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

1:2022(E)

ISO 6980 series covers the production, calibration, and use of beta-particle reference radiation fields for
the calibration of dosemeters and dose-rate meters for protection purposes. This document describes
the methods of production and characterization of the reference radiation. ISO 6980-2 describes

procedures for the determination of absorbed dose rate to a reference depth of tissue from b

eta particle

reference radiation fields. ISO 6980-3 describes procedures for the calibration of dosemeters and dose-
rate meters and the determination of their response as a function of beta-particle energy and angle of

beta-particle incidence.

lly a three-step process. First, the basic field quantity, absorbed dose

)’

met¢rs is essentia

meafpured at the point of test, using methods described in ISO 6980-2. Then, the appropriate
quantity is derived by the application of a conversion coefficient that relates the quantit
(refdrence absorbed dose) to the selected operational quantity for the selected irradiatio
Finallly, the reference point of the device under test is placed at the point-of test for the
and |determination of the response of the dosemeter. Depending on the(type of dosemeter
the [rradiation is either carried out on a phantom or free-in-air forpersonal and area
respectively. For individual and area monitoring, this documentidescribes the metho
convlersion coefficients to be used for the determination of the £fesponse of dosemeters an
metérs in terms of the ICRU operational quantities, i.e., diréctional dose equivalent, H'(
H'(3}£2), as well as personal dose equivalent, H,(0,07) and H,(8).

nd dose-rate

to tissue at
peometry is
operational
y measured
h geometry.
calibration
under test,
losemeters,
ds and the
d dose-rate
0,07;02) and
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Nuclear energy — Reference beta-particle radiation —

Part 1:
Methods of production

1

This
sour
fort
of th
beta
charn
exar

cope

document specifies the requirements for reference beta radiation fields produced by
ces to be used for the calibration of personal and area dosemeters and dose-rate meter
ne determination of the quantities H,(0,07), H'(0,07;42), H,(3) and H'(3;£2), and for the de
eir response as a function of beta particle energy and angle of incidenéé; The basic
dosimetry is the absorbed-dose rate in a tissue-equivalent slab phantam:This docume
acteristics of radionuclides that have been used to produce reference beta radiation

hples of suitable source constructions and describes methods for.the measurement of

imum beta particle energy and the dose equivalent rate at a depth of 0,07 mm in the Iy

between 0,22 and 3,6 MeV maximum beta energy corresponding to 0,06 MeV to 1,1 MeV
energy and the dose equivalent rates are in the range fromabout 10 uSv-h-! to at least 1
addition, for some sources, variations of the dose equivalentrate as a function of the angle
are given. However, as noted in ICRU Report 56[3], the-ambient dose equivalent, H*(10), u;
monjitoring, and the personal dose equivalent, H,(10), as used for individual monitoring,
pengtrating radiation, are not appropriate quantitiés for any beta radiation, even that whicH
10 mm of tissue (E, ., > 2 MeV).

max

radioactive
5 to be used
ermination
quantity in
nt gives the
fields, gives
the residual
ternational

ission on Radiation Units and Measurements (ICRU) sphere. The energy range involved lies

mean beta
0 Sv-h™L In
bf incidence
ed for area
of strongly
penetrates

This| document is applicable to two series:gf-beta reference radiation fields, from which tle radiation

necgssary for determining the characteristics (calibration and energy and angular def
respjonse) of an instrument can be selected.

Seri¢s 1 reference radiation fields ‘are produced by radioactive sources used with bear
filters designed to give uniform~dose equivalent rates over a large area at a specified di
progosed sources of 106Ru/106Rh, 90Sr/90Y, 85Kr, 204T] and 147Pm produce maximum dosq
rate$ of approximately 2Q0ymSv-h-1,

Seri¢s 2 reference radiation fields are produced without the use of beam-flattening filters, w
larg¢ area planar.sources and a range of source-to-calibration plane distances to be used.
sourfces, only relatively small areas of uniform dose rate are produced, but this series has th
of etending€he energy and dose rate ranges beyond those of series 1. The series also inclu
fieldis using;polymethylmethacrylate (PMMA) absorbers to reduce the maximum beta part
The |radionuclides used are those of series 1; these sources produce dose equivalent
to 1¢ Swh-1.

endence of

n-flattening
stance. The
equivalent

thich allows
Close to the
b advantage
le radiation
icle energy.
rates of up

2 Normative references

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

applies.

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

[SO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated

terms (VIM)

© IS0 2022 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 29661, ISO/IEC Guide 99 and
the following apply.

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

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

— IEC Electropedia: available at https://www.electropedia.org/

31

tissue equivalence
property ofla material that approximates the radiation attenuation and scattering properties of |CRU
tissue

Note 1 to enfry: See Annex A; more tissue substitutes are given by ICRU report 44[41,
Note 2 to enflry: Further details are given in ISO 6980-2:2022, 6.2.

3.2
maximum peta energy
Emax . . . : . .
highest valiie of the energy of beta particles emitted by a particular radionuclide that can emit one or

several continuous spectra of beta particles with different maximurenergies

3.3
mean betajenergy
Emean . . . . .

fluence average energy of the beta particle spectrum at the calibration distance at 0,07 mm tissue depth

in an ICRU 4-element tissue phantom

34
residual mpximum beta energy
E?es . . : . .

highest valyie of the energy of a beta-particle spectrum at the calibration distance after having been
modified by scattering and absorption

3.5
residual mpximum beta particle range
Rres . . . : ;

range in anfabsorbing matebial of a beta-particle spectrum of residual maximum energy, E,..

4 Requirementsfor reference beta-particle radiation fields at the calibration
distance

4.1 Standard test conditions

All calibrations and measurements shall be conducted under standard test conditions in accordance
with Tables B.1 and B.2. The range of values of influence quantities within the standard test conditions
are given in Tables B.1 and B.2 for radiation-related and other parameters, respectively.

4.2 Energy of the reference radiation fields

The energy of the reference radiation field is defined to be equal to E ¢ (see 3.4 and 6.1.2).

2 © IS0 2022 - All rights reserved
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4.3 Shape of the beta-particle spectrum

The beta-particle spectrum of the reference radiation should ideally result from one beta decay branch
from one radionuclide. In practice, the emission of more than one branch is acceptable provided that all
the main branches have similar energies, E, .., within +20 %. In other cases, the lower energy branches
shall be attenuated by the source encapsulation or by additional filtration to reduce their beta emission

rates to less than 10 % of the emission rate from the main branch.

4.4

Sinc
abso
(ser

field
mor

4.5

The

by g
dose

H'(0

Reg:

Uniformity of the dose rate

: avallable sources for series 1 reference radlatlon fields (see 6.2.2) cannot at present P
rbed dose rates with satisfactory uniformity for large radiation field diameters;-alfu
es 2) of reference beta-particle radiation fields is proposed (see 6.2.3). A betd-partic

is considered to be uniform over a certain radiation field diameter if the dose rate does

Photon contamination

photon dose rate contributing to the total dose rate due to contamination of the referen
pmma, X-ray and bremsstrahlung radiation, Hp oo, Should be-less than 2 % of the b
rate, Hy oo, 1-€. Hopotvon/Hpeta < 0,02. This shall be valid for thé considered quantity, i.e.
07;02), H,(3) or H'(3;00)

rding the determination of the photon contribution and the indication of the instrumen

see 6.1.4.

4.6

The
radi
year

5

Tabl|
part
emit
E

maXx

Variation of the beta-particle emission with time

beta-particle emission rate decreases:with time due to the radioactive decay of the bg
bnuclide. The half-life of a radionuclide should be as long as possible, preferably long
The half-lives of the recommendéed sources are given in Table 1.

Radionuclides suitablefor reference beta-particle radiation fields

b 1 gives the characteristics of beta-particle-emitting radionuclides of a suitable energy 1
icle-emitting radienuclides should be selected from those listed in this table. These r3

, characteristic of the particular nuclide.

Aradlionuclideniormally requires encapsulation to be a source which may be handled. Such en

matg

brial produces bremsstrahlung and characteristic X-rays.

e than +5 % for E,., 2 300 keV and by not more than £10 % for E, ., < 300 keV.(see 6.2.2].

he detector.
roduce high
rther series
le radiation
not vary by

ce radiation
eta particle
or Hp(0,07),

t under test

ta emitting
er than one

ange. Beta-
dionuclides

a continuous spéetrum of beta particles with energies ranging from zero up to a maximum value,

capsulating

Table 1 — Beta particle radionuclide data

Radionuclide Half life2 Maximum energy emitted2P Photon radiationa¢
days E .« (approximate values) (approximate values)
MeV
147Ppm 958,18 (0,15) 0,224 y: 0,121 MeV (0,002 7 %)
Sm X-rays: 5,0to 7,5 keV
39,5 t0 46,8 keV

a
unce
b

C

d

The values in this column are taken from the Nuclear Data Sheets (NDS); the values in brackets are the standard

rtainties(3I[6l[ZI[8][9],

The values given in this column are for information purposes only.
The values in brackets are emission probabilities per decay.

"Negligible" indicates levels of emissions that do not affect the detection of beta radiation.
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uncertaintieg

Table 1 (continued)
Radionuclide Half life2 Maximum energy emitted2b Photon radiationac
days E .« (@approximate values) (approximate values)
MeV
85Kr 3922 (5) 0,687 v: 0,514 MeV (0,44 %)
Rb X-rays: 13,3 to 15,2 keV
2047] 1382 (4) 0,764 Y: none
Hg X-rays: 8,7 to 14,8 keV
68,9 to 83,0 keV
Ph X-rays: 72 810 879 keV
90Gr/90y 10 559 (11) 2,279 Negligibled
106Ry/106R 371,8 (1,8) 3,546 106Rhy: 0,512 MeV (21 %)
0,616 MeV (0,7:%)
0,622 MeV (10%)
0,87 MeV.(0;4" %)
1,05 MeV 01,5 %)
1,13-MeV (0,4 %)
1/56"MeV (0,16 %)
Pd X-rays: 2,5 to 24,3 keV
a2 The valups in this column are taken from the Nuclear Data Sheets (NDS); the walues in brackets are the standard

[5]l6][Z][8]19],

b The valugs given in this column are for information purposes only.

¢ The valug¢s in brackets are emission probabilities per decay.

d  "NegligiHle" indicates levels of emissions that do not affect the detecti@n of beta radiation.

6 Source characteristics and their measurement

6.1 Fundamental characteristics of referénce sources

6.1.1 Construction of reference sources

The constrjiction of the reference Sources should have the following characteristics to meef the

requirements of Clause 4.

a) The ch¢mical form of the radionuclide should be stable with time over the range of temperatures
and humidities at whiclk-tis used and stored.

b) The cohstruction@nd encapsulation constituting the source containment should be suffici¢ntly
robust |and stable‘to withstand normal use without damage to the source and leakage of the
radioadtivity but shall allow E,..; to exceed the minimum values recommended in Table 2.

c) Thety

radiati i

ica] 'set of radionuclides shown in Table 2 can be complemented by two energy-redjced
Mmmm@m—mﬁm ' ' hick

polymethylmethacrylate (PMMA) absorbers in front of the source. The absorber shall be positioned
with its end face 4 cm from the source, i.e. with its front face 3,7 cm and 3,6 cm for the 3 mm and
4 mm plate, respectively, and its diameter shall be at least 20 cm[10][11],

6.1.2 Measurement and/or simulation of characteristics of the reference radiation fields

The values of the residual maximum beta energy, E

res’

le 2.

shall equal or exceed the values given in Tab

© IS0 2022 - All rights reserved
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Table 2 — Minimum value of the residual maximum beta energy,

The

The

whe

E\es mins at the calibration distance
. . Eres min
Radionuclide ’

MeV
147pm 0,13
85Kr 0,53
2047] 0,53
9OSr/90Y 1,80
L06RwAGRY 2,50

N
res
e

n
~res

Rr

es

purpose in setting a lower limit to E, is to prevent the use of sources that have excessi
or wlindow absorption.

residual maximum beta energy, E,..,

:\/[(0,009 1-Res +1)° ~1]/22,4

shall be calculated from Formula (1)*2l:

isexpressed in MeV and R,
per square centimetre (mg-cm-2).

shall be measured by a suitable detector (extrapglation chamber, thin-window ionizati
Geiger Miiller counter, beta-sensitive phosphor, etc.) that shall be positioned at the
distance with its entrance window facing-the source. For the measurements, various
of absorber shall be placed immediatelyin front of the detector. The absorber shall |
tissue-equivalent substance, e.g. PMMA, polystyrene, polyethylene, polyethylene te]
(PET) or an equivalent material, A list of tissue-equivalent substances is given in Al
thickness of the detector windew used for these measurements shall be taken int
the measurement of R_. If the source uses a beam-flattening filter, i.e. a series 1 r

ve self and/

(D

is the residual maximumbgetad particle range, expressed i milligrams

on chamber,

calibration

thicknesses
be made of a
rephthalate
nnex A. The
b account in
pference ra-

diation is produced (see6.2.2), then this filter shall be in position for the measurement of R,....

The signal from the detector shall be determined as a function of absorber (mas
and a plot shall be made of the logarithm of signal versus absorber (mass) thicknes;
in tissue equivalent milligrams per square centimetre (mg-cm-2) or micrometre (
sue equivalenttitickness can be derived with Formula (7) in ISO 6980-2. R, is de
intersectiorCofthe extrapolated linear portion of the measured signal versus (mas
and the Jower level signal due to the residual photon background. This is illustrated
for the-example of 147Pm.

© IS0 2022 - All rights reserved
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D(d,,)/D(70 pm)

0 50 100 150 200 250 pm 350 d\cry
Key
dicry: tissue equivalent depth in an ICRU*4-element tissue phantom
D(dcry)/D(70 pm): dose rate at d|cgy divided by-dose rate at 0,07 mm (70 pm)

1 147Pm, 20 fm, with filter:  depth dose curve
2 147pm, 20 tm, with filter:  exponential fit
3 147Ppm, 20 tm, with filter:  photon contribution

Figure 1 — Illustration of the détermination of R, for the example of a 147Pm source with
Ryes = 250 pm = 25 mg/cm?

E... may also be determided using a beta-particle spectrometer employing, for example, Si(Li)
semicondudtor detectors{ (see ICRU 56l3]), or from spectra obtained via Monte Carlo trangport
simulationd. The electron fluence at calibration distance shall be plotted as a function of the eledtron
energy on [linear scales. Then, E . is defined as the intersection of the two following lines] the
extrapolated linear-portion of the electron fluence versus electron energy and the lower level signal

due to the rpsidudl background.

Figures 2, 3% 5 i = = i * the
radiation fields of Table 2. The fluence spectra were calculated using particle transport free in air and
at different depths in an ICRU tissue phantom[101[13][14][15] The calculated values of the spectral fluence
are normalized to a dose of H,(0,07) = 1 mSv at the reference position. The calibration distances and
filtration are given in Table 3. The 99Sr/?0Y and the 106Ru/106Rh spectra are produced predominantly
by 90Y and 106Rh beta particles, respectively, due to the heavy encapsulation of the source (see Annex C,
Table C.1). A survey of a number of calculated beta-particle spectra is given in ICRU 56[3]. The spectra
include the X-ray, gamma ray and bremsstrahlung emission for the radiation fields of Table 2.

Figures 6 and 7 show the simulated dose profiles at a depth of 0,07 mm and 3 mm in an ICRU tissue
phantom, respectively, for several geometries of the reference radiation fields. The two graphs
represent beam profiles for H,(0,07) and H,,(3), respectively[10][13]14][15],

6 © IS0 2022 - All rights reserved
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2,4 x 107

1

cm? MeV mSv

2 x 107

1,8 x 107

1,6 x 107

1,4 x 107

1,2 x 107

1x107

®,,@ H(0,07) = 1 mSv

8 x 10¢

6 x10°

4 x 106

2 x10°

MeV 3,5 E

el

electron energy
Ppe|@ H,(0,07) = 1 mSy:spectral electron fluence for a dose rate of H,(0,07) = 1 mSv at the referencg distance
1 147Pm, 20 cm, with beam-flattening filter

2 85Kr, 30 cm,‘with beam-flattening filter

3 90Sr /90,20 cm, with 4 mm PMMA absorber
4 90S1/90Y, 20 cm, with 3 mm PMMA absorber
5 20Sx/90Y, 30 cm, with beam-flattening filter
6

106n.. /1060120 silal £l ok H £ile
nty NI, OU CIHT, WITIT DCaIT TIaCCCIITg TITteT

NOTE The uncertainty bars represent the statistical fluctuations of the simulations.

Figure 2 — Examples of beta-particle fluence spectra for the reference radiation fields free in
air without backscatter radiation[101[13][14][15]
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1x108
1
cm? MeV mSv
1 x 107
A
\ml
| r\’(.]/
(N ’
g. 1x10°¢ ] Q)Q
= G
i ~
S o)
L5 &%
,,,,, << A
1x10° | b4 T Sl Ke)
T i P
S
PR\ M
,,,,,,,,,,,,,,, - b\
,,,,,,,, INZRs
R
I s :
1x10* o) .
0 0,5 1 \ﬁs, 2 2,5 MeV 3,5 E,
Key C)\\C)
E,p: photon ¢nergy .
Ppph @ H,(P,07) =1 mSv:spectral photo@&nce for a dose rate of H,(0,07) = 1 mSv at the reference distancg
1  147Pm, 20 cm, with beam-ﬂattenin@ ter
2 85K, 30 em, with beam-flattenifigfilter
3 90Sr/90y 20 cm, with 4 mvﬁ%/m absorber
4 90Sr/90y 20 cm, with MMA absorber
5  90Sr/90y 30 cm, wit am-flattening filter
6  106Ru/1¢6Rh, 3 with beam-flattening filter
Figure 3 --(Examples of photon-particle fluence spectra for the reference radiation fields free

In air without backscatter radiationitoit3itH{t5}
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5,5 x 10°
1
_— 1
cm? MeV mSv
4,5 x 10° ]
2
A x 106 -
z
£ 3
‘: 3,5 x 10°
N 4
<
2 3 x10°
m&l
® T+
2 2,5%x10° T
3] q 5
2 x 106 i+ ! T
1,5 x 10°¢ — 6
1x 106 3 i
5x 10° l £ 3
0 % : : : e
0 0,5 1 1,5 2 2,5 MeV 3,5 E
el
Key
E,: plectron energy
Ppe|@ H,(0,07) = 1 mSysspectral electron fluence for a dose rate of H,(0,07) = 1 mSv at the referencg distance
1 [47Pm, 20 cm, with beam-flattening filter
2 P5Kr, 30 cm, with beam-flattening filter
3 POSr/90Y;20/cm, with 4 mm PMMA absorber
4 POS/99%;20 cm, with 3 mm PMMA absorber
5  P9Sry20Y, 30 cm, with beam-flattening filter
6

106Ru /106Rh, 30 ¢cm, with beam-flattening filter

NOTE The uncertainty bars represent the statistical fluctuations of the simulations.

Figure 4 — Examples of beta-particle fluence spectra for the reference beta radiation fields at

0,07 mm depth in an ICRU 4 element tissue phantom including backscatter radiation[101[13][14]
[15]
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Key
E,: electron/energy
P @ H,(0,07) = 1 mSy: spectral electron fluence for a dose rate of H,(0,07) = 1 mSv at the reference distanjce
3 90Sr/90y 20 cm, with'4 mm PMMA absorber
4 90Sr/90y 20 cm,-with 3 mm PMMA absorber
5  90Sr/90y 30 cm, with beam-flattening filter
6  106Ry/106RiT 36T, withr beam-fattermng fiter

NOTE

The uncertainty bars represent the statistical fluctuations of the simulations.

Figure 5 — Examples of beta-particle fluence spectra for the reference beta radiation fields at
3 mm depth in an ICRU 4 element tissue phantom including backscatter radiation[101[13][14][15]

10
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Key
r: radial position in phantom
H,(0)07),:  Hp(0,07; r)/H,(0,07; 0..1,5 cm): dose rate at a radial position r divided by the dose rate
centre of the phantom - both at 0,07-mm tissue equivalent depth
la: 147Pm at 20 cm distance with a hearn-flattening filter
1b: 147Pm at 11 cm distance withiout a beam-flattening filter
2a: 85Kr at 30 cm distance with @ beam-flattening filter
2b: 85Kr at 50 cm distancéwith a beam-flattening filter
3: 90Sr/90Y at 20 cm(distance with a 4 mm PMMA absorber
4: 90Sr/90Y at 20 cm distance with a 3 mm PMMA absorber
5a: 90Sr/90Y at'11-cm distance without a beam-flattening filter
5b: 90Sr /90 3t20 cm distance without a beam-flattening filter
5¢: 90Sk/20Y at 30 cm distance without a beam-flattening filter
5d: 20Sr/90Y at 50 cm distance without a beam-flattening filter
Se: 90Sr/90Y at 50 cm distance with a beam-flattening filter
5f: 90Sr/90Y at 30 cm distance with a beam-flattening filter
6a: +UoRu/*P°Rh at 11 cm distance without a beam-flattening filter
6b: 106Ry/106Rh at 20 cm distance without a beam-flattening filter
6¢: 106Ry/106Rh at 50 cm distance with a beam-flattening filter
6d: 106Ru/106Rh at 30 cm distance with a beam-flattening filter
NOTE The ordinate is broken at a value of 0,9 with different scales before and after the break. The data are

normalized to a 0,07 mm depth and a radius of 1,5 cm.

Figure 6 — Examples of simulated dose profiles at a depth of 0,07 mm in an ICRU 4 element
tissue slab phantom for several geometries of the reference beta radiation fields (beam profile

for Hp(0,07)[m] [13][14][15])
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Key
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Se:
5f:

6a:
6b:
6c:
6d:

NOTE

-15 -10 -5 0 5 cm 15

radial position in phantom

H,(3;r)/H,(3;0..1,5 cm): dose rate at a ¥adial position r divided by the dose rate at the radial cen
the phantom - both at 3 mm tissue equivalent depth

90Sr/90Y at 20 cm distance with a 4'mm PMMA absorber
90Sr/90Y at 20 cm distance with'a 3 mm PMMA absorber
90Sr/90Y at 11 cm distance-without a beam-flattening filter
90Sr/90Y at 20 cm distanee without a beam-flattening filter
90Sr/90Y at 30 cm distance without a beam-flattening filter
90Sr/90Y at 50 ¢m\distance without a beam-flattening filter
90Sr/90Y at 50m distance with a beam-flattening filter
90Sr/90Y at\30 cm distance with a beam-flattening filter
106Ry/¥06Rh at 11 cm distance without a beam-flattening filter
106Rwu /106Rh at 20 cm distance without a beam-flattening filter

(re of
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106Ru/106Rh at 30 cm distance with a beam-flattening filter

normalized to a 3 mm depth and a radius of 1,5 cm.

The ordinate is broken at a value of 0,9 with different scales before and after the break. The data are

Figure 7 — Examples of simulated dose profiles at a depth of 3 mm in an ICRU tissue phantom
for several geometries of the reference beta radiation fields (beam profile for H,(3)[101113]1114]
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6.1.3 Beta particle contamination

The radioactive sources should be of adequate radiochemical purity. It is difficult to check for the
presence of beta-particle emitting impurities, but their presence can be inferred from the detection
of their associated photon radiation, if any, using a high-resolution spectrometer, for example, a Ge(Li)
detector and spectrometer system. The spectral purity of the beta radiation can be considered adequate
for use as a reference radiation if

a) the plots used to measure R, and/or E_ (see Figure 1 and corresponding explanation in 6.1.2)
have a/have linear section(s);

b) FrshasavaluebetweenthatlistedinTabteZ-andthe-correspond g vattuetistedin Table 1 for
the approprlate radlonuchde

R..pnd E . need to be remeasured when the experimental environment is significantly chhnged.

NOTE If E ., exceeds E,,, the source contains a radioactive contaminant that-émits higher|energy beta
particles than the reference radionuclide(s) and it, therefore, does not meet the requirements of thisdocument.

6.1.4 Photon contamination

The photon contamination of the beta-reference radiation arises from photon radiation from the decay
of the radionuclide, as given in Table 1, and bremsstrahlung and«haracteristic X-rays fronj the source
encdpsulation, which is typically silver or stainless steel. The-significance of the photon contamination
depgnds on the detector’s photon sensitivity and hence the type of detector placed in tHe reference
radigtion. The photon contribution to the detector signal.shall, therefore, be measured for each type
of detector and radioactive source, prior to the starttof the calibration procedure by comparing the
detefctor signal with and without an absorber made 6f one of the materials listed in Table AJl. To obtain
a mdterial thickness that is just sufficiently thick to'totally absorb the beta radiation, Table A.2 provides
the ¢ontinuous slowing down approximation (€SDA) ranges for the materials listed in Tabl¢ A.1. These
CSDA ranges can be assumed to be of a sufficient material thickness, see Annex A.

6.2 | Characteristics of the two series of reference beta-particle radiation fieldg

6.2.1 General

Detdils of the construction of suitable sources for producing both series of reference radiati¢n fields are
given, as examples, in Annex C.

6.2.2 Series 1 réference beta-particle radiation fields

Whdn uniform, dose rates over a large area are required, the sources listed in Table 3 shopld be used
withl suitable’beam-flattening filters to produce a uniform dose rate over a minimum arg¢a of 15 cm
in dfameter-at the calibration distance. The filters shall be positioned on the principal axis normal to
the lane of the source. If the dose rate at the cahbratlon dlstance shall be varied, sources of different
actiw } ; ation of dose
rate over the area at the cahbratlon dlstance shall be less than +5 % for 106Ru/106Rh 90Sr/90Y 85Kr and
204T], and +10 % for 147Pm. This may be verified by using a detector with an area of about 1 cm? and
a response independent of the incident beta particle energy. An example of such a chamber is a thin
window parallel plate ionization chamber.

The uniformity of the dose (rate) over the calibration area is optimal only at a specified distance for a

given filter construction[3]l13], Figures 6 and 7 show beam profiles for both series 1 as well as series 2
sources/101[13][14][15]

Table 3 gives details of calibration distances and examples of filter constructions for the series 1

reference radiation fields[10/[13][14][15]16] Table 4 gives the approximate dose equivalent rate per unit
activity[10113][14][15],
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A maximum source diameter of 16 mm is recommended.

Table 3 — Calibration distances and filters for series 1 reference beta-particle radiation
fields[10][13][14][15][16]

. . Calibration dis- Source-to-filter Filter material and dimensions
Radionuclide .
tance distance
cm cm
147ppm 20 10 1disc ofPFZT, ofradius 5 cm and mass per unitarea
14 mg-cm~2, with hole of radius 0,975 cm at centre.
Z concentric discs, I disc of PET, of 4 cm radiug and
85Kr and 2041 30 0r50 10 mass per unitarea 7 mg-cm-2, plus 1 disc of RHT, of
2,75 cmradius and mass per unit area 25 ng-qm-2.
3 concentric discs of PET, each withumass per|unit
90Gy-/90 ’
St/ 30 0r50 10 area of 25 mg-cm~2 and of radii 2 ¢my3 cm and § cm.
3 concentric discs of PET, eachywith mass per|unit
106R; /106 ’
Ru/*°Rh 30 0r50 10 area of 25 mg-cm~2 and of radidZ cm, 3 cm and § cm.
PET: polyethylene terephthalate
Table 4 - Approximate directional dose equivalent rate at the calibration distance per unit
activity for series 1 beta-particle reference radiatiom fields[101[131{14][15]
Approximate personal dose equivalent
Radionuclide rate, H;(0,07), per unit activity
uSv-h-1 MBq1
147Pm at 20 cm with flattening filter 2 2,9
85Kr at 30 cm with flattening filter 2 46
P0Sr/90Y at 30 cm with flattening filter 2 85
10pRu/106Rh at 30 cm with flattening filter2 131
a  |Beam flattening filters are described ifi Table 3.
6.2.3 Serjies 2 reference beta-particle radiation fields
When high flose rates are required, geéometries other than those specified in Table 3 may be used. These
can include|high activity pointsetirces or large area planar sources. It is not necessary to use b¢gam-
flattening filters with thesesautces. They may be used at calibration distances approaching the sugface
of the sourde up to the distayices shown in Table 5.
At these layger distanges, it is particularly important, because of air attenuation, to verify that| E.
equals or ejceeds.thevalues given in Table 2.
By using shprter calibration distances than those specified for series 1, higher dose rates are obtajned,
but the radilatian field is substantially less uniform, see Fioures 6 and 7

The non-uniformity should be measured at the distance used for calibration and if the values exceed
those stated in 4.4, corrections should be applied during the calibration of instruments. The distances
given in Table 5 are intended to be the normal useful calibration distances and resulting dose rates[10],

Well established examples of distances and absorbers as well as mean beta energies are listed in Table 6

and Table 7,

14

respectively.
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Table 5 — Examples of activities and dose rates, H,(0,07) in mSv/h at nominal source activity,
for series 1 and series 2 reference beta- partlcle radiation fields[101(13][14][15]

. . Calibration distance
nlt)arlrcnlilr(::lu :;f:cgs:ggf,?t; 11cm, | 20 cm, 20 cm, 30cm, | 30cm, | 50cm, | 50 cm,
y without | without | with filter or | without | with | without| with
GBq filter filter absorber filter filter filter filter
147pm; 3,7 931 10,7
85Kr; 3,7 172 50,9
3 mm PMMA:
90 /90Y. 31,7
Sr/99Y; 0,46 444 137 4 mm PMMA: 60,8 38,9 2155 14,1
13,3
106Ru/106Rh; 0,02 27,7 8,68 2,62 0,934

Taljle 6 — Examples of calibration distances and absorbers for series 2reference beta-particle
radiation fields[101[13][14][15]

. . Calibration dis- |Source-to-absorb- Filter.material and dimensjons
Rpdionuclide .
tance er distance
cm cm
147Pm 11 --- Noxe
90590y 20 4 3.mm absorber made of PMMA or
4"mm absorber made of PMMA
11 or 20 or None
90¢ 90
Sty 30 or 50
106Rjy/106Rh 11 or 20 = None

Taple 7 — Examples of mean beta energies 3, E, ..., in MeV, for series 1 and series 2 reference
beta-patrti¢le radiation fields[101[13][14][15]

11.cm, | 20 cm, 20 cm, 30cm, | 30cm, | 50cm| | 50 cm,
Radionuclide (source) without | without | with filter or | without | with | withoyt| with
filter filter absorber filter filter filter filter
147pm 0,084 0,071
85Kr 0,254 0,250
3 mm PMMA:
0,62
90 90 ’
Sr/%Y 0,85 0,85 4 mm PMMA: 0,84 0,81 0,83 0,80
0,54
106Ru/106Rh 1,16 1,16 1,16 1,14
a2 Tlie-mean beta energies are weighted over the fluence of the beta particle spectrum free in air at the calibration
diSt” REe; inrlinqo-nd ia-the-firstHpe-

7 Source calibration

The quantities recommended for the calibration of protection instruments are specified in ISO 29661.
ISO 6980-3 specifies the phantoms and conditions to be used in calibrations. For the series 1 reference
beta-radiation fields that that are obtained with the use of beam-flattening filters, the uniformity of the
dose rate over the calibration area is optimal only at a specified distance for a given filter construction.
The calibration shall be carried out only at this distancel3][13],

The series 2 reference beta radiation fields may be calibrated over a range of distances, bearing in
mind that the area of uniform dose rate is likely to be relatively small unless the calibration distance or
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the source area is large. The uniformity of the dose rate over the detector area should be checked and
corrections applied if necessary.

The dose rates from the reference sources shall be measured by one of the following methods
(see ICRU 56[3]):

a) direct measurement by a national standards laboratory;

b) comparison with similar sources calibrated at a national standards laboratory, or some other
accessible primary or secondary calibration laboratory, using a suitable transfer instrument.
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