INTERNATIONAL

1ISO

STANDARD 4037-2

First edition
1997-12-15

X and gamma reference radiation for
calibrating dosemeters and doserate
meters and for determining their respon
as a function of photan ‘energy —

Part 2:
Dosimetry for radiation protection over t
energy ranges8 keV to 1,3 MeV and 4
9 MeV

Rayonnements X et gamma de référence pour I'étalonnage des
et des débitmétres et pour la détermination de leur réponse en
I'énergie des photons —

Rartie 2: Dosimétrie pour la radioprotection dans les gammes d
8'keV a1,3 MeV etde 4 MeV a9 MeV

Se

he
MeV to

dosimeétres
fonction de

énergie de

g
;
=

Reference number
ISO 4037-2:1997(E)


https://standardsiso.com/api/?name=2c58b421b0e4875c09496a32ee022562

ISO 4037-2:1997(E)

Contents

4 Apparatus

5 General procedures

6 Procedure

7 Additiona
SOurces......

8 Additional

9 Special p
radiation in &

10 Dosimetr

11 Uncertair]

Annex A (ipformative) Determination by ionization.chamber measurements of air kerma under recef

absent cond

Annex B (in

5 applicable to ionization Chambers ..o e e e

procedures and precautions specific to gamma radiation dosimetry ‘using radionuclid

procedures and precautions specific to X-radiation dosimetry

y of reference radiation at photon energies between4MeV and 9 MeV

ty of measurement

tions and of absorbed dose to tissue (water) under receptor conditions

formative) Bibliography

focedures and precautions specific to fluorescence X-radiation — Limitation of extraneolis

© IS0 1997

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Geneve 20 * Switzerland

Internet
X.400

central@iso.ch
c=ch; a=400net; p=iso; o=isocs; s=central

Printed in Switzerland


https://standardsiso.com/api/?name=2c58b421b0e4875c09496a32ee022562

©1SO

ISO 4037-2:1997(E)

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

ctrotechnical

ear energy,

br calibrating

ges 8 keV to

liaison with—S6—alse—take—part—in—the—work—SO—collaberates—elosely—with—he—international—Ele
Commission (IEC) on all matters of electrotechnical standardization.
Draft Intefnational Standards adopted by the technical committees are circulated to the membenr bodigs for voting.
Publication as an International Standard requires approval by at least 75 % of the member hodies casting a vote.
Internatiopal Standard 1SO 4037-2 was prepared by Technical Committee ISO/TC 85, Nuc
Subcomniittee SC 2, Radiation protection.
This first edition of ISO 4037-2, along with 1SO 4037-1, cancels and replaces ‘the first edition of ISQ 4037:1979,
which haqg been technically revised.
ISO 4037|consists of the following parts, under the general title X and~gamma reference radiation f
dosemetdrs and doserate meters and for determining their response.as'a function of photon energy.
— Part|1: Radiation characteristics and production methods
—  Parf|2: Dosimetry of X and gamma reference radiatioh-for radiation protection over the energy rarj

1,3 MeV and 4 MeV to 9 MeV
— Part|3: Calibration of area and personal dosemeters
Annexes A and B of this part of ISO 4037 aré¢ for information only.
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The term "dosimetry” is used in this part of ISO 4037 to describe the method by which the value of a physical
quantity characterizing the interaction of radiation with matter may be measured at a given point by the use of a
calibrated standard instrument. Dosimetry is the basis for the calibration of radiation protection instruments and

devices and

At present,
radiological

the determination of their response as a function of the energy of the radiation of interest.

the quantities in which photon secondary-standard instruments or sources are calibrated
protection calibration laboratories relate to measurements made in free air, i.e. air kerma.

NOTE Throughout this part of ISO 4037, kerma is used as an abbreviation for air kerma.

In order to qorrelate measured physical quantities with the magnitude of a biological effeet,_a quantity o

equivalent ty

International
equivalent g

Lantities (see 1SO 4037-3).

for use in

the dose

pe [1] is required for use in radiation protection. ICRU has defined such guantities [2] and a further
Standard will be issued containing tables of conversion coefficients ffom air kerma to these dose
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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 2;
Dosim
MeV &

1 Scop

This part
calibratio
4 MeV to

given in IS

etry for radiation protection over the energy ranges 8 keV
Ind 4 MeV to 9 MeV

11”4

of 1ISO 4037 specifies the procedures for the dosimetry of X and gamma reference radi
of radiation protection instruments over the energy range from approximately 8 keV to 1,3 M
D MeV. The methods of production and nominal kerma rates obtained from these reference r
5O 4037-1.

2 Normftive references

The following standards contain provisions which, through.yreference in this text, constitute provisions ¢

ISO 4037| At the time of the publication, the editions indicated were valid. All standards are subject to

parties to|agreements based on the part of ISO 4037 are encouraged to investigate the possibility of

most recgnt editions of the standards indicated below. Members of IEC and ISO maintain registers of ¢

Internatiopal Standards.

ISO 4037}1:-1), X and gamma reference radiation for calibrating dosemeters and doserate n
and for detefmining their response as a function of photon energy - P
Radiation eharacteristics and production methods.

ISO 4037}3:-2), X and.gamma reference radiation for calibrating dosemeters and doserate n
and_ for determining their response as a function of photon energy — P,
Calibration of area and personal dosemeters.

ICRU Report 33:1980y ~ Radiation quantities and units.

VIM, 1984, International Vocabulary of Basic and General Terms in Metrology, BIPM-IEC

OIML.

to 1,3

ation for the
eV and from
hdiations are

f this part of
revision, and
applying the
Lirrently valid

eters
art 1:

eters
art 3:

HISO-

1) To be published. (Revision of ISO 4037:1979)

2) To be published.
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3 Definitions

For the purposes of this part of ISO 4037, the definitions given in ICRU Report 33, in the International Vocabulary of
Basic and General Terms in Metrology (VIM) and the following definitions apply.

3.1 reference conditions
conditions of use for a measuring instrument prescribed for performance testing or conditions to ensure valid
comparison of results of measurements [VIM]

NOTE The reference conditions generally specify reference values or reference ranges for the parameters affecting the
measuring instrument. For the purposes of this part of ISO 4037, the reference values for temperature, atmospheric pressure
and relative humidity are as follows :

ambient temperature : 293,15 K;
atmospheric pressure : 101,3 kPa;
relative humidity : 65 %.

3.2 standand test conditions
value (or rahge of values) of the influence quantities [VIM] or instrument parameters that are specified for the
dosimetry offthe radiation fields.

NOTE The rgnge of values for ambient temperature, atmospheric pressure and relative humidity are as follows :
albient temperature : 291,15 K to 295,15 K;

ambient pressure : 86 kPa to 106 kPa;

relative humidity : 30 % to 75 %.
Working outside this range may result in reduced accuracy.

3.3 ionizatipn chamber
ionization dgtector consisting of a chamber filled with a suitable gas, in which an electric field, insufficient to induce
gas multipligation, is provided for the collection at the electrodes of charges associated with the iong and the
electrons pr¢duced in the sensitive volumeg:of the detector by the ionizing radiation [3]

NOTE The ignization chamber includes the sensitive volume, the collecting and polarizing electrodes, the guard glectrode, if
any, the chamber wall, the parts of the ihsulator adjacent to the sensitive volume and any necessary caps to ensyre electron
equilibrium.

3.4 ionizatipn chamber assembly
ionization chamber andsall other parts to which the chamber is permanently attached, except the Imneasuring
assembly

NOTE For a|cable-Connected chamber, it includes the stem, the electrical fitting and any permanently attached cgble or pre-
amplifier. Fonl &-thin-window chamber, it includes any block of material in which the ionization chamber is permanently
embedded.

3.5 measuring assembly
device for measuring the current or charge from the ionization chamber and converting it into a form suitable for
display, control or storage

3.6 reference point of the ionization chamber
point to which the measurement of the distance from the radiation source to the chamber at a given orientation
refers

NOTE The reference point should be marked on the assembly by the manufacturer of the instrument. If this proves impossible,
the reference point should be indicated in the accompanying documentation supplied with the instrument.
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3.7 point of test
location of the reference point of the ionization chamber for calibration purposes and at which the conventionally
true kerma rate (see 3.11) is known

3.8 chamber orientation effect
change in the ionization current from the ionization chamber as the directional incidence of the reference radiation is

varied

3.9 calibration factor
<ionization chamber assembly with an associated measuring assembly> ratio of the conventional true value of the

quantity t

he instrument is intended - to measure divided hy the indicationof the inctrnmont, correct

d to stated

reference
3.10 cali
<ionizatio
ionization
guantity al

3.11 trus
value whi

NOTE Thg
preclude th

3.12 con

best estinpate of the value of the quantity to be measured, determined by a primary or secondary stan

reference

EXAMPLE
as the con

NOTE A
insignifical
3.13 res

ratio betwj
the positig

NOTE Thg

3.14 res
time inter
the respo

3.15 dev
é

conditions

bration factor

N chamber calibrated on its own without a specified measuring assembly> factor-which
current or charge, corrected to reference conditions, to the conventional true, value of th
[ the reference point of the chamber

value
th characterizes a quantity perfectly defined, in the conditions which exist'when that quantity i

true value of a quantity is an ideal concept and, in general, cannot be.known exactly. Indeed, quantu
e existence of a unique true value [VIM].

ventional true value of a quantity

instrument that has been calibrated against a primary or secondary standard

Within an organization, the result of a measurement obtained with a secondary standard instrument
entional true value of the quantity to be measured:

onventional true value is, in general, regatded as being sufficiently close to the true value for the di
t for the given purpose.

bonse
pen the indication of the meaSuring assembly and the conventional true value of the measurg
n of the reference point in"space

response usally varies with the spectral and directional distribution of the incident radiation.
ponse time

al between the-instant when a stimulus is subjected to a specified abrupt change and the

nse reaches\and remains within specified limits of its final steady value [VIM]

jationiyfrom linearity

converts the
e dosimetric

5 considered

M effects may

dard or by a

may be taken

fference to be

d quantity at

nstant when

Percentage deviation from linearity given by :

é

where

=100 (mQ/Mq -1)

M and Q refer to the indication and input at a chosen test point, respectively ;

m is the indication observed for some other input signal q.

NOTE For multirange instruments, the above definition is applicable to each range.
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3.16 leakage current
total detector current flowing at the operating bias in the absence of radiation [3]

3.17 zerod

rift

slow variation with time of the indication of the measuring assembly when the input is short-circuited

3.18 zeros

hift

©1SO

sudden change in the scale reading of either polarity of a measuring assembly when the setting control is changed
from the "zero" mode to the "measure” mode, with the input connected to an ionization chamber in the absence of
ionizing radiation other than ambient radiation

3.19 prima

standard of @ particular quantity which has the highest metrological qualities in a given field

3.20 secon
standard, the

4 Apparal
4.1 Gener

The instrum
appropriate
some applic
are used. Fq
and Fricke d

4.2 Calibre
The standar
4.3 Energy
Above a m
instrument §

energies bet

Whenever p
same as tho

4.4 Stabilif

Where appr
prior to perig

y standard

dary standard
b value of which is fixed by direct or indirect comparison with a primary standard

us
bl
bnt to be used for the measurement of the reference radiation ‘'shall be a secondary standar
nstrument. Generally this comprises an ionization chamber assembly and measuring asg
htions, for example the determination of low kerma ratesiother devices such as scintillation d
psemeters are also used.
ition
| instrument shall be calibrated for the range of energies and quantities that are intended to bg
dependence of the response 6f the instrument
ban energy (see 1SO 4037-1)"of 30 keV, the ratio of the maximum to minimum respon
hall not exceed 1,1 over the-energy range for which the standard instrument is to be used.

ween 8 keV and 30 keV; the limit of this ratio shall not exceed 1,2.

Facticable, the reférence radiations used to calibrate the secondary standard instrument sho!
5e used for the‘calibration of radiation protection instruments.

y checkdfagility

ppriate’a radioactive check source may be used to verify the satisfactory operation of the i
ds-of use.

d or other
embly. In
bsemeters

r high energies from 4 MeV to 9 MeV (see 10.2 and.10.6.3) other types of instruments such as TLDs

b used.

se of the

For mean

uld be the

nstrument

5 General procedures

The procedures described in this clause are common to the dosimetry of both X and gamma reference radiation.

5.1 Operation of the standard instrument

The mode of operation of the standard instrument shall be in accordance with the instrument calibration certificate
and the instrument instruction manual. The time interval between periodic calibrations of the standard instrument, or
that between periodic verifications of the stability of calibrations performed with the standard instrument, should be
within the acceptable period defined by national regulations. Where no such regulations exist, the time interval
should not exceed three years.
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5.2 Stability check

Measurements shall be made to check the stability using either an appropriate radioactive check source or
calibrated radiation fields to determine that the reproducibility of the instrument is within = 2 %. Corrections shall be
applied for the radioactive decay of the source and for changes in air pressure and temperature from the reference
calibration conditions.

NOTE For a multirange instrument, the check source may test only a particular range of the instrument. If the check source
may be used to test more than one range, the range that provides the greatest precision for the reading of the indication should
be used.

5.3 Warprupancdresponsetimes

Sufficient time shall be allowed for the instrument to stabilize before any measurements are carried gut. Sufficient
time shalllbe allowed between measurements so that the measurements are independent of\the resppnse time of
the instrument. For measuring kerma rates, the time interval between successive readings-shall not pe less than
five timeg the value of the response time of the instrument range in use. The manufacturer shall state both the
warm-up @nd response times of the instrument.

5.4 Zerqg-setting
If a set-zefro control is provided, it shall be adjusted for the instrument range in-use, with the detector connected.
5.5 Number of readings

The standard instrument shall be used to make at least four successive readings. However, sufficient r¢adings shall
be taken fo ensure that the mean value of such readings may-be“estimated with sufficient precision.

5.6 Enefgy dependence of response of the standard instrument

The calibration factors for the standard instrument refer to specific spectra. If the response of the standard chamber
is energy{dependent, a correction factor may have to be applied when the spectral distribution of the|radiations is
significanfly different from that used to calibratethe standard.

5.7 Instijument scale and range nonlinearities
Corrections for scale and range nonlinearities shall be applied to the indication of the standard instrumept.
5.8 Shuiter transit time

If the standard instrument.is of the integrating type with the irradiation time determined by the operation| of a shutter,
then it mgy be necessary to correct the irradiation time interval due to the transit time of the shutter (sgqe 1SO 4037-
1,). For example, the)shutter transit time At, can be determined by use of the "multiple exposure technique”. In this
techniquef a neminal irradiation time, t, and two apparent kerma values of K1 and K, are determined, where K1

refers to @ single irradiation having a nominal duration of ¢, in seconds, and Kp refers to the sum of p irradiations

each havirgatromins the following
formula :

At = t(Kn — K|)
(nK; - K;)

This technique gives good results when the source output is stable or the measurement is repeated several times to
obtain a mean At value.

5.9 Conversion from the measured quantity to the required quantity

If the standard instrument is calibrated in terms of a quantity different from the required quantity, appropriate
conversion coefficients shall be applied to the measured values.
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6 Procedures applicable to ionization chambers

6.1 lonization chamber assembly calibrated separately from measuring assembly

©1SO

If an ionization chamber assembly is calibrated in isolation from the complete measurement system, the calibration
of the associated charge or current measuring assembly shall be traceable to appropriate electrical standards.

6.2 Influence of the angle of incidence of the radiation on the response of the ionization

chamber

The orientatjon 0 the result
of the meagurement. The error introduced by imprecise orientation shall not exceed * 2 % (20). The|reference
orientation of the chamber shall be stated in the certificate.

Where appli¢able it shall be in accordance with the manufacturer's specifications.

6.3 Measurement of the effect of leakage

For instruménts designed to measure the kerma rate, the leakage current of the_measuring assemply in the
absence of fadiation other than ambient radiation shall be less than 2 % of the maximum indication orj the most
sensitive scale. For instruments designed to measure kerma, the accumulated deakage indication shall cprrespond
to less than|2 % of the indication produced by the reference radiation overdhe time of measurement. Correction
shall be made for leakage currents, if significant.

NOTE 1 Thelfollowing are examples of sources of leakage currents :

a) post-irradidtion leakage - This effect, produced by the radiation, arises’in the chamber insulator and in part of the stem or
cable that is ifradiated in the beam. The effect continues after the radiation has ceased and commonly decreases eXponentially
with time ;

b) insulator lepkage in the absence of radiation - These currents'may be produced either on the surface or within the volume of
insulating materials used for the construction of the chambeér;-cables, connectors and high-impedance input components of the
electrometer and/or the preamplifier ;

¢) instrument$ in which the signal from the chamber_is digitized may not indicate leakage currents of polarity oppdsite to that
produced by ipnization within the chamber.

The magnityde of the leakage current-cannot, in this case, be determined unless appropriate radiations| of known
kerma rate gr known ratios of kerma.rate are available.

NOTE 2 Thefe are other sources.of error that produce effects similar to leakage currents, for example :

a) cable micrgphony - A coaxial cable may generate electrical noise whenever it is flexed or otherwise deformed. A low noise,
non-microphdnic cable sheuld be used and sufficient time should elapse for the mechanically induced currents to subside ;

b) preamplifigr-induced\signal - The preamplifier should, whenever possible, be positioned outside the area of thHe radiation
beam to elimipate induced leakage currents. If this is not possible, then the preamplifier should be adequately shielded.

6.4 Location-and orientation of the standard chamber

The standard chamber shall be set up as specified by the calibration laboratory on the axis of the reference-
radiation beam at the desired distance from the source to the reference point of the chamber and its reference
orientation to the beam shall be as stated by the manufacturer.

6.5 Geometrical conditions

The cross-sectional area of the reference-radiation beam should be sufficient to irradiate the standard chamber or
the device to be calibrated, whichever is the larger. The variation of kerma rate over the useful beam area shall be
less than 5%, and the contribution of scattered radiation to the total kerma rate shall be less than 5% (see
ISO 4037-1). Corrections shall be applied as considered necessary.

The finite size of the chamber may affect the measurement of the radiation at small source-chamber distances [4].
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mber support and stem scatter

The structure supporting the standard chamber in the beam shall be designed to contribute a minimum of scattered
radiation. Since the effect of stem scatter and radiation-induced currents in the stem under the calibration conditions
is included in the calibration factor for the standard instrument, no correction factor for these effects should be
applied unless the beam area is significantly different from that used to calibrate the standard.

The effect of stem scatter may be found from measurements with and without a replicate stem in appropriate
geometrical conditions.

NOTE Stem scatter is a function of the reference-radiation quality and the beam area. However, the effect of scattered
radiation Oj;l subsequent use of the beams to calibrate instruments will be dependent on the type of instrumentyand the method
of its supp®rt unless the standard and the instrument are identical.

6.7 Mea

surement corrections

The indication of the standard instrument shall be corrected where necessary for the effects describgd in 5.6 and

5.7 to det

brmine the result of a measurement.

6.7.1 Zerlo shift

This effec
for, or pre

6.7.2 Co
Where ap

6.7.3 Co
conditions

For an u
difference

M=M
where:

M

ferably excluded, by appropriate measurement techniques.
rections for electrical and radiation-induced leakage, including ambient radiation

propriate, corrections shall be applied for the effect of leakage as described in 6.3.

S between the conditions during measurement and reference calibration conditions :

X CT,p X Ch

is the value corrected 1o the following reference calibration conditions, pg, T and hg :
po s the reference-air pressure, 101,3 kPa ;

To s the reference air temperature, 293,15 K ;

hg is the reference relative humidity, 65 % ;

is the value\obtained under the following conditions of measurement : p, T and h:

p  Iswair pressure during measurement ;
T A _Is the air temperature during measurement ;

A~ is the relative humidity during measurement ;

[ may be significant on the more sensitive measurement ranges and.shall, where necessary,

rections for air temperature, pressure and-‘humidity variation from reference calibr|

nsealed standard ionization chamber, the following ideal gas corrections shall be app

be corrected

Ation

lied for any

CT,p IS The correction 1actor Tor alr temperature and pressure given by the 1ollowing tformuia :

Ch

_PoxT

Te - pxTo

is the correction factor for any difference in relative humidity between the reference calibration conditions
and conditions during measurement. The value of Cp, is determined from an empirical relationship

between the response of ionization chambers as a function of relative humidity [5]. The magnitude of this
correction factor is usually small, and it is assumed that Cp, = 1 for the range of relative humidities

generally encountered.
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Some types of instrument have automatic temperature and/or pressure compensation, obviating the need for further
correction, provided that the compensation is to the reference calibration conditions.

NOTE Itis possible to adjust temperature and humidity within the range of values given for the standard test conditions. This is
not the case for pressure. Working outside the range of values given in this part of ISO 4037 may result in reduced accuracy,

or a special treatment of the correction factors may be required.

6.7.4 Incomplete ion collection

When the standard instrument is used on its high dose rate ranges, corrections may be necessary for incomplete
ion collection of the ionization chamber assembly.

NOTE 1 Theg
possible. If sy

NOTE 2 Itis

6.7.5 Beam

The variatio of kerma rate over the beam area shall be determined by surveying the"beam area with a

detector or g

7 Additior
radionucliq

7.1 Use off

The certificated output from a source shall not be used to provide the calibration of the radiation field. Dg
radiation fields shall be performed using a calibtated standard instrument. This procedure avoids errors

all reference
due to differ
subsequent

However, fa
appropriate
of, instrume
the problem

7.2 Use of

All measure
standard ins|

7.3 Radiod

When requin

use of electrical signals to determine the correction at the higher ranges of the instrument should be
ch electrical signals are used, then a correction for incomplete ion collection in the chamber may-be)ne

preferable to irradiate the complete detector assembly, as this method tests the complete measuring sy

non-uniformity

hotographic emulsion.

al procedures and precautions specific to gammadradiation dosimetry usin
le sources

certified source output

bnces in the geometrical conditions between initial measurements of the certificated source ¢
se of the source.

r the measurement of environmental kerma rates less than approximately 10 uGy h-1 t
Calibrated radioactive sources and techniques is acceptable.The accurate dosimetry for, and
Its measuring environmentaltkerma/kerma rates presents many problems. A detailed consig
b involved and recommended.techniques for calibration is given in reference [6].

electronic equilibrium/caps

rument ; othérwiSe the calibration factor for the standard instrument is invalid.
\ICtive source decay

ed;_a correction shall be applied for the radioactive decay of the source (see 1SO 4037-1 for

avoided if
cessary.

stem.

small area

simetry of
utput and
he use of

calibration
eration of

ments shall be/performed with the cap that was used at each energy during the calibragon of the

details on

the half-lives

of-fadionuclides).

7.4 Radionuclide impurities

Since freshl

137

y prepared sources of Cs may contain a significant amount of

137

134

Cs, the application

corrections based on the assumption of isotopically pure Cs could be in error.

Specifications of the impurities shall be given by the manufacturer of the source (see ISO 4037-1).

of decay


https://standardsiso.com/api/?name=2c58b421b0e4875c09496a32ee022562

©1SO

ISO 4037-2:1997(E)

7.5 Interpolation between calibration positions

The determination of the kerma rate by interpolation for distances other than those at which measurements have
been performed shall be permitted only over the range of distances for which the departure from the inverse square
law relationship is less than £ 5 % (see ISO 4037-1).

8 Additi

onal procedures and precautions specific to X-radiation dosimetry

8.1 Variation of X-radiation output

Given the
be monito

NOTE Sin
large chan
X-ray tube
constant, 4
radiations

8.2 Mon

8.2.1 Th
assembly

8.2.2 Th
shall be p

does not add undue filtration of the beam (see ISO 4037-1)..An'example of a typical X-ray setup is give

8.2.3 Th

8.2.4 If,
instrumen
monitor m

8.25 Th
sensitive

8.2.6 Fo
comparah

8.2.7 Co
temperatu

8.2.8 Th
assembly

possible temporal variation in the radiation output from X-ray generators, the output of the  ge
red by means of a monitor ionization chamber.

ce a large amount of added filtration is used to produce the reference filtered radiations specified i
pes of output can occur with small changes of applied potential. For the low kerma-rate series, a 1 %
voltage can produce a change in the output of the filtered beam of up to 15 %. However/even if the m
ny ripple throughout a voltage cycle will produce substantial variations in the instantaneous kerma
see ISO 4037-1 for a specification of limits of voltage ripple).

itor

b monitor should be an unsealed transmission ionization chamberassembly with an associate

b part of the monitor chamber through which the beam passes shall be of homogeneous con

b jonization collection efficiency of this chambérshall not be less than 99 % for all kerma rates
for a given radiation quality, the ratiosof the indication of the monitor to the indication of
t can be shown to be stable with time,-i.e. to change by not more than 0,5 % over a specifie
ay be used as a transfer device forthat period without further comparison.

b |leakage current of the monitor chamber shall be less than 2 % of the maximum indication
Current range, and corrections shall be applied as appropriate.

le with, and preferably not greater than, that of the standard instrument.

rrections shallbe made to the indication of the monitor chamber measurement system due to
re and pressure from the reference conditions (see 6.7.3).

b perfermance specifications of the monitor ionization chamber assembly and the associate|
shall'be similar to that of the standard instrument.

nerator shall

n 1SO 4037-1,
change in the
pan voltage is
rate of the X-

d measuring

struction and

ositioned after and close to the added filtration. The m@nitor chamber should be sufficiently thin so that it

hin figure 1.
to be used.
he standard

i period, the

in the most

measuring kerma @ates, the time constant of the monitor chamber measurement system should be

deviations in

d measuring

8.3 Beam aperture

A beam aperture shall be placed after and close to all the added filtration to limit the beam area to the required size.
The beam aperture design should be such that it introduces a minimum scatter contribution at the point of test. The
beam area shall be large enough to ensure that both the standard chamber and the instrument or device to be
calibrated are irradiated completely, and should be small enough so that a minimum of the chamber stem and its
support are irradiated. The beam size shall remain constant during the calibration.
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8.4 X-radiation shutter

A shutter shall be situated between the X-ray tube and the monitor chamber. The shutter shall be thick enough to
reduce the transmitted kerma rate to 0,1% for the highest-energy reference radiation to be used (see 5.8). For
measuring kerma, the reading shall be taken as soon as practicable after irradiation has been completed.

Key
Calibratiop distance
Lead collimator

Beam mopitor chamber
Additional fiftration
Shutter
X-ray tube

Location A

Location B

Location C

Unfiltered, A

With inherent filtration, B
With additional filtration, C

© 00 N O U1 WDN P

e =
N B O

Figure 1 — Example of a typical X-ray setup

10
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stment of kerma rate

At any reference radiation, different kerma rates can be achieved by changing either the X-ray tube current or the
distance from the target. The choice of operating conditions is a compromise between the possible conflicting
requirements for scatter, beam uniformity, output stability, voltage ripple and air attenuation.

9 Special procedures and precautions specific to fluorescence X-radiation — Limitation
of extraneous radiation in beams

9.1 Wher
be adjustg

9.2 In su
distributio

9.3 Ford
significant

necessary.

10 Dos
10.1 Do

The quan
air kerma

tissue-equivalent material or water, measured at the depths of interest in the reference phantom, i.e. ur]

conditions

d so as to minimize radiation other than the required characteristic radiation from the radiator

eve

bsequent application of this radiation, consideration shall be given to the significance of

n of the impurities; this is particularly important for lower energy K-fluorescence radiation.

enerating uranium K-fluorescence X-radiation, both the radiator and thoriumfilter are radioac

Tgrator should

the spectral

ive, hence a

spurious current may be produced in the monitor chamber ; this current shall be corrected for when

metry of reference radiation at photon energies between 4 MeV and 9 MeV

simetric quantities

ity chosen to characterize the 4 MeV to 9 MeV refererice radiation at the point of test shall
(rate) measured in air, i.e. under receptor-absent conditions, or the absorbed dose (rate) t

. The pertinent radiation-protection quantities-shall be derived from the chosen quantity (see

Series: Re¢port 39, Report 43, Report 47, Report 51%and ICRP Publication 74).

10.2 Meg

Both dosi
of the chd
factors. E

asurement of the dosimetric quantities

be either the
b a specified
der receptor
CRU Report

metric quantities can be determined either by a direct measurement with an instrument calibrated in terms

sen quantity, or indirectly by a‘measurement in terms of a different quantity and application g

amples for direct and indirect determinations are given in 10.2.1 and 10.2.2.

10.2.1 For air kerma (rate) under receptor-absent conditions

Direct
-m
Indireg
- frg
- frg

pasurement-efair kerma (rate) with ionization chamber calibrated in terms of air kerma (rate).
t :

m measutrement of photon-fluence (rate) spectrum (see 10.5.3) ;

m measurement of the emission of associated alpha particles in the case of radiation fields p

the

19E(p,ay)'°O reaction at proton energies near the reaction threshold and beam currents near

f conversion

oduced by

| mA (see

10.5.3.2).

10.2.2 For absorbed dose (rate) under receptor conditions

Direct

- measurement of absorbed dose (rate) to tissue with ionization chamber calibrated in terms of absorbed
dose (rate) to tissue.

Indirect :
- from measurement of photon-fluence (rate) spectrum under receptor-absent conditions ;
- from measurement of air kerma (rate), either in air or in a phantom (see 10.6 for in-phantom determination).

11
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The methods of measurement discussed in this part of ISO 4037 are restricted to those in present use, or
considered for use in the near future.

10.3 Measurement geometry
The reference point of the detector shall be placed at the point of test.

The distance from the centre of the source to the point of test shall be such that the photon fluence is uniform to
within 5 %:

- over the entire cross-sectional area of the detector assembly to be used for the calibration of the reference-
radiation ffield under receptor-absent conditions ;
- over thg entire cross-sectional area of the phantom-and-detector assembly to be used for the calibration of the
referencq-radiation field under receptor conditions.

The influence of beam divergence on the results of the measurements shall not exceed 3 %. When the grea of the
beam crosstsection at the point of test is smaller than the cross-section of the assembly to be irradiated, the
assembly sHall be appropriately scanned across the beam.

10.4 Monifor

All measurenents at the point of test shall be related to simultaneous meastirements with a monitor placed so that
its indication|is not influenced by the radiation scattered from the measuring.instrument placed at the point|of test.

The choice ¢f the type of monitor depends on fluence rate. Examples-of ‘possible choices are systems employing an
ionization chamber, a Nal(TI) or plastic scintillation detector, a GM counter, an associated-particle counter or a
semiconductor detector. The indication of the beam monitor shalkbe proportional to within 2 % to the conyentionally
true value offthe quantity to be measured.

10.5 Detefmination of air kerma (rate) under receptor-absent conditions

The referenge value of the air kerma (rate) shall be"stated at the point of test. It may be determined either|directly or
indirectly (sdge also 10.2).

10.5.1 Meapurement conditions
10.5.1.1 CHoice and positioning of détector

An ionizationh chamber with close_to air-equivalent walls should be used as the detector, whenever feasible. The
reference pdint of the detecterShall be placed at the point of test. If the chamber is used at distances othef than that
at which it wps calibratedthen a correction factor to the measured air kerma (rate) may be required.

10.5.1.2 Transient electron equilibrium

In order to gstablish transient electron equilibrium over the detector surface, the detector shall be surroupded by a
removable layep(cap) of air-equivalent material.

If a material that is not air equivalent is used, corrections shall be made for differences in stopping powers (see
ICRU Report 37). The total thickness of detector wall and cap shall be between 0,4 g/cm? and 0,6 g/cm? for
measurements with 137Cs or 60Co gamma radiation, and 4,0 g/cm2 + 0,1 g/cm?2 for measurements with the high
energy reference radiation (see ISO 4037-3).

10.5.2 Direct measurement with an ionization chamber

The ionization chamber employed shall be calibrated in air in terms of air kerma and a total wall thickness equal to
4,0 g/lcm?2 + 0,1 g/cm? shall be used for all measurements with photons in the energy range of 4 MeV to 9 MeV.

12
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If possible, the ionization chamber should be calibrated with a photon spectrum similar to that of the reference
radiation. The air kerma, (Kg)y, for the reference radiation of energy E; then shall be determined from the chamber

indication M, 3 as :

(Ka)r = My (Ng ) 1)
where (NK)r is the air kerma calibration factor obtained with photons of energy E;.

When it is impossible to obtain a calibration of the ionization chamber with a photon spectrum similar to that of the
60

reference radiation, the chamber shall be calibrated with Co gamma radiation, using the customary total chamber-

2 2
wall thickmess between 0,4 g/cm and 0,6 g/cm . The air kerma, (Kg)y, for the reference radiation of enprgy E, shall
be deternjined as :

(Ko T M N [I- gk k) (2)
60
where NK is the air kerma calibration factor obtained with Co gamma rays, the factor(1-gg) is a correction for the

bremsstrghlung production in air, the factor k5t a correction for absorption and scattering of the primary radiation in
the champer wall (including build-up cap), and the factor ky, a correction forcavpossible difference frgm air of the

chamber wall and cap. A derivation of equation (2) is outlined in annex A, Fer the case that the chamber wall and
cap are of the same material (subscript Gm) but not necessarily air equivalént, ky, is given by :

Ko =(L7 P)aw(ten/ Pl (3)
where (_l:/p)a'm is the ratio of the averaged restricted-mmass collision-stopping powers of air and the wall

material,¥) and ( ﬁen / p)ma the ratio of the averaged-mass energy-absorption coefficients of wall (and cap)
material gnd air. Note that k is unity for ionization chambers with air-equivalent walls and caps.

account ilcomplete ion-collection efficiency in'the case of high flux densities, polarity effects and effe¢ts of photon
interaction with other parts of the chamber (stem, central electrode) occurring in certain types pf ionization
chamberg, and differences between the effective and geometric centres of the ionization chamber in the case of a
chamber with a relatively large volume. Usually, the associated correction factors differ from unity bly well below
1 %, and thus may be considered negligible in the application of the reference radiation fields in radiatipn-protection
dosimetryl Examples for numerical values needed for the evaluation of (K) from equation (2) are givgn in tables 1
through 4| Table 1 shows values for the correction for bremsstrahlung losses in the air of the ionizatipn chamber,
obtained py a number of different authors. Table 2 gives, as examples, comparison for five types pnd sizes of
ionization|chambers between kgt for 1,25 MeV and 7 MeV.

Further CIrrections may have to be included under certain conditions of measurement, e.g. correctiors taking into

Values fdr ratios—of stopping powers and energy-absorption coefficients required for the computation of the
correction factor’k for ionization chambers with non air-equivalent walls and caps, as examples watef, polymethyl
methacrylate)(PMMA) and polystyrene, are shown in tables 3 and 4. All ratios of energy absorption coefficients
shown in table 4 apply to electron-equilibrium wall thicknesses and monoenergetic photons [15]. Inasmuch as these
ratios change only relatively slowly with photon energy, the values shown can be assumed to be satisfactory even

3) The indication M, of the ionization chamber is taken to be corrected to reference air density by means of a pressure and
temperature correction factor (see 3.1 and 6.7.3).

4) Following, e.g., ICRU Report 37, the symbol E/p, standing for L(T,A)/p, the restricted mass collision stopping power
averaged over the energy of the secondary electrons, T, down to the energy A, is used in this part of ISO 4037, rather than the
symbol éa,m, used in IAEA Technical Report 277. This eliminates a possible confusion with the unrestricted stopping power.

13
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for photon energies for which 4,0 g/cm’ is larger than the equilibrium thickness. See annex A for a discussion of the
tabulated values and their application.

Table 1 — Typical values for the bremsstrahlung correction

Photon Recommended values of 1 — g,
energy _
1-9,

MeV (normalized to 1,25 MeV)

1’0* 0,998 1,001

1'25* 0,997 1,00

1’5* 0,996 0,999

4,0 0,988 0,992

4.4% 0,987 05990

6,0 0,980 0,983

61" 0,980 0,983

7.0* 0,976 0,979

8,0 0,972 0,975

85" 0,970 0,973

9,0* 0,968 0,971

10,0 0,963 0,966
Hl. E. Johns and 3¢/R: Cunningham, The Physics of Radiology, p. 723, Charles Thomas, Springfield
JSA, 1983.
1 values obtained by interpolation.
| o 6814, Terms and definitions in the field of radiological technique, Part 3: Dose quantities and
( nifc, Deutschas lnstitut filr I\Inrmung n.\I’ Bauth \Inrlag (‘mhl—ly Rnrlin, f‘nrmany’ 1OQR.

14
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Table 2 — Values for attenuation and scatter correction, kg, for different types
of ionization chamber
lonization chamber Koit P
Type of Ch?mber " Vll’a” Chamber At 1,25 MeV At 7,0 MeV
chamber volume ICKNESS 1 dimensions  2) Wall thickness Wall thickness
(material)
Normalized to
wall thickness
cm3 g-cm—2 cm ~0,5g-cm2 3 a0 g-cm—2 91 40 g-cm—2 8) at 1,25 MeV
ZD g-cm2Y
Relatively 4,0 r=0,325 0,95 4): 9 0,98 5
shallow gylinder 0,79 (PMMA) d=2,4 ~0,99 0,98 £ 0,03 0,96 6) —
Relatively 4,0 r=0,630 04954 0,99
shallow gylinder 3,0 (PMMA) d=2,4 ~0,99 0,97 £ 0,02 0,96 ©) —
Relatively 4,0 r=20 0,96 4 1,01
shallow gylinder 30 (PMMA) d=2,4 ~0,99 0,96 £ 001 0,95 6) —
Deep cylinder ~4,0 r=35 0,944 1,01
385 (PMMA) d=10 — Q,93+0,01 0,95 ©) —
(Survey rheter)
Very shallow 4,0 r=1,75 0,98+0,014 1,01
cylinder 1,9 |(polystyrene) d=0,2 ~0,99 0,97 £ 0,02 0,97 4. 7) 1,007
NOTE — | Calculated for use in this part of ISO 4037 by D.W.O. Ragers of National Research Council of Canada, employing l}is previously
published mmethods [12, 13]. Private communication (1987).
1) Unlesg specified otherwise, calculated for a source-to-chamber distance of 100 cm.

4) Irradiated end-on.
5) Indepgndent of distance.

6) Irradiated from the side.

2) Meanipg of symbols: r = radius; d = depth.

7) Irradiated at a source-to-chamber distance of 50 cm.

8) If no upcertainty is listed, ‘a value of < + 0,005 applies.

3) Average of values for 35 chambers of volumes up to 1 cm3 given in Table XVIII of IAEA Technical Report Series n° 277.

15
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Table 3 — Typical average restricted-mass collision-stopping powers of air relative
to those of the wall materials
Photon (L/P)aw D (L/P)a,pmma 2 (L/P)a,polyst 2
energy
Ratio Normalized Ratio Normalized Ratio Normalized
MeV to 1,25 MeV to 1,25 MeV to 1,25 MeV
1,25 0,883 1,000 0,907 1,000 0,901 1,000
4,0 0,903 1,023 0,934 1,030 0,928 1,030
4,4 07906 1026 07937 17033 07931 ,033
5,0 0,909 1,029 0,942 1,039 0,935 1,038
6,0 0,917 1,039 0,947 1,044 0,941 1,044
7,0 0,920 1,042 0,953 1,051 0,947 1,051
8,0 0,924 1,046 0,956 1,054 0,950 1,054
8,5 0,927 1,050 0,958 1,056 0,951 1,055
9,0 0,929 1,052 0,959 1,057 0,953 1,058
NOTE — CuJt-off energy for secondary electrons: 10 keV. The subscript w stands for “water”, PMMA for “polymethyl methacrylate”, and

polyst for “po
1) FromP. A

2) Calculate
[10, 11]. Priv3

ystyrene”.

ndreo and A.E. Nahum, table 1, column 3 [14].

te communication (1987).

 for use in this part of ISO 4037 by J.R. Cunningham, Ontario Cancer Institite, employing his previously published methods

Table 4 — Typical energy‘absorption coefficients for non air-equivalent wall

materials relative to air  [15]
Photon (:uer{p w,a (:uer{p)PMMA,a (:uer{p)polyst,a
energy
; Normalized ; Normalized ; Normalized

MeV Rage t0 1,25 MeV Ratio to0 1,25 MeV Ratio to 125 MeV
1,25 1112 1,000 1,082 1,000 1,078 1,000
4,0 1,107 0,995 1,070 0,989 1,062 0,984
4.4 1,106 0,995 1,067 0,986 1,057 0,980
5,0 T, 107 0,993 T,061 0,981 1,050 ,973
6,0 1,097 0,986 1,048 0,969 1,032 0,957
7,0 1,092 0,982 1,042 0,963 1,024 0,950
8,0 1,089 0,979 1,037 0,959 1,018 0,944
8,5 1,087 0,977 1,034 0,956 1,014 0,940
9,0 1,086 0,976 1,031 0,953 1,010 0,936

NOTE — For subscript explanations see table 3.
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10.5.3 Determination of air kerma (rate) from photon fluence (rate)

Air kerma (rate) in air may be obtained indirectly from the photon fluence (rate) spectrum determined from pulse-
height spectra measured with a calibrated solid-state detector (see 10.5.3.1) or, where applicable, from total photon
fluence (rate), obtained by means of associated particle counting (see 10.5.3.2).

In general, when ¢ is the fluence in the ith energy interval, Ej and (Etr/p),- is the average mass energy-transfer
coefficient in this interval [11], [16], air kerma, Kj, is given by :

Ka = iZEi¢i (:l_ltr /p)l (4)

where the
computed

[15] and
photon int

summation is extended over the entire fluence spectrum. The mass energy-transfer coeffi
as Uy/p = (Lep/p)/(1-g 5) - see ICRU Report 33 - where [ ep/p is the mass energy-absorptig

ient may be

n coefficient
aa is the bremsstrahlung radiation yield averaged over the electron spectrum produced py the initial

eractions. See also table 1 for typical values of (1-§a).

10.5.3.1 Petermination of air kerma from photon fluence measurements

Nal(TI), in
shall be

trinsic Ge, or Ge(Li) detectors may be used. The centre of the front face of the detector e
laced at the point of test. If used, the nitrogen,Dewar vessel should be positioned in or

ncapsulation
der to avoid

superfluo
response
incident p

energy ra

response
threshold

{

functions, giving the number of counts perlunit of photon fluence in successive energy
hotons of different energies in the range of interest. Calculated values should be employed,

functions. Also the 6,13 MeV phetons from the 19F(p,cxy)mo reaction obtained at or slight
proton energy of 340 keV lend themselves well to the measurement of the response func

s production of scattered radiation from the djrect radiation. Calibration of the detector shall b

e in terms of
ntervals, for
inless in the

hge of interest radionuclide and/or accélerator sources are available to measure a sufficiept number of

y above the
ion of these

detectors
are assoc

at energies near 6 MeV, sineej at these proton energies, more than 97 % of the alpha partjcles emitted

ated with these photons (s€e)10.5.3.2).
To obtain with one of
nce with this
ble when the
Ec employed

the fluence spectrum. _required to solve equation (4), the pulse-height spectrum measured
these detgctors may be unfolded, taking into account the detector's response matrix. Practical experig
method fgr obtaining the ait kerma in reference radiation beams is limited, but simplifications are possi
fluence spectrum of these*beams is confined to energies in a relatively narrow band near the energy

for the calibration of-the detector. In this case, equation (4) becomes :

(K,). FNNGE, (1, /p), (5)

where n is the total number of photons incident; Ng, defined as Ngp= ¢c/n, is the fluence calibration factor of the
detector at the energy Ec, where ¢ is the photon fluence; and (1 /p)¢ is the mass energy-transfer coefficient of air,
also at the calibration energy Eg.

Examples of the use of calibrated detectors for the determination of fluence rates in reference beams may be found
in the literature [17], [18] , as are steps for obtaining an absolutely calibrated source of 6,13 MeV photons [19].
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10.5.3.2 Determination of air kerma by means of associated-particle counting [19,20]

This method is applicable only when the reference radiation is produced by the 19F(p,cxy)mo reaction, at a proton
energy not more than a few keV above the reaction threshold of 340 keV. The low proton energy ensures that the
thickness of the target layer penetrated by the incident protons is less than the range of the alpha particles
produced by the protons in the target (see 1SO 4037-1); and that there are no contributions to the detector counts

arising from higher excited states of 16O or from the competing 19F(p,p')wF reaction (see 1SO 4037-1). Note that, in
order to obtain reference radiation intensities sufficient for the calibration of radiation protection instruments at such
a low proton energy, a beam current of up to 1 mA may be required. Beam currents lower by several orders of

magnitude suffice for the calibration of Nal(TI) and intrinsic Ge or Ge(Li) detectors (see 10.5.3.1).

The associal
at the end
pressure.

No further b

The choice
emission is
an angle of !
detected alp

than a few k

In order to k
be as small
shall be rem

thickness sh
collimator ng
particle tube
by ¢ = ng/(Q
alpha particl

Consequent

(Ka)r

where E; = §
[19], correct
residual scal
counting.

fed particle-counting set-up shall consist of a collimated alpha particle detector (e.g. a silicorn
bf a tube mounted opposite the target of the proton accelerator tube and evacuated) to

bam monitors need be used.

of angle between associated particle and accelerator tubes is not critical since the alph
pssentially isotropic [17,21]. The effect of the small anisotropy may be entirely eliminated by
b5° between the associated particle tube and the accelerator tube (125* between proton bearn
ha particle beam axis) [19]. The energy of the protons incident upon-the CaF target shall beg

eV above 340 keV.

bep bremsstrahlung production at a low level, thickness and-atomic number of the target back

detector)
the same

a particle
the use of
h axis and
not more

ng should

hs structurally feasible. Protons from coulomb scattering within the target backing and scatterg¢d protons

oved by absorption in an aluminium foil that is placed in front of the associated particle dg

all be thin, approximately 1 mg cmfz, compared.to the range of the alpha particles to be d
ar the target shall be used to stop any particles<that have been scattered off the walls of the §
The photon fluence rate ,¢, at the point of-test at a reference distance d from the target the

d2), where ng is the associated particle-counting rate and Q is the solid angle of the collim
b detector subtended at the centre ofithie CaF» target.

v, the air kerma rate shall be determined as :

na
Qd?

E (u, /p) (6

,13 MeV. Thel6,13 MeV photons should be counted simultaneously with the associated alph
ons should)be made for the cosmic-ray background of the photon detector, annihilation rad

tector. Its

ptected. A
\Issociated
n is given

htor at the

h particles
jation and

[tered.alpha particles and photons. Figure 2 shows an example of a geometry for associat¢d particle

10.6 Determination of absorbed dose (rate) to tissue under receptor conditions

The reference value of the absorbed dose (rate) shall be stated at the point of test. It may be obtained either from
direct or indirect measurements (see 10.2).

10.6.1 Direct measurement conditions

A reference phantom made of a suitable tissue-equivalent material shall be used.

18
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Sidetector

Al foil

o-particles

Collimators

Incident protons -

Target

- —
N

6,13 MeV photons
Slits

Nal (TL) detector

Figure 2 — Example of setup for calibration of fluence‘detectors by means of associated particle

Target ch
photons
particle

10.6.1.1

The com
are suffic
radiations

10.6.1.2

For the d

counting [19]

practeristics: 100 pg/cm 2 of Ca, evaporated onto a 0,38 mm tantalum foil. Both alpha partic
pre detected in a direction perpendicular-to the target plane. Thickness of aluminium foil at alf
letector: 0,87 mg/cm 2. The Nal({1) detector shown in this diagram is the detector to be cali

Phantom material

osition of ICRU-tiSsue without trace elements is given in ICRU Report 47. Examples of subg
ently close t02ECRU tissue are given in the literature [22,23]. However, for the high-ener
specified in)SO 4037-1, water may also be considered to be tissue equivalent.

Phantem shape and dimensions

les and
ha
brated

titutes which
jy reference

D tissue the

eteérmination of ambient dose equivalent from the measurement of the absorbed dose f

reference phantom shall be a sphere, 30 cm in diameter (ICRU 47). For the determination of personal dose
equivalent a phantom with a cross-section of 30 cmx 30 cm and a depth of 20 cm shall be used for the
measurements.

10.6.1.3

Point of test

For the purpose of determining the reference value of absorbed dose, the geometric centre of the sensitive volume
of the radiation measurement instrument shall be placed at the point of test, located 4,0 g/cm?2 below the phantom
surface, as shown in figure 3, and as discussed in ISO 4037-3. For the personal dose equivalent, the point of test
should correspond to the position at which the reference point of the dosemeter under test will be placed (see
ISO 4037-3).
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Dimensions in centimetres

P e

P e

Reference radiafion

Point of test
| /

30

Reference axis

20

30

Figure 3 i— Radiation geometries for in-phantom measurements, showing cross-sections through two
typels of phantom: a sphere of 30 cm diameter and'a parallelepiped of 30 cm x30cm x 20 cm

10.6.1.4 CHoice of radiation measurement instrament

Depending ypon the level of the absorbéd)doserates of the reference radiations at the point of test, different types of
instrument may have to be employed._The dimensions and composition of the instrument used shall be[such that
the disturbance of the radiation field within the phantom by the instrument does not contribute apprecigbly to the
measurement uncertainty.

10.6.2 Methods of measurement with ionization chambers (for use with absorbed doserates greater than a
few mGy/h) [24] to [26]

These meaqurements' shall be made either (1) directly with an ionization chamber of small volume calibrated in
terms of abgorbedidose (rate) to water in the reference geometry, with photons of an energy spectrum|similar to
that of the re¢ference radiation, or (2) if such a calibration is not available, indirectly with the chamber calibrated in

terms of air kerma (rate) in air in a Co gamma ray beam.

In the first case, the absorbed dose to water, (Dy)y, for the reference energy shall be determined from the chamber
indication, My, as :

(Dw)r = Mr (Nabsd)r (7)

where (Napsd)r is the absorbed dose to water calibration factor obtained with photons at the reference energy.
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When an ionization chamber calibrated in air in terms of air kerma is used, (second case), absorbed dose to water
for the photon energy E; of the reference radiation shall be obtained from the in-phantom scale indication M, of the

instrument as:

(D), = M, N [(L/ p)a], [(1- 90K k],

60
where, as in equation (2) of 5.2, Nk is the air kerma calibration factor obtained with Co gamma rays, the factor

(8)

1- aa) is a correction for the bremsstrahlung production in air, the factor kgt a correction for absorption and
scattering of the primary radiation in the chamber wall (including build-up cap), and the factor ky, a correction for

any possi

Further crrections may have to be included under certain conditions of measurement, e.g. correction

account t
incomplet

interactio with other parts of the chamber (stem, central electrode) that may occur inféertain types

chambers
through 4
correction
protection

10.6.3 D
from a fev

When abg
measurer
stoppered
chloride 9
absorban
controlled

The abso

DW:

where :

G(Fe*
Ae

Q

1 ik £ : £l 1 1 I ! o 1 A
DI UTNITCTETILT TTUTTT all” UT U LHaITIoeT wdall dallu Ldpl. o€t disSU dllllICA A.

b jon-collection efficiency in the case of high flux densities, and polarity effects.and effec

. Examples of numerical values needed for the evaluation of (Dy,), from equatien (8) are give

See annex A for a discussion of the tabulated values and their applicdtion. Here again, th
factors may prove to be negligible in the applications of the reference radiation fields
dosimetry.

rect method of measurement with ferrous sulfate solution (farjuse at absorbed doses to V
tens to a few hundred grays) [27] to[29] (see also ICRU\Reports 34 and 35)

orbed doserates to water are too high to make the use.of small ionization chambers feasi
hents shall be performed with conventional ferrous~Sulfate (Fricke) solution in sealed or ¢
borosilicate glass vials. Since one is not dealing with high-intensity pulsed reference radiz

ce, AA, of the solution shall be measurediwith a spectrophotometer equipped with a
readout compartment, at the ferric ion abserption peak in the vicinity of 304 nm.

bed dose to water, Dy, shall be computed as :

AA
G(Fe"™™) Ae[Hlp [1+0,007(T-298)|

) is the.radiation-chemical yield of the ferrous-ferric reaction;

is-the difference, (Fe+++) - (Fe++), between the molar absorption coefficients (also kr
as the "molar extinction coefficients") of the ferric and ferrous ions;
is the optical pathlength through the dosemeter solution;

s taking into

ne perturbation of the photon spectrum caused by the displacement of the phantom material by air,

ts of photon
of ionization
nin tables 1

P associated
in radiation

vater

ble, radiation
round glass
tion, sodium

hall be added in order to decrease the system's sensitivity to organic impurities. Change in optical

emperature-

(9)

own

IS The density o the dosemeter solution,

is the temperature of the dosemeter solution during the absorption measurements; and the

factor 0,007, in units of reciprocal temperature, is the temperature coefficient of Ac.

For measurements of absorbances at a temperature of 298 K, at the 304 nm absorption peak, at an optical

3
pathlength of 0,01 m, assuming a Fricke solution density of 1024 kg/m and a product of Ae¢-G(Fe

352 x 10-6 m2 /kg Gy, (see ICRU Report 35), equation (9) reduces to :

D, =

+++

):

278 AA (10)

where D, is in grays.
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10.6.4 Direct measurements with thermoluminescence dosemeters (TLDs) calibrated in terms of absorbed
dose to water (for use at absorbed doserates smaller than a few mGy/h)

In the portion of the absorbed-dose range that is too low for employing ionization chambers suited for in-phantom
use, bare TLDs of low mass, having an average atomic number close to that of tissue or water and calibrated in
terms of absorbed dose, should be used. Recent publications give results for the calibration of TLD materials for
monoenergetic photons in the energy range from 4 MeV to 9 MeV [30].

However, in-phantom measurements in bremsstrahlung beams over a range of accelerating potentials from 4 MV to
30 MV show LiF TLD response per unit of absorbed dose to water to be independent of the accelerating potential,
and equal to the response to *Co gamma radiation, within the limits of the experimental accuracy of 5 % or less

[31]. Therefgre, if calibration at the reference energy is not possible the calibration factors obtained far in-phantom
calibrations |n terms of absorbed dose to water with ®Co gamma radiation may be employed.
11 Uncerfainty of measurement
11.1 Genegral
Uncertainties are determined by two methods: random uncertainties are derived”from a statistical gnalysis of
repeated mgasurements of the same quantity and are usually calculated at the_ 95 % confidence level s$ystematic
uncertaintieg are assessed from the best estimates available and are based-0n judgement and experience|.
11.2 Components of uncertainty
The uncertainty is obtained by the combination of the component uficertainties described in 11.2.1 and 11}2.2.
11.2.1 Uncgrtainties in the calibration of a secondary standard
Uncertainties in the calibration of a secondary standard-.may be the following :
a) overall uncertainty in the determination of the-primary quantity ;
b) uncertginty in the transfer of the primary guantity to the secondary standard.
11.2.2 Uncertainties in the measurements.of the reference radiation due to the standard instrument and |ts
use
11.2.2.1 Rgndom uncertainties
The random| uncertainties of.the measurements shall be derived from a statistical analysis of the meagurements
carried out im accordancewith'5.5.
11.2.2.2 Sypstematic Uncertainties
Componentg ofth€ following systematic uncertainties arise either from the correction factors that have be¢n applied
to the indicafiomor from the presence of the effects themselves where correction factors have not been applied :
a) zero shift (see 6.7.1) ;
b) leakage and ambient radiation (see 6.7.2) ;
c) measuring assembly scale and range non-linearity (see 5.7) - any uncertainties in these corrections shall be
taken from the standard calibration certificate, if included ;
d) differences in energy between the radiation used for calibrating the secondary standard instrument itself and
the reference radiation used for calibrating the radiation protection instrument (see 5.6) ;
e) variations in air temperature, pressure and humidity (see 6.7.3) - the uncertainties due to the measurement of

air temperature, pressure and humidity ;
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f)  calibration distance (see 6.5) - this uncertainty arises from any inability to set the defined measurement plane of
the standard chamber at the required point on the reference beam axis and in defining the geometrical centre
of the radiation source ; the uncertainty can also be due to using a standard chamber of large dimensions for
measurements at small source to chamber distances ;

g) chamber orientation in the beam (see 6.4) - this uncertainty arises if the response of the standard chamber is
dependent on its orientation and if the chamber positioned reproducibly in the reference radiation beam ;

h) beam non-uniformity (see 6.7.5) ;

i) stem

scatter (see 6.6) ;

i) shutt

k) long-
time

) resol

11.3 Stg

The state

br transit time (see 5.8) ;

erm stability of the complete instrument (see 5.2) - where a check source is provided, the ind
Df use (after appropriate corrections) shall be stated and compared with the certificated value

ition of scale indication.

tement of uncertainty  (VIM, [31] to [35])

ment of uncertainty for the dosimetry of the reference radiation~should include the componen

in 11.3.1 §o 11.3.3.

1131 R

a) Expe

hndom uncertainty

rimental standard deviation ;

b) confiflence limits at a 95 % confidence level ;

Cc) numy
11.3.2 S
a) Listo

b) meth
c) total
11.33 O

If the oveg
combinati

er of degrees of freedom.

stematic uncertainty

f the main component uncertainties, their magnitudes and method of evaluation ;
bd of combination used (i‘e/quadratic or arithmetic addition) ;

bystematic uncertaintyx

Verall uncertainty.

rall uncertainty is expressed as a combination of random and systematic uncertainties, th
bn shall\be stated.

cation at the

ts described

e method of
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