to the cylinder axis while the other one is perpendicular to both the cy
irection of radiation incidence. Figure A.2 shows, as a function of photon energy, that for a

rotation of 6

he algorithms used to arrive.at the value of the dose equivalent from the detector signal. In such cases,
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eters and
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D° around either of the twao axis, the value of h ,{0 07:F o) remains between 095 and 1.05 o

the value

of normal incidence. The data for Figure A.2 are taken from references [11] and [12]. For smaller angles of rotation,
these variations are always smaller. Due to the small magnitude of the angular variation of the conventional true
value of Hp(0,07), it is assumed in this part of 1ISO 4037 that Hp(0,07) for the pillar and the rod phantom is
independent of the direction of radiation incidence for angles up to 60°. Rotations over larger angles than 60° are
not considered in this part of ISO 4037.

NOTE The variation of + 5 % of the value of h,(0,07;E, o) over the range of « considered here is larger than the general
figure on uncertainties of + 2 % proposed in 4.1.2. Nevertheless, these variations are disregarded in this part of ISO 4037. This
does not jeopardize the objective of this part of ISO 4037 to provide reliable and accurate calibration procedures, but rather
reduces the size and number of the tables.
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6.4 Conversion coefficients

6.4.1 General

The conversion coefficients in 6.4.2 to 6.4.4 refer to the rod, the pillar and the slab phantom made of ICRU tissue.
Calibrations of individual dosemeters shall be perfomed on the phantom described in 6.3.1 which suits the kind of
instrument under test. These phantoms shall be considered as being made of ICRU tissue. No corrections shall be
made for possible differences in backscatter properties of the actual phantom used and the phantom of ICRU tissue

with identi

cal shape.

In practice, calibrations are always performed in divergent beams. This is taken account of by referring the

conversio
reference
the refere

When neg
rear face
dosemete
6.4.2 Co
6.4.2.1 M

See Tablsg

Tab

T_COETTCIents 10 a reference distance between the radiation source and point of test. In ¢l
distance is given together with an angle « of the direction of radiation incidence, o is thejar
nce and actual orientation of the dosemeter in the field.

essary, a PMMA build-up plate with a cross-sectional area of 30 cm x 30 cm shall be positi
15 cm in front of the reference point of the dosemeter. This plate shall reémain stationa
r or the dosemeter phantom combination is rotated (see 4.1.8 and Figure A.1).

nversion coefficients from air kerma to Hp(0,07) in the rod phantom €onsisting of ICRU tisg
ono-energetic radiations

15.

e 15 — Conversion coefficient  h,,(0,07;E) from air kerma, Kj, to the dose equivalent H
for mono-energetic and parallel photon radiation and the rod phantom

ses where a
gle between

bned with its
ry when the

,0.07)

Energy hpK(O,O7;E)
keV SviGy

0,76

0,84

0,92

10 0,95
12,5 0,96
15 0,98
20 1,01
25 1,04
30 1,06
40 1,09
50 1,12
60 1,14
80 1,16
100 1,17
125 1,16
150 1,16
200 1,15
300 1,14

25
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6.4.2.2 Fluorescence radiations and

See Table 16.

Table 16 — Conversion coefficient

Radiation Irradiation distance hp,((0,07;F)
quality and
h,(0,07;S)
m SvIGy
F-Zn 1,0-2,0 0,93
F-Ge 1,0-2,0 0,95
F-zr 1,0-2,0 0,98
F-Mo 1,0-2,0 0,99
F-Cd 1,0-2,0 1,03
F-Sn 1,0-2,0 1,04
F-Cs 1,0-2,0 1,06
F-Nd 1,0-2,0 1,08
F-Sm 1,0-2,0 1,09
F-Er 1,0-2,0 1,13
F-W 1,0-2,0 1,14
F-Au 1,0-2,0 1,15
F-Pb 1,0-2,0 1,16
F-U 1,0 42,0 1,17
S-Am 1,0-2,0 1,14

6.4.2.3 Low air kerma rate series

See Table 1

26

~

Table L7 — Conversion cogefficient

hpK(0,07;L) from air kerma, Kj, to the dose equivalent Hp(C
for radiation qualities.given in ISO 4037-1 and the rod phantom, reference distance 2 m

Radiation Irradiation distance hy(0,07:L)
quality m SvIGy
L-10 1,0-2,0 0,91
L-20 1,0-2,0 0,99
30 1020 103
L-35 1,0-2,0 1,06
L-55 1,0-20 1,11
L-70 1,0-20 1,14
L-100 1,0-20 1,17
L-125 1,0-20 1,17
L-170 1,0-20 1,16
L-210 1,0-20 1,15
L-240 1,0-20 1,15

,07)

© I1SO

hpK(O,O7;F) and h;,(0,07;S) from air kerma, K, to the dose equivalent
Hp(0,07) for radiation qualities given in ISO 4037-1 and the rod phantom, reference distance 2 m
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6.4.2.4 Narrow series

See Table 18.

Table 18 — Conversion coefficient

for radiation qualities given by ISd’

ISO 4037-3:1999(E)

6.4.25 W

See Tablsg

Tab

ide series

19.

Radiation Irradiation distance hpK(O,O7;N)
quality m SvIGy
N-10 1,0-2,0 0,91
N-15 T,0-20 0,95
N-20 1,0-2,0 0,98
N-25 1,0-2,0 1,00
N-30 1,0-2,0 1,03
N-40 1,0-2,0 1,07
N-60 1,0-2,0 1,11
N-80 1,0-2,0 1,15
N-100 1,0-20 L7
N-120 1,0-20 1,17
N-150 1,0-20 1,17
N-200 1,0-3,0 1,16
N-250 1,0-3,0 1,15
N-300 1,0-3,0 1,14

e 19 — Conversion coefficients" hy
for radiation qualities given.in IS(5)4

(0,07;W) from air kerma, Kj, to the dose equivalent H
037-1 and the rod phantom, reference distance 2 m

Radiation Irradiation distance hpK(O,O7;W)
quality m SviGy
W-60 1,0-2,0 1,10
W-80 1,0-2,0 1,13
W-110 1,0-2,0 1,16
W-150 1,0-2,0 1,17
\AL-200 1,n Q,n 1'12
W-250 1,0-3,0 1,15
W-300 1,0-3,0 1,15

h,k(0,07;N) from air kerma, Kj, to the dose equivalent Hp(0,07)
4037-1 and the rod phantom, reference distance 2 m

,(0,07)

27
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6.4.2.6 High air kerma rate series

See Table 20.

6.4.3 Convg

6.4.3.1 Mon

See Table 2

28

Table 20 — Conversion coefficient

for radiation qualities given in ISO 4037-1 and the rod phantom, reference distance 2 m

Table

Radiation Irradiation distance hy(0,07;H)
quality m SvIGy
H-10 1,0-2,0 0,89
H-30 1,0-2,0 0,99
H-60 1,0-2,0 1,07
H-100 1,0-2,0 1,12
H-200 1,0-2,0 1,16
H-250 1,0-3,0 1,16
H-280 1,0-3,0 1,16
H-300 1,0-3,0 1,16

prsion coefficients from air kerma to Hp(0,07) in the pillar phantom consisting of ICRU tissl

o-energetic radiations
.
P1 — Conversion coefficient  h,,(0,07; E) from air kerma, Kj, to the dose equivalent Hp(C

for mono-energetic and parallel photon radiation and the pillar phantom

Energy hpK(O,OY;E)
keV SvIGy

0,76

0,84

0,92

10 0,95
12,5 0,96
15 0,98
20 1,04
25 1,10
30 118
40 1,29
50 1,37
60 1,39
80 1,38
100 1,35
125 1,32
150 1,28
200 1,25
300 1,21

hpK(O,07;H) from air kerma, K, to the dose equivalent Hp(0,07)

e

07)

© I1SO
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6432 F

luorescence radiations and  241Am

See Table 22.

Table 22 — Conversion coefficient

ISO 4037-3:1999(E)

hpK(O,07;F) and hpK(O,O7;S) from air kerma, K, to the dose equivalent

Hp(0,07) for radiation qualities given in ISO 4037-1 and the pillar phantom, reference distance 2 m

6.4.3.3 L

See Tablg

Tab

Radiation Irradiation distance hp,((0,0Y;F)

quality hpK(O,OY;S)
m Sv/IGy
F-Zn 10-20 0,93
F -Ge 1,0-2,0 0,95
F-Zr 1,0-2,0 0,99
F-Mo 1,0-2,0 1,01
F-Cd 1,0-2,0 1,08
F-Sn 1,0-2,0 1,10
F-Cs 1,0-2,0 1,19
F -Nd 1,0-2,0 1,27
F-Sm 1,0-2,0 1,29
F-Er 1,0-2,0 1,36
F-W 1,0-2,0 1,39
F-Au 1,0-2,0 1,39
F-Pb 1,0-2,0 1,39
F-U 1,0-20 1,35
S-Am 1,6~2,0 1,39

pw air kerma rate series

23.

e 23 — Conversion coefficient

h,(0,07;L) from air kerma, K, to the dose equivalent Hj|
for radiation qualities given in ISO 4037-1 and the pillar phantom, reference distance 2 m

(0,07)

Radiation Irradiation distance hpK(O,OY;L)
quality m SviGy
L-10 1,0-2,0 0,91
L-20 1,0-2,0 1,00
L-30 1,0-2,0 1,08
L-35 1 ,{'\ ’)’ﬁ 1 ’1 A
L-55 1,0-2,0 1,34
L-70 1,0-2,0 1,39
L-100 1,0-2,0 1,37
L-125 1,0-2,0 1,34
L-170 1,0-2,0 1,29
L-210 1,0-2,0 1,26
L-240 1,0-2,0 1,24

29
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6.4.3.4 Narrow series

See Table 24.

Table 24 — Conversion coefficient

for radiation qualities given by 1ISO 4037-1 and the pillar phantom, reference distance 2 m

© I1SO

h,k(0,07;N) from air kerma, Kj, to the dose equivalent Hp(0,07)

6.4.3.5 Wid

See Table 2

30

Table 2
fo

Radiation Irradiation distance hyk(0,07:N)
quality m SvIGy
N-10 1,0-2,0 0,91
N-15 1,0-2,0 0,96
N-20 1,0-2,0 0,99
N-25 1,0-2,0 1,02
N-30 1,0-2,0 1,08
N-40 1,0-2,0 1,20
N-60 1,0-2,0 1,33
N-80 1,0-2,0 1,39
N-100 1,0-2,0 1,38
N-120 1,0-2,0 1,35
N-150 1,0-2,0 1,32
N-200 1,0-2,0 1,27
N-250 1,0-2,0 1,24
N-300 1,0-2,0 1,22

e series

5 — Conversion coefficient

h, (0,07;W) from air kerma, Kj, to the dose equivalent Hp((l),07)

I radiation qualities givendn,ISO 4037-1 and the pillar phantom, reference distance 2 m
Radiation Irradiation distance hpK(O,O7;W)
quality m SvIGy
W-60 10-2,0 1,30
W-80 10-2,0 1,36
W-110 10-2,0 1,38
W-150 1,0-2,0 1,34
W-200 T,0-20 1,30
W-250 1,0-2,0 1,26
W-300 10-2,0 1,24
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6.4.3.6 High air kerma rate series

See Table 26.

Table 26 — Conversion coefficient

ISO 4037-3:1999(E)

h,k(0,07;H) from air kerma, Kj, to the dose equivalent Hp(0,07)
for radiation qualities given in ISO 4037-1 and the pillar phantom, reference distance 2 m

Radiation Irradiation distance hpK(O,O7;H)
quality m SviGy
H-10 1,0-2,0 0,89
H-20 1,0-2,0 0,96
H-30 1,0-2,0 1,00
H-60 1,0-2,0 1,20
H-100 1,0-2,0 1,33
H-200 1,0-2,0 1,33
H-250 1,0-2,0 1,31
H-280 1,0-2,0 1,28
H-300 1,0-2,0 1,28

31
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6.4.4 Conversion coefficient from air kerma to

6.4.4.1 Mono-energetic radiation

See Table 27.

32

Table 27 — Conversion coefficient

Hp(lo) in the ICRU slab phantom

for mono-energetic and parallel photon radiation and the slab phantom

hpK(lo;E,a) from air kerma, Kj, to the dose equivalent Hp(lo)

Photon energy

hpK(lo;E,a) in Sv/Gy for angle of incidence of

keV
0° 10° 20° 30° 40° 45° 50° 60° 70° 80°
10 0,01 0,01 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,4Jo
12,5 0,10 0,09 0,09 0,07 0,05 0,04 0,03 0,01 0700 0,4Jo
15 0,26 0,26 0,25 0,22 0,18 0,15 0,12 0,07 0,02 0,4Jo
20 0,61 0,61 0,59 0,56 0,50 0,47 0,42 0,32 0,17 0,44
30 1,11 1,10 1,09 1,06 1,00 0,96 0,92 0,80 0,60 0,48
40 1,49 1,48 1,46 1,43 1,37 1,33 1,28 1,13 0,91 0,90
50 1,77 1,75 1,74 1,70 1,63 1,57 1,52 1,38 1,13 0,47
60 1,89 1,88 1,86 1,83 1,77 1,72 1,66 1,50 1,25 0,719
80 1,90 1,90 1,88 1,85 1,78 1,75 1,69 1,54 1,32 0,96
100 1,81 1,80 1,79 1,76 1,72 1,68 1,64 1,51 1,28 0,97
125 1,70 1,69 1,69 1,66 1,62 1,59 1,56 1,45 1,26 0,96
150 1,61 1,60 1,60 1,58 154 1,52 1,49 1,40 1,24 0,96
200 1,49 1,49 1,49 1,48 1,45 1,43 1,41 1,34 1,21 0,97
300 1,37 1,37 1,37 1536 1,36 1,35 1,33 1,27 1,17 0,97
400 1,30 1,30 1,30 1,30 1,29 1,29 1,28 1,24 1,16 0,99
500 1,26 1,26 1,26 1,26 1,26 1,26 1,25 1,22 1,15 0,90
600 1,23 1,23 1,23 1,23 1,23 1,23 1,23 1,20 1,14 0,92
800 1,19 1419 1,19 1,19 1,20 1,20 1,20 1,17 1,13 0,93
1000 1,17 1,17 1,17 1,16 1,17 1,18 1,17 1,15 1,12 0,95
1250 1,15 1,15 1,15 1,15 1,16 1,16 1,16 1,14 1,12 0,96
1500 1,14 1,14 1,14 1,14 1,14 1,15 1,15 1,14 1,12 0,97
3 000 1,12 1,12 1,13 1,13 1,12 1,12 1,12 1,12 1,10 1,40
6 000 1,11 1,11 1,11 1,11 1,10 1,10 1,10 1,11 1,12 1,d6
10 00Q 1,11 1,11 1,11 1,11 1,10 1,10 1,10 1,10 1,09 1,05

©1SO
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6.4.4.2 Fluorescence radiation

See Table 28

Table 28 — Conversion coefficient  h,,(10;F,a) from air kerma, K, to the dose equivalent Hp(lo)
for radiation qualities given in ISO 4037-1 and the slab phantom, reference distance 2 m

Radiation | Irradiation o/ hpK(lo;F,a) in Sv/Gy for angle of incidence of
quality distance cm
(see 6.3.3)
m 0° 10° 20° 30° 40° 45° 50° 60° 70° 80°

F-Zra 1,0-2,0 25 0,32 0,32 0,30 0,27 0,23 0,20 0,16 0,10 0,p4 0,00
F-Mo? 1,0-2,0 25 0,44 0,44 0,42 0,39 0,34 0,31 0,27 0,19 0,p8 0,01
F-Cd 1,0-2,0 20 0,79 0,78 0,77 0,74 0,68 0,65 0,60 0,48 0,81 0,11
F-Sn 1,0-2,0 20 0,89 0,88 0,87 0,84 0,78 0,75 0,70 0,58 0,40 0,16
F-Cs 1,0-3,0 16 1,15 1,14 1,13 1,10 1,04 1,00 0,96 0,84 0,p4 0,30
F-Nd 1,0-3,0 13 1,40 1,39 1,37 1,34 1,29 1,25 1,20 1,06 0,B4 0,45
F-Sm 1,0-3,0 12 1,49 1,48 1,46 1,43 1,37 1,38 1,28 1,13 0,p1 0,50
F-Er 1,0-3,0 11 1,75 1,73 1,72 1,68 1,61 1,55 1,50 1,36 1,11 0,66
F-W 1,0-3,0 11 1,89 1,88 1,86 1,82 1,76 1,71 1,65 1,50 1,p4 0,78
F-Au 1,0-3,0 11 1,90 1,89 1,88 1,86 1,78 1,74 1,68 1,53 1,p9 0,83
F-Pb 1,0-3,0 11 1,90 1,90 1,88 1,86 1,78 1,75 1,69 1,54 11 0,85
F-U 1,0-3,0 11 1,82 1,81 1,80 177 1,72 1,69 1,65 1,51 1,p9 0,87
a Wwith fhese radiation qualities, care needs to be taken as_ €nergy impurities may have a substantial influgnce on the
numericgdl values of conversion coefficients (see 4.1.2).

6.4.4.3 Lpw air kerma rate series

See Tablg 29.

Table 29 — Conversion coefficient  h,,(10;L, a) from air kerma, Kj, to the dose equivalent Hp(lo)
for radiation qualities given in ISO 5037—1 and the slab phantom, reference distance 2 m

Radiation || Irradiation o/2 h,k(10;L, @) in Sv/Gy for angle of incidence of
quality distance em
(see6.3.3

m 0° 10° 20° 30° 40° 45° 50° 60° 7P° 80°
L-202 1,020 25 0,37 0,37 0,36 0,33 0,28 0,25 0,22 0,15 0,p6 0,01
L-302 1,0 - 3,0 18 091 | o9 | 089 | 086 | 079 | 0,76 | 0,71 | 060 | Op1l | 0,17
L-35 1,0-3,0 16 1,09 1,08 1,07 1,04 0,98 0,94 0,90 0,77 0,58 0,27
L-55 1,0-3,0 11 1,67 1,66 1,65 1,61 1,54 1,49 1,44 1,29 1,06 0,61
L-70 1,0-3,0 11 1,87 1,86 1,84 1,81 1,75 1,70 1,64 1,49 1,24 0,78
L-100 1,0-3,0 11 1,87 1,87 1,85 1,81 1,76 1,73 1,67 1,53 1,31 0,86
L-125 1,0-3,0 11 1,77 1,76 1,75 1,72 1,68 1,65 1,61 1,49 1,27 0,87
L-170 1,0-3,0 12 1,62 1,61 1,61 1,59 1,55 1,53 1,50 1,41 1,24 0,86
L-210 1,0-3,0 12 1,52 1,52 1,52 1,51 1,47 1,45 1,43 1,36 1,22 0,87
L-240 1,0-3,0 13 1,47 1,47 1,47 1,46 1,44 1,42 1,40 1,33 1,20 0,87

& with these radiation qualities, care needs to be taken as variations in energy distribution may have a substantial influence
on the numerical values of conversion coefficients (see 4.1.2).
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6.4.4.4 Narrow series

See Table 30.

Table 30 — Conversion coefficient
for radiation qualities given in ISO 4037-1 and the slab phantom, reference distance 2 m

©1SO

h,k(10;N,a) from air kerma, Kj, to the dose equivalent Hp(lo)

Radiation | Irradiation de hpK(lo;N,a) in Sv/Gy for angle of incidence of
quality distance cm
(see 6.3.3)
m fakl 1n° zno 30° 4n° /!I:° [~akl 802 7n° 80°

N-152 1,0-2,0 25 0,06 0,06 0,06 0,04 0,03 0,03 0,02 0,01 0,00 0,00
N-202 1,0-20 25 0,27 0,27 0,26 0,23 0,20 0,17 0,15 0,09 0,04 0,00
N-25 @ 1,0-3,0 23 0,55 0,55 0,53 0,50 0,44 0,41 0,37 0,28 0,15 0,04
N-30 1,0-3,0 20 0,79 0,78 0,77 0,74 0,68 0,65 0,60 0,49 0,32 0,12
N-40 1,0-3,0 16 1,17 1,16 1,15 1,12 1,06 1,02 0,98 0,85 0,65 0,32
N-60 1,0-3,0 11 1,65 1,64 1,62 1,59 1,52 1,47 1,42 1,27 1,04 0,60
N- 80 1,0-3,0 11 1,88 1,87 1,86 1,83 1,76 1,7% 1,66 1,50 1,26 0,80
N-100 1,0-3,0 11 1,88 1,88 1,86 1,82 1,76 173 1,68 1,53 1,31 0,86
N-120 1,0-3,0 11 1,81 1,80 1,79 1,76 1,71 1,68 1,64 151 1,28 0,87
N-150 1,0-3,0 11 1,73 1,72 1,71 1,68 164 1,61 1,58 1,46 1,26 0,86
N-200 1,0-3,0 12 1,57 1,56 1,56 1,55 1,51 1,49 1,46 1,38 1,23 0,86
N-250 1,0-3,0 13 1,48 1,48 1,48 1,4Y 1,44 1,42 1,40 1,33 1,21 0,87
N-300 1,0-3,0 15 1,42 1,42 1,42 41 1,40 1,38 1,36 1,30 1,19 0,87

a With thes¢ radiation qualities, care needs to be taken as(variations in energy distribution may have a substantigl influence

on the numefical values of conversion coefficients (see4.1.2).

6.4.4.5 Widg series

See Table 3.

Table|31 — C_onversip_n cogﬁicie_nt h, k(10;W, a) from air kerma, Kj, to the dos_e equivalent Hp 10)
fdr radiation qualjties/given in ISO 4037-1 and the slab phantom, reference distance 2 m
Radiation | Ifradiation o/ hpK(lo;W,a) in Sv/Gy for angle of incidence of
quality Histance cm
(see 6.3.3
m 0° 10° 20° 30° 40° 45° 50° 60° 70° 80°

W-60 0-3,0 TT T,55 .53 .52 T.29 T,42 T.37 1,33 T.18 0,95 0,54
W-80 1,0-3,0 11 1,77 1,76 1,74 1,71 1,65 1,60 1,54 1,39 1,15 0,70
W-110 1,0-3,0 11 1,87 1,86 1,85 1,82 1,76 1,72 1,67 1,52 1,29 0,84
W-150 1,0-3,0 11 1,77 1,77 1,76 1,73 1,68 1,65 1,61 1,49 1,28 0,86
W-200 1,0-3,0 12 1,65 1,64 1,64 1,61 1,57 1,55 1,52 1,42 1,25 0,86
W-250 1,0-3,0 13 1,54 1,54 1,54 1,52 1,49 1,47 1,44 1,36 1,22 0,87
W-300 1,0-3,0 14 1,47 1,47 1,47 1,46 1,44 1,42 1,40 1,33 1,20 0,87
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6.4.4.6 High air kerma rate series

See Table 32.

Table 32 — Conversion coefficient

ISO 4037-3:1999(E)

for radiation qualities given in ISO 4037-1 and the slab phantom, reference distance 2m

h,k(10;H,a) from air kerma, Kj, to the dose equivalent Hp(lo)

Radiation | Irradiation de hpK(lo;H,a) in Sv/Gy for angle of incidence of
quality distance cm
(see 6.3.3)
m Q° 10° 20° 30° 40° 45° 5Q° 6Q° Z0° 80°
H-30 @ 1,0-3,0 20 0,39 0,39 0,38 0,36 0,32 0,29 0,26 0,20 01 0,03
H-60 1,0-3,0 12 1,19 1,18 1,17 1,13 1,07 1,03 0,99 0,86 0,p6 0,33
H-100 1,0-3,0 12 1,68 1,67 1,65 1,62 1,56 1,51 1,46 1;31 1,p8 0,65
H-200 1,0-3,0 12 1,75 1,74 1,73 1,71 1,66 1,62 1,58 1,46 1,p6 0,85
H-250 1,0-3,0 14 1,67 1,66 1,66 1,64 1,59 1,57 1,53 1,43 1,p5 0,86
H-280 1,0-3,0 14 1,60 1,59 1,59 1,57 1,54 1,5% 1,48 1,39 1,p3 0,86
H-300 1,0-3,0 15 1,59 1,59 1,58 1,57 1,53 1551 1,48 1,39 1,p3 0,86
a with this radiation quality, care needs to be taken as variations in energy distribution may have a substantiallinfluence on
the numdrical values of conversion coefficients (see 4.1.2).
6.4.4.7 Hadionuclide sources and high energy photon radiations
See Tablg 33.
Table 33 — Conversion coefficient  h,,(10;S,a).and h,(10;R,a) from air kerma, K, to the dose gquivalent
Hp(lo) for radiation qualities diven in I%O 4037-1 and the slab phantom
Radiation} | Irradiation de Build- | kppima hpK(lo;S,a) and hpK(lo;R,a) in Sv/Gy for angle of incidepce of
quality distance cm up.
(see 6.3.3)] layer
m 0° 10° 20° 30° 40° 45° 50° 60° 70° 80°
S-Am 2,0-3,0 11 - - | 189|188 186183177 | 172|166 | 1,50 | 1,25 | 0,79
S-Cs 1,5-4,0 15 1,00 | 1,21 | 1,22 | 1,22 | 1,22 | 1,22 | 1,22 | 1,22 | 1,19 | 1,14 | 0,92
S-Co 1,5-4,0 15 4 | 100|115 1,15 1,15| 1,15 | 1,16 | 1,16 | 1,16 | 1,14 | 1,12 | 0,96
R-C 1,0-500 15 25 0941111111112 112} 1,111,212 | 1,11 | 1,21 | 1,10 | 1,03
R-F 1,0:5,0 15 25 0941]112(112|112 (1,11} 1,111,212 | 1,11 | 1,22 | 1,13 | 1,07
R-Ti 1,0-5,0 15 25 0%}|111(12112)111 (2212|110 1,22 (1,11 | 1,11 | 1,22 | 1,05
R-Ni T,0-50 15 25 094 [T [ LT[ LIt [ LIT [ LI0 [ L,I0 [ IO [ L,IT [ 1,12 | 1,06
R-O 1,0-5,0 15 25 0941]112(112|112 {1,212} 1,111,212 | 1,11 | 1,22 | 1,13 | 1,07
7 Presentation of results
7.1 Records and certificates
National regulations often specify details and format of both calibration records and certificates as well as the

frequency of calibration and the length of time for which calibration records should be kept.
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The records or certificates should include:

a)
b)
c)
d)
e)
f)
9)
h)

7.2 Statenmpent of uncertainties

The statemé
Expression ¢f Uncertainty in Measurement (1993).

The followin
guideline, th
a) uncerta
b) uncerta
laboratq
C) uncerta
otherwig
d) uncerta
the con
€) uncerta
owing td
and poi
f) uncerta
absorpt
uncerta
g) uncerta
h)
)
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date and place of calibration;

description of dosemeter, its type and serial number;

owner of the dosemeter;

details of the radiation sources and secondary standard instruments used;

reference conditions, calibration conditions and/or standard test conditions;

results;

name o

any spe

certain Lables of clauses 5 and 6, in these cases, the test laboratory shall assess the uncertainty on th

©1SO

person carrying out the calibration;

cial observations.

bnt of uncertainty shall be consistent with the approaches recommended by the ISO Gu
g component uncertainties shall be taken into account. NOmerical values given are to s
by refer to a confidence level of 68 % (one standard deviation). For further information, see IS
nty of the conventional true value: as taken from the calibration certificate;

nty in the exact positioning of standard and testlinstrument (see 4.1.5): to be assessed b
ry;

nty resulting from different irradiation, diStances: 1 % for irradiation distances greater
e to be assessed by the test laboratery;

nty of the conversion coefficient: usually 2 %, apart for those reference radiations marked
itions prevailing;

beam divergence and, in the case of X radiation, to the 'heel effect": 2 % for distances betwe
Nt of test source’greater than 2 m;
nty due to-thé simultaneous irradiation of several dosemeters (see 6.3.3); an estimate of th

on of .the/ primary radiation by the dosemeters shall be made and added to the d
nties,\Wwhere applicable, upper limit 2 %;

de to the

Prve as a
D 4037-2.

y the test

than 2 m,

by "a" in
e basis of

nty due to field inhomogeneities over the cross-sectional area of the beam in the plane of megsurement

en source

b effect of
omponent

ntie's due to t:implifinri prnr‘ndllrnc (cnn 6.3 ‘I); where :\pplirnhln, to he assessed h\]/ the test |

boratory,

upper limit 2 %;

uncertainty introduced by using a build-up plate, where applicable 1 %;

uncertainty due to long-term variation of response of standard instrument, upper limit 2 % (see 4.2.1).
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Annex A

(informative)

Additional information

ISO 4037-3:1999(E)

A.1 Statement of reference conditions and required standard test conditions

A.1.1 Radiological parameters

See Tablg A.1.

Table A.1 — Reference conditions and standard test conditions for radiological parameters

nfluence quantities

Reference conditions

Standard test conditions
(unless otherwise indicated)

elements

Photon energy 187csa 137csa
Andle of radiation incidence Reference Reference orientation + 5°
orientation
Conjamination by radioactive Negligible Negligible

Radiation background

Ambient dose equivalent rate
H’(10) 0,1 uSv ht
or less if practical

Ambient dose equivalent rate
H"(10) less than 0,25 pSv h}

of the photons emitted by13/Cs.

&  Another radiation quality may be used if the rated ener@y range of the dosemeter does not comprise th¢ energy

A.1.2 Other parameters

See Tablg A.2.

Table A.2 — Reference conditions and standard test conditions for other parameters

nfluence quantities

Reference conditions

Standard test conditions
(unless otherwise indicated)

18°Cto22°C?

Ambient temperature 20°C
Relative humjdity 65 % 50 % to 75 % @
Atmospherje-pressure 101,3 kPa 86 kPa to 106 kPa
Stabilization time 15 min > 15 min

Power, supply voltage

Nominal power supply voltage

Nominal power supply voltage + 3 %

Erequency b

Nominal frequency + 1 % b

Nominal freauency
-1 J

origin

A.C. power supply Sinusoidal Sinusoidal with total wave-form harmonic
distortion less than 5 % P
Electromagnetic field of external Negligible Less than the lowest value that causes
origin interference
Magnetic induction of external Negligible Less than twice the value of the induction due to

the earth's magnetic field

Assembly controls

Set up for normal operation

Set up for normal operation

2  The actual values of these quantities at the time of test shall be stated. The values in this table are intended for
calibrations performed in temperate climates. In other climates, it may be permitted to extend the range of standard
test conditions beyond those stated where dosemeters are to be used in these climates. Similarly, a lower limit of
pressure of 70 kPa may be permitted where dosemeters are to be used at higher altitudes.

b Only for assemblies which are operated from the main voltage supply.
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