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INTERNATIONAL STANDARD

1SO 6980-1984 (E)

Referlence beta radiations for calibrating dosemeters and
dosenatemeters and for determining their response as a

functjon of beta radiation energy

1 Scope and field of application

This Interngtional Standard specifies the requirements for
reference bgta radiations produced by radionuclide sources to
be used for|the calibration of protection level dosemeters and
doseratemeters®, and for the determination of their response as
a function |of beta energy. It gives the characteristics of
radionuclidgs which have been used to produce reference beta
radiations, gives examples of suitable source constructionsand
describes methods for the measurement of the\residual
maximum beta energy and the absorbed dose rate**.at a depth
of 7 mg-cm[~2 in a semi-infinite tissue-equivalent medium. The
energy range involved lies between 66 keV***.and 3,6 MeV and
the absorbed dose rates are in the~range from about
10 uGy-h-1(1 mrad-h—1) to at least 10 Gy*h—* (103 rad-h-1).

This International Standard propeses two series of beta
reference radiations from which/the radiation necessary for
determining the characteristics (calibration and energy
response) of an instrument. shall be selected.

Series 1 reference “radiations are produced by radionuclide
sources used with"“beam flattening filters designed to give
uniform dogderates over a large area at a specified distance. The

calibration\plane distances to be used. Closel to the sources
only relatively small areas of uniform dose rate are produced
but-this Series has the advantage of extending the energy and
dose rate ranges beyond those of Series 1. The radionuclides
used are those of Series 1 with the addition of the radionuclides
14C and 106Ru + 106Rh; these sources produge dose rates of
up to 10 Gy-h-1 (103 rad-h—1).

2 Terminology

2.1 Absorbed dose

The absorbed dose, D, is the quotient of dE by|dm, where dEis
the mean energy imparted by ionizing radiatlon to matter of
mass dm.

@
" dm

The Sl unit of absorbed dose is joules per kilpgram (J-kg=1).
The special name for the unit of absorbed dose is gray (Gy):

1 Gy =1 . 1.kg=—1

proposed sources of 908y + 90V 204T| and 147Pm produce
maximum dose rates of approximately 5 mGy-h-?

{0,5 rad-h—1).

Series 2 reference radiations are produced without the use of
beam flattening filters which allows a range of source-to-

*  This also includes personal dosemeters.

The special unit of absorbed dose, fad, may be used tempor-
arily:

Trad = 10-2 J:kg-1

**  Throughout this International Standard where the term “dose’’ is used, “‘absorbed dose to tissue’” is implied, except where otherwise stated.

***  This lower limit of the energies to be considered represents the energy of beta rays able to reach the sensitive layer of the skin which is situated

nominally 7 mg-cm —2 below the skin surface according to the ICRP(1),


https://standardsiso.com/api/?name=2773834b91ad045ec5445ae0b471e118

1SO 6980-1984 (E)

2.2 Absorbed dose rate

The absorbed dose rate, D, is the quotient of dD by df, where
dD is the increment of absorbed dose in the time interval dz.

dD
dr

The Sl unit of absorbed dose rate is joules per kilogram second
(J-kg—1-s—1). The special name, gray (Gy), may be substituted
for joule per kilogram :

teraction properties of the material equal those of soft tissue.
The density of the tissue equivalent material is taken to be
1 g-cm=3 {see annex A).

NOTE — In practice, tissue equivalence can only exist over a limited
range of energies for a particular type of radiation, dependent upon the
material utilized, unless the atomic composition is the same as that of
tissue.

2.6 Maximum energy of a beta spectrum

1Gy-s~1 =[TJkg-T-s-1
The special unif, rad, may be used temporarily :

1rad-s-1 = 10-2 J.kg-1.s-1

2.3 Total mpss stopping power

The total mass ptopping power, S/o, of a material for charged
particles is the fluotient of dE by od/, where dE is the energy
lost by a chargef particle in traversing a distance d/ in a material
of density o.

h dE

o dl
The S| unit of mass stopping power is joule square metre per
kilogram (J-m3kg-1). E may be expressed in electronvolts
and hence S/0 may be expressed in electronvolt square metre
per kilogram (eY-m2.-kg—1).
NOTES
1 §is the total llnear stopping power.

2 For energies gt which nuclear interactions can be heglected, the
total mass stoppifg power is

1 (dH 1 (dE

Sle = —\—| + — —-—>
o \d/ o \d

col rad

where

(dE/dl) gor = |S¢o is the lineaK collision stopping power;

(dE/dl}aq =|Sraq s the linear radiative stopping power.

2.4 Tissue

A number of radionuclides emit one or several| continuous
spectra of beta particles with energies ranging(from zero up to
maximum values E;..,, i = 1, 2... The maximum gnergy of the
beta spectrum, E,,,,, characteristic of“the partiqular nuclide
listed in table 1 is the highest value of(the E;,,, vglues.

2.7 Residual maximuhrbeta energy

The residual maximum.beta energy, E,., is the maximum
energy of the beta-spectrum from all beta decay bfranches of a
radionuclide at the'calibration distance. E g is less fhan the cor-
responding E,., as the spectrum is modified by absorption and
scattering dn_the source material itself, the sourcq holder, the
source encapsulation and other media between the source and
the calibration position.

2.8 Residual maximum beta range
The residual maximum beta range, R, is the range in an ab-

sorbing material of a beta spectrum of residugl maximum
energy, E, .

2.9 Units

The system of units recommended is the Internatipnal System
of Units (SI).

The following S| units are used. throughout this |nternational
Standard : ‘

-

— for activity : becquerel (Bg) : 1Bq = 1 s
(1Ci = 3,7 x 1010Bq);

When the word ™issue™ is used in this International Standard,
a material with a density of 1 g-cm—3 and the following compo-
sition in terms of mass fraction for soft tissue is implied
(see ICRU 33)121 ;

0:76,2 % H:10,1 %
C:11,1% N: 26%

Trace elements are generally not considered important for
dosimetric purposes and have been ignored.

2.5 Tissue equivalence

Tissue equivalence is the property possessed by a material
when the collision mass stopping power and the radiation in-

2

— for temperature : kelvin (K}

— for pressure : pascal {Pa) : 1 Pa = 1 N-m~-2
(1 bar = 105 Pa).

Furthermore, for practical reasons, the following units are used
in this International Standard :

— for energy : electronvolt (eV)
(1evV = 1,602 x 10-19 J);

— for time : year (365,25 d), day (d), hour (h).
Multiples and sub-muitiples of Sl units may be used and in the

case of rates, units of time such as minute {(min), hour {h) and
day (d) should be used to suit the circumstances.
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3 Requirements for reference beta
radiations at the calibration distance

3.1 Energy of the reference radiations

The energy of the reference radiation is defined to be equal to
E,o (see 2.7 and 5.1.2).

3.2 Shape of the beta spectrum

The beta

1SO 6980-1984 (E)

3.5 Variation of the beta emission rate with time
The beta emission rate decreases with time due to the radioac-

tive decay of the beta source. The half-life of a radionuclide
should be as long as possible, preferably longer than one year.

4 Radionuclides suitable for reference beta
radiations

Table 1 gives the characteristics of beta emitting radionuclides

youtc—ideatly
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 5,
within 20 %. In other cases, the lower energy branches shall be
attenuated py the source encapsulation or by additional filtra-
tion to reduce their beta emission rates to less than 10 % of the

semi-infinitely extended tissue equivalent phantom generated
by the refdrence radiation should be as uniform as possible.
Since available sources for Series 1 reference radiations (see
5.2.1) cannpt at present produce high absorbed dose rates with
good uniformity for large radiation field diameters, a further
series (Serips 2) of reference beta radiations is proposed (see
5.2.2). Beta radiations are called uniform over a certain radia-
tion field djameter, if the absorbed dose rate in tissue 70 pm
below the |surface does not vary by more than + 5 %:. for
E, s > 300 KeV and by not more than +10 % for E| ., <300.keV
(see 5.2.1)

3.4 Photon contamination

The photonh dose rate due to contamination of the reference
radiation By gamma, X-ray and bremsstrahlung radiation
should be Ipss than 5 % of the beta dose rate recorded by the
detector under calibration.

Table 1 — Beta radionuclide data

of a suitable energy range. Beta emitting radipnuclides should
be selected from those listed in this table;

These radionuclides emit a continuous*spectium of beta par-
ticles with energies ranging fromczero up to a maximum value,
E.x, characteristic of the particular nuclide.

Note that a radionuclide-normally requires engapsulation to be
a practical source and‘that the encapsulating material will pro-
duce bremsstrahlungand characteristic X-rays.

B Source characteristics and the
measurement

-

5.1 Fundamental characteristics of neference
sources

5.1.1 Construction of reference sources

The construction of the reference sources $hould have the
following characteristics to meet the requiremegnts of clause 3 :

a) The chemicat form of the radionuclide[should be stable
with time over the range of temperatures and humidities at
which it will be used and stored.

b) The construction and encapsulation [shouid be suffi-
ciently robust and stable to withstand nofmal use without

Approximate Maximum energy
Radionuclide half life of spectrum Photon radiations emitted” J
Years Emax (VIeV)
14c 5730 0,156 None
147Ppm 2,62 0,225 v : 0,121 MeV, (0, 01 %)
Sm X-rays 5,6 t0 7,2 keV
39,5 to 46,6 keV
2047 3,78 0,763 Hg X-rays 9,9 to 13,8 keV
68,9 to 82,5 keV
90sr + NVY 28,5 2,274 None
106Ry + 106Rh 1,01 3,54 106Rh —1v : 0,612 MeV (21 %)
0,622 MeV {11 % doublet)
1,06 MeV (1,5 % doublet)
1,13 MeV (0,5 % doublet)
1,655 MeV (0,2 %)

*  The values given in this column are for information purposes only.
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damage to the source and leakage of the radioactivity, but
shall allow E to exceed the minimum values recom-
mended in table 2.

5.1.2 Measurement of characteristics of the reference
radiations

The value of E, at the calibration distance shall equal or
exceed the values given in table 2.

Table 2 — Mini
E

Soyrce M:\s/
14c 0,09
147Ppm 0,13
2047 0,53
90sr + $0Y 1,80
106Ry + [106RK 2,80

The purpose in petting a lower limit to £, is to prevent the use
of sources whi¢h have excessive self and/or window absorp-
tion.

The residual mgximum energy, E ., at the calibration distance
shall be calculated from the following relationship!41:

QMR + 1N2 -1
Eo =\/ l"?';24

where Eo is |n mega electronvolts {MeV} and R ¢ is. the
residual maximyim beta range in grams per square centimetre
(g-cm=-2),

R, shall be measured by a suitable detector-{thin window
ionization chamber, Geiger Miiller counter;” beta sensitive
phosphor, etc.) which shall be positioned at the calibration
distance with jits entrance window\facing the source and
various thicknegses of absorber shall.be placed immediately in
front of the detgctor. The absorber.shall be one of the materials
polymethyimethacrylate”, polystyrene, polyethylene,
polyethylene tefephthalate’ “\or an equivalent. The thickness of
the detector window used for these measurements shall be
taken into account in the measurement of R .

a-Series 1

If the source

R, is defined as the intersection of the extrapolated linear por-
tion of the measured signal versus thickness graph with the
lower level signal due to the residual photon background.

5.1.3 Beta contamination

The radionuclide sources should be of adequate radiochemical
purity. It is difficult to check for the presence of beta-emitting
impurities but their presence may be inferred from the detec-
tion of their associated photon radiation, if any, using a high
resolution spectrometer, for example, a Ge (Li) detector and
spectromete erm—Fhe-spectral-putity-of-the-beta radiation
may be considered adequate for use as a referencg radiation if:

a) the plot used to measure R, {sée 5.1.2)| has a linear
‘section;

b} E,. has a value between(that listed in table 2 and the
corresponding E,,, valug listed in table 1 [for the ap-
propriate radionuclide.

NOTE — Where E,; exceeds E,,a. this means that the source con-
tains a radioactive cohtaminant which emits higher enprgy particles
than the reference.radionuclide(s) and that it therefore does not meet
the requirements‘of this International Standard.

R, and, Hence, E, . shall be remeasured every two years.

5.1.4 ““Photon contamination

The photon contamination of the beta referente radiation
arises from photon radiation from. the decay of the radio-
nuclide, as given in table 1, and bremsstrghlung and
characteristic X-rays from the source encapsulation which is
typically silver. The significance of the photon cgntamination
depends on the photon sensitivity and hence the type of detec-
tor placed in the reference radiation. The photon [contribution
shall therefore be measured for each type of detectpr and radio-
nuclide source by comparing the detector response with and
without an absorber made of one of the materials ’I]sted in5.1.2
and just sufficiently thick to absorb totally the befa radiation.

5.2 Characteristics of the two series of [reference
beta radiations

Details of the construction of suitable sources fqr producing
both series of reference radiations are given, as ¢xamples, in
annex B.

reference radiation (see 5.2.1), then this filter shall be in posi-
tion for the measurement of R .

The signal from the detector shall be determined as a function
of absorber thickness and a plot shall be made of the logarithm
of signal versus absorber thickness in grams per square cen-
timetre g-cm~—2,

* Perspex, Lucite, Plexiglas are commercial names for this plastic.

** Melinex, Mylar, Hostaphan are commercial names for this plastic.

4

5.2.1 Series 1 reference beta radiations

When dose rates uniform over a large area are required, the

sources listed in table 3 should be used with beam flattening -

filters to produce a uniform dose rate over a minimum area of
15 cm in diameter at the calibration distance. The filters should
be positioned on the principal axis normal to the plane of the
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source. For each radionuclide, the dose rate at the calibration
distance shall be varied by using sources of different activities.
The variation of dose rate over the area at the calibration
distance shall be less than + 5 % for 90Sr + 20Y and 204T| and
* 10 % for 147Pm. This may be verified by using a detector
with an area of about 1 cm2 and a response independent of the
incident beta particie energy.

The uniformity of the dose (rate) over the calibration area is op-
timal only at a specified distance for a given filter construction.

As exampl
details of cglibration distances and filter construction.

NOTE — A maximum source diameter of 16 mm is recommended.

In table 4 gre listed the approximate dose rates per activity for
the sources used under the conditions specified in table 3.

Table 3 — Calibration distances and filters for Series A)reference beta radiations

1ISO 6980-1984 (E)

5.2.2 Series 2 reference beta radiations

When high dose rates are required, the sources listed in table 5
should be used. These sources are not used with beam flatten-
ing filters and may be used at calibration distances approaching
the surface of the source up to the distance shown in table 5.

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

ose specified for
Series 1, 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 3.3 cor-
rections should be applied,-during the calibration of in-

Calibration
distance
cm

Radionuclide

Source to
filter distance

Filter material .
and dimensions

147pm 20

1 disc of polyethylene terephthalate,
of radius 6 cm and mass per area
14 mgrem =2, with hole of radius
0,975 cm at centre

2047] . 30

2 concentric discs, 1 disc of
polyethylene terephthalate, of 4 cm
radius and mass per area

7 mg-¢m—2, plus 1 disc of polyethy-
lene terephthalate, of 2,75 cm radius
and mass per area 25 mg-cm—2

0gr + WY 30

3 concentric discs of polyethylene
terephthalate, each with mass per
area of 25 mg-cm =2 and of radii
2cm, 3cmand 65 cm

* For details and -diagrams, see [5].

Table 4 — Approximate absorbed dose rates at the

£
bmtm'y “,' selles | rererence

beta radiations

Radionuclide

Approximate absorbed dose rate
to tissue per activity
pGy-h“1-Bq"1
{(mrad-h=1-mCi—1)

147ppm
2047]

90gr + 0Y

6,2 (23}
68 (250)
65  (240)
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struments. The distances given in table 5 are intended to be the
normal maximum useful calibration distances.

Series 2 reference beta radiations contains two additional
radionuclides, 14C and 106Ru + 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. :

For the Series 1 reference beta radiations which use beam flat-
tening filters, the uniformity of the dose rate over the calibra-
tion area is optimal only at a specified distance for a given filter
construction. The calibration shall be carried out only at this
distance.

The Series 2 reference beta radiations may be calibrated over a
range of distances bearing in mind that the area of uniform
dose rate is likely to be relatively smali unless the calibration
distance is large. The uniformity of the dose rate over the
detector area should be checked and corrections applied if
I’\Df\essar\’l

6 Source ¢alibration

For beta radiation, the quantity recommended for the calibra-
tion of protectign instruments is the absorbed dose or dose rate
to tissue at a specified depth below the skin surface. Sources
should be calibrated in terms of the absorbed dose rate at a
depth correspohding to a mass per area of 7 mg-cm—2 below
the surface of 4 semi-infinite tissue equivalent medium!(1},

Table 6 — Activities and dose rates from Séries 2 reference beta radiations

The dose rates from the reference sources shalhbe determined
by one of the following methods!6l :

a)  direct measurement by a national standards laboratory;

b} comparison with similar-sources calibrated [at a national
standards laboratory, orn’some other accessible primary or
secondary calibration_laboratory, using a suitable transfer
instrument (for example, an extrapolation ionization
chamber, see annex C).

Source Dose rate,
characteristics Gy'h—1(rad-h=1)

Radionuclide Nominal Approximate Estimated values .

activity active-area at surface TV’T;:?; dvzl;?asnat the

Bq {mCi) cny of source” ce
14C 106 {0,03) 9 0,06 (6) 0,006 (0,6) at 5cm
147pm 108 (3) 25 3 (300) 0,003 (0,3) at 20cm
204Tj 108 (3) 14 10 (1000 0,003 (0,3) at 50 cm
0gr + N0Y 107\0,3) 35 0,6 (60) 0,000 1 (0,01) at 100 cm
106Ry + 106Rh 108'(3) 1,5 6 - (600) 0,001 (0,1) at 100 cm

* Surface doserates should be measured with a detector whose area is less than that of the source.
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