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Abstract

The high-dose dosimetry programme was initiated by the International Atomic Energy Agency in
1977. Like any other Agency programme, this one has various activities. These cover: research
contracts and research agreements, co-ordinated research projects (CRP), training courses, and
laboratory-based activities. The Agency's dose quality audit service (International Dose Assurance
Service, IDAS), initiated in 1985, is one of the key elements of the programme. At earlier times, the
technical part was operated through a laboratory in Germany. However, after purchasing the Bruker
ESR spectrometer, the entire service has been operated from the Agency since 1992. This audit service
has served well the needs of various institutes around the world involved with radiation processing. We
have had two Co-ordinated Research Projects (the second one is in its last year) over the last several
years. Both were/are aimed at standardization of dosimetry for radiation processing. Nine or ten
participants of each CRP were about evenly distributed between the developed and developing Member
States. In collaboration with the Food and Environmental Protection Section and the Industrial
Applications and Chemistry Section, the Dosimetry and Medical Radiation Physics Section has
participated in several training courses; these have been mainly regional courses. This collaboration has
worked well since such courses combine specific radiation processing applications with the needs of
good dosimetry and process control. Also, the Agency has organised several dose intercomparisons in
recent time. The activities of the high-dose dosimetry programme since the last symposium (November
1990) are reviewed here.

1. INTRODUCTION

For any industry, development and implementation of standards are very much necessary and
they indicate a level of maturity. Measurements are needed for process control to improve quality, and
these measurements should be standardized. For radiation processing applications, it is important that
the irradiated products are reliable and safe; and this is essential for regulated products. With this in
mind the Agency initiated the programme of high-dose dosimetry in 1977. This was necessary since
there was no concerted international effort then to achieve standardization of dosimetry for industrial
processes. One may argue that it was too early since the industry was still nascent. On the other hand,
such a programme can help to start a new industry on a good foundation and help achieve its full
potential.

The purpose of this programme is to accomplish standardization of dose at an industrial scale, to
promote dosimetry as a quality control measure in radiation processing, and to help develop new
dosimetry techniques. This programme has come a long way and I would like to believe that it has had
some contribution towards helping industry to establish itself in a confident manner in developing
Member States through its various activities. Since the initiation of the programme, other national and
international organisations such as International Standards Organization (ISO), European Committee
for Standardization (CEN), American Society for Testing and Material (ASTM), and Association for
the Advancement of Medical Instrumentation (AAMI) have been actively involved in several aspects of
dosimetry for radiation processing, either through development of standard practices and guidelines for
dosimetry systems [1] or through providing recommendations for process control for the radiation
processes [2-4]. The Agency has been aware of these development, and has tried to support their effort
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by disseminating these standards and recommendations and helping their implementation through
various activities, such as research contracts and training courses.

Like any other Agency programme, the high-dose dosimetry programme has various activities.
Systematic effort has been put in order to achieve the set goals by means of scientific meetings, research
support, dose intercomparisons, training courses and workshops, and dose quality audit service from the
Agency Dosimetry Laboratory. These are summarized and reviewed in Table I. This list includes
activities since the last dosimetry symposium organised by the Agency in 1990. The activities till that
point in time were described by Nam [5] at that symposium.

The two previous symposia organised by the Agency in 1984 [6] and 1990 [7] were very
successful in that they brought together researchers and facility operators from around the world to
discuss and exchange information. This present symposium is expected to achieve similar results.

TABLE I. ACTIVITIES OF THE HIGH-DOSE DOSIMETRY PROGRAMME

1977 Initiation
1984 International Symposium on High Dose Dosimetry
1985-91 IDAS (at GSF, Germany)
1990 International Symposium on High Dose Dosimetry for Radiation Processing
1992 IDAS to Agency Dosimetry Laboratory
1988-99 2 CRPs (high-dose)
1994-95 Calibration laboratories intercomparison
1998 CRP (EPR on biodosimetry) initiated
1998 International Symposium on Techniques for High-Dose Dosimetry in

Industry, Agriculture and Medicine

2. REVIEW OF THE PROGRAMME

The Agency generally conducts reviews and audits of its various programmes and activities to
assure that they are implemented as intended, to check their effectiveness and to review them for any
modifications needed in view of the changing requirements of Member States. In line with this policy,
the Agency has an established Standing Advisory Group that regularly reviews and evaluates the work
of the Dosimetry and Medical Radiation Physics Section. Since 1990, this committee has met four times
to review the dosimetry programme of the Agency. Initially, this Group did not include specifically the
expertise for high-dose dosimetry; and hence their effort was augmented by other expert meetings. Two
such meetings were convened in Vienna:

- to review the International Standardization and Quality Assurance of High-Dose Dosimetry, 8-10
March 1993; and

- to review the purpose, operation and future of the IDAS, 31 October - 3 November 1994.
Since 1995, the membership of the Standing Advisory Group was expanded to specifically include an
individual with high-dose dosimetry experience.

The recommendations emanating from these meetings have helped the programme to keep focused
and to modify the programme as required to reflect the needs of Member States.

3. INTERNATIONAL DOSE ASSURANCE SERVICE (IDAS)

This dose quality audit service was initiated in 1985 [5] with an objective of assisting Member
States to establish reliable dosimetry system(s) in their radiation facilities. This service provides an
independent check on the entire dose measurement system, i.e. dosimeters, measuring equipment,

12



c
o
+3

.5
0)

0>

40

30

20

10

0

10

20

30

40

o
o o_

Q

Q>

+5%

-5%

50 100 150 200 250 300 350

dose checks

FIG. 1. Relative deviations for all audit checks since 1992. The acceptance
limit is ±5 %; about 60 % of the results are within these limits.

procedure for the use of the system, data transfer procedures, skill of the technical staff, etc. From 1985
till 1991 the technical operation of the service was provided by a German laboratory (GSF, Neuherberg)
under a contract with the Agency, while the administration was managed by the then Dosimetry Section
of the Agency. However, after acquiring the ESR spectrometer and training the staff in the ESR
techniques, the entire service has been operated from the Agency since 1992.

This transition involved the establishment of the alanine-ESR dosimetry system at the Agency
Dosimetry Laboratory. This required selection and purchase of the alanine dosimeters, commissioning
of the ESR spectrometer, characterisation of the dosimetry system, establishing an in-house calibration
facility, etc. The Agency's reference dosimetry system presently in use for IDAS is described elsewhere
in this proceedings [8].

The start was slow but in recent years it has shown moderate growth. Till 2 years ago, the cost of
the service was $100 per dose check for all participants, which is the same since the beginning of the
service. Also, every new participant was required to be nominated by the relevant national authority. It
was perceived that these may be the factors that were hindering the wider use of the service. The
Agency now offers this service at no cost to a non-commercial institute for one dose check per year.
Also, the initiation requirements are relaxed for these participants. This has resulted in a significant
increase in the use of the service by Member States.

Since 1992 the IDAS has provided more than 300 dose checks. Figure 1 shows the relative
deviations' between the Agency dose values based on alanine-ESR and the participants' dose values
based on their dosimetry system for all the dose checks since 1992. The acceptance limit of ±5 % is
shown by the two dotted lines. About 60% of the checks fall within these limits. It is the presence of the
remaining 40 % that indicates the necessity of this service. To evaluate the performance of the service
we have followed the relative deviation values for multiple participation. These values should decrease
with time for institutes with multiple participation. Such a trend, if it exists, is very weak. We believe
that the reasons for this tendency include: rotation of the staff at the institute/facility resulting in
insufficient trained staff, and cost of repairing/calibrating the analysis equipment. However, this does
indicating the continuous need of such a dose quality audit service.

1 relative deviation (%) = 100x(participant's dose value-IAEA dose value)/(IAEA dose value)
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The current IDAS service is limited to ^Co gamma rays. The alanine dosimeters used for IDAS
are not really suitable for electrons. A field study was however conducted to check the
usefulness/suitability of these dosimeters for electrons. It was concluded from this study that under
certain limiting conditions the current dosimeters may be used for electron-IDAS for energies higher
than 8 MeV.

4. RESEARCH ACTIVITIES AND SUPPORT

The Agency's formal method of supporting research activities in Member States is through
awarding research contracts and research agreements; some of these are single contracts (self-standing)
while others are part of Co-ordinated Research Projects (CRP).

In the review period, 12 single research contracts were awarded in the field of high-dose
dosimetry. Half of these were related to development of alanine dosimetry and the other half for
development of several other types of dosimeters.

There were two CRPs related to high-dose dosimetry during this period; out of these one is now
complete. This completed CRP on Development of Quality Control Dosimetry Techniques for Particle
Beam Radiation Processing consisted of 10 participants and resulted in various advancement in
electron dosimetry systems, including [9]:

- alanine was established as a reliable reference and routine dosimeter;
- calorimetry systems were modified; polystyrene was shown to be a good absorber, modular multi-

element system was developed for measuring depth dose and thus electron energy; and
- on-line process control devices were developed for monitoring various beam parameters, such as

electron beam energy and scan width.
The primary conclusion of this CRP was that alanine-ESR is a reliable transfer dosimeter for electron
beams.

The second CRP is still active and is on Characterization and Evaluation of High-Dose
Dosimetry Techniques for Quality Assurance in Radiation Processing. It has two objectives: (i) to
understand and evaluate the influence of various external parameters on the performance of routine
dosimeters currently in use, and (ii) to develop reference and transfer dosimetry technique for electrons
of energy less than 4 MeV [10]. The research carried out by some of the participants so far indicate
that:

- alanine film (100 - 300 um) is suitable as a reference dosimeter; it may be analysed with ESR
spectrometry or with DRS (diffuse reflection spectrometry); and

- for routine dosimetry, there are several choices that are being pursued: thin calorimeters, thin
films or coatings (radiochromic, alanine, optically stimulated luminescence systems), and flat
bags containing dosimetric material (glutamine powder, ECB).

Several other participants carried out research aimed at understanding:
- the effect of irradiation temperature on alanine-PS and glutamine dosimeters;
- the combined effect of temperature and dose rate for PMMA GammaChrome YR and FWT;
- the effect of various storage conditions and relative humidity during irradiation on new PVG

films.

5. INTERCOMPARISONS

Since 1990, the Agency has organised three intercomparisons: two of which were part of the two
CRPs and the third one was amongst several calibration laboratories.

5.1. CRP intercomparison - electron beam

The first intercomparison was under the electron CRP [9] mentioned above where the objectives
were (i) to demonstrate that laboratories possessing well-characterised electron beams can administer a
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consistent absorbed dose with acceptable uncertainties for typical radiation processing dose range, and
(ii) to evaluate the suitability of alanine as a transfer dosimeter. There were nine participants and
irradiation was carried out at three dose levels: 10, 30 and 50 kGy. The results demonstrated that
consistency between the participants was achievable at the 5-7% level. It was felt that with the chosen
transfer dosimetry system and the wide range of irradiation facilities and conditions, including beam
qualities, consistency at this level was the best which can be obtained. It was concluded that the main
factors contributing to the differences between the laboratories were likely to be related to the
traceability of the dose at the point of measurement and the effect of irradiation temperature.

5.2. CRP intercomparison - 60Co gamma rays

The second intercomparison was part of the currently active CRP [10] where the objective was to
ensure that all doses quoted by the CRP participants are in agreement, thus increasing the credibility of
the results and of the conclusions based on the research. There were nine participants and one dose
level: 15 kGy. The analyses showed that for the seven participants the mean and standard deviation for
the dose ratio (laboratory/IAEA) were 0.995 and 1.9%. The remaining two participants were quite
outside the acceptance limit. This pointed out the necessity of participating in such intercomparisons
frequently.

5.3. Calibration laboratories intercomparison - ^Co gamma rays

The third intercomparison was organised in collaboration with the Bureau International des
Poides et Mesures (BIPM) [11]. The participants were internationally recognised calibration
laboratories of Member States, several being Primary Standard Dosimetry Laboratories. The dose levels
selected for the exercise were 15 and 45 kGy. The focused objective was to examine to which degree
there was an agreement between the various calibration laboratories in administering prescribed
absorbed doses (to water) in a standard dosimeter holder geometry. Figure 2 shows the results for 15
kGy for all the nine participants. Each point is the mean value of the set of 5 dosimeters. The results
were quite similar for the two dose levels. The standard deviation of the population shown is 1.96 % for
15 kGy and 2.15% for 45 kGy. The mean total uncertainty of the ratio as reported by the participants is
about 1.6%, close to the experimental value of about 2%. Thus, the results of the comparison are
consistent with the uncertainties estimated by the various laboratories.
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FIG. 2. The participant/Agency dose ratio, where the value is the mean of the five
dosimeters in a set. The solid error bars show the combined uncertainty values quoted by
the participants, the dashed bars are the statistical uncertainty in the Agency measurements.
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TABLE II. TRAINING COURSESAVORKSHOPS WITH SUPPORT FROM THE DOSIMETRY AND MEDICAL RADIATION PHYSICS SECTION

Course Title Date Place Organised by DMRP
support

Workshop on process control and quality assurance for radiation
processing

Regional (ARCAL) workshop on industrial gamma and electron beam
processing: Process control and dosimetry

Regional (ARCAL) training course on radiation sterilization:
Standards and regulations, process validation and dose setting

Regional training course on radiation sterilization - validation, routine
control and application of ISO standards

Workshop on dosimetry techniques for process control in food
irradiation for AFRA

General training course on food irradiation

UNDP/RCA/IAEA regional training course on process and quality
control in radiation processing

Regional training course on radiation sterilization - Regulations and
international standards for process validation

Regional workshop on food irradiation process control

National training course on dosimetry and quality assurance in
radiation processing

Sept 1993

May 1994

May 1994

July 1994

August 1995

March 1996

August 1996

Novem. 1996

Aug/Sept
1997

Novem. 1997

Prague, Czech Repub.

Sao Paulo, Brazil

Buenos Aires, Argentina

Bangkok, Thailand

Pretoria, South Africa

Cairo, Egypt

Takasaki, Japan

Santiago, Chile

Teheran, Iran

Seoul, Korea

IAC

IAC

IAC

IAC

FEP

FEP

IAC

IAC

FEP

DMRP

technical officer

technical officer

lectures and
laboratory

lectures and
laboratory

lectures and
laboratory

lectures and
laboratory
technical officer

technical officer

lectures and
laboratory

technical officer



6. ESR DOSIMETRY TECHNIQUES

ESR analysis technique has found its applications in various field. At the Agency in recent times,
the following activities were pursued in the application of this analysis method to two dose ranges other
than those suitable for radiation processing:

- alanine-ESR for dose levels suitable for radiotherapy, and
- biodosimetry for dose reconstruction.

6.1. Radiotherapy

In April 1997, the Agency convened a consultants' meeting (a) to review the work being pursued
in this field at various laboratories; (b) to evaluate the applicability of the alanine-ESR dosimetry
system to radiotherapy; and (c) to recommend the role of the Agency. Following the recommendations
of the consultants [12], a CRP on 'Alanine-ESR dosimetry for radiotherapy' was proposed and was
approved by the Agency. However, because of the budget constraint its implementation is pending an
extra-budgetary support.

6.2. Dose reconstruction

A CRP on 'EPR biodosimetry' was initiated earlier this year with 9 participants. The objectives
of the CRP are (a) to review the available methods for EPR biodosimetry technology for dose
reconstruction (retrospective dosimetry), and (b) to investigate the influence of various parameters on
the analyses. This technique is of particular interest in case of exposure to relatively low doses or when
the results of conventional dosimetry are not available (for example, in accidental circumstances) or
when there are conflicting dose estimates. The final goal of the CRP is to make recommendations for the
most suitable procedures of practical use.

7. COLLABORATION WITH OTHER DIVISIONS

The Dosimetry and Medical Radiation Physics (DMRP) Section has close collaboration with
several other Sections and Divisions within the Agency. As regards to high-dose programme, the closest
relations are with Food and Environmental Protection Section (FEP) and the Industrial Applications and
Chemistry Section (IAC). These are the two main sections of the Agency that deal with applications of
radiation that has a strong dosimetry component. The continuous contacts consist of consultation on
several activities, such as research contracts, CRP, expert missions, purchase of equipment,, etc.
However, the major collaboration has been in the form of support that the DMRP Section has provided
to these sections in the training courses and workshops. Table II lists the training courses/workshop that
were formally organised by these sections and where the DMRP Section provided a significant level of
assistance at various levels: as lecturers and for laboratory exercises related to dosimetry, assistance in
the organisation, and sometimes acting as the technical officer. The collaboration has worked well since
such courses combine specific radiation processing applications with the needs of good dosimetry and
process control.

8. CONCLUSIONS

I hope this symposium like the previous two would provide the forum for exchanging
information and for discussion. We are facing the dawn of the next century and with that several new
applications of radiation. The typical example are in the field of environment, such as sludge
treatment, elimination of nitrogen oxides and sulphur oxides from gaseous effluents, etc. Also with
further globalisation, the need for reliable process validation and process control for the irradiated
products for the international trade is ever increasing. I hope that this symposium would provide a
stimulus for the future development of dosimetry techniques needed for the new applications and the
new challenges.
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