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EDITORIAL NOTE

Having received very positive reactions on the new SSDL Newsletter, let
us again appeal to the readers to assist us in its production. The Newsletter
can only fulfill its function if it is issued at least twice a year. You need
not necessarily submit a scientific paper, although this would be appreciated
by the Network Secretariat. But you may have a problem which may also be of
interest to your colleagues, or you may wish to comment on an article
published in the Newsletter or elsewhere, or put forward a suggestion which
you would like the Network Secretariat to consider. Why not use your chance
of communicating with your colleagues and the Network Secretariat? The
Network does not function properly as long as its Members consider it a
one-way street, with themselves only at the receiving end.

IAEA Dosimetry Section
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IAEA WORKSHOP/SKMINAR ON CALIBRATION PROCEDURES IN DOSIHETRY,
QUITO, 6-24 OCTOBER 1986

The International Atomic Energy Agency in co-operation with the
Ecuadorian Atomic Energy Commission organized a workshop and seminar on
calibration procedures in dosimetry at the SSDL Quito, 6 to 24 October 1986.

All calibration laboratories in the Latin American region were invited to

participate.

The purpose of the workshop were calibration exercises with therapy-level
and protection-level secondary standards at various calibration qualities,
discussions on progress made in the different SSDLs in the region and
delivering lectures on pertinent subjects.

At the seminar the following lectures were given:

Mr. Simoen, France:

Mr. Thomasz, Argentina

Ms. Freitas, Brazil:

Mr. Girzikowsky, IAEA:

Mr. Haider, IAEA:

Organization of Metrology
Vocabulary of Metrology
Radiation Quantities and Units
Applied Dosimetry
Evaluation of Uncertainties
Calibration Certificates

Modern Concepts of Radiation Protection
Instrumentation for Radiation Protection
Calibration of Radiation Protection
Instruments
Organization of Radiation Protection Services

Performance of Radiotherapy Dosimeters
Performance of Radiation Protection
Instruments

Determination of Radiation Quality through
HVL Measurements
Execution of Postal Dose Intercomparisons

On behalf of the Agency and the Secretary
of the IAEA/WHO SSDL Network Mr. Eisenlohr,
the opening and closing addresses
IAEA/WHO SSDL Network, History, Criteria
and Guidelines
Quality Control and Performance Evaluation
for SSDLs (programme CARE)
New Values of some Physical Interaction
Coefficients for Dose Measurements
The Agency's Dosimetry Laboratory

Out of 14 Member States which were invited participants from 12 Member
States attended both the workshop and the seminar.



A total of 15 Secondary Standards (10 therapy level and
5 protection level) were brought along by the participants and 35 calibration
comparisons were performed with those having a valid calibration factor.
Thirty three determinations of calibration factors were performed for
secondary standards not having had a calibration before. Twelve different
calibration qualities were available (Cobalt 60 and X rays) and Agency's
Secondary Standards traceable to BIPM wore the reference standards.

The participants were divided into two working groups, each one week and
each group into two sub groups. Both irradiation bunkers were used
simultaneously. The one houses the teletherapy Cobalt-60 unit and the
protection lebel Cobalt 60 irradiator, the other one the constant potential
X-ray machine with maximum generating potential of 320 KV and suitable for
both therapy level as well as protection level calibrations. Due to the heavy
workload and limited time available some nightshifts were required to
accomplish the requested calibration comparisons.
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SSDL QUALITY ASSURANCE FOR ENVIRONMENTAL DOSE/DOSERATE MONITORING
OF PHOTON RADIATION

Member states of IAEA have recently approved an expanded Nuclear
Safety Programme and two International Conventions have been signed. One
concerns early notification of a nuclear accident, and the other concerns
assistance in the case of a nuclear accident or radiological emergency. In
the course of the implementation of these conventions an international system
will be established by the Agency for the reception and dissemination of data
following a nuclear accident. Such data should include the results of
radiation measurements obtained by radiation monitoring. These data must be
reliable, and comparable. This assures that numerical values of measured
quantities obtained at different times, sites and countries, and with
different instruments can be compared in order that the competent authorities
may draw conclusions. Such measurements may also have legal consequences.
This implies that the instruments used for the measurement should comply with
the relevant international specifications, and that the readings of these
instruments be traceable to the international measurement system.

At a meeting of an expert working group on International Cooperation
in Nuclear Safety and Radiation Protection held in November 1986, a proposal
to produce a technical document on "The role of SSDLs in the quality assurance
programme relating to the use of dose and dose rate meters for personal and
environmental measurements" received high priority, and at a subsequent
meeting of the Board of Governors the proposal was approved.

Prior to these proposals the SSDL Scientific Committee at its annual
meeting in May 1986 also advised IAEA to promote measures to ensure world wide
reliability and traceability of dose measurements in the field of radiation
protection.

On 26 - 30 January 1987 an Advisory Group Meeting on "The role of
SSDLs in the dosimetry of unintentional radiation exposures" was organized by
the IAEA. This Advisory Group assisted the Agency in the formulation of a
quality assurance programme for Secondary Standard Dosimetry Laboratories so
that they can ensure that reliable and meaningful radiation measurements be
carried out in their respective countries and reported to the data system at
IAEA.

The meeting was organized by the IAEA Division of Life Sciences in
cooperation with the Division of Nuclear Safety. It was attended by 17
experts from 8 Member States, the World Health Organization, the International
Organization of Legal Metrology and the IAEA Secretariat.
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REPORT OF THE SECOND MEETING
OF THE SSDL SCIENTIFIC COMMITTEE

Vienna, 1•4 June 1987

INTRODUCTION

The SSDL Scientific Committee was appointed by the Director General of
the IAEA - in consultation and with the concurrence of the Director General of
the WHO - in 1985. As indicated in its Terms of Reference, the main objective
of the Committee is to advise the Directors General of IAEA and WHO regarding
the programme of work of the IAEA/WHO Network of Secondary Standard Dosimetry
Laboratories (SSDLs).

The first meeting of the Committee was held in May 1986 and the
recommendations were reported in IAEA SSDL Newsletter No. 25, October 1986.

PARTICIPANTS

The Scientific Committee met at the Agency's Headquarters. The following
Committee members were present:

A. Allisy, Chairman of the International Commission on Radiation
Units and Measurements (ICRU), representing the International
Office of Weights and Measures (B1PM)

C.E. de Almeida, Institute de Radioprotecao e Dosimetria, Brazil

G. Drexler, Gesellschaft fur Strahlen- und Umweltf orschung, t'RG

S.G. Subrahmanian, Bhabha Atomic Research Centre, India

K. Zsdanszky, former Vice President of Orszagos Meresiigyi Hivatal,
Hungary (at present IAEA consultant)

H.W. Wyckoff, who represented ICRU at the first meeting of the Committee,
was unable to be present due to illness. ICRU was represented by A. Allisy.

The representative of the WHO was

G.N. Souchkevitch, Radiation Medicine Unit

Two Agency consultants were present:

R. Loevinger, Dosimetry Group leader, Centre for Radiation Research,
National Bureau of Standards, U.S.A.

H.H. Eisenlohr, recently retired head of the IAEA Dooimetry Section
and secretary of the SSDL Network



Also present were the following IAEA staff members:

M. Gustafsson, Scientific Secretary, Dosimetry Section, RILS

V. Aleinikov, Radiation Protection Section, NENS

R. Girzikowsky, Dosimetry Laboratory, RIAL (part time)

J.G. Haider, Dosimetry Section, RILS

P. Nette, TCAC, M. East & Europe

K. Zsdanszky, chairman of the Committee asked G. Drexler to act as
chairman for this meeting because of his appointment as an IAEA consultant
since 1 February 1986.

RECOMMENDATIONS

1. Programme for Improving Coherence and Accuracy of
SSDL Reference Instrumentation (Programme CARE)

Programme CARE was formulated at the first meeting of the Scientific
Committee in May 1986, and was described in SSDL Newsletter No. 25 (October
1986). As reported in that Newsletter, the name "Programme CARE" was adopted
in order to emphasize the importance of Coherent and Accurate REference
instrumentation, as the basis for a world-wide network of secondary
calibration laboratories.

The Committee noted that, as proposed at the first meeting, a set of
self-checking transportable dosimeter was completed and test measurements were
carried out at the OMH (Hungary) and were continued at the NBS (USA). The
Committee recommended that calibration comparisons, between the IAEA Dosimetry
Laboratory and the SSDLs, should be started using these instruments as soon as
the tests demonstrate an adequate stability. Other possible reference
dosimeters should be investigated, and should undergo the same type of test
procedure. Calibration comparisons using TLD should be continued until an
adequate capability for ionometric comparisons has been developed.

Because of the increasing involvement of the SSDLs in radiation
protection calibration, Programme CARE should be extended to include radiation
protection measurement standards at the SSDLs. In principle, Programme CARE
will be the same for protection-level or for therapy-level radiation, and
ionometric techniques are preferred. In this case also there are two methods
that may be used to evaluate the reference standards at the SSDLs: The IAEA
Dosimetry Laboratory may send to the SSDL a suitable transfer instrument, or
the SSDL may send a physicist with the local reference instrument to the IAEA
Dosimetry Laboratory. In the former case the transfer instrument sent by the
Agency can be either an ionization-chamber transfer instrument of suitable
sensitivity, or a solid-state passive dosimeter capable of an accuracy of at
least 5%. The passive dosimeter (probably TLD) should be suitable for
irradiations of 2 to 5 mGy (air kerma). The calibration comparisons should be
started in terms of the quantity air kerma, for the time being. Information
about the protection quantity ambient dose equivalent should be provided in
the SSDL Newsletter.

Funds should be made available for calibration visits from the SSDLs to
the IAEA Dosimetry Laboratory, and for purchase of reference dosimeters
suitable for comparisons.



?. Kadiation Protection Dosimetry Programme of the SSDLs

The Committee noted with satisfaction that, in accordance with the
recommendations of its first meeting, several official IAEA documents proposed
expanding and strengthening the Agency's SSDL programme. The Agency's
proposed Programme and Budget for 1987 and 1988, under E. Human Health, E.3
Radiation Dosimetry, contains the following statement:

An advisory group meeting will be convened in 1987 to consider ways of
enhancing the capacity of SSDLs so that they can carry out dosimetry
calibrations in connection with unintentional radiation exposures and
ensure adequate accuracy and reliability in survey instruments and
dosimeters used for radiation protection measurements and environmental
monitoring. To this end, calibration and test procedures for such
instruments will be developed and periodic calibrations and
intercomparisons of reference instruments at SSDLs will be organized.
The work will be carried out in co operation with the Division of Nuclear
Safety and competent international and national organizations under the
guidance of the SSDL Scientific Committee.

The proposed advisory group met in January 1987 and drafted an IAEA
Technical Document on "Quality Assurance for Environmental Radiation
Monitoring". The Scientific Committee will be given the opportunity to review
and comment on this document before it is issued.

A paper discussing programme trends, as part of preparation for the
1989 90 IAEA programme and budget, contains the following statement:

With the expansion of the therapeutic application of radiation and
radiation processing in general, the requirement for accurate measurement
of radiation doses will remain. Although lower accuracy is needed in the
very low range of dosimetric measurements encountered in environmental
monitoring, post Chernobyl experience has shown the need for a better
calibration and traceability of low-dose dosimeters.

In accordance with these statements of Agency policy, the Committee
strongly recommended that the SSDL Network should be involved in the
establishment of measurement traceability in the field of radiation
protection, within the framework of Programme CARE.

3. Training

Lack of trained Manpower is perhaps the greatest problem in improving
radiation dosimetry in the developing countries, so training should have a
high priority. In order to improve the efficiency of the training programme,
the Committee recommended that training take place in two phases. Phase I
should consist of a 3-week course at the Seibersdorf Laboratory on basic
radiation dosimetry theory and laboratory exercises. Phase II should be a 6
to 8 month fellowship at a well-qualified dosimetry calibration laboratory,
either a selected SSDL or a Primary Standard Dosimetry Laboratory (PSDL). The
annual regional workshops, and calibration visits to the IAEA Dosimetry
Laboratory or to a PSDL, are also important parts of the training programme.

4. Workshop on Calibration Procedures in Dosimetry

The Committee received a full report from Agency staff on the lectures
and calibration comparisons that took place at the workshop in Quito, Ecuador
in October 1986. The Committee noted with approval that the programme of
annual workshops in different regions each year is being continued. Noting



that many instruments without calibration factors were brought to the Quito
workshop and there given scale factors that might be interpreted as
calibration factors, the Committee emphasized the importance of establishing a
direct link between the secondary standards used as reference in the SSDL and
a primary standard. Such a link is formalized by an official Calibration
Certificate issued by a PSDL or by the IAEA Dosimetry Laboratory stating the
calibration factor of the secondary standard and the associated uncertainty.
Each new secondary standard (and each repaired secondary standard) must have
such a formal certificate, in order to maintain the coherence of the Network
measurement standards. These official calibration factors are intercompared
at the IAEA calibration workshops, but these intercomparisons do not replace
official calibrations. Those instruments at the workshops that lack
calibration certificates may be given scale correction factors that function
as provisional calibration factors, which should be replaced at the earliest
opportunity by proper calibration factors obtained at a PSDL or at the IAEA
Dosimetry Laboratory.

5. The SSDL Newsletter

Attention was called to the new format of the former SSDL Circular Letter
and the Committee congratulated the former Secretary of the Network for an
attractive and successful publication. The Committee expressed the hope that
it will be possible to put out two issues for the year. Several suggestions
for the Newsletter subject matter were put forward. A summary should be
included of the annual reports of the SSDLs; there should be a section where
the activities of individual SSDLs are described; publications by the SSDLs
should be cited; dosimetry research contracts should be summarized; and there
should be a section for exchanging information on instrumental problems,
technical failures, and the solutions adopted.

6. Radioactivity Measurement at the SSDLs

Some SSDLs are already involved in environmental radioactivity
measurements. However, within the SSDL Network steps to achieve measurement
coherence and traceability have not been taken. Such actions would require
the operation of a central laboratory for radioactivity measurements in order
to provide the desired measurement coherence. The experience gained in
establishing the SSDL Network and in promoting metrological coherence of its
laboratories, should be taken into account when undertaking such a major
project.

7. Report of Technical Cooperation Evaluation Section

The Committee received from Mr. D. Kay, Head of the IAEA TC Evaluation
Section, a detailed report on the evaluation of part of the SSDL Network. The
Committee was pleased with the generally favourable tone of his evaluation,
which showed that - in spite of inevitable problems - the programme of the
Network was self-consistent and constructive, with measurable progress toward
well-defined goals.

8. Activities of the Dosimetrv Laboratory

The Committee was informed about the activities of the IAEA Dosimetry
Laboratory in Seibersdorf, including training, calibrations for members of the
SSDL Network as well as the Agency's Radiation Protection Service, preparation
for the Calibration Workshop in Ecuador, standardization for 60Co gamma
radiation, maintenance and development of the laboratory facilities and the
IAEA/WHO postal dose intercomparison service for radiotherapy including



development of a "human shaped" phantom. The Committee acknowledged the work
performed by the laboratory staff.

As to the postal dose TLD intercoraparison service, the Committee members
were concerned that no indication of an improvement could be found in the
results in Latin America over the last ten years. Immediate action should
therefore be taken to find the institutions that are repreatedly in error and
through the local SSDLs efforts should be made to improve the clinical
dosimetry.

9. SSDL Annual Reports

About 2/3 of the 60 SSDLs now in the Network submitted annual reports.
The information in those reports has been assembled into a data bank, a
printout of which was presented and discussed. The Committee expressed
pleasure that, in accordance with its recommendation at the first meeting, a
data bank had been created. The Committee felt that those SSPLs that
submitted annual reports should receive a direct response, to show that the
report was received and used, while those that failed to submit reports should
be reminded by letter that submission of an annual report is a condition of
membership in the SSDL Network. The general information in the annual reports
should be summarized in the SSDL Newsletter. The Committee recommended that
the Report Form for the annual report (and of course also the data bank) be
extended to include information on Programme CARE, workshops and calibration
comparisons, high-dose measurements, irradiations, and radioactivity
measurements.

About 70% of the SSDLs that submitted annual reports are now performing

calibration at both the therapy and the diagnostic level.

10 Manpower of the Dosimetry Programme

In its first (1986) Recommendation the Committee expressed its concern
about the insufficient manpower of the Agency's Dosimetry Laboratory. In view
of the steadily growing workload, due to the extension of Programme CARE into
radiation protection as well as the increasing training activities, the
Committee again recommends that the staff situation of the dosimctry programme
be urgently improved.

The Committee was also concerned about the fact that the position of the
Head of the Dosimetry Section has been vacant for more than 5 months.

11. Research contracts

Five presently existing research contracts with staff of SSDLs were
described and discussed briefly. The Committee recommended that the results
of research contracts should be published in the SSDL Newsletter. Three
proposed co ordinated research programmes were discussed in some detail.

a) "Testing of the Code of Practice for Absorbed Dose Determination in
Photon and Electron Beams". This Code of Practice will be published in 1987
by the Agency in its Technical Report Series providing a unified procedure,
and the necessary technical information, for absorbed dose determinations.
The research contract is to involve five selected SSDLs, who would test the
Code of Practice for internal consistency, ease of application, and for
consistency with other national dosimetry protocols. The Committee emphasized
the need for coordination by a central laboratory if comparable results are to
be obtained. All SSDLs should be allowed to participate on a cost-free basis.
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b) "Determination of Quality Control Parameters for Standardization of
Reference Radiation Qualities". The International Standardization
Organization (ISO) has established reference radiation qualities for X and
gamma radiation for the calibration of dosimeters. Beam quality is defined in
terms of beam energy, half-value-layer, and homogeneity coefficient, and these
depend on tube potential, tube target, and filtration. The Committee was of
the opinion that it would be most useful to determine these parameters for
beam qualities not included in the ISO work. The Committee stressed the
importance of measurement of fluence spectra in this project, and suggested
that participation of one or two laboratories would be adquate.

c) "Ambient dose equivalent". This proposed coordinated research programme
is to be formulated by a Working Group (Allisy, Almeida and Drexler).

12. Revision of IAEA Technical Report Series No. 185
Calibration of Dose Meters Used in Radiotherapy

The Committee recommended the revision of this manual because many data
have changed (e.g. conversion factors) since its edition in 1979. It was
proposed to convene a Consultants Meeting to prepare the first revised version
which should then be reviewed and put into final form by an Advisory Group
Meeting.

13. Forthcoming; Activities

a) The provisional programme of the Symposium on Dosimetry in
Radiotherapy - to be held in Vienna, 31 August through 4 September 1987 - was
presented and M. Gustafsson was congratulated by the Committee on the
organization.

b) The programme of the Seminar and Workshop to be held in Kuala
Lumpur, Malaysia in 1987 was discussed. The Committee stressed that only
reference-class dosimeters with calibration certificates issued by a PSDL or
by the IAEA Dosimetry Laboratory should be accepted for calibration
comparison, as described above in item 4. of this Recommendation. This should
be urgently communicated to participants by letter, referring to the
information sheet distributed earlier. Comparisons should be restricted to
about four radiation qualities to avoid overload in the working procedure.

c) High-Dose Measurements

Information on activities of the SSDLs on high-dose measurements
should be collected for the next meeting of the Committee.

d) Intercomparison for Personnel Dosimetry

The Committee was informed by Mr. Aleinikov that the IAEA Radiation
Protection Section will start extensive intercomparison services for personnel
dosimetry systems and the existing facilities of the SSDLs could be used in
the implementation of this programme. The Committee agreed and recommended
that the experience already available and traceability already established in
the SSDL Network should be utilized for this purpose. The SSDLs should
wherever possible be made available for this purpose on a regional basis.

e) Equipment

Serious problems with nonfunctioning equipment supplied through IAEA
was discussed. The Committee recommended that the IAEA should put pressure on
manufacturers by not ordering the same type of equipment until earlier

11



problems have been solved. The SSDLs should be urged to report on problems
with their equipment and one SSDL should be asked to prepare a report to be
published in the SSDL Newsletter.

11. Co-operation between SSDLs and WHO Regional Offices

The Committee agreed with the suggestion of Mr. Souchkeviten that lists
of SSDLs including the responsible persons should be made available to the WHO
Regional Offices. It was also proposed that the SSDLs should have available
current publications of the IAEA (e.g. on intervention levels).

15 . Date of next meeting and other Committee matters

The Committee left it to the Dosimetry Section to propose a time for the
next meeting. A notice should be given to the members of the Committee well
in advance and the material for the meeting should be received 30 days before
the meeting.

At the closure of the meeting, the Scientific Committee expressed its
recognition of the great contribution to the SSDL programme, in particular the
setting up of the SSDL Network, made by Horst H. Eisenlohr, who served for 23
years in the IAEA's Dosimetry Section and was Secretary of the SSDL Network
since 1976.

12
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A.A.P.M. Protocol: The American Experience

Lawrence H. Lanzl, Ph.D.
Department of Medical Physics

Rush-Presbyterian-St. Luke's Medical Centre
Chicago, Illinois, USA

Introduction

The success or failure of radiation therapy depends upon the accuracy
with which a dose prescription is fulfilled. The first step in determining
the dose for a patient's treatment is the measurement of the output of the
beam by means of an exposure-calibrated ionization chamber. The second step
is the conversion of the exposure to dose within a water phantom. The third
step is the selection and implementation of a treatment plan for a given
patient.

My purpose in this paper is to review the world-wide system of
laboratories for step one and to review briefly some protocols, both in the
United States (US) and elsewhere, for step two for X-ray beams with maximum
energies in the range of 2 to 50 MV, and for electron beams with mean incident
energies in the range of 5 to 50 MeV. My reason for limiting the topic to
X-ray and electrons of these energies is that, at present, the vast majority
of radiation treatments other than brachytherapy in the US are confined to
these radiations at these energies.

Since scientific and clinical publications are readily available around
the world and form the basis for exchange of treatment methods, it is vital
that reported exposure measurements and dose determinations are carried out
with a hight degree of accuracy. There are a number of studies of radiation
response of biological systems, including normal and tumor tissue, which
provide information on the accuracy of dose determinations required for
assessment of this response. Figure 1 shows an early example of some work by
Shukovsky [1] on the dose-response function, the response being the local
tumor control probability for squamous cell carcinoma of the supraglottis. In
the steep portion of the curve, an increase of only 10% in the dose delivered
increases the probability of tumor control from 20% to 75%. This figure
illustrates that differences as small as five percent in the dose delivered
during radiation therapy at typical dose prescriptions may result in
differences in the local control of certain types of tumors. (Not all
dose-response functions for tumor control have as steep a slope as that for
the supraglottis.)

Another concern in radiotherapy is the possibility of radiation-induced
normal tissue complications concomitant with tumor irradiation. A detailed
study of such complications as a function of radiation dose was published by
Svensson et al. [2] in Sweden. Complications like those described by these
authors, which, in this case, were neurologic, may arise when a tumoricidal
dose is delivered to regional lymph nodes in axillary and supraclavicular
fields (Figure 2). The symptoms vary from slight numbness of the fingers to
total paresthesia of the arm. The dose-response function published by
Svensson et al. for these complications was presented in terms of the
cumulative radiation effect (CRE). The CRE is made up of the daily dose in
rad, the repetition parameter, the total treatment time in days, and the total

13
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absorbed dose in rad to the brachial plexus for the whole course. The results
of Svensson et al., as plotted in Figure 2, show that the frequency of
radiation-induced lesions as a function of CRE rises quite steeply. The
uncertainty in the shape of the frequency/CRE curve is dependent on
dosimetric, anatomic, and statistical factors. The filled squares in Figure 2
are data of Stoll and Andrews [3] of Australia for the same complications. A
downward shift of 7% in the CRE of the Stoll and Andrews data brings dose
agreement between these data and those of Svensson et al.

Several years ago, I discussed this difference between the work of
Svensson et al. and Stoll and Andrews with Dr. Horst Eisenlohr, Head of the
Dosimetry Section of the International Atomic Energy Agency (IAEA). From
about 1965 to the present, the IAEA has been carrying out worldwide dose
intercomparisons by using thermoluminescent dosimeters sent by mail. From
studies of these intercomparisons, Dr. Eisenlohr had observed a difference of
4% between the dose determination averages of hospitals in the Nordic
countries and those in Australia. If this 4% were applied to the 7% shift
which I mentioned above, the difference would only be 3%. It is likely that
much of the 7% difference is due to the accumulation of errors in the
traceability of radiation standards, and perhaps to some systematic errors in
dosimetry between the hospitals and the national radiation standards of each
country. It may also be due to differences in the protocols and values used
in the conversion of exposure to dose in these two areas of the world.

Such reports strengthen our conviction that we should try to unify the
world's dosimetry system by increasing the accuracy of our work of measuring
beam output and decreasing differences in the various protocols in use.

World Dosimetry System

For the purpose of having a worldwide unified dosimetry system, it is
important that each nation in which radiation therapy is practised have a
dosimetry system that is traceable to a national radiation standards
laboratory. The national standards laboratory should have either a set of
absolute or a set of secondary standard dosimeters. These dosimeters should
be recognized as such by the national authority responsible for
standardization. There are several ways in which a radiation standard can be
disseminated from a national standards laboratory to field use in a hospital
or clinic. One method is the use of a secondary standard dosimeter which is
sent for calibration to a primary standards laboratory. In turn, a field
instrument from a hospital is calibrated at a secondary standards laboratory
and then used by hospital personnel for the routine calibration of therapy
equipment (see Figure 3). This scheme is one which is in wide use in the US.

Thus, dose uniformity throughout the world is dependent upon a group of
primary national standards laboratories as well as a group of secondary
standard dosimetry laboratories (SSDLs). The difference between the terms
"primary" and "secondary" refers to the type of instrumentation used. In
primary standards laboratories, instruments are used for absolute measurements
of electric charge, volume, density and humidity of air, and distance for
determination of the exposure of a radiation field. On the other hand,
secondary standards laboratories use instruments which are calibrated in such
a known radiation field. These two groups of laboratories comprise a world
radiation dosimetry network. Figure 4 is taken from a report on this network,
published in 1982 [4]. The right side of the figure shows the group of SSDLs
sponsored by the International Atomic Energy Agency (IAEA) and the World
Health Organization (WHO) as a joint project. In addition to its financial
and scientific sponsorship, the IAEA maintains an excellent, well-equipped
dosimetry laboratory near its headquarters in Vienna. Although the network
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scheme has not changed from that depicted in Figure 4, the number of
laboratories has changed. There were 45 SSDLs [5] by 1984 and 49 SSDLs [6) by
1986 in various countries which are member states of the IAEA and WHO.

A number of primary national standards laboratories are affiliated with
the IAEA/WHO project. This affiliation assures a world-wide standardized
dosimetry system. Different systems exist within various countries for the
dissemination of radiation standards. I would like to comment on two of these
countries and point out how the internal dissemination system affects the
dosimetry protocol adopted by a given country. In the United Kingdom, the
central government provides institutions with a number of calibrated secondary
standard instruments with identical specifications. These instruments, in
turn, are used in the determination of the output of the teletherapy machines
within the United Kingdom. Since the replacement factor, which is a function
of chamber dimensions, will be the same for all instruments of the same
specifications, the UK protocol need not provide for varying chamber
dimensions. In addition, differences in the composition of the chamber wall
and of the dosimetry phantom, which affect the dose from X-rays, will not
occur in the UK because the same wall material is used in all of the secondary
standard instruments. Thus, the protocol used in the UK is somewhat simpler
to use than the protocol of Task Group 21 of the American Association of
Physicists in Medicine (AAPM), for in the US a variety of chambers of
different sizes and compositions are in general use.

The internal dissemination of radiation standards from the US National
Bureau of Standards to US hospitals takes place through several SSDLs. Figure
4 shows that there were three SSDLs in 1980. By 1987, the number has
increased to five. These SSDLs are called Accredited Dosimetry Laboratories
(ADD. Their accreditation is performed by Task Group No. 3 of the Radiation
Therapy Committee of the AAPM.

A very important laboratory which is involved in the standardization of
therapy dosimetry in the US is the Radiological Physics Centre (RPC) of the
AAPM. This laboratory, which was formed in 1968 by the AAPM, serves to verify
the dosimetry for radiation therapy patients whose records were entered into
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clinical trials sponsored and funded by the US National Cancer Institute (see
Fig. 4). The charge to the RPC is to develop the physics and dosimetry
protocols for a large variety of cancers, and to check on the dosimetry
carried out at all therapy centres in the US which contribute patient
treatment data for analysis. In December 1986, the director of the RPC
reported that about one half of the centres with which the RPC is connected
are now using "a protocol for the determination of absorbed dose from
high energy photons and electrons" as developed by Task Group 21 of the
Radiation Therapy Committee of the AAPM [7]. Over the last twenty years, the
RPC has become the most influential group in the US that is involved with the
standardization of patient dosimetry. However the ultimate decision as to
what protocol should be used is in the hands of the chief radiotherapist of
each hospital or treatment centre.

AAPM Protocol

The second step, the conversion of the exposure or output of a
rad I ation producing machine to the dose in a water phantom, is accomplished
according to a specific protocol. X-rays first began to be used for therapy
shortly after their discovery in 1895. However, electron beams did not become
available for therapy until 1946 [8]. As a result, protocols for the
determination of dose to a patient from measurements of exposure for X-rays
preceded protocols for electrons. A major advance in radiation dosimetry
occurred in the 1950's with the introduction of the concept of absorbed dose
and its unit, the rad, which replaced the roentgen in patient prescriptions
for radiation therapy. For a short time, the quantity for which the roentgen
was the unit was called "exposure dose." Later, the word "dose" was dropped,
and the quanity simply became "exposure". Exposure was defined, and continues
to be defined, only for photons. Thus, it was fortunate that the concept of
"absorbed dose" (later usage specifies only "dose") was made broad enough to
include electron doses.

Since a dosimetry protocol for electrons had not been adopted in the
1950's and early 1960's, each hospital had to develop its own. In 1965, my
colleagues and I introduced a method of dosimetry for electrons [9] which
utilizes the intensity and the energy spectrum of an incoming electron beam as
well as the absorption properties of the medium. The intensity is determined
with a Faraday cup, the energy spectrum is measured magnetically, and the
absorption properties are determined with Sternheimer's formulation of
restricted collision loss |10].

Throughout the 1960's the various primary national standards laboratories
were still not in a position to provide any calibration for electron beams.
However, in 1967 the US National Bureau of Standards started an
intercomparison dosimetry service in which mailed Fricke (ferrous sulfate)
dosimeters were used. This service is still available today.

In 1966, the Sub Committee on Radiation Dosimetry (SCRAD) of the AAPM
published its first electron protocol, entitled "Protocol for the Dosimetry of
High-Energy Electrons" [12]. This protocol was supplemented in 1971 by a
second one for use with X and gamma ray beams between the energies 0.6 and
50 MeV [13]. This protocol, like the first, was endorsed by AAPM. It
utilized fundamental dosimetric concepts as well as physical data from two
documents: (1) Code of Practice for the Dosimetry of 2 to 35 MV X rays and
Cesium 137 and 60 C o gamma Ray Beams by the Hospital Physicists Association
of Great Britian (1969), and (2) Radiation Dosimetry: X rays and gamma rays
with Maximum Photon Energies Between 0.6 and 50 MeV by the International
Commission on Radiation Units and Measurements (1969). A dose conversion
(i.e. roentgen to rad) factor, CX , was used in the protocol. This factor

18



contains four important terms: (1) the ratio of weighted mean stopping power
of water to that of air for the secondary electron spectrum produced by the
calibration beam of energy Er.; (2) the ratio of weighted mean stopping power
of water to that of air for the secondary electron spectrum produced by a
photon beam of energy E\; (3) the factor that corrects for phantom material
displaced by insertion of the ionization chamber with built-up cap into the
phantom; and (4) the exposure-to-dose conversion factor for water and ̂ O Q O
gamma-ray ( = 0.965), in rads/roentgen.

Task Group 21 (TG 21) of the Radiation Therapy Committee published the
new protocol in 1983 [7]. The reasons given for the need for an updated
protocol, in addition to the differences in the composition of the chamber
wall and dosimetry phantom mentioned above, are:

1) The concept of in-phantom measurement of exposure at the calibration
energy, a concept that provides the logical basis for several derivations of
dose-conversion factors, was subject to question because in-phantom
measurement of exposure requires that the in-air exposure calibration factor
of the ionization chambers (with buildup cap) remain constant regardless of
the depth and field size employed for the in-phantom measurement.

2) The generally accepted values of the dose-conversion factors for
photons (C\) and electrons (Cg) did not agree for comparable in-phantom
electron spectra produced by photon and electron beams.

3) The replacement factor, which is a function of chamber dimensions
and of the gradient of the depth-dose curve, was incorrectly treated in the
1971 protocol as a constant which is independent of these parameters.

The TG 21 protocol is quite detailed and addresses all of the above
items. It includes a parameter, Ng a s', which did not appear in previous
AAPH protocols. N» a s is a function various chamber-dependent parameters in
addition to the 6°Co exposure-calibration factor. (The NBS uses a 6 0Co
beam as its high-energy photon source; the National Physical Laboratory of the
UK uses a 2 MV X-ray unit).

As stated above, the TG 21 protocol covers the calibration of the
following radiation beams: 6 0Co gamma-rays, X-rays with nominal
accelerating potentials in the range of 2-50 MV, and electrons with mean
incident energies in the range of 5-50 MeV.

According to this protocol,

1) The primary dosimeter shall be an ionization chamber having a
calibration factor for 6 0Co gamma rays directly traceable to NBS. The
recommended ionization chambers are of the (i) plane-parallel design with
electrode spacing and collecting electrode diameter not to exceed 2 mm and
2.6 cm, respectively, (ii) cylindrical design with internal diameters less
than 1 cm. Whenever possible, ionization chambers should be constructed of
the same material as the phantom.

2) The protocol recommends that beam calibrations be expressed in terms
of dose to water. Water, polystyrene, or acrylic phantoms may be used. When
plastic phantoms are used, various scaling and dose-transfer factors must be
employed with which one obtains the dose to water. The dimensions of the
phantom should be such that a 5-cm margin is present with the largest field
size. Also, at least 10 cm of material beyond the dosimeter is necessary to
assure maximum scatter.
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3) The measurement depths for beam calibration shall be (i) depth of
the dose maximum or on the exponentially decreasing portion of the depth-dose
curve for photons, and (ii) depth of dose maximum for electrons. The depth
chosen for photons is dependent on the internal dimensions of the ionization
chamber.

The application of the TG 21 protocol for calibration of high-energy
beams is essentially a two-step process. First, the dose to gas (air) in the
chamber is determined; this is the product of the cavity-gas calibration
factor Ngas and the electrometer reading corrected for ion recombination.
(Ngas may be calculated from the

 60Co calibration factor and other data
given in reference [7], or it may be provided by the calibration laboratory).
Second, the dose to water from photon or electron beams is calculated
according to the methods and data given in reference [7).

The TG 21 protocol contains a very useful set of worksheets which guides
the user in its application. In addition, an example of the use of a set of
worksheets for both photons and electrons is attached to and part of the
protocol.

In April, 1984, the TG 21 protocol was adopted by the RPC. Starting from
that date, an extensive thermoluminescent dosimetry (TLD) intercomparison
study has been carried out [14] as follows:

A TLD was sent to the medical physicist at radiation therapy centre with
instructions that the TLD should be irradiated to the level of 300 rad (3
Gy). The TLD was then returned to the RPC and evaluated for dose. The ratio
of the dose by RPC and by the institution was determined. Figure 5 is a plot
of this ratio for 681 electron beams from various US hospitals. The average
ratio was 0.986. The ratios for 1455 photon beams with energies from
cobalt-60 units through 10 MV X-ray machines gave an average value of 1.003
(See Fig. 6). For 236 photon beams above 11 KV the average ratio was 1.02.

Of all of the centres which participated in this TLD study, 48% are now
using the TG 21 protocol. Low-energy photons show a mean ratio near 1.00,
whereas both electrons and high-energy photons show a mean displaced from a
ratio of 1.00. The RPC believes that this "reflects the difference between
the new AAPM (TG 21) protocol used by the RPC and previous protocols used by a
significant number of participating institutions." The RPC is recommending
that all institutions use the TG 21 protocol. It may be that certain data in
the protocol are improved upon over the time since the protocol was
published. However, the director of the RPC, Dr. William F. Hanson,
recommends that the data in the tables as presented be used for the next 5 or
6 years with no changes. If some institutions were to use data from tables
other than those in the protocol, there would, of course, be less consistency
in patient dosimetry across the US.

Although the TG 21 protocol appears to be quite satisfactory for the US,
it may not be so for the needs of other countries. To address the wider
community of nations, the IAEA convened an Advisory Group to draft an outline
of an international Code of Practice for Absorbed Dose Determination in Photon
and Electron Beams and define some general principles to be followed by
authors of the code [15]. The authors selected to write the code were persons
who had worked on various national protocols and included persons from Canada,
the Federal Republic of Germany, Spain, Sweden, and the US. The IAEA
published this International Code of Practice in 1987 [16].
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Letters to the Editor

Sir,
The SSDL Network, radiation protection and the

principle of measurement traceability

The author of this letter has been the IAEA
secretary of the IAEA/WHO Network of Secondary
Standard Dosimetry Laboratories (SSDLs)"2' from
its foundation until the end of 1986. Ten years after
its foundation this Network comprises some .SO
member laboratories, most of which are located in
the developing areas of the world. The Network is
supported by 12 national primary standards
laboratories and a number of international bodies
and committees. It is guided by a joint IAEA/WHO
secretariat which draws advice from an SSDL
Scientific Committee, composed of six experts in the
field of radiation measurement. The International
Commission on Radiation Units and Measurements
(ICRU) and the International Office of Weights and
Measures (BIPM) are represented at this Committee
which meets annually at IAEA's Headquarters in
Vienna. The BIPM has also agreed to calibrate the
reference doscmcters of the IAEA's Dosimetry
Laboratory serving as the coordinating laboratory of
the SSDL Network. The International Office of
Legal Metrology (OIML) has established a Pilot
Secretariat on the work of SSDLs and is also
associated with the Network. The close link between
the Network and international bodies representing
metrology is stressed at this point because in the early
phases of development of the Network a strong
opinion was voiced by medically oriented groups,
that such a close and permanent link with metrology
was neither needed nor desirable. A disagreement
about this matter that arose during an experts'
meeting on Secondary Standard Dosimetry
Laboratory Activities, held jointly by IAEA and
WHO in Rio dc Janeiro in 1974 (at that meeting the
setting-up of the SSDL Network was launched) was
finally concluded in favour of the metrological
approach proposed by IAEA and the representatives
from the primary standards laboratories. I am
positive that it was the 'metrological route' which
made the Network a successful and widely recognised
institution and there can be no doubt that the
Network contributed considerably to improving
dosimetry in radiotherapy throughout the world, and
making reliability, consistency and traceability of
measurements widely accepted and demanded
concepts in the dosimetry of intentional radiation
applications. On the other hand it should be
understood that the development of a venture like

the Network takes longer if higher working standards
are to be met.

SSDLs were originally conceived to improve
dosimetry in radiation therapy where highest
measurement accuracy is needed. In many
developing countries they were the only laboratories
capable of measuring ionising radiations. It is not at
all surprising that in some countries they also became
involved in radiation protection programmes. In fact,
according to the 1985 Annual Reports submitted by
member laboratories to the Network Secretariat. 15
SSDLs have extended activities in the field of
radiation protection.

Dosemeters used in radiation therapy have usually
been directly calibrated against a primary or
secondary standard. This situation occurs rarely, if
ever, in radiation protection. The reading of a
personal dosemeter such as a TLD badge is linked to
the primary standard by a process which may involve
several intermediate steps. While it is understood
thai for radiation protection measurements the
requirement for accuracy is lower than for radiation
therapy, it is nevertheless essential that these
intermediate steps are clearly defined and
documented, and that the reading of the field
instrument be traceable to the primary standard
requirements that hold for every physical
measurement with legal implications. The need for
measurement traceability in the dosimetry of
radiation therapy is clearly understood and defines
the major function of most SSDLs. but such a need
has not always been seen for radiation protection
measurements. It seems worth noting that the
requirement for measurement traceability docs not
necessarily imply the requirement for the highest
possible accuracy of the instrument used. However,
it does imply that the instrument be calibrated against
a standard that is itself traceable to the relevant
standard of the BtPM, and that its uncertainty is
stated and certified. Only then are readings of the
instrument meaningful and can be compared with
those obtained elsewhere.

The author of this letter witnessed several
occasions when reputable and high ranking
exponents of the radiation protection community
authoritatively expressed the opinion that certified
measurement accuracy and traceability are not
needed in radiation protection work. It is my distinct
view that such an opinion is basically wrong and
dangerous, and that it is not likely to raise the public's
confidence in nuclear energy.
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LETTER TO THE EDITOR

Before Chernobyl there were few, if any,
documents on radiation protection concepts and
procedures that made reference to measurement
traceability. It was only after that unfortunate event,
when it had become evident that results of
environmental radiation measurements performed at
different sites were not comparable, that the
importance of concepts like measurement
consistency and traceability was seen. It is regrettable
that some persons in radiation protection needed the
lesson of Chernobyl to learn that disregarding or
ignoring basic principles will always be a mistake.

In November 1986 a large Experts' Group on
Nuclear Safety and Radiation Protection advised the
IAEA in setting priorities in respect to the Agency's
expanded Nuclear Safety Programme. This Group

assigned high priority to a programme that deals with
the Role of SSDLs in the Dosimetry of Unintentional
Radiation Exposures. The IAEA/WHO Network of
SSDLs, as part of the world's metrology system, has
contributed much to achieving consistency in the
dosimetry of radiation therapy. It appears reasonable
that the facilities and expertise available in many
SSDLs be also fully utilised in the field of radiation
protection, particularly in connection with the
IAEA/WHO Data Base to be established to provide
early information in case of a nuclear accident.

H. H. Eisenlohr
February 16 1987
Giesshublerstrasse 19
A-2344 Maria Enzersdorf
Austria
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Postal Dose Intercomparisons and Brachytherapy Sources Calibration
Programmes at SSDL, Trombay, Bombay, India

G. Subrahmanian, A. Kannan & K.D. Pushpangadhan
SSDL, Trombay, Division of Radiological Protection,

B.A.R.C., Bombay - 85

Introduction

Radiological standards group of the Division of Radiological Pcotection,
Bhabha Atomic Research Centre is an accredited laboratory in the IAEA/WHO
network of SSDLs. This lab carries out calibrations of both therapy and
protection level dose meters for x and gamma-ray beams and conducts periodic
postal dose TLD intercomparisons among teletherapy centres in India, Burma and
Sri Lanka. Since this lab maintains national standards for exposure it is in
a unique position to combine the PSDL and SSDL activities which is convenient
in many respects. During the last few years this SSDL has expanded its
activities to include postal dose intercomparisons of Caesium teletherapy
machines, patient dose monitoring and calibrations of brachytherapy sources in
terms of expsoure outputs. Details about the activities of this SSDL and the
results obtained are outlined in this article.

Postal Dose Intercomparison Programmes

i) For Co-60 and Teletherapy Machines: This programme has been in progress
for a number of years covering all the Co-60 teletherapy machines and linear
accelerators available in this geographic region. This intercomparison is
conducted about twice a year, using mailed TLD powder (LiF) irradiated in a
water phantom under standard conditions as per the guidelines recommended by
IAEA. As a consequence of this programme, dosimetry in teletherapy centres
has shown remarkable improvement. For example, during 1979, for 4 machines
out of 9 covered by the programme were having deviations in excess of ± 5%
whereas during 1986, 20 results out of 140 machines covered showed deviations
in excess of ± 5%. With the introduction of medical linear accelerators in
radiotherapy applications, SSDL has been conducting intercomparisons for these
machines since 1983. Our results showed that the dosimetry accuracy in this
case was better compared to that for Co-60 machines owing to better control of
machine parameters and good physics support. We believe that the physicists
have parameters and good physics support. We believe that the physicists have
become increasingly aware of the usefulness of the intercomparison programme
with the result that they show enthusiasm in participating in intercomparison
and in periodically calibrating their dose meters. The programme has helped
institutions in remote locations where dosimetry support and monitoring are
felt essential owing to lack of immediate dosimetry facilities.

ii) For Caesium machines: Since 1985 we have taken up the intercomparison in
view of the fact that many units are in use for treatment. Since these units
are used for short SSD treatments it was thought that information on dosimetry
accuracy would be clinically useful. The TLD irradiation procedure
recommended by IAEA for Co-60 was followed. In this case we irradiated a set
of calibration capsules in a water phantom at 5 cm depth for Cs and the
response of LiF TLD powder was observed to be within our experimental limits
of uncertainty of ± 3%. The number of machines covered were few (about 3 to
5 in each batch). Physicists quoted the dose to water on the basis of their
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in-air exposure measurements and percentage depth dose data available to
them. Results showed that dose deviations in excess of the clinically
acceptable limit of 1 5% occur more frequently. It can be inferred from our
results that if the frequency of large deviations in dose is high even under
carefully controlled conditions, the actual dose delivered to patients is
likely to be very unsatisfactory in a large number of cases. Therefore, we
intend to continue this intercomparison programme for Cs-machines to improve
the situation and we hope to cover all Cs machines available in the country in
future.

iii) Patient Dose Intercomparison for treatments with Co- 60 machines: This
programme was taken up a few years ago to investigate how far the actual dose
delivered to the patient at the time of treatment equalled the estimated
dose. In fact the accuracy of dose delivered to the patient during treatment
depends very much on the machine parameters which have to be carefully
evaluated and controlled by the physicist. It was felt that this
intercomparison will indicate the status of such controls existing at a centre
which are essential to obtain good clinical results. For this
intercomparison, we use LiF powder TLD 700 in a plastic capsule which was kept
in a Perspex container sufficiently thick to provide build up. These Perspex
holders along with TLD were taped on the irradiated portion of the skin of the
patient during each exposure for 5 sittings during a treatment schedule. The
quoted value of Dm a x on the skin (after inverse square law correction) was
compared with the measured value, using calibration capsules. For comparison
the two quantities considered were 1) the deviation of toal quoted dose from
that measured and 2) the maximum or minimum deviation of dose per exposure
with the mean measured dose for each patient. About 22 patients were
monitored during this programme since 1984 and the results indicated the
fo1lowi ng:

a) for 597o of the patients, the deviation of the total dose was within
t) 57O and for the rest the deviation was higher than this,
sometimes even as high as 20%; and

b) for 50% of the patients, the deviation of maximum or minimum dose
delivered with respect to the mean dose per exposure was within
1 5% and for the rest the deviations exceed this limit. Results
obtained demonstrated that large dose deviations occurred even in
cases where there was good agreement in our regular TLD
intercomparison measurements. Though this intercomparison will be
very useful, owing to workload reasons, all SSDLs may not be in a
position to undertake patient doses monitoring on a routine basis.
Nevertheless, our results indicate the limitations of the regular
TLD intercomparison where many parameters are well controlled during
the radiation exposure.

Barachytherapy sources calibration

For external beam therapy, postal dose intercomparisons have served well
to improve the accuracy in dosimetry, to achieve good clinical results. This
situation is not so satisfactory in case of brachytherapy. Presently in a
majority of the therapy centres, facilities to calibrate brachytherapy sources
are totally lacking. One can notice that the calibration of brachytherapy
sources are carried out using 4 IT gamma chambers whose calibrations are
either not traceable to national standards or exposure rate constant
appropriate to the source configuration measured are not used. Because of
these, uncertainty in the dose delivered to the patient is likely to exceed
± 5% in a majority of the cases. To improve the situation SSDL Bombay has
begun a service to calibrate brachytherapy sources such as Cs 137, Co-60 and
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Ir-192 in terms of their exposure outputs at a standard distance. For this
purpose, a spherical graphite chamber of about 8 cc and a charge measuring
system using a varactor diode have been designed which can be transported to
various centres where calibration has to be carried out. The graphite chamber
has been calibrated against exposure standard maintained at SSDL and its
response was found to be within ± 3% for gamma energies in the range of
0.4-1.3 MeV. This system has been used to calibrate about 60 sources (Co-60
and Cs-137) sources used mainly in remote after-loading machines. The
sensitivity of the system is adequate for such applications and we were able
to measure effective activities of the order of 1 GBq (27 mCi) of Cs-137 with
an overall accuracy of about ± 5%. This calibration facility has practical
convenience in our situation because many centres do not possess any facility
to carry out the calibration of these sources.

This SSDL has expanded its activities to cover the areas mentioned in
order to achieve improved dosimetry accuracy and traceability in radiotherapy
using external beams and brachytherapy sources. We hope that a similar
programme, if taken up by other SSDLs will be highly beneficial to the therapy
centres in their own geographic region.

TRAINING AT THE AGENCY'S LABORATORY IN SEIBERSDORF

Ever since its existence the Agency's Laboratory in Seibersdorf served as
a training centre in the applications of ionizing radiations for young
scientists from the developing countries. Training in the Agency's Dosimetry
Laboratory has been said to be particularly useful as it offers the twofold
opportunity of getting acquainted with the work of the central laboratory of
the SSDL Network, and seeing another, very well equipped calibration
laboratory, the Austrian SSDL which is located nearby.

The Agency's Laboratory has not especially been designed for training
purposes. As over the years the number of trainees has increased considerably
and training has become one of the major functions of the laboratory, efforts
are now being undertaken to add to the existing laboratory a new wing, housing
a lecutre hall and other facilities needed for the execution of a more
professional training programme. Applications for training of SSDL staff
should be routed through the official governmental channels, as is required
for all Technical Co-operation requests from Member States.
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BOOK REVIEW

Review of
INTRODUCTION TO RADIOLOGICAL PHYSICS

AND RADIATION DOSIMETRY

(by F.H. AtLix, Wiley Interscience)

For about two decades the three volumes of RADIATION DOSIMETRY edited by
ATTIX, ROESCH, and TOCHLL1N have been serving as the reference textbook in the
field of dosimetry of ionizing radiation. The present book is intended as a
text for an introductory course at the graduate level which would fit a course
to be taught in one semester, covering the essential topics of the subject on
some 600 pages.

Herb Attix is one of the masters of dosimetry and he has done an
admirable job. This sort of book I would have liked to use when I was a
student. The language is concise and precise and essential principles and
quantities of dosimetry which are often quoted but seldom explained, such as
Spencer's cavity theory (usually known as Spencer-Attix theory), Fano's
theorem, the reciprocity theorem, W, charged particle equilibrium, the mass of
air in the definition of exposure these and many more are presented and
discussed with clarity. Units of the SI are used mostly, but not exclusively,
as the "rad, rem, roentgen, curie, erg will remain in the existing literature
for ever". In general, the recommendations of the 1CRU are used as a basis
for the definitions of the radiological quantities and units, but additional
concepts {e.g. collision kerma) are introduced and used where needed,
reflecting the author's own point of view.

Major chapters and sections of the book deal with the description of
radiation fields, interaction of ionizing radiation with matter, quantities
and units for use in radiation protection (this section is too brief),
attenuation, charged particle equilibrium, absorbed dose in radioactive media,
fundamentals, interpretation of dosimeter measurements, ionization chambers,
calibration of photon and electron beams with cavity ion chambers, integrating
dosimeters, dosimetry by pulse mode detectors, neutron dosimetry and
micro dos imetry.

Each chapter is concluded with a number of instructive problems and their
solutions, enabling the student to check his own proficiency. Seventy three
pages of tables list relevant physical constants and conversion factors,
compounds and mixtures, photon interaction cross sections, electron mass
stopping powers for the most important substances, and neutron kerma factors.

Since the time of publication of RADIATION DOSIMETRY the dosimetry scene
of the world has changed by the establishment of an international (IAEA/WHO)
Network of Secondary Standard Dosimetry Laboratories, comprising some 60
laboratories, metrologically linked to the BIPM through the Dosimetry
Laboratory of the International Atomic Energy Agency. The reviewer would have
liked to see this endeavour mentioned it) this book, as well as a list of the
main national and international Codes of Practice for easly reference. But
these omissions may only reflect the reviewer's bias and do not diminuish the
value of this excellent book which is highly recommended to everyone who wants
to understand dosimetry of ionizing radiations.
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Two weeks RCA* Workshop on photon, electron and neutron dosimetry in
radiotherapy was held from 8 to 19 June 1987 in Seoul, Republic of Korea. It
was, the first of its kind, funded by the Republic of Korea as an extra-
budgetary contribution to RCA. A total of 19 participants from 10 RCA Member
States participated.

A combined Workshop and Seminar for Asia and the Pacific on Calibration
Procedures in SSDLs was held from 6 July to 25 July in Kuala Lumpur, Malaysia.

A Symposium on Dosimetry in Radiotherapy was held, in co-operation with the
World Health Organization, during 31 August - 4 September 1987 in Vienna,
Austria. 48 papers were presented orally and 37 were also presented as
posters, covering topics as Determination of absorbed dose, Standardization
and intercomparisons, Quality assurance, Dosimetry in brachytherapy, Treatment
planning, Total body irradiation and conformation therapy. The proceedings of
the Symposium will be published within some months.

The IAEA Publication "Absorbed Dose Determination in Photon and Electron
Beams —An International Code of Practice" was published as Technical Reports
Series No. 277 in August this year. It can be ordered from the IAEA sales
agents or from Divisions of Publications, International Atomic Energy Agency,
P.O. Box 100, A-1400 Vienna, Austria for a price of Austrian Schillings 240,-.

IAEA Technical Reports Series No. 185 "Calibration of Dose Meters Used in
Radiotherapy" will be updated by a group of experts. Suggestions for topics
to be included in the new edition are welcome.

Another Dosimetry Workshop and another Dosimetry Training Course are planned
to be held in 1988.

* Regional cooperative Agreement for Research, Development and Training
related to Nuclear Science and Technology in Asia and the Pacific.
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MEMBERS OF THE IAEA/WHO NETWORK OF SSDLs

Comision Nacional de Energia Atomica
Laboratory for DosLmetry
Avenida del Libertador 8250
1429 Buenos Aires
Argentina

Australian Atomic Energy Commission
Research Establishment
Dosimetry Laboratory
Lock Mailbag No 1
P.O. Menai 2234
Australia

Osterreichisches Forschungszentrum
Seibersdorf Ges.m.b.H
Dosimetry Laboratory
A-2444 Seibersdorf
Austria

Rijlcsuniversiteit Gent
Laboratorium voor Standaard Dosimetrie
Ledeganckstraat 35
B-9000 Gent
Belgium

Bolivian Nuclear Energy Commission
Department of Radiological Protection

and Safety
Dosimetry Laboratory

Av. 6 de Agosto No. 2905, Casille 4821
La Paz
Bolivia

Comissao Nacional de Energia Nuclear
Instituto de Radioprotecao e Dosimetria
Laboratorio de Dosimetria de

Padronizacao Secundaria
C.P. 37025
22600 Rio de Janeiro - RJ.
Brazi 1

Medical Academy
Base No. 2
Radiotherapy Department
Laboratory of Clinical Dosimetry and

Ionizing Radiation Metrology
8 Belo More Street
1527 Sofia
Bulgaria
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Department of National Health and Welfare
Health Protection Branch
Radiation Protection Bureau
Radiation Dosimetry Division
775 Brookfield Road
Ottawa, Ontario K1A 1C1
Canada

Comision Chilena de Energia Nuclear
Amunategui no. 95
Casilla 188-D
Santiago
Chile

National SSDL Organization
Mr. Du Fangjiong, Director
State Bureau of Metrology

P.O. Box 1413
Beij ing
People's Republic of China

Members:
Radiometrology Centre
Institute of Atomic Energy
P.O. Box 275
Beijing

Shanghai Institute of Metrological
Technology

Ionization Radiation Department
1226 Chang Le Road
Shanghai

Institute of Radiation Protection
P.O. Box 120
Taiyuan, Shanxi
China Centre for Preventive Medicine
Laboratory of Industrial Hygiene
2 Xingkang Street Deshengmenwai
Beijing

Mr. Ing. VI. Sulek
National SSDL Organization
Office for Standards and Measurements
Vaclavske nam. 19
113 41 Praha 1
CSSR

Members:
Institute for Research Production
and Utilization of Radioisotopes

Prague

Institute of Clinical Oncology
Bratislava

Institute of Radiation Dosimetry
Prague

Institute of Hygiene and Epidemiology
Prague
Czechoslovakien Institute of Metrology
Bratislava
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Nicosia General Hospital
Department of Medical Services
Radiation Dosimetry Laboratory
N i cos ia
Cyprus

National Board of Health
Institute of Radiation Hygiene
Dosimetry Laboratory
378 Froderikssundsvej
DK-27OO Bronshoj
Denmark

National Institute for Standards
Radiation Physics Unit
Dosimetry Laboratory
Tahrir Street
Dokki
Cairo

Egypt

Comision Ecuatoriana de
Energia Atomica

Dosimetry Laboratory
Apartado 2517
Quito
Ecuador

Nuclear Medicine Service
Dosimetry Laboratory
Hospital Rosales
San Salvador
El Salvador

Finnish Centre for Radiation
and Nuclear Safety

Dosimetry Laboratory
P.O. Box 268
SF-00101 Helsinki
Finland

Ministere de la Sante
Service Centrale pour le
Protection contre
les Rayonnements lonisants

Dosimetry Laboratory
Boite Postale Nr. 35
F-78 Le Vesinet

France

Gesellschaft fiir Strahlen-
und Umweltforschung Miinchen

Institut fur Strahlenschutz
Dosimetry Laboratory
Ingolst'adter Landstrasse 1
D-8042 Neuherberg
Germany, Federal Republic of
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Ghana Atomic Energy Commission
Dosimetry Laboratory
P.O. Box 80
Legon, Accra
Ghana, Republic of

Ministerio de Energia y Minas
Direccion General de Energia Nuclear
Dosimetry Laboratory Apartado Postal 1421
Guatemala City C.A.
Guatemala

National SSDL Organization
National Office of Measures
Radiation Physics Division
P.O. Box 19
H-1531 Budapest
Hungary

Members

Central Research Institute for Physics
Division of Radiation Protection
Budapest

National Institute of Oncology
Physics Section
Budapest

Nuclear Power Plant
Radiation Protection Section
Paks

Bhabha Atomic Research Centre
Division of Radiological Protection
Radiological Standards Laboratory
Trombay
Bombay 400 085
India

Badan Tenaga Atom Nasional
Pusat Dosimetri dan Standardisasi
Mampang Prapatan, Kuningan
Jakarta
Indonesia

University of Tehran Cancer Institute
WHO Regional Reference Centre for
Secondary Standard Radiation Dosimetry

P.O. Box 13145-158
Iran, Tehran

Atomic Energy Organization of Iran
Secondary Standard Dosimetry Laboratory
North Karegar Ave
P.O. Box 14155-4494
Iran, Tehran

Iraqi Atomic Energy Commission
Institute of Radiology & Nuclear Medicine
Dosimetry Laboratory
Elwyiah
Baghdad
Iraq
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Iraqi Atomic Energy Commission
Health Physics Department
Nuclear Research Institute
Dosimetry Laboratory
Tuwaitha, Baghdad
Iraq

Israel Atomic Energy Commission
Soreq Nuclear Research Center
Radiation Safety Department
Dosimetry Laboratory
Yavne 70600
Israel

National Institute of Health
Dept. of Radiation Standards
Dosimetry Laboratory
5, Nokbun-dong, Eunpyung ku
Seoul 122
Korea, Republic of

Prime Minister's Department
Nuclear Energy Unit
Dosimetry Laboratory
Kompleks PUSPATI
Bangi
43000 Kajang, Selangor
Malaysia

Instituto Nacional de Investigaciones Nucleates
Centro de Metrologia de Radiaciones Ionizantes
62045 Salazar, Edo. de Mexico
Mexico

College of Medicine of the University of Lagos
Department of Radiation Biology and

Rad i otherapy
Dosimetry Laboratory
Private Mail Bag 12003
Lagos
Nigeria

National Institute of Radiation Hygiene

Dosimetry Laboratory

P.O. Box 55
N - 1345 Osteras
Norway

Pakistan Atomic Energy Commission
Pakistan Institute of Nuclear Science

& Technology
Health Physics Division
Dosimetry Laboratory
Post Office Nilore
Rawalpindi
Pakistan

Ministry of Health
Radiological Health Service
Dosimetry Laboratory
San Lazaro Compound
Rizal Avenue, Sta. Cruz
Manila
Philippines
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Instituto Portugues de Oncologia
Departamento de Radiotherapia
Dosimetry Laboratory
1093 Lisbon
Portugal

Ministerio da Industrie e Energia
Departamento de Proteccao e
Seguranca Radiologica

Laboratorio Nacional de Engenharia
e Tecnologia Industrial

Dosimetry Laboratory
Estrada Nacional No. 10
2685 Sacavem
Portugal

Institute of Hygiene and Public Health
Dosimetry Laboratory
Str. Dr. Leonte No. 1-3
R-76256 Bucharest 35
Romania

Department of Radiology and Nuclear Medicine
Dosimetry Laboratory
Connaught Hospital
P.O. Box 1231
c/o UNDP Office, P.O. Box 1011
Freetown
Sierra Leone

Singapore General Hospital
Therapeutic Radiology Department
Dosimetry Laboratory
Outram Road
Singapore 0316
Republic of Singapore

Radiation and Isotope Center
Dosimetry Laboratory
P.O. Box 846
Khartoum
Sudan

National Institute of Radiation Protection
Dosimetry Laboratory
Karolinska Sjukhuset
Box 60204
S-104 01 Stockholm
Sweden

Eidgenossisches Institut fur Reaktorforschung
Abteilung Strahlenuberwachung
Dosimetry Laboratory
CH-5303 Wurenlingen
Switzerland

Department of Medical Sciences
Division of Radiation Protection Services
Dosimetry Laboratory
Yod-se
Bangkok-10100
Thailand
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Office of Atomic Energy for Peace
Radiation Measurements Division
Dosimetry Laboratory
Vipavadee Rungsit Road
Bangkhen, Bangkok-10900
Thailand

Turkish Atomic Energy Authority
Cekmece Nuclear Research and Training Centre
Dosimetry Laboratory
P.K.I.
Havaalani-Istanbul
Turkey

Leningrad Centre for Metrology
and Standardization

Dosimetry Laboratory
Moskovski Prospect 19
Leningrad
USSR

Ministerio de Sanidad y Asistencia Social
Instituto Venezolano de Investigaciones
Cientificas

Servicio de Radiofisica Sanitaria
Laboratorio Secundario de Calibracion
Dosiiuetr ica

Apartado 1827
P.O. Box 21827
San Martin
Garacas 1010 A
Venezuela

Boris Kidric Institute of
Nuclear Sciences - Vinca

Dosimetry and Radiation Protection
Section

Radiation Protection Laboratory
P.O. Box 522
1101 Belgrade
Yugoslavia
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