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L. CZAP, F. PERNICKA, G. MATSCHEKO, P. ANDREO
International Atomic Energy Agency, Vienna

Abstract
Approximately 90% of the Secondary Standard Dosimetry Laboratories (SSDLs) provide users with calibrations of radiation
protection instruments, and the Agency is making every necessary effort to insure that SSDLs measurements in radiation
protection are traceable to Primary Standards. The IAEA provides traceable calibrations ofionization chambers in terms of
air kerma at radiation protection levels and ambient dose equivalent calibrations. SSDLs are encouraged to use the
calibrations available from the Agency to provide traceability for their radiation protection measurements. Measurements
on diagnostic Xray generators have become increasingly important in radiation protection and some SSDLs are involved in
such measurements. The IAEA has proper radiation sources available to provide traceable calibrations to the SSDLs in this
field, including an Xray unit specifically for mammography dedicated to standardization procedures. The different photon
beam qualities and calibration procedures available in the Agency's Dosimetry Laboratory will be described.

1. INTRODUCTION

The emphasis of the IAEA Dosimetry Programme is focused into services provided to
developing Member States through the IAEA/WHO Network of Secondary Standard
Dosimetry Laboratories (SSDLs) and dose quality audits. The latter are performed through the
IAEA/WHO TLD postal service to SSDLs and radiotherapy centers and through the
International Dose Assurance Service (IDAS) for radiation processing facilities, mainly for
food-irradiation and sterilization of medical products. The staff of the Dosimetry Section
(NAHU) provides the programmatic responsibility, supervision and support required for the
measurements at the Agency's Dosimetry Laboratory in Seibersdorf, where all the equipment
is located. This consists of a 60Co therapy unit, brachytherapy 137Cs sources, gamma-
irradiators and X ray generators for the calibration of ionization chambers and radiation
detectors for radiotherapy, radiation protection and diagnostic radiology, thermoluminescence
dosimetry (TLD) systems, Electron Spin Resonance (ESR) equipment, and ancillary
equipment. Besides, the Dosimetry Laboratory has access to two 60Co irradiators (Gammacell-
220) for calibration of dosimeters used for radiation processing. A detailed description of the
various irradiators used at the Agency Laboratory is given in Appendix A. Those can be
considered a typical equipment of an SSDL.

2. NETWORK OF THE SSDLS

The Agency's Dosimetry Laboratory is the central laboratory of the SSDLs network,
establishing the link to the International Measurement System, IMS (Figure 1). The SSDL
network presently includes 69 laboratories and 7 SSDL national organizations in 57 Member
States; the network also includes 19 affiliated members, mainly PSDLs, ICRU, BIPM, and
other international organizations. An updated list of members of the IAEA/WHO SSDL
network is published regularly in the IAEA SSDL Newsletter (bi-annual).

The establishment of the network of SSDLs has the responsibility to guarantee that the
services provided by the laboratories follow internationally accepted metrological standards.
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At present, this is achieved by providing traceable calibrations for therapy level and radiation
protection instruments by the Agency. The traceability is accomplished first with the
transmission of calibration factors for ionization chambers from the BIPM or PSDLs through
the Agency's Dosimetry Laboratory. As a second step, follow-up programmes and dose
quality audits (intercomparisons using ionization chambers and TLDs) are implemented for
the SSDLs to guarantee that the standards transmitted to users in the Member States are kept
within the levels required by the International Measurement System. This second step is
presently implemented only for instruments at therapy level although recent recommendations
have been made by the SSDL Scientific Committee to extend the quality audits to
gamma rays at protection level.

137,Cs

INTERNATIONAL MEASUREMENT SYSTEM

PRIMARY
STANDARDS

SECONDARY
STANDARDS

BIPM PSDLs

IAEA
Dosimetry Lab

traceable
standards

SSDLs

FIELD
INSTRUMENTS

USERS

FIG. 1. The International Measurement System (IMS), where traceability of field instruments
(users) to Primary Standards is guaranteed through the network of Secondary Standard
Dosimetry Laboratories and the Agency's Dosimetry Laboratory. The inner box shows

the steps where traceable calibrations are accomplished. By providing also
calibrations and reference irradiations to the Agency's Radiation Monitoring and

Protection Services, traceability can be guaranteed down to the level of personal and
area monitoring in Member States

Figure 2 shows the number of calibrations provided during the last years by the Agency's
Dosimetry Laboratory to Member States both at therapy and radiation protection level, where
it can be seen that the latter is considerably smaller than the number of calibrations for
radiotherapy instruments. The large number of calibrations for therapy during 1995 is due to a
biennial campaign of intercomparisons of ion chamber calibrations with a large number of
SSDLs. The SSDLs submit to the IAEA Secretariat annual reports on their activities in the
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various fields. Data between 1985-1995 show on the average that approximately 8% of the
laboratories do radiotherapy calibrations only, 12% do radiation protection calibrations only,
and nearly 80% of the laboratories do both types of calibrations.

3. IAEA STANDARDS FOR RADIATION PROTECTION

As is well known, the basic idea of radiation protection quantities defined by ICRP [1] and
ICRU [2, 3] is to relate the risk due to exposure with ionizing radiation to a single quantity
which takes into account the human body as a receptor. Two types of quantities, limiting and
operational, can be related to basic physical quantities which are defined without need for
considering specific aspect of radiation protection, e.g. air kerma for photons and fluence for
neutrons. In practice, the conventional true value of a radiation protection quantity is usually
obtained by multiplying the value of a measured physical quantity by an appropriate factor
which relates the two quantities. The calibration of a dosimeter for measurements in radiation
protection consists then of a calibration in terms of a physical quantity together with the use of
internationally agreed data for conversion from physical into protection quantities.
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FIG. 2. Calibrations of secondary standards for therapy and radiation protection levels
provided by the Agency to SSDLs in Member States during the period 1991-1996.

Because of the low levels of measured currents, secondary standard instruments for radiation
protection levels consist of a large ionization chamber (1000 cm3 approximately), connected
to an appropriate electrometer. Their calibration is performed in specific reference conditions
at a standards laboratory. The list of all reference ionization chambers used at the Agency's
Dosimetry Laboratory is given in Appendix B. The secondary standards for radiation
protection level at the Agency's Dosimetry Laboratory are based on spherical ionization
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chambers LS-01 and HS-01 designed and manufactured at the Austrian Research Center
(ARCS) at Seibersdorf. The energy response of the LS-01 chamber is optimized for
measurements of air kerma, Kair, while that of HS-01 for the measurement of ambient dose
equivalent, H*. Chambers are calibrated in terms of air kerma and ambient dose equivalent at
PTB and BIPM. The ionization current is measured with the programmable electrometer
model Keithley 6517 controlled via an IEEE-488.2 interface using an application for data
acquisition developed with the Lab View software. For monitoring the X ray unit output a
Keithley 617 electrometer is used.

The calibration setups at the Agency's Dosimetry Laboratory are shown in Figure 3 for X rays
and 60Co/137Cs gamma rays respectively. They reproduce the configurations used at BIPM and
PTB. Table I gives the ISO 4037 [4] radiation qualities (narrow series) available for
calibrations at protection levels. Air kerma and ambient dose equivalent calibrations for these
qualities are provided.

4. NEW DEVELOPMENTS

During their last meeting in September 1996, the Standing Advisory Committee "SSDL
Scientific Committee", SSC (its members are from ICRU, BIPM and Primary Laboratories),
has recommended extending the long experience of the Agency in the field of standardization
and monitoring dosimetry calibrations at radiotherapy level for the SSDL network, to the
fields of protection and diagnostic X rays dosimetry. It was emphasized that

"Nearly 80% of the SSDLs provide measurements in the radiation protection range. The SSC
recommends that the Agency takes every necessary effort to insure that SSDLs measurements
in radiation protection are traceable to Primary Standards. As the Agency's Dosimetry
Laboratory provides traceable calibrations of ionization chambers in terms of air kerma at
radiation protection levels, the SSC encourages the SSDLs to use the service available from
the Agency to provide traceability for their radiation protection measurements. Measurements
on diagnostic X ray machines have become increasingly important and some SSDLs are
involved in such measurements. The Agency's Dosimetry Laboratory should, therefore, have
proper radiation sources available to provide traceable calibrations to the SSDLs

The annual postal comparison has been shown to be successful in assuring the coherence of
the measurement quality of the SSDL Network in the range of therapeutic doses. This
programme should be extended to assure the traceability of secondary standards also at
radiation protection irradiation level and diagnostic X rays. The Committee recommends that
the Agency's Dosimetry Laboratory should start the task for Radiation Protection
measurements using 137Cs gamma radiation at protection levels;... "

The above recommendations have led the Dosimetry Section to start with new activities.
Because of the importance of mammographic examinations world-wide, as a first step the
Agency's Dosimetry Laboratory has acquired a mammography X ray unit. It is equipped with
a tube that has two targets, one of Molybdenum and the other of Rhodium. Seventeen beam
qualities have recently been established for tube voltages between 23 and 40 kV that are
equivalents of the NIST mammography calibration beams. Experiments have been initiated
aiming at the selection of an ionization chamber as the secondary standard for the
mammography calibration facility.

General guidance on the basic requirements for protection instruments, e.g. the quantities that
should be measured, their overall accuracy, etc. has been given by different international
bodies like ICRP [1, 5], ICRU [3, 6,] and IAEA [7]. The overall accuracy of any dosimetry
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system is determined from the combined effects of a number of uncertainties. Calibration
procedures are typical sources of uncertainties whose influence on the accuracy of a protection
level measurement is usually reduced by more important components like the energy and
angular dependence of the dosimeter. Nevertheless, large errors in the calibration, if they
occur, can have severe consequences. In addition the traceability of any measurement is the
only possible link to the IMS, that is, even if large errors can sometimes be accepted in
radiation protection, it is necessary to know the reference with which that error can be
compared. The extension of activities for checks of the SSDLs I37Cs calibrations thus seems a
natural continuation of the Agency role in disseminating international standards to Member
States. At present, the Agency's Dosimetry Laboratory is developing the system that will be
implemented for this task.
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FIG. 3. Setups used at the Agency's Dosimetry Laboratory for the calibration of secondary
standards in radiation protection for X rays and ^Co/^Cs gamma rays. Beam qualities

available at the Laboratory are given in Table I.
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TABLE I. RADIATION QUALITIES AT PROTECTION LEVEL AVAILABLE AT THE
AGENCY'S DOSIMETRY LABORATORY. (FDCED FILTRATION: 2.2 mm Be + 3 mm
Al).

Generating potential

[kV]

40

60

80

100

120

150

200

250

300

l37Cs

"Co

Added filtration

[mm Al]

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

[mmCu]

0.22

0.59

1.85

5.30

5.00

-

2.00

-

-

(mmSn]

-

-

-

-

1.00

2.50

3.00

2.50

3.00

[mmPb]

-

-

-

-

-

-

1.00

2.50

5.00

HVL

[mm Al]

2.70

[mraCu]

0.24

0.59

1.15

1.74

2.40

4.06

5.21

6.19
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Appendix A

CALIBRATION SOURCES AT THE IAEA DOSIMETRY LABORATORY

Picker V4M/60

Radionuclide 60Co

Maximum activity 148 TBq

The current activity of the 60Co source 11.8 TBq (on 97-10-01)

Height of the source above the floor 1.10m

Maximum radiation field-size 400 cm2 at 100 cm

Calibration field-size 100 cm2 at 100 cm

Calibration source to detector distance 100 cm

Air kerma rate at the calibration position 455 (aGy/min (on 97-10-01)

Dose equivalent rate of leakage radiation at 100 cm 15 jiSv/h

OB-85

Radionuclide 60Co
Current activity of the 60Co source 20.5 GBq (on 97-10-01)
Air kerma rate at the calibration position 22.8 |iGy/min (on 97-10-01)

Radionuclide 137Cs
Current activity of the 137Cs source 660 GBq (on 97-10-01)
Air kerma rate at the calibration position 191 mGy/min (on 97-10-01)

Height of the source above the floor 1.10m

Calibration field-size 0150 cm at 300 cm

Calibration source to detector distance 300 cm

Dose equivalent rate of leakage radiation at 100 cm <1 ^Sv/h

X ray units

Philips X ray machine MG 324

Metal-ceramic tube MCN 321 with beryllium window, oil cooling

Target material Wolfram

Generating potential continuously adjustable 16 to 320 kV

Tube current continuously adjustable 0.1 to 10 mA at 320 kV

Inherent filtration 3 m Be

Added filters, changeable medium or heavy filtration

Height of X ray tube above floor 1.10m

Maximum field size area at 100 cm 576 cm^

Min. focus to target distance 50 cm

Leakage dose equivalent rate through shutter
at 100 cm distance from focus < 6 \iSvfh
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Philips X ray machine MG 164

Metal-ceramic tube MCN 165 with beryllium window, oil cooling

Target material Wolfram

Generating potential continuously adjustable up to 160 kV

Tube current continuously adjustable 0.1 to 18 mA at 160 kV

Inherent filtration 1 mm Be

Added filters, changeable medium or heavy filtration

Height of X ray tube above floor 1.10m

Maximum field size area at 50 cm 144 cm^

Min. focus to target distance 50 cm

Leakage dose equivalent rate through shutter
at 50 cm distance from focus < 25 uSv/h

Senographe DMR

Dual target X ray tube GS 412-49

Target material

Target angle with respect to the reference axis

Nominal focal spot values

Generating potential

Tube current

Inherent filtration

Added filters, changeable

Maximum field size area at 50 cm

Min. focus to target distance

Molybdenum (Vanadium-
doped) Rhodium

f0.1-6 o , f0 .3-20°

0.1 and 0.3

22 to 49 kV in steps of 1 kV

20 to 130 mA

0.8 mm Be

1 mm Al, 0.03 mm Mo,
0.025 mm Rh

325 cm2

20 cm

Appendix B

SECONDARY STANDARD EQUIPMENT USED AT THE IAEA DOSIMETRY
LABORATORY

Chamber model

NE-2561

NE-2561

LS-0I

HS-01

LS-01

PTW-23342

Ser. No.

321

265

114

102

130

1128

Measured quantity

K^andDwfor^Co

K^ for X rays (100-300 kV)

K* for X rays (40-300 kV), l37Cs, 60Co

H' for X rays (40-300 kV), 137Cs, "Co

Kair for 137Cs, 60Co

Ka,r for X rays (25-50 kV)

Traceability

BIPM

BIPM

BIPM, PTB

BIPM, PTB

PTB

PTB
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