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The report of the First Research Co-ordination
Meeting (RCM) related to this Co-ordinated
Research Project (CRP) was published in the SSDL
Newsletter No. 38 (January 1998). The scientific
background and scientific scope of the CRP were
given in that report. For completeness, a brief
summary of the scope is included in this report.

SCOPE OF THE CO-ORDINATED
RESEARCH PROJECT

The traceability of dose measurements to the
international measurement system in a few
developed countries is ensured through national
hierarchies of primary and secondary standards
dosimetry laboratories, and in the rest of the world
through the network of SSDLs maintained by the
IAEA and WHO. The role of the SSDLs is crucial in
providing traceable calibrations with the goal of
achieving an uncertainty of the therapy level
calibration factors of the order of about 1%. The
SSDLs should also play an important role in the
global efforts to provide quality audits to
radiotherapy centres.

Besides the obvious needs of radiotherapy, accurate
calibrations are needed for reliable measurements in
diagnostic radiology and radiation protection. The
requirements for traceable and reliable calibrations
are also becoming more important for international
trade where radiation products are manufactured
within strict quality control systems in order to
conform to given safety and performance criteria.

While every SSDL would be expected to run an

appropriate quality system, the quality standards
require that this system should be well documented
in the form of a quality manual. A documented
quality system will clearly be a requirement when a
laboratory wishes to apply for the accreditation of
its calibration and testing activities or for the
certification of its quality system.

The quality system of an SSDL should cover all the
work carried out by the laboratory, whether this is
the calibration of dosimeters, measurements for
quality audits at radiotherapy clinics or for other
demands of, for example, industrial customers. The
implementation of the quality system requires high
commitment of all staff members of the SSDL and
can only be achieved through well organized and
documented team work.

The quality system cannot be copied from other
organizations. It must reflect the organizational
specificity, directives and policies pertinent to each
organization. However, many features can be
identified which are common to laboratories with
similar tasks, equipment and responsibilities. The
experience gained in the implementation of the
quality system obtained in one laboratory can be
utilized for the design of a quality system for
another laboratory.

A Co-ordinated Research Project (CRP E2.10.02)
was initiated by the Agency with the objective to
develop guidelines for SSDLs of the IAEA/WHO
network. The guidelines should cover the
establishment of a quality system and practical
recommendations for the preparation of a quality
manual, following ISO/IEC Standards. In addition, a
harmonized programme for quality control of the
standards, calibration equipment and calibration
procedure will be proposed.

MAIN POINTS DISCUSSED

The main points discussed during the meeting were
to review the work done since the last RCM held in
June/Julyl998 (Vienna), mainly:

- the contributions of all participants to the
document on "guidelines to SSDLs to develop a
quality system" and the exchange of information
on experience gained by all participants,

- the results of the trial internal quality control
programme and the establishment of action
levels, and
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- the estimation of uncertainties related to therapy
and protection level calibrations achievable at the
participating SSDLs.

In addition, the participants were informed by
Mr. Pedro Andreo, Section Head, Dosimetry and
Medical Radiation Physics Section, that a Mutual
Recognition Arrangement (MRA) was signed by
representatives of national Metrology Institutes and
by two international organizations at BIPM in Paris
on 14 October 1999. Mr. Andreo had been
appointed by the Agency to sign the MRA on behalf
of the IAEA/WHO Network of SSDLs.

The Network is considered as a Regional Metrology
Organization (RMO) in the MRA. The RMOs are
expected to play an important role in the MRA.
They have the responsibility to carry out
comparisons within their network or regions and
develop mechanisms to support confidence and
mutual recognition in the validity of calibrations and
certificates issued by their members. The SSDLs,
members of the IAEA/WHO network, provide
traceable calibration services in their countries.
Their integration into the MRA through the Agency
would not only give more confidence to the end
users in the country but could provide a technical
basis for extending their services to other countries.
The MRA spells out explicitly the need for each
participating laboratory to implement a quality
system that meets the requirements of ISO/IEC 254

[1, 2] in order to establish the necessary mutual
confidence.

RESULTS OF THE PROJECT

As a result of the presentations made by the
participants, their contributions and subsequent
discussions, the following points are considered to
have the maximum relevance for the Co-ordinated
Research Project (CRP).

DEVELOPMENT OF A QUALITY
SYSTEM FOR SSDLs

The development of a quality system, with an
appropriate quality manual, is a major effort and
needs a very good understanding from all staff and a
firm commitment from the management. It is then of
crucial importance that extra time and resources are
allocated to this task.

4 This is expected to be soon superseded by ISO/IEC
Standard 17025.

Typically, the process of developing and
implementing a quality system will involve a
preliminary phase, a build-up phase, an
implementation and a consolidation phase. This is
the basic framework used for developing a quality
system at the participating SSDLs.

For the sake of clarity, the four phases are detailed
below.

Preliminary phase

Project team and planning activities

At the beginning, the head of the laboratory should
appoint a project team. Care should be taken to
ensure that all categories of staff are represented.
The team should preferably be lead by a quality
manager, or the head of the laboratory.

Then, careful planning must be done and should
cover activities in all phases needed for the
development of the quality system. An approximate
time schedule should be tentatively set up, even if it
is modified later.

Definition of the policy

The quality policy should be defined at this early
phase. The quality level required for an SSDL is
well defined in IAEA documents [3, 4] while
general guidelines are mainly given in ISO/IEC
Guide 25.

The definition should include a statement about the
quality level that is intended for the laboratory
activities.

Informing and motivating staff

It is of prime importance to inform all staff members
about the project to develop a quality system. Clear
and complete information about the objectives and
the methodology should be transmitted to all staff,
preferably through meetings. A wide consensus
should be obtained and all staff should feel
responsible. All should contribute to the
development of the quality system, as that is the best
way to ensure their full commitment to the success
of the project. Every effort should be made to
convince staff that their work will not end up with a
report, but should be an instrument for daily practice
to achieve high quality in calibration services.

Task assignments

The design, development and implementation of a
quality system represents a tremendous amount of
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work. It unavoidably needs the collaboration and
commitment of all the laboratory staff, who should
discuss all material and human resources available
and the magnitude of the task. The project team
should prepare a work plan that should include
specific duties for all staff members and specific
deadlines to accomplish the tasks.

The head of the laboratory or the authority
responsible for developing and implementing the
system should bear in mind the normal workload of
staff. Great care should be taken to ensure that staff
are not excessively loaded, as this may in turn affect
quality.

Each laboratory has specific constraints, so no
general procedure can be given. Some laboratories
will work with tasks assigned to a project team
while others will give this responsibility to a
particular staff member. In all cases, it should not be
perceived as the sole work of the head of the
laboratory.

Build-up phase

Collection of information and inventory of
existing system

To design a quality system compatible with
international standards, information is of prime
importance. One of the first tasks to be
accomplished by the project team is to collect
experience from other similar SSDLs that have
already started with the development of a quality
system. The Secretariat of the IAEA/WHO Network
of SSDLs is a good source of information. In
addition, international guidelines and
recommendations (from BIPM, ISO/IEC, IAEA,
etc.) should also be available.

At the local level, the laboratory should make an
exhaustive list of every task and service that is
performed. Every laboratory has some sort of basic
empirical quality system even if it is neither
exhaustive nor properly documented. The existing
system may consist of control methods, protocols,
forms, etc. All should be collected and will form a
starting point for the development of the quality
system. This will probably save a lot of time and
work in later phases.

Training of staff

The quality system can only be developed and
operated by well-trained staff who have consciously
adhered to and are committed to the quality policy.

Courses, seminars, or conferences should be

planned to instruct every staff member on the
organizational and technical aspect of the quality
system, with the aim to make clear to all staff the
nature all aspects of the project.

Preparing procedures and working
instructions

With the quality objectives previously defined and
taking into account the inventory of existing
documents and procedures, the laboratory staff must
prepare or complete the different procedures and
working instructions that will document and
standardize every activity performed at the
laboratory.

This work involves important editorial work and
needs to be carefully checked before it is approved.

Each procedure and working instruction should be
written by a qualified staff member, but formal
approval should be obtained from the head of the
laboratory.

The set of procedures and working instructions
being developed for the quality system will form the
fundamental parts of the quality manual that needs
to be prepared in connection with the
implementation of the quality system.

Implementation phase

Putting into use

The implementation of the quality system is
normally a gradual process that is applied step by
step. In this process, each procedure implemented
and included as a part of the whole system has to
be checked in order to verify its compliance with
the quality policy. The time needed to check the
implementation of a given procedure will depend
on the procedure itself, competence of staff and
local conditions.

Testing for suitability

A newly implemented quality system probably will
have some inconsistencies, problems or weakness
that will have to be identified during the initial
period of its application. It is the responsibility of
the head of the laboratory to ensure that adequate
solutions are found and applied to correct all
identified problems.

During this phase, all efforts should be made to
ensure that procedures and working instructions
are put into use and tested extensively.
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Consolidation phase

Validation

In the long term, validation is the process that will
allow the laboratory to be confident with its
implemented quality system.

The validation of the quality system may be
understood as the overall sum of the validation of
the multiple procedures and working instructions
successfully implemented in the SSDL.

In the process of validation, the laboratory should
practice internal audits with the understanding that
they are an integral part of the quality system. The
internal audits have to be practiced on a routine
basis with a frequency that takes into account the
workload and the procedures being audited.

External audits are essential to ensure confidence
in the maintenance of the measurement standards
to the international measurement system.
Examples of external audit services provided by
the IAEA for the network of SSDLs are the TLD
postal dose service (for radiotherapy and radiation
protection level dosimetry) and intercomparison of
ionization chamber calibration factors.

Reviews and feedback from users

The periodic reviews are an integral part of the
quality system and should be planned and carried
out accordingly.

The feedback from staff and/or end users usually
contains useful comments that should be used to
improve the quality system.

PRACTICAL GUIDELINES FOR THE
PREPARATION OF A QUALITY
MANUAL

Recommended structure

The structure of the quality manual is not a key
aspect, but a coherent approach facilitates its
reading and understanding by the staff, end users
and possible auditors. For the process of
certification or accreditation, it is most important
that the quality manual describes the organization
and procedures in full accordance with ISO/IEC
Guide 25 requirements.

The quality manual should be composed of a
relatively short and concise basic document
(preferably not exceeding about 30 pages) and a
series of supplementary documents (see Appendix

1). The basic document should include brief
recordings of all possible elements of the quality
system, with references to supplementary documents
for further details. Detailed guidance on quality
control procedures, methods of measurement and
calibration, operating instructions of radiation
sources and other equipment, record keeping etc.
should be given in the series of Procedure Manuals
(see Appendix 1). This form of presentation makes
it easy to manage the overall documentation of the
quality manual. It will also be easier to check that all
relevant topics of ISO/IEC Guide 25 are covered
while minimizing unnecessary overlapping of
presentations when this Guide is applied.

The extent to which details are described in a given
procedure may vary significantly. To avoid omitting
details in the preparation of the procedures, it is
necessary to formalize the entire process of
preparing the procedures. For simplicity and ease of
work, it is a good practice to prepare the
standardized forms before the procedures are
written. There are several aspects which should be
considered in the preparation of the standardized
forms.

The first page should contain the title and the
reference number of the procedure (or working
instruction). The level of the document should be
identified in the reference number. The issue
number and the date should be shown. The
computer file name can also be displayed to
facilitate its retrieval.

The name(s) of the drafter(s), quality manager and
the approval line should be indicated.

The total number of pages should be displayed in a
way that would indicate clearly any missing page
(e.g. page 1 of 10)

The purpose of the procedure should be clearly and
briefly defined.

The definitions of specific terms used in the
procedure should be defined in a separate section.

The main technical and scientific references used in
the procedure should be compiled.

The responsibility line should be shown.

If specific instructions are prepared in conjunction
with the procedure, their reference numbers should
be clearly indicated.

Level 1 document: the basic document of the
quality manual

Detailed guidance for writing the level 1 document
of the quality manual was partially prepared during
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the CRP. Additional work is needed to complete it.
A full report will be published by the IAEA.
Reference to the relevant sections of 1SO/IEC Guide
No. 25 (ISO 170255) will be included in order to
assist in checking the compliance of the text with
ISO requirements.

Level 2 documents: procedure manuals

The level 2 documents contain the procedures
needed to implement the policies stated in the level
1 document. A complete quality manual usually
includes a large number of procedures, but the exact
number depends on the various activities carried out
at the SSDL.

Level 3 documents: working instructions

The level 2 document does not generally contain all
details needed to implement a given procedure. One
can easily check this level of detail by ensuring if it
is sufficient for competent new SSDL staff to carry
out all the procedures without any further help. In
general, working instructions are needed to spell out
all the details and those are referred to in a level 3
document.

MINIMUM QUALITY CONTROL
PROGRAMME FOR SSDLs

One of the basic objectives of the Co-ordinated
Research Project on "Development of a Quality
Assurance Programme for SSDLs" was to develop
an Internal Quality Control Programme (IQCP) that
might be implemented by SSDLs who are members
of the IAEA/WHO Network of SSDLs. Previous
recommendations on that topic were already
published [3], but it was considered appropriate to
complement the information given in that
publication with the experience on methods,
frequency of the tests and action levels used by the
five participating SSDLs in the CRP. It was agreed
to focus the attention of the IQCP only on
calibration services of photon beams provided at
therapy and protection levels. A basic proposal on a
minimum IQCP was discussed during the 1st

Research Co-ordination Meeting organized in
Vienna in December 1996. Results derived from the
3 year-implementation of the proposed IQCP by the
five SSDLs (China-Shanghai, Cuba, Finland,

5 A draft version of the new standard was used. Changes
in the relevant section numbers may occur when the final
version is published.

Turkey and Venezuela), together with the
recommendations that arose from its
implementation, are presented below.

Design aspects of a minimum quality control
programme for SSDLs

Basic information for setting up action levels and
frequencies for the control of instrumentation used
in calibration services at therapy level is described
in TRS-374 [3]. To some extent, that information is
also applicable to protection level calibrations.
These action levels are consistent with the
requirement that the overall combined standard
uncertainty expected for the calibrations performed
at SSDL for therapy levels and protection level
dosimetry should be less than 1% and 2% (at one
standard deviation), respectively. It was, however,
appropriate to check how these basic action levels
were met using the different types of
instrumentation available at the SSDLs taking part
in the CRP.

It was clear from the beginning that the frequencies
of the tests have to be optimized, taking into account
the human resources and workload available at the
SSDLs. The basic principle used for designing the
minimum IQCP was to keep in balance the need for
detecting unwanted measurement errors and the
extra work needed to implement the tests.

The minimum IQCP which has been under trial is
presented in Appendix 2. Nine parameters were
tested. The method used for the quality control, the
frequency and the action levels are reported. The
action levels were derived from the set of data
supplied by the participants, using statistical tools.

Conclusions and recommendations

Re-calibration of reference and working
standards

Results of comparisons of old and new calibration
factors for therapy level reference standards re-
calibrated during the trial suggest that an action
level of 0.7% could be envisaged. However, a wide
spread of the results among all participants was also
observed. For this reason, the participants have
decided not to make a specific recommendation for
an action level. Instead, SSDLs are encouraged to
establish their own action levels based on the results
of long term stability of their reference standards. If
a significant difference is found (between the old
and the new calibration factors), the SSDL should
carry out further investigations in order to explain
the deviation. Efforts should be made to spell out
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any mistakes or misunderstandings, and to confirm
that the deviation is caused by an actual change of
the standard or by recognized change of the
calibration parameters or procedures. If needed, the
PSDL or IAEA dosimetry laboratory where the
calibration was performed should be contacted to
help reconcile the deviation.

Re-calibration of reference standards should be
planned at about three year intervals [3]. It is
recognized that this period depends on the long-term
stability of the instrument. Taking into account the
results of long-term stability of reference standards
used by most SSDLs, and the risk of loosing or
damaging the standard during transportation, the
interval between calibrations can be increased to 5
years without a major decrease in quality.

Working standards are usually reference class
instruments and thus of the same quality as the
reference standards. This suggests that action levels
for working standards and reference standards
should be at about the same level. Results obtained
in the trial IQCP confirmed this assumption. Re-
calibration of the working standards is
recommended to be carried out every year. The new
calibration factors obtained after each re-calibration
are used if the change (between previous and new
factors) exceeds twice type A uncertainty of the
calibration. The working standard should always be
re-calibrated at the SSDL after the calibration of the
reference standard (done at a PSDL or the IAEA
dosimetry laboratory).

Stability tests of reference and working
standards by measurements at a fixed position
in a gamma or x-ray beam and by check
source measurements

These tests check the stability of the reference
standards and the calibration set-up maintained • at
the SSDL. The action levels that were set for the
measurement standards of both therapy and
protection level are consistent with the typical
uncertainty related to the long term stability of the
reference and working standards.

Action levels recommended for plane parallel
chambers were suggested by only one participating
SSDL and should be considered with care.

Control of the charge measuring assembly

Ionization chambers can be calibrated alone (in
terms of charge) or as part of a whole system that
also includes the electrometer. The calibration of the
system as a whole is provided in terms of scale
readings. It is strongly recommended that SSDLs

send the whole system to the PSDL or IAEA
dosimetry laboratory for calibration at 5-year
intervals. It is the practice of some PSDLs to
compare the SSDL reference electrometer with the
PSDL's current measuring system. At the IAEA, the
calibration of the reference chamber alone
(connected to IAEA reference electrometer) and the
calibration of the whole system (reference SSDL
chamber connected to SSDL electrometer) are
carried out. This will give an indication of the
accuracy of the reference SSDL electrometer. The
SSDL can in turn check the calibration in terms of
charge of other working standards or field class
electrometers. Another alternative is to use a
precision current source in order to check the
calibration of electrometers. Such current sources
(designed and produced at the IAEA's Laboratories)
can be borrowed6 from the IAEA. A check of the
electrometer calibration factor, using a strontium
check source, was carried out by one participating
SSDL during the trial IQCP. The results obtained
were not satisfactory. Other participants carried out
the tests with a Co-60 therapy beam instead of using
a radioactive check source. The typical Type B
uncertainty for measurement of the ionization
current (at therapy level calibration) in terms of
charge was found to be about 0.1%. Accordingly,
the action level of 0.1% is proposed. It is
recommended that SSDLs use the calibration factor
of the whole system when a higher value is found.

Check of working thermometers, barometers,
and hygrometers

Mercury thermometers are proposed as reference
thermometers for SSDLs [3]. It is recommended to
check their calibration once a year in a national
calibration laboratory. It is, however, anticipated
that some SSDLs may have problems getting access
to such calibration laboratories. The alternative is to
carry out a check of the reference thermometer at
0 °C in the ice bath. Differences larger than 0.2 °C
are considered excessive and should be corrected
for.

The action level for barometer stability is derived
from the experimental standard deviation found in
the trial IQCP. It is considered not necessary to re-
calibrate the reference mercury barometer unless
visible damage is observed. Electronic barometers
can be used as working standards, provided they are
calibrated against mercury barometers.

The accuracy of hygrometers was not considered

6 Interested SSDLs are invited to send a request to the
Secretary of the IAEA/WHO Network of SSDLs.
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important, unless the typical relative air humidity in
the SSDL is at the edge of the acceptable range of
20-80%.

A monthly frequency for the controls of
thermometers and barometers was used in the IQCP.
However, the stability showed by the significant
numbers of thermometers and barometers under test
suggests that the actual frequency of controls can be
reduced to 2 or 3 times a year.

Beam irradiation characteristics: geometry,
uniformity and timer correction

Few data were collected on beam irradiation
characteristics from the SSDLs participating in the
trial. However experimentally estimated action
levels for those parameters checked during the trial
IQCP were consistent among the participants.

Comments

- Action levels proposed in the present IQCP are
considered as minimum values that should be
used by the SSDLs in order to guarantee an
acceptable degree of accuracy for the
calibrations performed at therapy and protection
levels. They are defined at the 95% confidence
level.

- If the results of a given test fall outside the
action level, it is recommended to repeat the
test. Further investigations are carried out only
after the deviation is confirmed.

- SSDLs are encouraged to review and if
necessary update action levels from time to time
(e.g. as part of a general review of the quality
system).

- If an action level set by an SSDL is significantly
greater (compared to that proposed in the
present IQCP), special attention should be paid
to the measurement conditions (ambient,
operational), type of equipment and human
factor.

ESTIMATION OF UNCERTAINTY OF
CALIBRATIONS

As a part of the quality objectives specified in the
quality system of an SSDL, the level of accuracy
(limits of uncertainties) to be aimed at for the
various types of calibrations at the SSDL should be
defined. The next step is then to ensure that the
resulting uncertainties in calibrations are properly

evaluated and that all efforts are made to achieve
and maintain the accuracy requirements. The
estimated uncertainties should form the background
data for all operations in the laboratory, including
the setting of action levels for quality control and
the evaluation and follow-up of the results of all
measurements. The requirements in terms of
accuracy should be clearly recognized by all SSDL
staff members, including the detailed uncertainties
pertinent to equipment used and procedures applied
in calibrations and testing.

The mutual recognition of national measurement
standards and of calibration and measurement
certificates issued by national metrology institutes
(including SSDLs of the IAEA/WHO Network)
calls upon, among other requirements, successful
participation by each institute in appropriate
supplementary comparisons. The analysis of the
consistency of results, or the degrees of equivalence
between standards, is based on the declared
uncertainties of the results given by the participants.
The evaluation of uncertainties thus becomes a pre-
requisite for participating in the intercomparisons,
and a key point in external auditing of the SSDLs'
operation and effectiveness of their quality system.

The estimation of uncertainties is, therefore, an
important part in the development of an SSDL
quality system in order to comply with the standard
requirements. In TRS-374 [3], the theoretical basis
and a general example of estimation of uncertainties
of calibration are given. Within this CRP, these
basic principles were tested in detail, by collecting
and analyzing the estimated uncertainties for the
most common types of calibrations in all of the
participating SSDLs. The range of values of
uncertainties of various types of calibrations,
estimated by the participating SSDLs, is given
below:

® Therapy level:

- For air kerma calibrations of thimble
chambers: 0.3 to 1.2% (Co-60)

- For absorbed dose to water calibrations of
thimble chambers: 0.4 to 0.5% (Co-60)

- For air kerma calibrations of thimble and
plane parallel chambers: 0.5 to 1.5%
(x-rays)

® Protection level (survey meters)

- For ambient dose equivalent: 1.3-4.0%
(Co-60 and x-rays), depending on the type
of survey meter.

It is emphasized that the range of values given above
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should only be considered as an example of the
estimation of uncertainties made by some SSDLs.
Each SSDL should go through all steps needed to
evaluate the uncertainties of measurements, taking
into account their own equipment, procedures and
experience. The detailed evaluation for the
estimation of various component uncertainties will
be included in the final report of the CRP and will
be distributed to all SSDLs of the Network.
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APPENDIX 1

Recommended structure of the quality manual

Level 1 Quality manual: basic document

Level 2 Procedure
Manual 1

Procedure
Manual 2

Procedure
Manual 3

Procedure
Manual 4

-Job description

-Rules for
management
review

-Rules for
internal audit

-Rules for
external audit

-Reports of non
compliance

-Quality
specifications

-Acceptance
test rules

-Commissioning
rules

-Equipment
register

-Fault register

-Quality
control
programmes

-Working
Instructions
for QC tests

-Pre checks
of
instruments
for
calibration

-Working
instructions
for
calibrations

-Guidance
on
minimum
records

-Estimated
uncertainties

-Radiation
qualities

Procedure
Manual 5
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APPENDIX 2

RECOMMENDED MINIMUM QUALITY CONTROL PROGRAMME FOR SSDLs

Test No.

1

2

3

Parameter under
control

Reference standard
chamber

Working standard
chamber

Electrometers

Method of control

1.1 Calibration at PSDL or at IAEA
laboratory

1.2 Stability test by measurements at a
fixed position in gamma-ray or X-
ray beam (this can also test
calibration set up)

1.3 Stability test by check source
measurement

2.1 Re-calibration against reference
standard

2.2 Stability test by measurements at a
fixed position in gamma-ray or X-
ray beam (this can also test
calibration set up)

2.3 Stability test by check source
measurement

3.1 Reference electrometer comparison
with PSDL or IAEA electrometer

Frequency

Every 5 years, unless needed due
to results of tests 1.2 and 1.3

In connection with every
calibration of the working standard
chamber or once a year1

In connection with every
calibration of the working standard
chamber and quarterly.

Once a year and always after test
1.1

In connection with every
calibration of field chambers

Quarterly and if action level of test
2.2 is exceeded.

Only therapy level chambers.

In connection with test 1.1

Action level

No action level is recommended but SSDL should
compare with previous calibration factor and
contact PSDL when the difference is high.

0.5% therapy level thimble chamber.

1.0% therapy level plane parallel chamber.

1.0% protection level chamber.

0.5% therapy level thimble chamber.

0.8% therapy level plane parallel chamber.

1.0% protection level chamber.

New calibration factors put to use when the change
exceeds 2x estimated type A uncertainty of the
calibration and always after calibration of reference
standard. Deviations of the calibration factor
greater than 0.5% (1% for protection level) should
be investigated.

0.5% therapy level thimble chamber.

1.0% therapy level plane parallel chamber.

1.0% protection level chamber.

0.5% therapy level thimble chamber.

0.8% therapy level plane parallel chamber.

If more than 0.1% the calibration factor of the
assembly (chamber plus electrometer) should be
used.
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Test No.

4

5

6

7

Parameter under
control

Thermometers

Barometers

Hygrometers

Radiation beams

Method of control

3.2 Working electrometers comparison
with reference electrometer with
help of constant current source

4.1 Check of reference thermometer
calibration (ice bath)

4.2 Comparison of working
thermometers with reference
thermometer

5.1 Comparison of working barometers
with reference barometer.
Reference mercury barometer needs
no re-calibration unless visible
damage

6.1 Check of calibration (e.g. of hair
hygrometers)

7.1 Check of x-ray beam quality

7.2 Check of alignment of radiation
beam with laser beam

7.3 Check of radiation field size by
film exposure

7.4 Check of beam flatness and
symmetry by film exposure

7.5 Accuracy of timer3

7.6 Stability of timer correction

Frequency

In connection with test 2.1

Once a year

1 month (electronic thermometer)

6 months (mercury)

1 month2

Once a year

Once a year

Once a year

Once a year

Once a year

Once a year

Once a year

Action level

If more than 0.1% (measurement at Co-60 beam)
the calibration factor of the assembly (chamber
plus electrometer) should be used.

Differences from zero, in ice bath, greater than 0.2

°C should be corrected.

Differences greater than 0.2 °C should be
corrected.

Differences greater than 0.1% should be corrected

5% RH is only relevant when the SSDL is working
at extreme condition (20%, 80%).

2% therapy level qualities

5% protection level qualities

Angle between beams 0.2° for gamma and 0.5° for
X-ray.

5 mm from the expected field size (mechanical or
optical indication, therapy level only).

(For protection level, ensure that the dosimeter is
within uniform area of the field.)

Flatness and symmetry less than 3% for gamma
beams.

Flatness and symmetry less than 5% for X-ray
beam.

0.1%

0.1 s
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Test No.

8

9

Parameter under
control

Laser beam for
distance indicator

Calibration procedure

Method of control

8.1 Comparison of laser beam and
mechanical distance indicators
(mark on the wall or floor, or
front pointer)

9.1 Comparison of calibration factors
obtained from two series of
measurements by re-positioning of
user's chamber

9.2 Repetition of whole calibration
procedure by another staff
member

Frequency

Before every calibration

Occasionally

Once a year in connection with
internal audit

Action level

1 mm therapy level

2 mm protection level

2x Type A combined uncertainty of the calibration.

2x Type A combined uncertainty of the calibration.

'instead of using a working standard for protection level gamma beam measurements, an SSDL may use decay corrected values of the air kerma rate, determined by a reference
standard. Annual measurement of air kerma rate in the gamma beam, using the reference standard, is then recommended.
2 A frequency of one month was used in the trial IQCP. The results obtained show that a frequency of 6 months is sufficient.
3Accuracy of timer shall be verified for all timers during acceptance testing or commissioning. Thereafter, usually only mechanical timers need to be regularly checked for accuracy.
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