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Foreword

The text of document 62B/936/FDIS, future edition 2 of |EC 61331-1|, prepared by SC 62B, "Diagnostic
imaging equipment", of IEC TC 62, "Electrical equipment in medical practice " was submitted to the IEC-
CENELEC parallel vote and approved by CENELEC as EN 61331-1:2014.

The following dates are fixed:

latest date by which the document has (dop) 2015-04-24
to be implemented at national level by

publication of an identical national

standard or by endorsement

latest date by which the national (dow) 2017-06-11
standards conflicting with the

document have to be withdrawn

This document supersedes EN 61331-1:2002.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

Endorsement notice

The text of the International Standard IEC 61331-1:2014 was approved by CENELEC as a European
Standard without any modification.

EC 61331- NOTE Harmonised as EN 61331-3.
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PROTECTIVE DEVICES AGAINST
DIAGNOSTIC MEDICAL X-RADIATION -

Part 1: Determination of attenuation properties of materials

1 Scope

This part of IEC 61331 applies to materials in sheet form used for the manufacturing of
PROTECTIVE DEVICES against X-RADIATION of RADIATION QUALITIES generated with X-RAY TUBE
VOLTAGES up to 400 kV and gamma radiation emitted by radionuclides with photon energies
up to 1,3 MeV.

This Part 1 is not intended to be applied to PROTECTIVE DEVICES when these are to be checked
for the presence of their ATTENUATION properties before and after periods of use.

This Part 1 specifies the methods of determining and indicating the ATTENUATION properties of
the materials.

The ATTENUATION properties are given in terms of:

— ATTENUATION RATIO;

— BUILD-UP FACTOR;

— ATTENUATION EQUIVALENT;

together with, as appropriate, an indication of homogeneity and mass per unit area.

Ways of stating values of ATTENUATION properties in compliance with this part of the
International Standard are included.

Excluded from the scope of this International Standard are:

— methods for periodical checks of PROTECTIVE DEVICES, particularly of PROTECTIVE CLOTHING,
— methods of determining ATTENUATION by layers in the RADIATION BEAM, and

— methods of determining ATTENUATION for purposes of protection against IONIZING RADIATION
provided by walls and other parts of an installation.

2 Normative references

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

IEC 60601-1:2004, Medical electrical equipment — Part 1: General requirements for basic
safety and essential performance
IEC 60601-1:2005/AMD1:2012

IEC 60601-1-3:2008, Medical electrical equipment — Part 1-3: General requirements for basic
safety and essential performance — Collateral Standard: Radiation protection in diagnostic X-
ray equipment

IEC 60601-1-3:2008/AMD1:2013

IEC/TR 60788:2004, Medical electrical equipment — Glossary of defined terms
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Monographie BIPM-5:2013, Table of Radionuclides

NISTIR 5632:2004, Tables of X-Ray Mass Attenuation Coefficients and Mass Energy-
Absorption  Coefficients (version 1.4) [on-line, cited 2014-01-30] Available at
http://www.nist.gov/pml/data/xraycoef/]2

3 Terms and definitions

For the purposes of this document, the terms and definitions given in [E%/TR 60788:2004,
0

IEC 60601-1:2004 and JEC 60601-1:2005/AMD 1:2012, JEC 60601-1-3:2008 and IEC 60601-
1-3:2008/AMD1:2013 and the following apply.

3.1

ATTENUATION RATIO

ratio of the value of a SPECIFIED RADIATION QUANTITY in the centre of a SPECIFIED RADIATION
BEAM of SPECIFIED RADIATION QUALITY, with the attenuating material under consideration
outside the beam, to the value at the same position and under the same conditions with this
attenuating material placed in the beam

4 Methods to determine the ATTENUATION RATIO

4.1 General

There are four different conditions described in this standard to determine ATTENUATION
RATIOS, F:

Fx ATTENUATION RATIO measured with a NARROW BEAM CONDITION (4.2)
Fg ATTENUATION RATIO measured with a BROAD BEAM CONDITION (4.3)
Fis ATTENUATION RATIO measured with an inverse BROAD BEAM CONDITION (4.4)
FnR - ATTENUATION RATIO calculated for a photon-emitting radionuclide, R (4.5)

4.2 NARROW BEAM CONDITION
4.21 General description

The ATTENUATION RATIO Fy for a given test material (or test object) shall be measured
according to the arrangement for NARROW BEAM CONDITION as shown in Figure 1. This
arrangement is designed to measure the ATTENUATION of the X-RAY BEAM only due to primary
photons. The probability that secondary photons such as fluorescence photons or Compton
scattered photons from the test object reach the RADIATION DETECTOR is minimized. The
aperture in the DIAPHRAGM shall be just large enough to produce the smallest beam covering
the radiation detector. An additional DIAPHRAGM (number 5 in Figure 1) shall be used to shield
the RADIATION DETECTOR from SCATTERED RADIATION produced in the test object. The distance a
from the test object to the reference point of the RADIATION DETECTOR on the beam axis shall
be at least ten times the diameter d of the detector or ten times the diameter t of the
RADIATION BEAM at the distal surface of the test object , whatever is larger, i.e. a > 10 max(d,1).
The minimal distance of the wall or the floor from the detector (position 6 in the Figure 1) in
the direction of the beam shall be 700 mm.

4.2.2 AIR KERMA RATE measurements

The AIR KERMA RATE shall be measured under three different conditions with the same
RADIATION DETECTOR at the same position, where

1 Bureau International de Poids et Mesures, Pavillon de Breteeuil, F-92310 Sévres, ISBN 92-822-2204-7 (set).

2 National Institute of Standards and Technology (NIST), U.S.Department of Commerce.
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Ko denotes the AIR KERMA RATE without the test object in the RADIATION BEAM;
K1 the AIR KERMA RATE with the test object in the RADIATION BEAM;

KB the AIR KERMA RATE with the test object in the beam replaced by a sheet of material of
the same shape with an ATTENUATION RATIO greater than 10°

The same constant dose rate of the primary beam shall be used for the three measurements.
If the mean dose rate of the primary beam varies by more than 0,2 % during the
measurements, a monitor shall be used to normalize the three measurements to the same
primary beam dose rate.

4.2.3 RADIATION QUALITIES and RADIATION DETECTOR

The RADIATION QUALITIES used for the measurements shall be selected from Table 1 . The

RADIATION DETECTOR shall be calibrated in terms of AIR KERMA. The quotient KO divided by Kj
shall be known with a relative standard uncertainty not more than 2 %.

NOTE The AIR KERMA RESPONSE of the RADIATION DETECTOR can be measured with e.g. NARROW BEAM qualities
and the RESPONSE can be plotted as a function of Al or Cu HALF-VALUE LAYERS (HVL). Tables A.4 and A.5 of this
standard can be used to look up the approximate Al or Cu HVL of the non-attenuated and attenuated beams. The
AIR KERMA RESPONSE in the actual beam can then be evaluated from the plot.
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IEC 1444/14
DIAPHRAGM

1

2 Beam filtration

3 Beam-limiting DIAPHRAGM
4 Test object

5 DIAPHRAGM

6 Radiation detector

Condition: a > 10 max(d,t)

Figure 1 — NARROW BEAM CONDITION

4.2.4 Signal to noise condition

The following condition shall be fulfilled:

K; >10Kg
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4.2.5 ATTENUATION RATIO evaluation

The ATTENUATION RATIO Fy shall be evaluated as:

4.3 BROAD BEAM CONDITION
4.3.1 General description

The ATTENUATION RATIO Fgp for a given test material (or test object) shall be measured
according to the arrangement for BROAD BEAM CONDITION as shown in Figure 2. This
arrangement is designed to measure the ATTENUATION of the x-ray beam if secondary photons
emitted by the material sample are included in the detection of the attenuated beam. The
probability that secondary photons such as fluorescence photons or Compton scattered
photons from the test object reach the RADIATION DETECTOR is maximized. The distance a,
from the focal spot to the radiation exit plane of the test object shall be at least three times
the diameter d, of the beam limiting aperture, i.e. a > 3d. The aperture diameter d shall be at
least 10 times greater than the distance b, of the reference point of the RADIATION DETECTOR
from the surface of the test object, i.e. d > 10b. b shall be chosen as small as possible in
order to minimize the ATTENUATION of secondary photons by the amount of air between the
reference point of the RADIATION DETECTOR and the point of emission of the secondary photons
from the test object. The distance between the outer wall of the chamber and the surface of
the test object shall not exceed 10 mm. The minimal distance of the wall or the floor from the
detector (position 6 in Figure 2) in the direction of the beam shall be 700 mm.

4.3.2 AIR KERMA RATE measurements

The AIR KERMA RATE shall be measured under three different conditions with the same
RADIATION DETECTOR at the same position, where:

Ko denotes the AIR KERMA RATE without the test object in the RADIATION BEAM;
K1 the AIR KERMA RATE with the test object in the RADIATION BEAM,;

KB the AIR KERMA RATE with the test object in the beam replaced by a sheet of material of
the same shape with an ATTENUATION RATIO greater than 109.

The same constant dose rate of the primary beam shall be used for the three measurements.
If the mean dose rate of the primary beam varies by more than 0,2 % during the
measurements a monitor shall be used to normalize the three measurements to the same
primary beam dose rate. The dose rate of the primary beam at any point in the plane of the
beam-limiting aperture shall not vary by more than 2 %.

4.3.3 RADIATION QUALITIES and RADIATION DETECTOR

The RADIATION QUALITIES given in Table 1 shall be used for the measurements. The RADIATION

DETECTOR shall be calibrated in terms of AIR KERMA. The quotient KO divided by K4 shall be

known with a relative standard uncertainty not more than 2 %. The dependence of the
response of the RADIATION DETECTOR upon the direction of incidence shall be negligibly small
over a hemisphere. It is recommended to use a spherical ionisation chamber.

NOTE The AIR KERMA RESPONSE of the RADIATION DETECTOR can be measured with e.g. NARROW BEAM qualities
and the RESPONSE can be plotted as a function of Al or Cu HALF-VALUE LAYERS (HVL). Tables A.4 and A.5 of this
standard can be used to look up the approximate Al or Cu HVL of the non-attenuated and attenuated beams. The
AIR KERMA RESPONSE in the actual beam can then be evaluated from the plot.
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1
2
3
4
5
6

DIAPHRAGM

Beam filtration
DIAPHRAGM

Test object
Beam-limiting DIAPHRAGM

Radiation detector

Conditions: a>3d,d>10b

Figure 2 — BROAD BEAM CONDITION

4.3.4 Signal to noise condition

The following condition shall be fulfilled:

K, >10Kg

IEC 1445/14
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4.3.5 ATTENUATION RATIO evaluation

The ATTENUATION RATIO Fg shall be evaluated as:

4.4 Inverse BROAD BEAM CONDITION
4.41 General description

The geometry of the inverse BROAD BEAM shown in Figure 3 is an alternative method to
measure the ATTENUATION RATIO Fg. In order to distinguish from the conventional method, it is
designated as F|g. In contrast to the conventional method described in 4.2 where a BROAD
BEAM impinges on a large area piece of the test object and a small RADIATION DETECTOR
closely behind the test object is used, the inverse method is characterized by a NARROW BEAM
impinging on a small area piece of the test object and a large area flat RADIATION DETECTOR
immediately behind the test object. A flat ionisation chamber shall be used for this purpose.
This method has some advantages because it is easy to use, has low measuring
uncertainties, need only small field sizes and small sheets of material. It shall be used for the
determination of the ATTENUATION properties of materials used for PROTECTIVE CLOTHING and
PROTECTIVE DEVICES for gonads in medical x-ray diagnostic described in . The
method as described here shall not be used for RADIATION QUALITIES with X-RAY TUBE VOLTAGES
above 150 kV. The distance a, from the focal spot to the entrance plane of the measuring
DIAPHRAGM shall not be less than 5 times the diameter of the DIAPHRAGM aperture, d, i.e.
a>5d. The test object can be fixed to the exit plane of the measuring DIAPHRAGM. The
distance b, between the radiation exit plane of the test object and the flat ionisation chamber
shall be chosen to be as close as possible. The following condition shall be fulfilled:
D —d > 10 b. The distance b shall not exceed 5 mm. The minimal distance of the wall or the
floor from the detector (position 6 in the Figure 3) in the direction of the beam shall be
700 mm.

4.4.2 AIR KERMA RATE measurements

The AIR KERMA RATE shall be measured under three different conditions with the same
RADIATION DETECTOR at the same position, where:

KO denotes the AIR KERMA RATE without the test object in the RADIATION BEAM,;
K1 the AIR KERMA RATE with the test object in the RADIATION BEAM,;

KB the AIR KERMA RATE with the test object in the beam replaced by a sheet of material of
the same shape with an ATTENUATION RATIO greater than 109.

The same constant dose rate of the primary beam shall be used for the three measurements.
If the mean dose rate of the primary beam varies by more than 0,2 % during the
measurements, a monitor shall be used to normalize the three measurements to the same
primary beam dose rate.
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IEC 1446/14

N

DIAPHRAGM

Beam filtration
DIAPHRAGM
Measuring DIAPHRAGM
Test object

o o b~ W N

Flat measuring chamber

Conditions: a>5d,D—-d>10b,b<5mm

Figure 3 — Inverse BROAD BEAM CONDITION

4.4.3 RADIATION QUALITIES and RADIATION DETECTOR
The RADIATION QUALITIES given in Table 1 shall be used for the measurements. The flat
ionisation chamber shall be calibrated in terms of AIR KERMA under the same irradiation

conditions as used in the measurements. The quotient KO divided by K1 shall be known with
a relative standard uncertainty not more than 2%.

NOTE The AIR KERMA RESPONSE of the RADIATION DETECTOR can be measured with e.g. NARROW BEAM qualities
and the RESPONSE can be plotted as a function of Al HALF-VALUE LAYERS (HVL). Table A.4 of this standard can be
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used to look up the approximate Al HVL of the non-attenuated and attenuated beams. The AIR KERMA RESPONSE in
the actual beam can then be evaluated from the plot.

4.4.4 Signal to noise condition

The following condition shall be fulfilled:
K, >10Kp

4.4.5 ATTENUATION RATIO evaluation

The ATTENUATION RATIO F g shall be evaluated as:

Ko —Kg
K1-Kg

Fg =

4.5 Calculation of the ATTENUATION RATIO for photon-emitting radionuclides
4.5.1 Equation

The ATTENUATION RATIO Fy g for a given test material to protect against the photon-emitting
radionuclide R shall be calculated according to the following equation:

E.
Z(ﬂen( I)J P(E,)E,
NP i . E, >20keV
wE)

Z(ﬂen;Ei )J | p(E, )Eie[medp

i

FN,R:

ir

where
E; is the energy of the i-th photon emitted per decay
p(E;) is the photon emission probability per decay event for photons with energy E;

(MJ is the mass energy-absorption coefficient of air for photons with energy E;
air

Y2
(@J is the mass ATTENUATION COEFFICIENT of the test material for photons with
P Jm
energy E;
d is the thickness of the test material
P is the density of the test material

4.5.2 Decay data

Photon energies E; and photon emission probabilities p(E;) shall be taken from the
Monographie BIPM-5: Table of Radionuclides.

4.5.3 Mass ATTENUATION and mass energy-absorption coefficients

Mass ATTENUATION and mass energy-absorption coefficients shall be taken from NISTIR 5632:
Tables of X-Ray Mass Attenuation Coefficients and Mass Energy-Absorption Coefficients.
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4.5.4 Verification of the mass- ATTENUATION COEFFICIENTS of the test material

The test material’'s mass ATTENUATION COEFFICIENTS used in 4.5.1 shall be verified by
comparison of measured values of Fy according to 4.2 with calculated values Fy ¢ according
to the procedure described in the following. A set of standard RADIATION QUALITIES of Tables 1
and 2 shall be used which covers approximately the energy range of the photons emitted by
the radionuclide. Measurements for the standard gamma RADIATION QUALITIES listed in Table 2
shall be done with a NARROW BEAM CONDITION similar to that shown in Figure 1. The
distribution of the photon fluence with respect to the photon energies of the standard
RADIATION QUALITIES shall be known for this purpose. The value of Fy of the photon fluence
spectra shall be evaluated according to the following formula:

where
E

i

A

E,—— and E; +—
2

2

Hen(Ej)

J HE)E

FN,C:

i

A
2

z(ﬂen(EI)

#(E;) is the number of photons contained in channel i

and the other symbols have the same meaning as in the equation of 4.5.1.

#(Ei)j dp

] HE, el

is the energy attributed to the channel j containing all photons with energies between

The condition |1 — Fy / Fy ¢l = 0,2 shall be fulfilled for the chosen set of qualities.

Table 1 — Standard RADIATION QUALITIES for X-RAY BEAMS

Tube voltage TOTAL FILTRATION 1st HVL AIR KERMA RATE 1 m,
(nominal) (nominal) (nominal) 10 mA
KV (approximately)
mm Al mm Cu mm Al mm Cu mGyls

30 2,5 0,99 0,1
40 2,5 1,44 0,2
50 2,5 1,81 0,3
60 2,5 2,14 0,4
70 2,5 2,44 0,5
80 2,5 2,77 0,6
90 2,5 3,10 0,8
100 2,5 3,44 0,9
110 2,5 3,79 1,0
120 2,5 4,13 1,2
130 2,5 4,48 1,4
140 2,5 4,82 1,6
150 2,5 5,17 2
200 1,2 14,6 1,63 1
250 1,8 16,8 2,53 1,5
300 2,5 18,6 3,37 2
400 3,5 20,8 4,51 3
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The X-RAY TUBE VOLTAGE shall not differ from the nominal values by more than 2 % or 2 kV,
whatever is less. The aluminium filter shall be of 99,9 % purity or higher and density
2,70 g cm=3. The copper filter shall be of 99,9 % purity or higher and density 8,90 g cm=3 The
thickness of the aluminium and copper filters shall not differ from the nominal values by more
than 0,1 mm. The first Al and Cu HALF-VALUE LAYERS and the approximate AIR KERMA RATES are
given for information only.

Table 2 — Standard gamma RADIATION QUALITIES according to |SO 4037-1

Gamma Code RADIATION ENERGY Half life AIR KERMA RATE constant of
sources keV days the pure source
uGy h'' m2 MBq™!
Cs-137 S-Cs 661,6 11 050 0,079
Co-60 S-Co 1173,3; 1332,5 1925,5 0,31

5 Determination of ATTENUATION properties

5.1 ATTENUATION RATIO
5.1.1 Determination

The ATTENUATION RATIOS Fy, Fg, Fig and Fy g shall be determined according to 4.2, 4.3, 4.4
and 4.5, respectively.

5.1.2 Indication

The ATTENUATION RATIOS Fy, Fg, Fig and FyRr shall be indicated by its numerical value
together with the method of determination (NA§ROW BEAM, BROAD BEAM, inverse BROAD BEAM,
or calculated) and the RADIATION QUALITY in terms of the beam code, the X-RAY TUBE VOLTAGE
and HALF-VALUE LAYER or the code of the radionuclide (see Clause 6).

5.2 BUILD-UP FACTOR
5.2.1 Determination

The BUILD-UP FACTOR B shall be determined according to the equations

depending on the method used for the BROAD BEAM measurement, where Fy, Fg and F g refer
to the numbers obtained by measurements according to 4.2, 4.3 and 4.4, respectively. Fy and
Fg or F\ and F|g, respectively, shall be done in the beam of the same x-ray facility.

5.2.2 Indication

The BUILD-UP FACTOR shall be indicated by its numerical value together with the RADIATION
QUALITY in terms of the beam code, the X-RAY TUBE VOLTAGE and HALF-VALUE LAYER (see
Clause 6).

5.3 ATTENUATION EQUIVALENT
5.3.1 Determination

The ATTENUATION EQUIVALENTS 3y, 3g, 8|g and , 8y g shall be determined by measurements of
Fn» Fg and Fg according to 4.2, 4.3 and 44 or calculations of Fy g according to 4.5,
respectively, for the material under test and by comparison with the thickness of a layer of the
reference material resulting within given tolerances in the same values of Fy, Fg, Fjg and
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Fn.r respectively. The measurements for the material and the reference material shall be
done in the same beam of the same x-ray facility.

5.3.2 Indication

The ATTENUATION EQUIVALENT shall be indicated in thickness of the reference material in mm
together with the method used for the determination (NARROW BEAM, BROAD BEAM, inverse
BROAD BEAM or calculated), the chemical symbol or other identification of the reference
material and the RADIATION QUALITY in terms of the beam code, the X-RAY TUBE VOLTAGE and
HALF-VALUE LAYER or the code of the radionuclide (see Clause 6).

5.4 LEAD EQUIVALENT
5.4.1 Determination

The LEAD EQUIVALENT shall be determined as ATTENUATION EQUIVALENT, but with (a) layer(s) of
lead as reference material.

NOTE LEAD EQUIVALENT values of a test material can be obtained by interpolation from measured ATTENUATION
RATIOS of lead sheets of different thicknesses covering the range of interest.

5.4.2 Indication

The LEAD EQUIVALENT shall be indicated in thickness of lead in mm together with the chemical
symbol for lead and the method used for the determination (NARROW BEAM, BROAD BEAM,
inverse BROAD BEAM, calculated) and the RADIATION QUALITY in terms of the X-RAY TUBE
VOLTAGE and HALF-VALUE LAYER or the code of the radionuclide (see Clause 6).

5.5 LEAD EQUIVALENT class for a SPECIFIED range of RADIATION QUALITIES
5.5.1 Materials

Some materials used for PROTECTIVE CLOTHING and protective patient shields in medical x-ray
diagnostic as described in need the definition of the LEAD EQUIVALENT value for a
SPECIFIED range of RADIATION QUALITIES. The conditions for the assignment of such a value are
described in the following subclauses.

5.5.2 Standard thicknesses

The LEAD EQUIVALENT value shall be assigned to a material for one of the following classes of
lead thickness: 0,25 mm, 0,35 mm, 0,5 mm and 1 mm.

5.5.3 Conditions for assignment to a LEAD EQUIVALENT class

The LEAD EQUIVALENT class shall be assigned to a material if at least one of the following two
conditions is fulfilled for a SPECIFIED range of RADIATION QUALITIES selected from the full range
30 kV — 150 kV, see Table 1:

1) The ATTENUATION RATIO Fg of a material for a special RADIATION QUALITY is greater than
250.

2) The LEAD EQUIVALENT 38,g, by definition determined with the inverse BROAD BEAM method
according to 4.4, is equal or greater than a standard thickness of lead SPECIFIED in 5.5.2.
A relative standard uncertainty of 7 % in the determination of the LEAD EQUIVALENT shall be
taken into account in the decision of conformity, thus, if tp, is the standard lead thickness
and 3,g is the LEAD EQUIVALENT of the test material, the condition can be written as:

o 20,93 1pg
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5.5.4 Indication

The LEAD EQUIVALENT range shall be indicated in the standard thickness of lead in mm
together with the chemical symbol for lead followed by the specification of the X-RAY TUBE
VOLTAGE range in kV (see Clause 6).

5.6 Homogeneity
5.6.1 Determination

The homogeneity of a protective material shall be determined from measured values of Fy
obtained over the area of the test object under the conditions of 4.2 and the corresponding
values of ATTENUATION EQUIVALENT dy ;.

These values oy ; shall be determined

— for 5 to 10 representative places, or
— continuously in representative directions over the area of the test object.

The deviation from homogeneity V of the protective material shall be determined as the
greatest deviation of a single value of ATTENUATION EQUIVALENT ¢y ; from the mean value of

ATTENUATION EQUIVALENT gNZ
&
oN == 0
niz

V =6y il

5.6.2 Indication

The inhomogeneity shall be indicated together with the ATTENUATION EQUIVALENT as tolerance
in the same units, e.g.:

3 mm £ 0,2 mm Pb, NARROW BEAM, 100 kV, HVL = 3,44 mm Al (see Clause 6).

6 Statement of compliance

If for SPECIFIED ATTENUATION properties compliance with this part of IEC 61331 shall be stated,
this shall be indicated as follows, e.g.:

— attenuation ratio 2 x 102: narrow beam 200 kV HVL = 1,64 mm Cu IEC 61331-1:2014;

— attenuation ratio 20: narrow beam Cs-137 IEC 61331-1:2014;

— attenuation ratio 15: calculated Ir-192 [EC 61331-1: 2014;

— build-up factor 1,4: 150 kV HVL = 5,17 mm Al IEC 61331-1:2014;

— attenuation equivalent 2 mm Fe: narrow beam 100kV HVL = 3,44 mm Al
IEC 61331-1:2014;

— attenuation equivalent 2 mm + 0,1 mm Fe: narrow beam 100 kV HVL = 3,44 mm Al
IEC 61331-1:2014;

— lead equivalent 1 mm Pb: narrow beam 300 kV HVL = 3,37 mm Cu IEC 61331-1:2014;
— lead equivalent 1 mm Pb: broad beam 300 kV HVL = 3,37 mm Cu IEC 61331-1:2014;
— lead equivalent 0,25 mm Pb: inverse broad beam 60 — 120 kV IEC 61331-1:2014.
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Annex A
(informative)

Tables of ATTENUATION RATIOS, BUILD-UP FACTORS and first HALF-VALUE LAYERS

Tables A.1 to A.5 contain calculated values of ATTENUATION RATIOS, BUILD-UP FACTORS and first
HALF-VALUE LAYERS of the RADIATION QUALITIES of Table 1 when filtered with additional layers of
the reference material lead. Calculations are based on primary photon fluence spectra
measured at the Physikalisch-Technische Bundesanstalt (PTB), Braunschweig, Germany. The
values serve as guidance for testing laboratories to confirm their results. Actual values
measured at testing laboratories may differ from these values by several percent due to
differences in the photon fluence spectra and RADIATION DETECTORS used in measurements.
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Table A.2 — BUILD-UP FACTOR B measured for RADIATION QUALITIES of Table 1 according to
the formula given in 5.2.1 for lead thicknesses 0,25 mm, 0,35 mm and 0,50 mm

mm Pb | 50 kV 60 kV 70 kV 80 kV 90 kV 100kV | 110 kV | 120 kV | 130 kV | 140 kV | 150 kV
0,25 1,29 1,26 1,23 1,20 1,19 1,21 1,23 1,25 1,27 1,28 1,28
0,35 1,37 1,31 1,27 1,24 1,22 1,24 1,27 1,30 1,32 1,33 1,33
0,50 1,47 1,35 1,32 1,28 1,26 1,29 1,33 1,38 1,41 1,43 1,44

F
NOTE Values were obtained from the measured ratio B = —%“ (see 5.2.1).

Fig

Table A.3 — ATTENUATION RATIOS F\ of lead thicknesses
from 0,125 mm to 7 mm calculated for RADIATION QUALITIES of Tables 1
and 2 according to the formula given in 4.5.4

mm Pb 200 kV 250 kV 300 kV 400 kV 662 keV 1 325 keV
0 1,00E+00 1,00E+00 1,00E+00 1,00E+00 1,00E+00 1,00E+00
0,125 1,62E+00 1,44E+00 1,32E+00 1,20E+00 1,02E+00 1,01E+00
0,25 2,49E+00 1,97E+00 1,68E+00 1,41E+00 1,03E+00 1,02E+00
0,35 3,41E+00 2,48E+00 1,99E+00 1,58E+00 1,04E+00 1,02E+00
0,5 5,27E+00 3,38E+00 2,51E+00 1,85E+00 1,06E+00 1,03E+00
1 1,81E+01 7,95E+00 4,78E+00 2,84E+00 1,13E+00 1,07E+00
1,5 5,11E+01 1,61E+01 8,12E+00 4,06E+00 1,21E+00 1,10E+00
2 1,30E+02 3,02E+01 1,30E+01 5,57E+00 1,28E+00 1,14E+00
2,5 3,11E+02 5,37E+01 2,00E+01 7,46E+00 1,37E+00 1,18E+00
3 7,06E+02 9,26E+01 3,01E+01 9,79E+00 1,46E+00 1,22E+00
3,5 1,55E+03 1,56E+02 4,44E+01 1,27E+01 1,55E+00 1,26E+00
4 3,31E+03 2,67E+02 6,44E+01 1,63E+01 1,65E+00 1,31E+00
4,5 6,94E+03 4,17E+02 9,23E+01 2,06E+01 1,75E+00 1,35E+00
5 1,43E+04 6,71E+02 1,31E+02 2,60E+01 1,87E+00 1,40E+00
55 2,91E+04 1,07E+03 1,85E+02 3,26E+01 1,99E+00 1,44E+00
6 5,84E+04 1,68E+03 2,58E+02 4,06E+01 2,12E+00 1,49E+00
6,5 1,16E+05 2,63E+03 3,58E+02 5,03E+01 2,25E+00 1,54E+00
7 2,30E+05 4,09E+03 4,95E+02 6,22E+01 2,40E+00 1,69E+00




BS EN 61331-1:2014

IEC 61331-1:2014 © |IEC 2014

— 22 -

8clL zelL o€l o€l 6CL 6ClL LT 9Ll €0l 9'g 99 Gy 9'C 4
9'cL L'el 8ClL 121 121 9L 14’ €1l 101 v'8 G9 vy G'C Gl
€€l 8°CL GCL €CL zeh L'zl 8°LL 6°0L L'6 (] €9 'y v 3
Gzl L'zl Ll Sl €1l LLL 101 66 8’8 v'.L 8‘G 6°¢c L S0
0ZL 9L €Ll 0°bL JA]E G'oL Lol €6 4] 69 v's L' 0C GE0
gLl LLL 80l S0l zol 66 v'6 9'g 9, v'9 L‘s G'e 0°C Gz'o
€0l 0‘0L 96 2’6 6°8 v'8 6L 2L €9 €6 'y o€ 8‘l STAN]
z's 8y Sy L'y 8¢ v'e L'e 8°C v'eC L 8L vl 0°L 0
M 051 N ovE M 0€L M 0CL M OLL A 001 M 06 A 08 M 0L N 09 M 0§ N oY N 0€ qd wuw

S3ILITVND NOILYIAVY O |V Ww Ul SY3IAV1 INTVA-4TVH ISii4 — $'V d|gel

wuw z 0] ww GZL‘0 wouy abuels ayy ui
S9SSaUYOIY) JUDIDYHP JO SI}|1 PED| [RUOIIPPE. JO UOI}OUNS B SB | d|qe] JO




BS EN 61331-1:2014
IEC 61331-1:2014 © IEC 2014 - 23 -

Table A.5 — First HALF-VALUE LAYERS in mm Cu of RADIATION QUALITIES
of Table 1 as a function of additional lead filters of different thicknesses
in the range from 0,125 mm to 4 mm

mm Pb 200 kV 250 kV 300 kV 400 kV
0 1,6 2,5 3,4 4,5
0,125 1,8 2,8 3,7 4,9
0,25 2,0 3,1 4,0 5,1
0,35 2,2 3,3 4,2 53
0,5 2,4 3,6 4,5 5,5
1 3,0 4,2 5,0 6,0
1,5 3,4 4,6 5,3 6,3
2 3,7 4,9 5,5 6,5
2,5 3,9 5,0 5,7 6,6
3 4,1 5,1 5,8 6,7
3,5 4,2 5,2 59 6,8
4 4,3 5,3 5,9 6,9
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Index of defined terms used in this International Standard

NOTE In the present document terms defined either in |JEC 60601-1:2004 and IEC 60601-1:2005/AMD1:2012,
JEC 60601-1-3:2008 and |IEC 60601-1-3:2008/AMD1:2013, in JEC/TR 60788:2004 or in this International Standard
have been used. These defined terms can be looked up at the IEC website http://std.iec.ch/glossary .

ATR KERMA ...ttt ettt IEC 60601-1-3:2008, 3.4
AIR KERMA RATE ...t IEC 60601-1-3:2008, 3.5
ATTENUATION ettt et |IEC 60601-1-3:2008, 3.7
ATTENUATION COEFFICIENT ettt |IEC/TR 60788:2004, rm-13-39
ATTENUATION EQUIVALENT ...t IEC/TR 60788:2004, rm-13-37
ATTENUATION RATIO ..ottt et e e e et e e e e e e e e e e e e e e e e e 3.1
BROAD BEAM «.. .ottt |IEC/TR 60788:2004, rm-37-24
BROAD BEAM CONDITION ... ettt |IEC/TR 60788:2004, rm-37-25
BUILD=UP FACTOR ...ttt et eeaeaas |IEC/TR 60788:2004, rm-13-19
DIAPHRAGM. .......oitiitieeieie e eee ettt IEC 60601-1-3:2008, 3.17
HALF=VALUE LAYER ...ttt oottt |IEC 60601-1-3:200§, 3.27
[TONIZING RADIATION ...ttt e et |IEC 60601-1-3:200§, 3.29
LEAD EQUIVALENT 1ttt e e aneaas |IEC/TR 60788:2004, rm-13-38
NARROW BEAM ...ttt e et e e e e e eaeaes |IEC/TR 60788:2004, rm-37-22
NARROW BEAM CONDITION ...ttt |IEC/TR 60788:2004, rm-37-23
PROTECTIVE CLOTHING ... eeetteeee et |IEC 60601-1-3:200§, 3.50
PROTECTIVE DEVICE .....uuveeeieeeeeeeeeeeeee e IEC 60601-1-3:200§, 3.50
RADIATION BEAM.......uveeieeeee e e IEC 60601-1-3:2008, 3.55
RADIATION DETECTOR ..t eeeeeeee ettt |IEC 60601-1-3:200§, 3.57
RADIATION ENERGY ..ttt e et |IEC/TR 60788:2004, rm-13-29
RADIATION QUALITY ... IEC 60601-1-3:200§, 3.60
RADIATION QUANTITY ..oviiiiiiee e, IEC/TR 60788:2004, rm-13-01
SENSITIVE VOLUME ..ttt e ettt |IEC/TR 60788:2004, rm-51-07
SPECIFIED ettt et |IEC/TR 60788:2004, rm-74-02
TOTAL FILTRATION ...eeieeeeiee e IEC 60601-1-3:200§, 3.77
X=RADIATION ..ottt ettt IEC 60601-1-3:2008, 3.53

X-RAY TUBE VOLTAGE .ottt |IEC 60601-1-3:200§, 3.88



http://std.iec.ch/glossary
http://dx.doi.org/10.3403/30039816
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/02996938
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362
http://dx.doi.org/10.3403/30107362

This page deliberately left blank



This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs
to succeed. Find out more about British Standards by visiting our website at
bsiaroun.com/standards or contacting our Customer Services team or

Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsiaroun.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions

Our range of subscription services are designed to make using standards
easier for you. For further information on our subscription products go to
bsiaroun.com/subscrintions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsiaroun.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email bsmusales@bsigroup.com.

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK

bsi.

Revisions
Our British Standards and other publications are updated by amendment or revision.
We continually improve the quality of our products and services to benefit your

business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Copyright

All the data, software and documentation set out in all British Standards and
other BSI publications are the property of and copyrighted by BSI, or some person
or entity that owns copyright in the information used (such as the international
standardization bodies) and has formally licensed such information to BSI for
commercial publication and use. Except as permitted under the Copyright, Designs
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system
or transmitted in any form or by any means — electronic, photocopying, recording
or otherwise — without prior written permission from BSI. Details and advice can
be obtained from the Copyright & Licensing Department.

Useful Contacts:

Customer Services

Tel: +44 845 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

..making excellence a habit’


www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	30302304-VOR.pdf
	English 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Methods to determine the attenuation ratio
	4.1 General
	4.2 narrow beam condition
	4.2.1 General description
	4.2.2 Air kerma rate measurements
	4.2.3 Radiation qualities and radiation detector
	4.2.4 Signal to noise condition
	4.2.5 Attenuation ratio evaluation

	4.3 Broad beam condition
	4.3.1 General description
	4.3.2 Air kerma rate measurements
	4.3.3 Radiation qualities and radiation detector
	4.3.4 Signal to noise condition
	4.3.5 Attenuation ratio evaluation

	4.4 Inverse broad beam condition
	4.4.1 General description
	4.4.2 Air kerma rate measurements
	4.4.3 Radiation qualities and radiation detector
	4.4.4 Signal to noise condition
	4.4.5 Attenuation ratio evaluation

	4.5 Calculation of the attenuation ratio for photon-emitting radionuclides
	4.5.1 Equation
	4.5.2 Decay data
	4.5.3 Mass attenuation and mass energy-absorption coefficients
	4.5.4 Verification of the mass- attenuation coefficients of the test material


	5 Determination of attenuation properties
	5.1 attenuation ratio
	5.1.1 Determination
	5.1.2 Indication

	5.2 build-up factor
	5.2.1 Determination
	5.2.2 Indication

	5.3 Attenuation equivalent
	5.3.1 Determination
	5.3.2 Indication

	5.4 lead equivalent
	5.4.1 Determination
	5.4.2 Indication

	5.5 lead equivalent class for a specified range of radiation qualities
	5.5.1 Materials
	5.5.2 Standard thicknesses
	5.5.3 Conditions for assignment to a lead equivalent class
	5.5.4 Indication

	5.6 Homogeneity
	5.6.1 Determination
	5.6.2 Indication


	6 Statement of compliance
	Annex A  (informative)  Tables of attenuation ratios, build-up factors and first half-value layers
	Bibliography
	Index of defined terms used in this International Standard
	Figures
	Figure 1 – Narrow beam condition
	Figure 2 – broad beam condition
	Figure 3 – Inverse broad beam condition

	Tables
	Table 1 – Standard  radiation qualities for x-ray beams
	Table 2 – Standard gamma radiation qualities according to ISO€4037-1
	Table A.1 – attenuation ratios FN of lead thicknesses from 0,125€mm to 2€mm calculated for radiation qualities of Table€1 according to the formula given in 4.5.4
	Table A.2 – build-up factor B measured for radiation qualities of Table 1 according to the formula given in 5.2.1 for lead thicknesses 0,25€mm, 0,35€mm and 0,50€mm 
	Table A.3 – attenuation ratios FN of lead thicknesses from 0,125 mm to 7 mm calculated for radiation qualities of Tables 1and 2 according to the formula given in 4.5.4
	Table A.4 – First half-value layers in mm Al of radiation qualities of Table 1 as a function of additional lead filters of different thicknesses in the range from 0,125 mm to 2€mm
	Table A.5 – First half-value layers in mm Cu of radiation qualities of Table 1 as a function of additional lead filters of different thicknesses in the range from 0,125 mm to 4€mm


	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d’application
	2 Références normatives
	3 Termes et définitions
	4 Méthodes de détermination de l’indice d’atténuation
	4.1 Généralités
	4.2 Condition de faisceau étroit
	4.2.1 Description générale
	4.2.2 Mesures du débit de kerma dans l’air
	4.2.3 qualités de rayonnement et détecteur de rayonnement
	4.2.4 Condition de signal sur bruit
	4.2.5 Évaluation de l’indice d’atténuation

	4.3 Condition de faisceau large
	4.3.1 Description générale
	4.3.2 Mesures du débit de kerma dans l’air
	4.3.3 qualités de rayonnement et détecteur de rayonnement
	4.3.4 Condition de signal sur bruit
	4.3.5 Évaluation de l’indice d’atténuation

	4.4 Condition de faisceau large inversé
	4.4.1 Description générale
	4.4.2 Mesures du débit de kerma dans l’air
	4.4.3 Qualités de rayonnement et détecteur de rayonnement
	4.4.4 Condition de signal sur bruit
	4.4.5 Évaluation de l’indice d’atténuation

	4.5 Calcul de l’indice d’atténuation pour les radionucléides à émission de photons
	4.5.1 Équation
	4.5.2 Données de désintégration
	4.5.3 Coefficients d’atténuation massique et d’absorption de l’énergie massique
	4.5.4 Vérification des coefficients d'atténuation massique du matériau d’essai


	5 Détermination des propriétés d’atténuation
	5.1 Indice d’atténuation
	5.1.1 Détermination
	5.1.2 Indication

	5.2 Facteur d’accumulation
	5.2.1 Détermination
	5.2.2 Indication

	5.3 Equivalent d'atténuation
	5.3.1 Détermination
	5.3.2 Indication

	5.4 Équivalent plomb
	5.4.1 Détermination
	5.4.2 Indication

	5.5 Classe d'équivalent plomb pour une plage spécifiée de qualités de rayonnement
	5.5.1 Matériaux
	5.5.2 Épaisseurs normalisées
	5.5.3 Conditions d’attribution d’une classe d'équivalent plomb
	5.5.4 Indication

	5.6 Homogénéité
	5.6.1 Détermination
	5.6.2 Indication


	6 Déclaration de conformité
	Annexe A  (informative)  Tableaux des indices d’atténuation, des facteurs d’accumulation et des premières couches de demi-atténuation
	Bibliographie
	Index des termes définis utilisés dans la présente Norme internationale
	Figures
	Figure 1 –Condition de faisceau étroit
	Figure 2 – condition de faisceau large
	Figure 3 –Condition de faisceau large inversé

	Tableaux
	Tableau 1 – Qualités de rayonnement normalisées pour les faisceaux a rayon-x
	Tableau 2 – Qualités de rayonnement gamma normalisées selon l’ISO€4037-1
	Tableau A.1 – indices d’atténuation FN des épaisseurs de plomb comprises entre 0,125€mm et 2€mm calculés pour les qualités de rayonnement du Tableau 1 conformément à la formule indiquée en 4.5.4
	Tableau A.2 –  facteur d’accumulation B mesuré pour les qualités de rayonnement du Tableau 1 conformément à la formule indiquée en 5.2.1 pour les épaisseursde plomb comprises entre 0,25€mm, 0,35€mm et 0,50€mm
	Tableau A.3 – indices d’atténuation FN des épaisseurs de plomb comprises entre 0,125€mm et 7€mm calculés pour les qualités de rayonnement des Tableaux 1 et 2 conformément à la formule indiquée en 4.5.4
	Tableau A.4 – Premières couches de demi-atténuation en mm d’aluminium des qualités de rayonnement du Tableau 1 en fonction des filtres en plomb supplémentaires d’épaisseurs différentes dans la plage comprise entre 0,125 mm et 2€mm
	Tableau A.5 – Premières couches de demi-atténuation en mm de cuivre des qualités de rayonnement du Tableau 1 en fonction des filtres en plomb supplémentaires d’épaisseurs différentes dans la plage comprise entre 0,125 mm et 4€mm





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




