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Foreword

ISO (the Inte

rnational 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-governmentak—ir—Haisor—with—SO—also—take—part—in—the—werk—SO—collaborates—elosely—with the

Internationa

Internationa

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tgdsk of technical committees is to prepare International Standards. Draft International Standards

adopted by
Internationa

the technical committees are circulated to the member bodies for voting-)Publication as an
Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is grawn to the possibility that some of the elements of this document¢may be the subject of patent

rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 6980-1

Radiation prptection.

was prepared by Technical Committee ISO/TC 85, Nuclear energy, Subcommittee $C 2,

This first edition of ISO 6980-1, together with the first edition of 1ISO,6980-2 and the first edition of ISO 6980-3

cancels and

1ISO 6980 cq
radiations:

— Part 1: Methods of production

— Part 2: Calibration fundamentals related to basic quantities characterizing the radiation field

replaces 1SO 6980:1996, which has been technically.revised

nsists of the following parts, under the general title Nuclear energy — Reference beta-pdrticle

— Part 3: Calibration of area and persenal dosemeters and the determination of their response as a furiction

of beta fadiation energy and angle-of incidence

© I1SO 2006 — All rights reserved
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Nu

clear energy — Reference beta-particle radiation —

Part 1:
Methods of production

1

This
sour
the ¢

Scope

part of ISO 6980 specifies the requirements for reference beta radiation fields produced by
ces to be used for the calibration of personal and area dosemeters and dose-fate meters tg
etermination of the quantities Hp(0,07) and H'(0,07), and for the determination of their re

funclion of beta particle energy and angle of incidence. It gives the characteristics of radionuclid

beern
desg
equi
(ICR
are i
dose

This
neceg
anin

Seri
desi
sour:

appr

!

used to produce reference beta radiation fields, gives examples of @uitable source const
ribes methods for the measurement of the residual maximum beta particle energy ar
alent rate at a depth of 0,07 mm in the International Commission(on radiation units and m¢
U) sphere. The energy range involved lies between 66 keV!) and 3,6 MeV and the dose equ
h the range from about 10 uSv h~1 to at least 10 Sv h~'. In‘addition, for some sources vari
equivalent rate as a function of the angle of incidence aregiven.

ssary for determining the characteristics (calibration@nd energy and angular dependence of
strument can be selected.

s 1 reference radiation fields are produced\by radionuclide sources used with beam flaf
ned to give uniform dose equivalent rat€s over a large area at a specified distance. T
ces  of 905y 4+ 90y, 85Ky, 204T] agnd” '47Pm produce maximum dose equivalen

pximately 200 mSv h=1.

Serigs 2 reference radiation fields are produced without the use of beam-flattening filters, which

area
only
the 6
the &
to 1@

2

The
refern

planar sources and a range«of*source-to-calibration plane distances to be used. Close to
relatively small areas of uniform dose rate are produced, but this series has the advantage
nergy and dose rate ranges beyond those of Series 1. The radionuclides used are those of
dditioq of the radionuclides 14C and '®Ru + 196Rh; these sources produce dose equivalen
Sv h='.

Normative-references

ences, only the edition cited applies. For undated references, the latest edition of the

docu

following referenced documents are indispensable for the application of this document.

radionuclide
be used for
sponse as a
es that have
ructions and
d the dose
pasurements
ivalent rates
ations of the

part of ISO 6980 proposes two series of beta reference radiation fields, from which the radiation

response) of

tening filters
he proposed
t rates of

allows large
the sources,
of extending
series 1 with
[ rates of up

For dated
referenced

ment (including any amendments) applies.

International vocabulary of basic and general terms in metrology, (VIM), BIPM/IEC/IFCC/ISO/IUPAC/IUPAP/
OIML

ICRU 51:1993, Quantities and Units in Radiation Protection Dosimetry

ISO 6980-3, Nuclear energy — Reference beta-particle radiations — Part 3: Calibration of area and personal
dosemeters and determination of their response as a function of beta radiation energy and angle of incidence

1)

interest, 0,07 mml'l.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ICRU Report 51, VIM and 1SO 6980-3
and the following apply.

3.1

absorbed dose

D

quotient of d¢ by dm, where d ¢ is the mean energy imparted by ionizing radiation to matter of mass dm

D=dg/dm (1)

NOTE The unit of the absorbed dose is joule per kilogram (J kg~1) with the special name of gray (Gy).

3.2
absorbed dpse rate

D
quotient of dD by dz, where dD is the increment of absorbed dose in the time interval, d¢

D =dD| d¢ (2)

NOTE The Sl unit of absorbed dose rate is gray per second (Gy s~ ). Units of abSorbed dose rate are any quotient of
the gray or its|decimal multiples or submultiples by an appropriate unit of time (e gy mGy h‘1).

3.3
dose equivalent
H
product of the absorbed dose, D, and the quality factor, Q, at.a\point in an irradiated medium

H =D(g 3)
NOTE 1  Fpr beta, X and gamma radiation, O can be taken as equal to unity for external radiationl"].

NOTE 2  The Sl unit of dose equivalent is joule per kilogram (J kg‘1) with the special name of sievert (Sv).

3.4
dose equivalent rate

H
quotient of di by dz, where diis'the increment of dose equivalent in the time interval, d¢

H =dH|/dr (4)

NOTE The SI unit of dose equivalent rate is the sievert per second (Sv 3‘1). Units of dose equivalent rate arg any
quotient of the sievert or its decimal multiples and a suitable unit of time (e.g. mSv h‘1).

3.5
directional dose equivalent for weakly penetrating radiation

H'(0,07;02)
dose equivalent that, at a point in a radiation field, is produced by the corresponding expanded field in the
ICRU sphere at a depth of 0,07 mm on a radius in a specified direction, 2

NOTE 1  The unit of the directional dose equivalent is joule per kilogram (J kg~1) with the special name sievert (Sv).

NOTE 2 In the expanded field, the fluence and its angular and energy distributions have the same value over the
volume of interest as in the actual field at the point of measurement.

NOTE3  See ICRU 56l2l.

2 © I1SO 2006 — All rights reserved
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3.6

personal dose equivalent for weakly penetrating radiation

Hp(0,07)

dose equivalent in soft tissue below a specified point on the body at a depth of 0,07 mm

NOTE 1 The unit of the personal dose equivalent is joule per kilogram (J kg‘1) with the special name sievert (Sv).

NOTE 2 In a unidirectional field, the direction can be specified in terms of the angle, «, between the direction opposing
the incident field and a specified normal on the phantom surface.

distance, d/,

- (®)

NOTE 1 The Sl unit of mass stopping power is joule per square metre (J m? kg“1). E can be expressed in electronvolts
(eV) and hence S/p can be expressed in eV m?2 kg~1.

NOTE 2  Sis the total linear stopping power.

NOTE 3  For energies at which nuclear interactions can be neglected; the total mass stopping power is

N ’I(dEj ’I[dEJ
2 2y 4f (6)
P p\dl col p\dl rad

wher

D

(dE/d]) o) = Scol is the linear collisiéon stopping power;
(dE/dl);aq = Sraq s the linear radiative stopping power.

3.8
ICRU tissue
matgrial with a density*of'1 g cm=3 and a mass composition of 76,2 % oxygen, 10,1 % hydrogen, 11,1 %
carbpn, and 2,6 % nitrogen

NOTE See+CRU report 39101,

3.9
tissye-equivalence

prop

=] Ol a 1mnd

NOTE See Annex A; more tissue substitutes are given by ICRU report 44 [3].

3.10
maximum beta energy

Emax
highest value of the energy of beta particles emitted by a particular nuclide that can emit one or several
continuous spectra of beta particles with different maximum energies

© I1SO 2006 — All rights reserved 3
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3.11

residual maximum beta energy

E

res

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

3.12

residual maximum beta particle range

R

res

range in an absorbing material of a beta-particle spectrum of residual maximum energy, E

4 Requi
distance

4.1

The energy

4.2 Shap

The beta-pa
one radionu
branches h4
attenuated |
than 10 % o

rements for reference beta-particle radiation fields at the calibration

Energy of the reference radiation fields

bf the reference radiation field is defined to be equal to £, (see 3.11 and6,1.2).

p of the beta-particle spectrum

rticle spectrum of the reference radiation should ideally result from one beta decay branch
clide. In practice, the emission of more than one branch is acceptable provided that all the
ve similar energies, E,,,, Within +20 % In other cases; the lower energy branches sha
y the source encapsulation or by additional filtration to‘reduce their beta emission rates to
the emission rate from the main branch.

4.3 Uniformity of the dose rate

The dose ra
available so
dose rates
reference be
be uniform
E... > 300 K

res =

e at the calibration distance should be as<uniform as possible over the area of the detector. §
irces for series 1 reference radiation fields (see 6.2.2) cannot at present produce high absd
with satisfactory uniformity for large-radiation field diameters, a further series (series

ta-particle radiation fields is proposed (see 6.2.3). A beta-particle radiation field is consider
bver a certain radiation field diameter if the dose rate does not vary by more than £5 9
eV and by not more than + (10, % for E o5 < 300 keV (see 6.2.2).

4.4 Photon contamination

The photon
X-ray and b
detector und

dose rate contriblting to H,(0,07) due to contamination of the reference radiation by gar
remsstrahlungpradiation should be less than 5 % of the beta particle dose rate recorded b
er calibration-

4.5 Varia

The beta-pa

from
main
Il be
less

bince
rbed
P) of
bd to
o for

nma,
y the

[ion of-the beta-particle emission with time

icle emission rate decreases with time due to the radioactive decay of the beta particle so

jrce.

The half-life of a radionuclide should be as long as possible, preferably longer than one year. The half-lives of
the recommended sources are given in Table 1.

5 Radionuclides suitable for reference beta-particle radiation fields

Table 1 gives the characteristics of beta-particle-emitting radionuclides of a suitable energy range. Beta-
particle-emitting radionuclides should be selected from those listed in this table. These radionuclides emit a

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

characteristic of the particular nuclide.

max’

Note that a radionuclide normally requires encapsulation to be a practical source and that the encapsulating
material produces bremsstrahlung and characteristic X-rays.
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Table 1 — Beta particle radionuclide data

Half life? Maximum energy emitted ° Photon radiation
Radionuclide days Emax
MeV
4c 2093 000 0,156 None
147pm 958,2 0,225 v: 0,121 MeV (0,01 %)
Sm X-rays: 5,6t07,2 keV
39,5 to 46,6 keV
85K 3915 0,687 10,514 MeV (0,4 %)
2047, 1381 0,763 Hg X-rays: 9,9 to 13,8 keV/
68,9 to 82,5'keV
90g{+ 90y 10 523 2,274 None
1068y + 106Rh 373,6 3,54 106Rh y:  0,129”'MeV (0,01 %)
0,622 MeV (11 % douplet)
1,05 MeV (1,5 % doublet)
1,13 MeV (0,5 % doublet)
1,55 MeV (0,2 %)

The values in this column taken from ISO 6980-2:2004 Table C.4 [11],

The values given in this column are for information purposes only.

6.1

6.1.1

The
of Cl

Source characteristics and their measurement
Fundamental characteristics of reference sources

Construction of reference_sources

construction of the reference /sources should have the following characteristics to meet the 1
puse 4.

The chemical form\of’'the radionuclide should be stable with time over the range of temp
humidities at which-it is used and stored.

The construetion and encapsulation constituting the source containment should be sufficientl
stable towwithstand normal use without damage to the source and leakage of the radioactiV

allow &g to exceed the minimum values recommended in Table 2.

lequirements

pratures and

y robust and
ity, but shall
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6.1.2 Measurement of characteristics of the reference radiation fields

The values of the residual maximum beta energy, E g,

shall equal or exceed the values given in Table 2.

Table 2 — Minimum value of £, at the calibration distance

Radionuclide ﬁree\s/
14¢ 009
147pm 0,13
85Kr 0,53
2047 0,53
0gr 4 Ny 1,80
106Ry + 106RN 2,80

The purposq

window absgrption.

The residua

E

res — o

where

E . is €

per

res

R,es shall be
sensitive ph
source. For
detector. TH
terephthalats

shall be take

If the sourcs

in setting a lower limit to £ is to prevent the use of sources that have excessive self apd/or

maximum beta energy, E,, shall be calculated from Eguation (7) [

[(0,009 1. Rgg +1)2 -1}/22,4

xpressed in MeV and R, is the residual maximum beta particle range, expressed in millig
square centimetre.

rams

beta-
g the

measured by a suitable detector (thin-window ionization chamber, Geiger Miiller counter,
bsphor, etc.) that shall be pesijtioned at the calibration distance with its entrance window facin
the measurements, various thicknesses of absorber shall be placed immediately in front gf the
e absorber shall be_either polymethylmethacrylate, polystyrene, polyethylene, polyethylene
b or an equivalent.niaterial. The thickness of the detector window used for these measurenments
n into account ja.the measurement of R .

uses a beam-flattening filter, i.e. is a series 1 reference radiation (see 6.2.2), then this filter|shall

be in positiop for the-megasurement of R .
The signal filom the detector shall be determined as a function of absorber thickness and a plot shall be made
of the logarithm-of signal ve absorber thickne expressed in milligrams per square centimetre

R

res

is defined as the intersection of the extrapolated linear portion of the measured signal versus thickness

graph with the lower level signal due to the residual photon background.

Ere S

may also be determined by a beta-particle spectrometer employing, for example, Si(Li) semiconductor

detectors (see ICRU 5612l). Figure 1 shows an example of measured beta-particle spectra for the radiation
fields of Table 2. The 90Sr+9Y spectrum is produced by 90Y beta particles only due to the heavy
encapsulation of the source (Table B.1). A survey of a number of calculated beta-particle spectra is given in
ICRU 56!,

© I1SO 2006 — All rights reserved
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X
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Y relative values 2 'Pm —series 12 4 85Kr —series 12 6 19Ry 106Rh — series 2 P

The spectra are measured with an effectively windowless, uncooled Si(Li) semiconductor detectors.

The measured values of the spectral fluence are normalized to the same maximum value, but not corrected for
instrumental resolution or detector backscattering loss.

@  The calibration distances and filtration are given in Table 3.
b The measurement distance is 10 cm.

Figure 1 — Examples of beta-particle spectra for the reference beta radiation fields

© I1SO 2006 — All rights reserved 7
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6.1.3 Beta particle contamination

The radionuclide 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 plot used to measure R, (see 6.1.2) has a linear section;

b) E,g has a value between that listed in Table 2 and the corresponding £, value listed in Table 1 for the
appropriate Tagionucthde:

NOTE If|E.os €xceeds E ., the source contains a radioactive contaminant that emits higher energy particleq than

the referenceradionuclide(s) and it, therefore, does not meet the requirements of this part of ISO 6980.

R.es and, hence, E, . shall be measured every two years.

6.1.4 Photon contamination

The photon
radionuclide
which is typi
sensitivity a

detector signal shall, therefore, be measured for each type of detector*and radionuclide source, prior t

start of the ¢
of the mater

6.2 Characteristics of the two series of reference‘beta-particle radiation fields

6.2.1

Details of th
as examples

Geng¢ral

contamination of the beta-reference radiation arises from photon radiation from the decay g
as given in Table 1, and bremsstrahlung and characteristic X-rays ffom the source encapsul
Cally silver or stainless steel. The significance of the photon cogntamination depends on the ph
nd hence the type of detector placed in the reference radiation. The photon contribution t

alibration procedure by comparing the detector signal with and without an absorber made o
als listed in 6.1.2 (see Table A.1) and just sufficiently-thick to absorb totally the beta radiation

b construction of suitable sources fon producing both series of reference radiation fields are g
, in Annex B.

i¢s 1 reference beta-particle-radiation fields

dose rates over_a-large area are required, the sources listed in Table 3 should be used

f the
ation,
oton
b the
b the
one

iven,

with

-flattening filters”to produce a uniform dose rate over a minimum area of 15 cm in diamefer at

the calibratign distance. The filters shall be positioned on the principal axis normal to the plane of the so
For each radlionuclide, the{dose rate at the calibration distance shall be varied by using sources of diff
activities. The variation,'of dose rate over the area at the calibration distance shall be less than + 5 9

Lrce.
brent
o for

90Sr + 90y,
about 1 cm?
is a thin win

5Kr and~2%4T1, and + 10 % for 47Pm. This may be verified by using a detector with an ar
angd a‘response independent of the incident beta particle energy. An example of such a cha
aow.,parallel plate ionization chamber.

pa of
mber

The uniformity of the dose (rate) over the calibration area is optimal only at a specified distance for a given
filter constructionl2].

Table 3 gives details of calibration distances and examples of filter constructions for the series 1 reference
radiation fields. Table 4 gives the approximate dose equivalent rate per unit activity.

A maximum

source diameter of 16 mm is recommended.
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Table 3 — Calibration distances and filters for series 1 reference beta-particle radiation fields

Radionuclide

Calibration distance

cm

Source-to-filter distance

cm

Filter material and d

imensions

147pm

20

10

1 disc of polyethylene terephthalate,
of radius 5 cm and mass per unit

area 14 mg cm2, with h
0,975 cm at centre.

ole of radius

2 concentric discs, 1 dis

polyethylene terephthalate, of 4 cm

c of

85Kr and 204T]

30

10

PP-- H Ba-ra PV RT-t
ragrasarna oS peT ottt

7 mg cm2, plus 1 discof
polyethylene terephthalgte, of

2,75 cm radius and-mas:
area 25 mg chm 2.

area

5 per unit

90gr 4 0y

30

10

3 concentric-discs of pol

tere-phthalate, each wit mass per

unit.area of 25 mg cm—2

ethylene

and of radii

2cem,3cmand5cm.

Tabje 4 — Approximate directional dose equivalent rate at the-calibration distance per unit activity for
Series 1 beta-particle reference radiation fields

Approximate directional dose equivalent rate per unit
Radionuclide activity
uSv h~' MBq™"
147pm 3
85Ky 49
2047 58
90gr + 90y 78

6.2.3 Series 2 reference beta-particle radiation fields

include high activity point sources or large area planar sources. It is not necessary to use beam-flattening
filter$ with these seurces. They may be used at calibration distances approaching the surface of the source up
to the distance shown in Table 5. Referencel®! gives examples of measurements with large area spurces.

When high dose rates arerequired, geometries other than those specified in Table 3 may be use%. These can

At these larger distances, it is particularly important, because of air attenuation, to verify that E}.; equals or
exceedsthée values given in Table 2.

By using shorter calibration distances than those specified for series T, higher dose rates are obtained, but the
irradiation field is substantially less uniform.

The non-uniformity should be measured at the distance used for calibration and if the values exceed those
stated in 4.3, corrections should be applied during the calibration of instruments. The distances given in
Table 5 are intended to be the normal maximum useful calibration distances.

Series 2 reference beta radiations contain two additional radionuclide sources: '4C and 196Ru + 106Rh; they
should be used where calibration is required outside the energy limits of the series 1.

As a guide, the approximate dose rates obtained from such sources are shown in Table 5.
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Table 5 — Examples of activities and dose rates for series 2 reference beta-particle radiation fields

Dose equivalent rate
Sv h!

Source characteristics

Radionuclide

Estimated values at
the surface of the
source @

Nominal activity | Nominal active area

MBq listed

cm?2

Typical values at the distance

14¢

1 9 0,6 0,006 at 5 cm

147p

102 25 3 0,003 at 20 cm

2047

TO? T TO 0,003 at 50 cm

90g; + 9

Y 103 0,7 700 0,03 at 50 cm

106Ry + 10

bR 102 1,5 6 0,001 at 100 'm

Surface

Hose rates should be measured with a detector whose area is equal to or less than that of the source.

7 Sourc

The quantit
ISO 6980-3
radiation fie
optimal only

this distancd.

The series 2
the area of |
large. The U
necessary.

The dose
ICRU 56[2]):

a) directm

b) compar

primary

p calibration

es recommended for the calibration of protection instruments, are specified in 3.5 and
specifies the phantoms and conditions to be used in calibrations, *For the series 1 reference
ds that use beam-flattening filters, the uniformity of the dese rate over the calibration ar
at a specified distance for a given filter construction. The\ealibration shall be carried out of

reference beta radiation fields may be calibrated,over a range of distances, bearing in mingd
niform dose rate is likely to be relatively small uniless the calibration distance or the source ar
niformity of the dose rate over the detectorarea should be checked and corrections appl

btes from the reference sources shall be determined by one of the following methods

easurement by a national standards laboratory;

son with similar sources calibrated at a national standards laboratory, or some other acces
or secondary calibration' laboratory, using a suitable transfer instrument.

3.6.
Deta-
Pa is
ly at

that
ea is
ed if

(see

sible

10
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