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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmentab—h—Haisor—with—SO—also—take—part—in—the—work—SO—collaborates—slosely—with the

T O—toico— SO oOTTtoy

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

International 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 |the technical committees are circulated to the member bodies for voting)Publication as an
Internationall 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 6980-3 [was prepared by Technical Committee ISO/TC 85, Nuclear energy, Subcommittee $C 2,
Radiation prptection.

This first ed[tion of ISO 6980-3, together with ISO 6980-1:2006 and 1SO 6980-2:2004, cancels and replaces
ISO 6980:1996, which has been technically revised.

ISO 6980 c@nsists of the following parts, under the general title Nuclear energy — Reference beta-particle
radiation:

— Part 1: Methods of production
— Part 2: Calibration fundamentals related to basic quantities characterizing the radiation field

— Part 3: Calibration of area and persenal dosemeters and the determination of their response as a furiction
of beta kadiation energy and angle-of incidence

iv © I1SO 2006 — All rights reserved
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Introduction

ISO 6980 covers the production, calibration and use of beta-particle reference radiation fields for the
calibration of dosemeters and doserate meters for protection purposes. ISO 6980-1 describes the methods of
production and characterization of the reference radiation. 1SO 6980-2 describes procedures for the
determlnatron of absorbed dose rate to a reference depth of trssue from beta particle reference radiation fields.
Thisp 8 aters and the
dete mlnatron of their response as a functlon of beta partrcle energy and angle of beta particle.incidence.

© I1SO 2006 — All rights reserved \4
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Scope

part of ISO 6980 describes procedures for calibrating and determining-the response of dos
rate meters in terms of the International Commission on Radiation Units and Measurem
htional quantities for radiation protection purposes. However, as noted in ICRU Report 56,
equivalent, H*(10), used for area monitoring of strongly penetrating radiation, is not an
tity for any beta radiation, even that which penetrates 10 mm<of tissue (£,,5, > 2 MeV).

eta particles, the calibration and the determination of the*response of dosemeters and doser
ntially a three-step process. First, the basic field quantity, absorbed dose to tissue at a depth
issue-equivalent slab geometry is measured at the point of test, using methods described in
, the appropriate operational quantity is derived by the application of a conversion coefficien
quantity measured (reference absorbed dose) to the selected operational quantity for
ation geometry. Finally, the reference point of the device under test is placed at the point 9
ration and determination of the response of the dosemeter. Depending on the type of dose
the irradiation is either carried outvon a phantom or free-in-air for personal and area
pctively. For individual and area“monitoring, this part of ISO 6980 describes the methg
ersion coefficients to be used for the determination of the response of dosemeters and dos
rms of the ICRU operational"quantities directional dose equivalent, H'(0,07; 2 ) and p¢g
alent, Hp(0,07).

part of ISO 6980 is_a-guide for those who calibrate protection-level dosemeters and doseratg
reference radiation,*and determine their response as a function of beta-particle energy &
ence. Such measurements can represent part of a type test during the course of which the e

influ

nce quantities on the response is examined. This part of ISO 6980 does not cover the in si

of fied, installed area dosemeters. The term “dosemeter” is used as a generic term denoting
dosdrate meter for individual or area monitoring. In addition to the description of calibration pro
part pf ISO/6980 includes recommendations for appropriate phantoms and the way to determine
conversion coefficients. Guidance is provided on the statement of measurement uncertaintfes and the

emeters and
ents (ICRU)
the ambient
appropriate

hte meters is
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

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

ISO 6980-2:2004, Nuclear energy — Reference beta-particle radiation — Part 2: Calibration fundamentals

related to ba

sic quantities characterizing the radiation field

ICRU Repor

51, Quantities and Units in Radiation Protection Dosimetry

3 Termsg and definitions

For the purp
apply.

oses of this document, the terms and definitions given in ICRU Report 51, VIM-and the follgwing

3.1
ICRU tissuq
material wilh a density of 1g-cm=3 and a mass composition of 76;2 % oxygen, 10,1 % hydrggen,

11,1 % carbpn, and 2,6 % nitrogen

NOTE See ICRU Report 39.

3.2
maximum b

Em ax

eta energy

highest valuge of the energy of beta particles emitted by-a particular nuclide which can emit one or sejeral

continuous s

3.3

pectra of beta particles with different maximum energies

mean beta ¢nergy

E

fluence averpge energy of the beta particle*spectrum at the calibration distance

3.4
residual ma
E

res

ximum beta energy

highest valug of the energy-of a beta particle spectrum at the calibration distance, after having been modlified

by scatter ar

3.5
absorbed d
D

d absorption

pse

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

dz

D=—-2
dm

(1)

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

© I1SO 2006 — All rights reserved
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3.6

dose equivalent

H

product of Q0 and D at a point in tissue, where D is the absorbed dose at that point and O the quality factor at
the point

H=D-Q (2)
NOTE 1 The unit of the dose equivalent is joule per kilogram (J-kg~") with the special name, sievert (Sv).

NOTE 2  For photon and beta radiation, the quality factor, O, has a value very close to 1 Sv-Gy™'. In the absorbed-
dosefto-dose-equivatent conversion coefficlent (see 3. 12, the quality factor, U, 15 Inciuded:

3.7
direg¢tional dose equivalent for weakly penetrating radiation
H'(4,07;0)

dosg equivalent that, at a point in a radiation field, would be produced by the corresponding expgnded 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~')with the special name, sigvert (Sv).

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

3.8
personal dose equivalent for weakly penetrating radiation

H(0,07)

dosq 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 isjoule per kilogram (J-kg~") with the special name sievert (Sv).

NOTE 2 In ICRU Report 47, the ICRU has considered the definition of the personal dose equivalent to inglude the dose
equivalent at a depth of 0,07 mm in a phantom having the composition of the ICRU tissue. Then, H,0,07) for the
calibfation of personal dosemeters is the dosge equivalent at a depth of 0,07 mm in a phantom composed df ICRU tissue
(see B.1), but of the size and shape of the' phantom used for the calibration (see 6.3.1).

NOTE 3 In a unidirectional field,\the direction can be specified in terms of the angle, «, between the diregtion opposing
the irjcident field and a specified hormal on the phantom surface.

3.9
refefence absorbed-dose
Dr
perspnal absorbed-dose, D,(0,07), in a slab phantom made of ICRU tissue with an orientation of the phantom
in which the nermal to the phantom surface coincides with the (mean) direction of the incident radiation

NOTE 1 The personal absorbed dose, D,(0,07), is defined in ICRU Report 51. For the purposes df this part of
ISO 4980, this definition is extended to a slab phantom.

NOTE2 The slab phantom is approximated with sufficient accuracy by the material surrounding the standard
instrument (extrapolation chamber) used for the measurement of the beta radiation field.

NOTE 3  Dgis approximated with sufficient accuracy by the directional absorbed dose in the ICRU sphere, D'(0,07; 0°).

© I1SO 2006 — All rights reserved 3
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3.10

conventional true value of directional dose equivalent

H'y

best estimate of the value of the quantity to be measured, determined by a primary or secondary standard or
by a reference instrument that has been calibrated against a primary or secondary standard, for which, for the
quantity directional dose equivalent, H'(0,07; £2), at a depth of 0,07 mm measured in the direction, ,the

conventional true value under calibration conditions defined by the angle, ¢, is given by Equation (3):

H{(0,07; Q) =

with “source

”

h'D (0,07; source; a)Dg

denoting the reference radiation field of the source at the calibration distance (sp

®)

ecific

combination
conditions

NOTE 1 Al
of the type of
energy particl
radiation (se
£, coincides
equivalent is
surface. It is,
fluence of th
conversion cg

NOTE 2 T
additional dat

NOTE3 A
to be insignifi

EXAMPLE
be taken as tf

3.11

conventional true value of personal dose equivalent

H, ¢

convenhona
has previous
equivalent a

H, (0,0

NOTE1 A
of dose equiV
particle spect
(see ICRU r¢
direction of in

of isotope, distance and filtering) and « the angle of beta-particle incidence under calibr

ny statement of absorbed-dose-to-dose-equivalent conversion coefficient (see 3.12) requirés)the statg
dose equivalent, e.g. directional or personal dose equivalent. The conversion coefficient, %y, depends g
e spectrum and, for the quantities #’(0,07; 2 Jand Hp(0,07), also on the direction distribution of the in
ICRU Report 47:1992, Figure 2.1). Under calibration conditions, it is assurhed” that the dire]
ith the direction of incidence. Therefore, any directional dependence of the directional and personal
given by the (mean) angle, «, between the (mean) direction of incidence and-the normal on the ph3
therefore, useful to consider the conversion coefficient, #'p(0,07; source; ‘@) ‘as a function of the sp

reference radiation field as impacted by the geometry (source), and(the angle of incidence, «
efficient for the directional dose equivalent is #'(0,07; source; ).

b
=

b
=~

he conversion coefficients, i, p(0,07; source; @) and #'p(0,07; souree; o) are approximately equal ar
b are included.

conventional true value is, in general, regarded as being:sufficiently close to the true value for the diffe
ant for the given purpose.

Within an organization, the result of a measurement obtained with a secondary standard instrumen
e conventional true value of the quantity to be.measured.

true value, determined byqa\primary or secondary standard, or by a reference instrument
ly been calibrated against a-primary or secondary standard which, for the quantity personal
a depth of 0,07 mm is"equal to Equation 4:

) =

hp‘D(O,07; souree; a) Dg

hy statementrof\absorbed-dose-to-dose-equivalent conversion coefficient requires the statement of theg
alent, e.g{directional or personal dose equivalent. The conversion coefficient, 4, depends on the e
um andsfor'the quantities /'(0,07; ) and H(0,07), also on the direction distribution of the incident rad
port 477 Figure 2.1). Under calibration conditions, it is assumed that the direction, (2, coincides wit
C|dence Therefore, any dlrectlonal dependence of the directional and personal dose equwalent is glv

ation

ment
n the
ident
ction,
dose
ntom
ectral
The

d no

fence

may

vhich
dose

(4)

type
nergy
ation
h the

the (mean) a

useful to consider the conversion coefflc:|ent hp,p(0,07; source, o) as a function of the spectral quence of the reference
radiation field as impacted by the geometry (source), and the angle of incidence, a. The conversion coefficient for the
personal dose equivalent is denoted as hp’D(O,07; source; ).

NOTE 2

additional data are included.

NOTE 3

to be insignificant for the given purpose.

EXAMPLE

The conversion coefficients, /i, p(0,07; source; @) and 4'p(0,07; source; ), are approximately equal and no

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

Within an organization, the result of a measurement obtained with a secondary standard instrument can
be taken as the conventional true value of the quantity to be measured.
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3.12

absorbed-dose-to-dose-equivalent conversion coefficient

hp

quotient of the dose equivalent, H, and the reference absorbed dose, Dg

(®)

NOTE In principle, the ISO water slab phantom, ISO rod phantom or the ISO pillar phantom shotid-be
purpg@ses of this part of ISO 6980, however, a polymethylmethacrylate (PMMA) slab 10 cm x 10 cm in gross-
by 1 £m thick is sufficient to simulate the backscattering properties of the trunk of the human body; while tisg
matefials such as polyethylene terephthalate (PET) are sufficient to simulate the attenuation‘properties of
(see $#.1.2.3).

3.14

influence quantity

quarftity that can have a bearing on the result of a measurement\without being the su
measurement

NOTE 1 The correction of the effect of the influence quantity on the indicated value can require a correcti
appli¢d to the indication (influence quantity of type F), e. g. radiation energy and angle of radiation incidence
a correction summand to be applied to the indication (influence quantity of type S), e.g. microphony or el
distutbance.

NOTE 2 A given influence quantity can be of both types-S*and F.

NOTE 3  Depending on the design of the dosemeter, an influence quantity can be of type S or F.

NOTE 4  The dose rate is an influence quantity'when measuring the dose.

EXAMPLE The reading of a dosemeter with an unsealed ionization chamber is influenced by the ter
the pressure of the surrounding atmosphere. Although needed for determining the value of the dose, the m¢4
thesq two quantities is not the primary)objective.

3.15

reference conditions

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

NOTE 1 See also Note 1 3.14.

NOTE 24 _For an instrument with linear response, the value for the quantity to be measured may be ch
agregement with the properties of the instrument to be calibrated. For an instrument with non-linear responsg

used. For the
sectional area
ue-equivalent
human tissue

bject of the

bn factor to be
(3.28), and/or
pctromagnetic

hperature and
asurement of

without any

psen freely in

the indicated

value, M, (3.22) should be equal to Ht,o/No (3.24). The quantity to be measured is not an influence quantity

NOTE 3  The reference conditions are subdivided into reference conditions for radiological influence quan
Table B.1) and reference conditions for other influence quantities (given in Table B.2).

© I1SO 2006 — All rights reserved
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3.16

standard test conditions
range of values of a set of influence quantities under which a calibration or a determination of response is

carried out

NOTE

Ideally, calibrations should be carried out under reference conditions. As this is not always achievable (e.g. for

ambient air pressure) or convenient (e.g. for ambient temperature), a (small) interval around the reference values may be
used. The deviations of the calibration factor from its value under reference conditions caused by these deviations should,
in principle, be corrected for. In practice, the target uncertainty serves as a criterion to determine if it is necessary to take
an influence quantity into account by an explicit correction or whether its effect may be incorporated into the uncertainty.
During type tests, all values of influence quantities that are not the subject of the test are fixed within the interval of the
standard test conditions. The standard test conditions, together with the reference conditions applicable to this part of

1ISO 6980, ard

3.17
calibration
conditions W

3.18

point of tes
point in the 1
NOTE T

3.19
reference d

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

incidence is

NOTE Al
incidence, bu

3.20
reference p
(dosemeter)

NOTE 1 T
manufacturer

NOTE 2 T
impossible, th

NOTE3 T
the dosemete

3.21
reference o

given in Tables B.1 and B.2.

conditions
thin the range of standard test conditions actually prevailing during the calibration

;
adiation field at which the conventional true value of the quantity to be.measured is known

ne reference point of a dosemeter is placed at the point of test for calibratjon’or testing purposes.

rection
measured in unidirectional fields

0° incidence, the reference direction (axis) of the~dosemeter coincides with the direction of rad
is directly opposed.
pint

point which is placed at the point ¢f test for calibrating or testing purposes

he reference point and the reference direction of the dosemeter to be tested should be stated b

he reference point and,the reference direction should be marked on the outside of a dosemeter. If this p|
ey should be indicated’in’' the accompanying documents supplied with the instrument.

he distance of measurement refers to the distance between the radiation source and the reference pq
I, even if it istattached to a phantom.

rientation

ation

ation

y the

foves

int of

(dosemeter)

orientation for which the direction of incident radiation coincides with the reference directi

bn of

the doseme

3.22

er

indicated value

M

value given by the reading of the dosemeter
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3.23

calibration factor

N

quotient of the conventional true value of a quantity, H;, and the indicated value, M,, at the point of test for a
specified reference radiation under specified reference conditions:

_ Hy
Mr

N (6)

NOTE 1 The calibration factor, », is dimensionless when the instrument indicates the quantity to be measured. A
dosemeter indicating the conventional true value correctly has the calibration factor of unity (see 1SO 4037-3).

NOTE 2 The reciprocal of the calibration factor is equal to the response under reference conditions, In“¢ontrast to the
calibfation factor, which refers to the reference conditions only, the response refers to any condition-prevailing at the time
of mgasurement (see 1ISO 4037-3).

NOTE 3  The value of the calibration factor can vary with the magnitude of the quantity to. beymeasured. I such case, a
doseneter is said to have a non-linear response (see ISO 4037-3).

3.24
reference calibration factor
No
calibration factor for a reference value, H; , of the quantity to be-measured. With M, ; being the indicated
valug:

Hip
No=—>= (7)
Mr,O
NOTE This definition is of special importance for dosemeters having a non-linear response (see 3.23, Note 3).
3.25
correction summand

A
addifional indication caused by the zero-indication or an influence quantity of type S

NOTE 1 See 3.14.

NOTE 2 The corrections (0fy microphony and electromagnetic disturbance require correction sumnpands. These
influgnce quantities are (mainly) of type S.

3.26
correction factorfor non-linear response
kn

quotfent of the calibration factor, N, and the reference calibration factor, N, for conditions wherefthe quantity
to bg measured is varied:

N
ky = — 8
"N (8)

NOTE For an instrument with linear response, &, is equal to unity.

© I1SO 2006 — All rights reserved 7


https://standardsiso.com/api/?name=7ad471d42d831bae17121df77cff9238

ISO 6980-3:2006(E)

3.27

correction factor for an influence quantity

k

q
quotient of the conventional true value of a quantity, A, divided by the product of the indicated value, M, and
calibration factor, N, at the point of test for conditions where the influence quantity under consideration is

9)

varied, but all other influence quantities have their reference values
NOTE 1 For an instrument with linear response, this correction factor is expressed as Equation (9)
- e
9N-M
NOTE 2  For an instrument with non-linear response, the indicated value is expected to be the same as the

obtained whe

NOTE3 T
influence qua

3.28

correction flactor for beta-particle energy and angle of incidence

kE,zx .
correction fa

NOTE 1 S
NOTE 2 a
incident at a
electrons. a9
source.

3.29

measured Value

Hm
value detern
factor k,, for

j correction factors, kg for the other influenee quantities of type

NOTE 1 E
according to {

NOTE2 W
correction fag
measurement

h determining the reference calibration factor.

e correction of radiation energy and direction of radiation incidence requires a correction’ factor;
ntities are of type F.

ctor for (mean) beta-particle energy, £ and (mean) angle, «, of betarparticle incidence
e 3.20.

represents the angle of incidence from the source. Due to the scattering of the electrons, the electror
wide variety of angles and « can be considered a mean representation of the angles of incidence
the angle between the reference direction of the sourcesand the direction of incidence of radiation fro

nined from the indicated value, M, by.applying the reference calibration factor, Nj, the corre
nhon-linear response, the / correction)summands, A4,,, for the influence quantities of type S an
E as given in Equation (10):

/ J
oin -3, | k),
=1 J=1
Huation (10) is the model function of the measurement necessary for any determination of the uncer

EUM (see GUM:1995, 3.1.6, 3.4.1 and 4.1).

ith the calibration controls adjusted according to the manufacturer’s instructions, the calibration factor 4
tors are~set to unity and the correction summands are set to zero. These settings cause an uncertai
that'ean be determined from the measured variation of the correction factors and the measured variat

the correction|

value

these

s are
f the
m the

iction
i the

(10)

tainty

nd all
nty of
on of

summands.

NOTE 3  Equation (10) is obtained from H,, =N {M -

NOTE 4
angle, «, ofb

(kq)J by substituting ' with N .

eta-particle incidence.

One of the correction factors k, is the correction factor kz , for (mean) beta particle energy, E,and (mean)
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3.30

response

R

quotient of the indicated value of a quantity, M, and the conventional true value of that quantity

NOTE 1 The type of response should be specified.

EXAMPLES The response with respect to the dose equivalent, H;, at the point of test under specified conditions is
given by Equation (11):

R,-M (11)
llt

The fesponse with respect to reference absorbed dose Dg is given by Equation (12):
R, =— (12)

NOTE 2  For the specified reference conditions, the response is the reciprocal of the calibration factor.

3.31
calibration
quarititative determination of the calibration factor, N, and the correction factor, k,, under a confrolled set of
stanglard test conditions for which all the ;j correction factors, kq, ate unity

NOTE 1 The correction factor, k,, is the conceptual equivalent to\the function of the quantity to be measufed mentioned
in ISO 4037-3.

NOTE 2  The calibration of secondary standard instruments, in many cases, also comprises the deternjination of the
corregtion factors, kg ,, for several reference radiation qudlities.

NOTE 3 Normally, the calibration conditions are‘the full set of standard test conditions (Annex B). A routjne calibration
can he performed, under simplified conditions, tocheck the calibration carried out by the manufacturer or to ¢gheck whether
the chlibration factor is sufficiently stable during a continued long-term use of the dosemeter. In general, thel methods of a
routinje calibration are worked out on the basis of a type test. One of the objectives of a type test can be tq establish the
procedures for a routine calibration in_away that the result of a routine calibration approximates that of a calibration under
standard test conditions as closely-as\possible (see also 6.3.1). A routine calibration is often used to prqvide batch or
individual calibration factors.

4 Procedures applicable to all area and personal dosemeters
4.1 | General principles

4.1.1 Radiation qualities

41171 Selection of sources

Two series of reference radiation sources are specified in ISO 6980-1. The series 1 sources use beam-
flattening filters to produce a uniform dose rate over an area of about 15 cm in diameter, e.g. for the
calibration of an area monitor or a number of individual dosemeters simultaneously. The calibration distances,
filter distances and filter types are specified in ISO 6980-1. Deviations from those specifications shall not be
made.

Series 2 reference radiation may be produced without the use of beam-flattening filters and have the

advantage of extending the energy and dose rate beyond those of series 1. Calibrations and response
determinations shall specify the series of reference radiation used and the source-to-detector distance.
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Although special sources and geometries may be established for beta calibrations, secondary laboratories
shall, as a minimum, have available the series 1 sources. These standard sources provide consistent and
reproducible results, permitting comparison of results from laboratory to laboratory.

The dosimetry in these radiation fields shall be conducted in accordance with ISO 6980-2.

The beta radiation field produced by all these radionuclides except 196Ru + 196Rh is practically free of photon
radiation, apart from bremsstrahlung generated in the surrounding materials or in the beta particle source itself.
106Ru + 196Rh is used because of the high maximum energy of the emitted beta particles. Only beta-particle
sources with small self-absorption and thin encapsulation can fulfil the specifications in ISO 6980-1, since it is
necessary that the maximum energy of the beta particles at the calibration distance, E ¢ (residual maximum
beta energy); betigherttamaspecified £ 5 vatue:

res

4.1.2 Conyersion coefficients

41.21 General dose equivalent quantities
His
the
and
mm
ssary
vithin
ove-

According g
equivalent t
absorbed-dg
(4). It is neg
and at an an
to measure
optional bed
mentioned &

3.10 and 3.11, it is necessary to calculate the dose equivalent, H(0,07; source; c), where
b H' and H, for beta radiation, from the reference absorbed dose, Dg/(see 3.10), using
se-to-dose-equivalent conversion coefficient, 4';(0,07; source; ), accarding to Equations (3
essary to measure the reference absorbed dose, Dg, in a slab phantom at a depth of 0,07
gle, a, of 0° between the source and the reference orientation of(the slab phantom. It is necef
DR at the distance of the point of test. Due to the scatter of\the beta particles in air and
m flattening filters, all real beta fields are far from mone-directional. Therefore, the al
hgle, ¢, is only the mean angle of an unknown distribution:

ation
e; a)

It is necess3
sources, thdg
depends in

ry to determine 4'5(0,07; source; o) separately for any radiation field (given by the type of radi
holder and the surrounding structures) and for\any distance. The value of 4'j(0,07 sourq
rinciple also on the phantom used (but see 4:12.3).

It is, therefo
necessary fq

e, not possible to give a generally applicable table of conversion coefficients. Measurement
r any type of radiation field.

B are

4.1.2.2 Deptermination of conversion coefficients
nation of the conversion (coefficients can be done with the same instrument used for the
nt of the reference abserbed dose, Dg. As an example, values of conversion coeffigients
for the beta-particle radiation field of a commercially available beta secondary standard [ are

ex C.

The determ
measureme
determined

given in Ann

4.1.2.3 Phantom depéndence

ISO 4037-3 ppecifiesithree types of phantom: the ISO water-slab phantom, the ISO water-pillar phanton] and

the ISO PM
has only a v

MA-rod~phantom. Contrary to photon and neutron radiation, the size and shape of the pha
bry small influence on the radiation field in front of the phantom. As noted in Reference [2], “.

ntom
.. for
are

normally in

tident electrons dose conversion coefficients for the slab pillnr and_rod phnnfnm

indistinguishable.” At angles of incidence up to approximately 60°, the differences in the coefficients are
negligible [2]. [31. At larger angles (a > 60°) and higher energies (E > 350 keV for the rod), one begins to see
differences in the coefficients between the phantoms and these can largely be attributed to direct penetration
to the measurement point [2l. Therefore, the conversion coefficients measured for the slab phantom can, up to
60°, also be used for all other phantoms and consequently no distinction between different phantoms is made
in this part of ISO 6980-3.

4.1.3 Standard test conditions

Calibrations and the determination of response shall be conducted under standard test conditions. 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.
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4.1.4 Variation of influence quantities

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

NOTE There can be cases in which it is important that an influence quantity is varied in such a way that the indicated
value, M, of the instrument under test is constant. For example, if the energy dependence of a dosemeter is to be
examined in a doserate region where there is a substantial dead-time, it can be desirable that the measurements with the
various radiation qualities are carried out at constant indication and not at constant dose rate. The same holds true for
thermoluminescence dosemeters exhibiting a so-called supra-linearity. However, it should be added that it is usually
advisable to carry out the examination of an instrument under conditions in which the response to dose or to doserate is
essentially linear. See also 3.30.

4.1.8 Point of test and reference point

Meagurements shall be carried out by positioning the reference point of the dosemeter at the po
the gbsence of information on the reference point or on the reference direction of(the’ dosemeter
thesg parameters shall be fixed by the testing laboratory. They shall be stated in the test certifica

NOTE 1 Placing the reference point of the dosemeter at the point of test has twe-practical advantages.
that the dose due to the primary radiation coming from the source is always measutired correctly irrespective
the beam divergence on the backscattered radiation. For beta-particle radidtion, this part of the dose alwag
the nphajority contribution to the total dose, including the scattered radiation) from the phantom. The conve
impli¢s that the calibration factor of the dosemeter does not depend_unnecessarily on the distance betwe
and the point of test. The second advantage arises in an experimental determination of the angular re
referénce point and the point of test coincide, the reading of the dosemeter under test does not have to be ¢
variafion of the distance between source and reference point withithe angle of rotation.

NOTE 2  If portable area dosemeters are used under_conditions where the distance from the source t
volume is small compared with the dimensions of the detector volume, the radiation fields in the detector arg

nt of test. In
o be tested,

’:T.
he first one is

bf the effect of
ys represents
htion adopted
en the source
sponse. If the
orrected for a

the detector
b non-uniform.

Portgble area dosemeter readings under such conditions are an average of the energy deposition rate withif the detector.

The neadings are significantly less than the actual dose equivalent rates existing at the surface of the entrang

4.1.4 Axes of rotation

For examining the effect of thewdirection of radiation incidence, a rotation of the dosemet
combination of dosemeter and-phantom can be required. The variation of response with directiorn
incidence shall be examined by.a rotation around at least two axes. The direction of the axes shal
perpgendicular. The axes of\rotation shall pass through the reference point of the dosemeter.

4.1.1 Condition of the dosemeter to be calibrated

Before any calibration is made, the dosemeter shall be examined to confirm that it is in a good
condition and\free from radioactive contamination. The set-up procedure and the mode of ope|
dosgmetershall be in accordance with its instruction manual.

le window [41,

br or of the
of radiation
be mutually

serviceable
ration of the

4.1.

Most beta-particle dosemeters respond to photons and the sensitivity to photon radiation should be estimated
prior to the calibrations with beta-particle reference radiations. Corrections for the instrument response to
photons should be made relative to the H'(0,07; 2)response. The presence of photons may be determined
by measuring dosemeter response with and without a 10 mm thick polymethylmethacrylate (PMMA) filter
placed between the source and detector and approximately 10 cm in front of the detector. Photon absorption
in the filter requires a correction that is small at higher energies (E > 100 keV). The 10 mm PMMA filter
eliminates only electrons with energies below 2 MeV. However, additional information may be obtained by
using additional PMMA filters.
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4.2 Determination of the calibration factor and of the correction factor

4.2.1 Dete

rmination of the reference dose rate by a standard instrument

Dosimetry of beta-particle reference fields is described in ISO 6980-2. In general, the reference doserate,
DR, is determined with an extrapolation chamber. Corrections for source decay shall be performed.

4.2.2 Dete

rmination of reference calibration factor and correction factor for non-linear response

The reference calibration factor, N, is obtained for the reference value, H#; , of the quantity to be measured

and the corr

action factor for non-linear resnonse is aiven bv k. — N/ AL
Ll J J 4] U

alibration factor for personal dosemeters

on factor, N, for a personal dosemeter mounted on a specified phantom (slab,-rod; pillar)
jence of 0°, is obtained from Equation (13):

£(0,07)
Mr

ne indicated value of the dosemeter on the specified phantemiunder reference conditions;

V) = hp’D(O,07; source; 0°) Dg

ne reference absorbed dose;

7; source; 0°) is the conversion coefficient (see 3.11 and 4.1.2) for the source and conditions U

For the souffices and phantoms used in this part of 1ISO 6980, hp‘D(O,07; source; 0°) can be considered f{

alibration factor for area dosemeters

pn factor, N, for ah-area dosemeter at an angle of incidence of 0°, is obtained from Equation

10,07;0°)

M,

At an

(13)

sed.

o be

(15)

4221 C
The calibrat
angle of inci

N = ﬂ
where

M, ist

H, (0,0
where

Dg ist

hy (0,0
1Sv-Gy 1.
4222 C
The calibrati

v
where

Mr

H{(0,07
where

is the indicated value of the dosemeter under reference conditions;

; 0°) = 1'p(0,07; source; 0°) Dg

h' p(0,07; source; 0°) is the conversion coefficient (see 3.10) for the source and conditions used.

Dg is the reference absorbed dose.

For the sources used in this part of ISO 6980, /#';(0,07; source; 0°) can be considered to be 1 Sv-Gy 1.

12

(16)
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4.2.3 Determination of the correction factor, kg, o

The correction factor & , for (mean) beta-particle energy, £, and (mean) angle, «, of beta-particle incidence
is determined by means of Dy, for the various reference fields given in ISO 6980-1.

For personal dosemeters:

B hp7D (0,07; source; &) Dr

= 17
E.a NxM(0,07; E; &) (17)
For area-dosemeters.
h'5(0,07; source; ) D,
k'E,a — D( ) R (18)

NxM(0,07; E; @)
Devigtions from reference conditions shall be considered by proper correction factors kq see Equation (10).

NOTE The relative response of the dosemeter with respect to its response undef reference conditions|is the inverse
of the correction factor k; ,. The relative response can be a useful quantity for deseribing the variation of fesponse as a
functfon of beta-particle energy, E, or angle of incidence, ¢, as it easily visualizes‘such variation.

5 Particular procedures for area dosemeters

5.1 | General principles
Thege principles apply to the calibration of portabletand installed area dosemeters in reference radiations,
whelle the term “area dosemeter” comprises both'@active and passive devices. It does not apply to in-situ

calibrations of installed area dosemeters. Doseémeters for area monitoring shall be irradiated in free air
(withiout a phantom).

5.2 | Quantities to be measured

For grea dosemeters, the quantity'te be measured shall be the directional dose equivalent, /#'(0,07;

!

6 Particular procedures for personal dosemeters

6.1 | General principles

Thege principles apply to the calibration of personal dosemeters, i.e. whole-body and extremity [dosemeters.
The |rradiation should be performed on a phantom.

6.2 LGuantity to-be-measured

The quantity to be measured for individual monitoring is the personal dose equivalent, Hp(0,07).

6.3 Experimental conditions

6.3.1 Use of phantoms

Calibrations of personal dosemeters, measurements of the correction factor &, , and the response as a
function of radiation energy and angle of radiation incidence should be carried out on an appropriate phantom.
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Calibrations should be carried out on the ISO water-slab phantom for whole body dosemeters and on the ISO
rod or pillar phantom for extremity dosemeters. The ISO water-slab phantom has outer dimensions of
30 cm x 30 cm x 15 cm with PMMA walls (front wall, 2,5 mm thick; other walls, 10 mm thick) filled with water.
For beta radiations only, a PMMA slab of at least 10 cm x 10 cm x 1 cm may be substituted for this phantom.
The I1SO rod phantom is a 19 mm diameter PMMA rod for calibration of finger dosemeters while the ISO pillar
phantom is a 73 mm diameter cylinder of PMMA (2,5 mm thick side walls, 10 mm thick end walls) filled with
water for the calibration of wrist (or leg) dosemeters. Dosemeters for environmental monitoring are irradiated
free-in-air.

When these phantoms are used as described above, no correction factors shall be applied to the indication of
the dosemeter under test, due to possible differences in backscatter properties between these phantoms and

the ICRU tis

It has beco
dosemeters
with a side |
calibrating g
diameter for
73 mm in

polymethylim

In a simplifig
sometimes |
intended to
demonstrati
that reliable
type test an
the film covsg

6.3.2 Geometrical considerations in divergent beams

The point o
measureme
the quantity
at the point

the doseme
required an
phantom in

such a way
a, to the be
those preva
calibration f3
and 4.2.3.

NOTE 1 In
be tested. TH

b

bl
pUC Sial.

me established practice to routinely calibrate individual dosimetry systems by irradiating
on the surface of an appropriate phantom, such as a solid polymethylmethacrylate, (PMMA)
ength of greater than or equal to 300 mm and a thickness of greater than or equal.te 150 m
lanar dosemeters, or a PMMA rod greater than or equal to 300 mm in length’and 19 m
calibrating finger dosemeters, or a PMMA cylinder greater than or equal to 300 mm in length
diameter for calibrating arm and leg dosemeters. For beta,~radiations, the
ethacrylate phantoms are equivalent to the ISO phantoms.

d procedure, it is not always necessary to perform routine calibrations on a phantom but theyj
e done more simply, free-in-air or with another type of radiation'than that which the doseme
easure. Such simplifications, if they are to be applied, shall’be’justified prior to their adoptig
that they lead to results identical to those from procedures described in this part of ISO 69
corrections can be made for any differences. This may be done on the basis of the results
j production checks on the consistency of important @@mponents of the dosemeter, for exa
ring a thermoluminescent chip and the dimensions*of that chip.

f test shall be chosen at a distance «from the source such that the field size in the plar
nt is sufficiently large to allow the irradiation of the entire front face of the phantom. The val
to be measured shall be determined by positioning the reference point of the standard instru
bf test or by using a pre-calibrated test point provided for the source. Then the reference po
er under test shall be positioned at the point of test with its reference direction oriented g
le, a, to the direction of-radiation incidence. Extremity dosemeters should be attached tq
he way they are attached:to the body during normal use. The slab phantom shall be position
hat its front surfacecis;in contact with the rear side of the dosemeter and is at the required a
bm axis. The irradiation of the dosemeter under test shall be made under conditions identig
ling during thelirradiation of the standard instrument, but now with the phantom present.
ctor or the value of the energy or angular response shall be obtained with the equations in

this.part'of ISO 6980, the entity of the personal dosemeter and phantom is considered as the doseme

measured pe

e reference p0|nt of the entity |s the reference point of the dosemeter The value of the quantlty
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of the dosemeter.

NOTE 2

bence

This concept is consistent with the definition of Hp, which, at least in principle, requires the determination of

the dose equivalent at a non-accessible point inside the body. Placing the reference point of the dosemeter at the point of
test has two practical advantages. The first one is that the dose due to the primary radiation coming from the source is
always measured correctly, irrespective of the extent of beam divergence. For beta particle radiation, this part of the dose
always represents the majority contribution to the total dose, including the scattered radiation from the phantom. The
convention adopted implies that the calibration factor of the dosemeter does not depend unnecessarily on the distance
between the source and the point of test. The second advantage arises in an experimental determination of the angular
response. If the reference point and the point of test coincide, it is not necessary that the reading of the dosemeter under
test be corrected for a variation of the distance between source and reference point with the angle of rotation.

NOTE 3 For an irradiation on the slab phantom, it can be practical to rotate the phantom around only one axis and to
locate the dosemeter in two mutually perpendicular orientations on the surface of the phantom.
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6.3.3 Simultaneous irradiation of several dosemeters

If more than one dosemeter is irradiated simultaneously, two effects require additional attention.

a)

attenuation of the primary radiation passing through the dosemeters.

b)

By positioning several dosemeters on the phantom surface, the backscatter can be reduced due to the

It is necessary to consider possibly different distances of the reference points from the radiation source.

Before such a practice is adopted, it shall be verified that it leads to results identical to within 2 % of those
obtained when one dosemeter alone is irradiated in the centred position of the phantom. Use of the

appr
the (

For

radis

7

71

Natig
frequ

The

priate fitters as described for Series T sources i 1ISO 69801 Serves to provide Nomogeno
hantom surface.

b simultaneous determination of the response of several dosemeters as a function, 'of the
tion incidence, the reference points of the dosemeters shall be positioned on the axis of rotat

Presentation of results

Records and certificates

nal regulations often specify details and format of both calibration records and certificates a
ency of calibration and the length of time for which calibration records should be kept.

records or certificates shall include at least the following:

date and place of calibration;

Hescription of dosemeter, its type and seriaknumber;

bwner of the dosemeter;

Hetails of the radiation sources_and secondary standard instruments used;

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

bquation for the measured value, see Equation (10), with all numerical values of the correctio
results;

name of person carrying out the calibration;

ANy special observations;

s fields over

direction of
on.

5 well as the

h factors;

)

statement of uncertainties

7.2

Statement of uncertainties

The statement of uncertainty shall be consistent with the approaches recommended by GUM, e.g. using an
uncertainty budget (see Table 4.1 of Reference [5]; see also 3.30, Notes).

The following component uncertainties shall be taken into account:

a)

b)

uncertainty of the conventional true value as taken from the calibration certificate;

uncertainty in the exact positioning of standard and test instrument;

© I1SO 2006 — All rights reserved

15


https://standardsiso.com/api/?name=7ad471d42d831bae17121df77cff9238

ISO 6980-3:2006(E)

c)

d)
e)

f)

16

uncertainty due to field inhomogeneities over the cross-sectional area of the beam in the plane of
measurement owing to beam divergence and the effect of beam-flattening filters, if any;

uncertainties due to simultaneous irradiation of several dosemeters;
uncertainties due to simplified procedures (see e.g. 6.3.3), where applicable;
uncertainty due to corrections for source decay;

uncertainty due to long-term variation of response of standard instrument;

uncertajnhty due 1o temperature/pressure/numidity corrections or lack thereor,
uncerta|nty introduced by contaminating radiations;

uncertalnties introduced by the instruments calibrated due to non-linearity, instrument” geotropism,
instrument precision, etc;

uncertalnties in dose determinations introduced by timing errors.
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Annex A
(normative)

Symbols and abbreviated terms

ISO 6980-3:2006(E)

See Table A1.
Table A 1— Svmbol { abl . I

Symbol Meaning Unit

a (mean) angle of beta-particle incidence under calibration conditions deg

Q direction of the radius vector of the ICRU sphere deg

A correction summand Sv

Ap correction summand for influence quantity, p Sv

D absorbed dose Gy

Dbp(0,07) personal absorbed dose in 0,07 mm depth Gy

DR reference absorbed dose Gy
DR rate of reference dose Sv-h"

de mean energy imparted by the ionizing radiatien to the material in a volume keV

E mean energy of a beta-particle spectium keV

E (mean) beta-particle energy keV

Emax maximum energy of a beta=particle spectrum keV

Eres residual maximum energy-of a beta-particle spectrum keV

F letter indicating an~-multiplicative influence quantity —

H dose equivalent Sv

H*(10) ambient dose equivalent Sv
H*(10) rate/of ambient dose equivalent Sv-h!

H|0,07;2) [directional dose equivalent at 0,07 mm depth measured in the direction @2 Sv
H (0,07;.é) rate of directional dose equivalent at 0,07 mm depth measured in the direction Q Sv-h-!

Hp, measured value Sv

H(0,07) personal dose equivalent at 0,07 mm depth Sv
hp absorbed-dose-to-dose-equivalent conversion coefficient from Dg to H Sv-Gy™!
hi)(0,0?;E,a) conversion coefficient from Dg to A’(0,07) for angle, o, and energy, E Sv-Gy ™’
hp,p(0,07;E,a) | conversion coefficient from Dg to H,(0,07) for angle o and energy £ Sv-Gy ™’

H, conventional true value of # Sv

Hio conventional true value in the reference conditions Sv

Ht' conventional true value of directional dose equivalent Sv

© I1SO 2006 — All rights reserved 17


https://standardsiso.com/api/?name=7ad471d42d831bae17121df77cff9238

ISO 6980-3:2006(E)

Table A.1 (continued)

Symbol Meaning Unit
H; (0,0?;f)) convention_al true value of directional dose equivalent at 0,07 mm depth measured in the Sv
direction ©
Hpyy conventional true value of the personal dose equivalent Sv
H,+(0,07) conventional true value of the personal dose equivalent at 0,07 mm depth Sv
j number of influence quantities of type F —
kn correction factor for non-linear response 3
kq correction factor for the influence quantity q -+
kg g4 correction factor for beta-particle energy and angle of incidence -+
/ number of influence quantities of type S -+
m mass kig
M indicated value v
M, indicated value under reference conditions Sv
Mo indicated value under reference conditions for a reference valug‘of \/f v
N calibration factor 4
Np reference calibration factor -+
quality factor Sv-Gy
R response —+
S letter indicating an additive influence quantity -+

18
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