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Abstract. A comprehensive evaluation carried out by the IAEA during the period 1984—1995 showed that eleven
countries in Europe — Albania, Armenia, Belarus, Bosnia and Herzegovina, Cyprus, Estonia, Georgia, Latvia,
Lithuania, the Republic of Moldova, The Former Yugoslav Republic (TFYR) of Macedonia — did not have a
satisfactory system for radiation protection and the safety of radiation sources in accordance with the
recommended international requirements. During the past four years, these countries have been participating in a
Model Project aimed at upgrading radiation protection infrastructure in the Europe region with special emphasis
on the establishment of an effective legal framework for adequate regulatory control of radiation sources and
facilities. This paper analyses the results accomplished in the implementation of this project. It presents the main
objectives, based on the present achievements for a follow-up programme to be carried out in participating and
also in some other Member States with insufficient national infrastructures for assuring adequate safety in nuclear
and radiation technologies.

INTRODUCTION

More than 15 years ago, the IAEA systematically began to collect and analyse available
information on national systems for controlling radiation sources and associated exposure
involving workers, patients and members of the general public. For more than a decade,
extensive data were assembled. This data reflected major weaknesses and insufficient
regulatory control in more than 50 countries worldwide. These included 11 countries in
Central and Eastern Europe where, for different reasons, the situation was found to be
inadequate as to compliance with recognized international standards governing protection
against harmful effects of ionizing radiation and the safety of radiation sources. Therefore, a
TC model project to upgrade radiation and waste safety infrastructure was initiated in 1994.
The main objective of the project was to assist the selected Member States to adopt and
introduce relevant measures to comply with the International Basic Safety Standards (BSS)
[INT96] and other relevant IAEA recommendations regarding radiation and nuclear safety
[GON98]. The specifically oriented workplans addressing the countries' needs and priorities
were prepared and approved by the IAEA and all participating countries.

These agreements between the representatives of the IAEA and the counterparts from
individual participating Member States, both accepting clearly specified commitments, were
signed during the period 1995-1997:

Albania (24 May 1995), Armenia (30 January 1996), Belarus (29 August 1996), Bosnia and
Herzegovina (18 July 1996), Cyprus (5 September 1996), Estonia (4 April 1996), Georgia (17
April 1997), Latvia (7 March 1996), Lithuania (25 March 1996), Republic of Moldova (18
June 1996) and TFYR Macedonia (3 June 1996).
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CHARACTERISTICS OF PARTICIPATING COUNTRIES

Although each of the considered countries has some specific features, there are some common
characteristics, according to which these countries can be divided into four groups: 1. The
countries of the former USSR (Armenia, Belarus, Estonia, Georgia, Latvia, Lithuania, and
Republic of Moldova), 2. The countries of the former Yugoslavia (Bosnia and Herzegovina,
and TFYR Macedonia), 3. Albania (isolated from outside world for many years), and 4.
Cyprus (with a completely different system and structure). This is why in implementing some
specific tasks, in various countries, different approaches have to be applied, hi sending
experts, facilitating fellowships and scientific visits, organizing seminars, on-the-job training
and scientific visits, local conditions and also means of communication where knowledge of
language plays an important role had to be considered.

hi all of these countries, regulatory control was entirely within the ministries responsible for
health care or welfare. Such supervisory arrangements could not be assumed to be
independent of the users of radiation sources or those involved in the promotion and
development of the practices being regulated.

The implementation of workplans addressing the needs and priorities of the countries was
negatively affected by political instability, economic difficulties, problems encountered during
the transition from a centrally controlled to a market oriented economy and also by wars, civil
unrest and other real or fictitious divisions in the countries concerned, hi many cases, this
resulted in some delays in adopting legislation and weakened commitments in completing
some other tasks.

OVERVIEW OF RADIATION SOURCES USED

Except for two countries, Armenia and Lithuania, the countries in question do not operate
NPPs, but some of them used to utilise research reactors that are now closed and undergoing
decommissioning procedures (Belarus, Georgia, Latvia). The infrastructure for complex
nuclear fuel cycle, reactor and waste management operations has not been addressed under the
Model Project RER/9/056. These issues have been covered by other TC regional and national
projects. Attention was primarily focused on infrastructure concerned with protection and
safety for radiation sources used in medicine, industry, agriculture, research and education. A
vast majority of sources in these countries can be found in the medical field, which is
responsible for more than 95% of the total population exposure due to practices involving
man-made sources.

A brief summary of the most significant sources is given in Table 1, which demonstrates the
size and scope of activities involving nuclear techniques in individual countries. Some of the
numbers regarding the sources may be misleading, because they do not always differentiate
between the sources according to their significance.

Although there are big differences in the amount and variety of radiation sources between
individual countries, all countries need some minimum mechanisms to control them. On the
other hand, to supervise more sources and practices requires more regulatory authority
personnel for the evaluation of authorization applications of sources and for their inspections.

One of the first tasks of implementation was the establishment of an inventory or registry of
radiation sources and facilities. Without a reliable record of the sources, it would be
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impossible to ensure their trustworthy control. In order to have an efficient tool to create as
complete a registry as possible, a Regulatory Authority Information System (RAIS) has been
developed by the IAEA.

Table 1. Overview of the most relevant radiation sources in participating countries.

Country
Albania

Armenia

Belarus

Bosnia and
Herzegovina

Cyprus

Estonia

Georgia

Latvia

Lithuania

Republic of
Moldova

TFYR
Macedonia

Sources and facilities
2 industrial irradiators, 4 non-medical electron accelerators, 2 neutron generators, 4 Am-Be
neutron sources, 4 ind. radiography sources (3 X-ray units), 2 Co-60 therapy units (one not in use),
20 brachytherapy sources, 420 diagnostic X-ray units (including 100 dental), 1 nuclear medicine
department, 2 RIA labs, more than 50 sources used in industry (problems with the sources in the
abandoned enterprises and factories), 30 in research and education, some military sources
1NPP (two WWER units, 1 in operation 376 MWe, 1 cool shutdown), 7 linacs (Yerevan
University), 42 ind. radiography X-ray units, 3 Co-60 therapy units, 36 brachytherapy sources, 590
diagnostic X-ray units (including 125 dental), 10 nuclear medicine laboratories, 380 industrial
sources, 630 research and education, total number of sources estimated 1700
19 different accelerators, 12 gamma irradiators, 5 neutron generators, 400 industrial radiography
sources (incl. 200 gamma sources, 200 X-ray units), 3 medical linacs and 1 microtron, 26 Co-60
therapy units, more than 50 brachytherapy sources, 2900 diagnostic X-ray units (including 400
dental), 32 nuclear medicine facilities, more than 8600 industrial gages, 600 in research and
education, 43 000 smoke detectors, total number of sources estimated 55 100
9 industrial radiography sources (5 gamma sources, 4 X-ray units), 2 Co-60 therapy units and 1
linacs, more than 100 brachytherapy sources, 250 diagnostic X-ray units (including 70 dental), 4
nuclear medicine departments, 250 lightning rods, about 25000 smoke detectors, about 20 sources
in research and education, about 95 industrial gauges
1 irradiator, 8 industrial radiography sources (3 gamma sources, 5 X-ray units), 3 Co-60 therapy
units and 2 linacs, more than 100 brachytherapy sources, 290 diagnostic X-ray units (including 140
dental), 3 nuclear medicine departments, more than 40 industrial gauges, about 20 sources in
research and education, about 50 lightning rods (most of them dismantled and stored)
1 irradiators, 1 nuclear reactor (under decommissioning), 50 industrial radiography sources, 3 Co-
60 therapy units and 2 linacs, 60 brachytherapy sources, 590 diagnostic X-ray units (including 300
dental), 3 nuclear medicine departments, more than 700 sources used in industry, 70 sources in
research and education, 3500 smoke detectors, total number of sources 6600 (total activity 50 kCi)
1 research nuclear reactor (IRT-2M), 3 irradiators, 1 neutron generator, 3 Co-60 therapy unit,
about 20 brachytherapy sources, 450 diagnostic X-ray units (including 150 dental), 2 nuclear
medicine departments, more than 1200 sources used in industry, 330 in research, 30 in education,
30 in geology, 11 X-ray machines at airports, more than 20 lost and abandoned some military and
other sources have recently been found (incl. 10 Cs-137 sources found at Lilo military base as well
as 6 radionuclide-based electric power generators using Sr-90 with activities 30 to 100 kCi, total
number of sources estimated more than 2200
1 research reactor (shut-down), 1 irradiator (Co-60), 6 research linacs, 32 radiography sources (28
X-ray units), 1 neutron generator, 25 neutron sources, 4 Co-60 therapy units and 5 linacs, 60
brachytherapy sources, 800 diagnostic X-ray units (including 240 dental), 3 nuclear medicine
departments, more than 3000 small sources used in industry, research and education, 12 000 smoke
detectors
1NPP (two RBMK units, 2370 MWe), 130 industrial radiography sources (incl. 105 X-ray units),
8 Co-60 therapy units and 2 linacs, 75 brachytherapy sources, 1330 diagnostic X-ray units
(including 400 dental), 10 nuclear medicine departments (2 with therapy applications), more than
10000 sources used in industry, 560 in research and education, 25000 smoke detectors, more than
7000 other sealed and about 150 unsealed as well as 75 X-ray machines, total number of sources
estimated 40 300
3 irradiators, 1 accelerator, 28 industrial radiography sources, 2 Co-60 therapy units, 40
brachytherapy sources, 1100 diagnostic X-ray units (including 190 dental and 22 therapy units), 3
nuclear medicine departments, more than 1000 sources used in industry, agriculture, research and
education, 4300 smoke detectors, total number of sources estimated 7500
20 industrial radiography sources, 1 medical linac, 1 Co-60 therapy unit, 20 brachytherapy sources,
320 diagnostic X-ray units (including 100 dental), 2 nuclear medicine departments, more than 50
sources used in industry, research and education, 234 lightning rods, 30 000 smoke detectors
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This computerized information system enables the regulatory authority not only to keep and
update an inventory of radiation sources but also to keep track of the authorization process,
inspection and follow-up actions, and assessment of effectiveness by means of performance
indicators [RAI99].

The RAIS was originally introduced in English and later translated and modified for use in
Russian and other languages. Two regional training courses were organized for the RAIS
administrators where the system was demonstrated and its use practised. Comments from the
users were collected and are being used to improve the operational performance of the
software.

PROBLEMS AND SOLUTIONS

The initial stage of implementation began with the preparation of workplans where all
relevant tasks including the commitments of counterparts were reflected. These plans were
aimed at the following issues: 1. Legislation and regulations; 2. Establishment of regulatory
authority; 3. System of notification, authorization, inspection and enforcement;
4. Occupational exposure control; 5. Medical exposure control; 6. Public exposure control;
7. Preparedness and response to radiological emergencies; 8. Radioactive waste management;
9. Human resources development (selection and training of personnel); and 10. Technical
support services (monitoring, calibration, maintenance).

In facilitating the fulfilment of these tasks, a number of activities were carried out in assisting
Member States (in close co-operation with NSRW and other technical divisions of the IAEA)
during the last three years:

• 114 external expert missions and Regional Manager missions (1998: 26 and 15; 1999:
18 and 11; 2000: 15 and 9, respectively), good results were obtained using specialists
from the region as well as IAEA experts (6);

• 50 fellowships and scientific visits (22 and 28, respectively); it was a problem to place
more fellows and visitors in western countries because of the language barrier and the
unwillingness of some institutions to accept persons for training; another obstacle was
related to a relatively high turnover of personnel (although increased attention was paid
to the selection of candidates, many trained persons left their jobs, mainly for financial
reasons);

• more than 160 instruments, electronic personal dosimeters and radiation monitors
mainly for inspections, QC and individual and workplace monitoring (including an
advanced TLD reader for each participating country);

• more than 800 persons trained in regional, subregional and national training courses
(some information for the last three years in Table 2) addressing such issues as
legislation and organizational aspects of regulatory control of radiation sources;
harmonization of national radiation protection framework with IAEA and other
internationally accepted requirements; inventory of radiation sources using the RAIS;
system of notification, authorization, inspection and enforcement; individual dosimetry;
discharge control and environmental monitoring; calibration of dosimeters and
radiation monitors; radioactive waste management; and a number of courses on
radiation protection in medicine and industry; two nine-week Basic Radiation
Protection Training Courses (one in English and one in Russian organized in 1997 and
1999, respectively) have had significant impacts;
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• more than 550 IAEA and other sets of materials, including electronic versions of the
BSS and many TECDOCs, and RAIS software and manuals were sent to counterparts,
handed out at training courses and distributed by the Regional Manager;

• preparation of a number of technical documents and regulatory guides (e.g. Assessment
by Peer Review of the Effectiveness of Regulatory Programme for Radiation Safety,
Safety Assessment Plans for Authorization and Inspection of Radiation Sources,
Radiation Safety in Diagnostic Radiology, Radiation Safety in Radiotherapy, Radiation
Safety in Nuclear Medicine, Radiation Safety in Industrial Radiography) — the cost
was shared with the other three regional Model Projects; and

• assistance in translating some important regulatory documents into Russian and other
languages.

Table 2. Training courses during past three years: regional, subregional, national

Training course and number of participants

Regional — addressing selected issues

Regional — basic radiation protection course

Subregional

National

Workshop (for decision makers)

Total number of participants

1998

3

—

1

4

1

185

1999

4

1

1

6

—

250

2000

4

—

1

9

1

320

In drafting and preparing legal documents, the IAEA sample law and regulations [ORG96]
were used as guidance to countries to incorporate the BSS into their legislation.

Problems arose from the poor economic situation and insufficient local commitment in many
participating countries. Most countries in the region typically have a high staff turnover staff
(many leave the job after having received special training). A great number of radiation
sources used in failing industry are abandoned or lost; similar fates befall some sources in
areas affected by military operations or civil disturbances. A vast majority of facilities with
intensive sources, such as research reactors, irradiators and accelerators, are no longer in
operation and are going through decommissioning processes in which there is a lack of know-
how. Moreover, because of some administrative restrictions (originally aimed at reducing
bureaucracy), it has not been easy to form new governmental bodies or agencies, making the
establishment of a new single regulatory authority very difficult and time consuming. Also,
the promulgation of laws and adoption of other documents (including regulations) has been
lengthy and tedious due to the congestion of legislators and also due to the fact that
government was busy with other urgent issues directly related to the transformation from a
centrally planned economy to a decentralized market system (in some countries the interest in
harmonizing their legislation with that of the EU has compensated for this factor to a certain
extent).
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PRESENT SITUATION AND ACHIEVEMENTS

Due to different initial conditions, available human and economic resources, political
instability, local commitment and dissimilarities in general safety culture, the countries have
been progressing in the implementation of the project at different rates. The present situation
is illustrated in Table 3 where points relating to laws, regulations, the regulatory authority, the
system for individual monitoring, and the number of radiation workers monitored are
compared.

As regards the law, nine countries have promulgated a basic legislation compatible with the
BSS, two countries (Cyprus, TFYR Macedonia) are in the process of adopting such laws
within the next few months. In some countries, more than one law concerning radiation
protection has been introduced (Belarus, Lithuania), while in a few countries, the existing
laws will be modified or amended soon in order to improve the status of the regulatory
authority (Armenia, Georgia, Latvia, Rep. of Moldova). The quality of adopted laws differs:
some laws are unnecessarily detailed (Cyprus); some, after consultations with the IAEA, have
been changed in parliament mainly in order to incorporate them into a specific national legal
environment (Bosnia and Herzegovina, Cyprus, TFYR Macedonia).

The degree of independence of the regulatory authority is another criterion on for evaluating
the radiation protection infrastructure. In five countries (Estonia, Belarus, Latvia, Republic of
Moldova) regulatory control is effectively independent although in some cases (Belarus,
Latvia, Republic of Moldova) the Ministry of Health is still partly involved in this control.
There are also cases where the regulatory authority is attached to the Ministry of Health
(Albania, Lithuania) but in these cases legal mechanisms exist to ensure effective
independence of the regulatory authority function. Some steps have already been taken to
eliminate the regulatory involvement of the Ministry of Health (Armenia, Cyprus, Georgia,
Latvia, TFYR Macedonia). The situation will also change soon in Republic of Moldova where
three elements of the present regulatory authority will merge to form a single national
competent body under the office of the Prime Minister. The newly established Regulatory
Authority in Bosnia and Herzegovina has a special feature: positioned at the Ministry of
Health of the Federation of Bosnia and Herzegovina, its regulatory control is limited to the
Federation, which means that the other entity — Republika Srpska — is, so far, not in direct
contact with the IAEA and apparently without any adequate regulatory procedures.

The number of staff at a regulatory authority also varies from one country to another. The
comparison is distorted by the fact that some inspectors are entrusted with other duties not
directly related to the control of radiation sources (controlling other pollutants, engaged in
supporting services, etc.). It is recognized that a certain minimum number of personnel is
required in order to cope with regulatory tasks. In a number of cases, regulatory authorities are
actively involved in providing supporting services, e.g. individual monitoring (Estonia,
Lithuania, Rep. of Moldova), which in principle can be carried out by outside authorized
laboratories.

A system of notification, authorization, inspection and enforcement has been introduced in six
countries (Albania, Belarus, Estonia, Latvia, Lithuania, Republic of Moldova) while in the
remaining countries some visible progress has recently been noted.

As far as occupational exposure control is concerned, seven countries have fully implemented
individual monitoring and four (Armenia, Bosnia and Herzegovina, Georgia and TFYR
Macedonia) are partially operational. Workplace monitoring, where objectives cannot be
defined so unequivocally, still needs some improvement.
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Table 3. The present status in accomplishing main tasks of Milestones 1 and 2

Country

Albania

Armenia

Belarus

Bosnia and
Herzegovina

Cyprus

Estonia

Georgia

Latvia

Lithuania

Laws

Law on Ionizing
Radiation Protection
(1995)

Law on Safe Utilization
of Atomic Energy for
Peaceful Purposes
(1999), 2 other laws

Law on Radiation
Safety of the Population
(1998), Law on the Use
of Nucl. Energy and
rad. prot. (2000)

Law on Radiation
Protection and Safety
(1999)

Ionizing Radiation
Protection Law (under
promulgation)

Radiation Protection
Act (1997)

Law on Nuclear and
Radiation Protection
(1999)

Law on Radiation and
Nuclear Safety (1994,
amended 1997, 2000)

Law on Nucl. Energy
(1996, amended 1999),
Law on Radiation Pro-
tection
(amended 1999)

Regulations

Licensing and inspec-
tion of nucl.
installations, Safe
handling of
radioactive materials

Sanitary protection of
the population
(1997?) and 10 other
sanitary rules and
norms
Regulations on radia-
tion-hygienic
passports (1999),
Radiation safety
standards (2000), 3
other regulations
Basic radiation
protection regulations
rafted

Ionizing protection
regulations, radiation
protection in
medicine, radioactive
waste management,
transport of
dangerous goods -
being drafted
Procedures for issuing
licenses (1997),
Radioactive waste
management (1998),
Transport of
radioactive material
(2000), 25 other regu-
lations
Regulations on licen-
sing and inspection,
and on radwaste -
being drafted
Regulations on
protection against ion.
radiation (1997,
1998), regulations on
licenses (1996),
regulations on safe
transport (1998), and
5 other regulations
Basic radiation prot.
standards (1998),
more than 25 Hygiene
Standards and Orders

Regulatory Authority

Radiation Protection
Commission (Ministry of
Health and representatives of
other ministries and
institutions); grossly
understaffed
Armenian Nuclear
Regulatory Authority (1993)
& Dept. of Hygiene and
Radiation Control (Ministry
of Health)
PROMATOMNADZOR
(State Committee, for
Supervision of Industrial and
Nuclear Safety) & Rep.
Centre of Hygiene and
Epidem. (Ministry of Health)
Federal Administration for
Radiation Protection and
Radiation Safety (Ministry of
Health of the Federation of
Bosnia and Herzegovina
Department of Labour
(Ministry of Labour and
Social Insurance)

Estonian Radiation
Protection Centre (Ministry
of Environment) in 1996

Nuclear and Radiation Safety
Service (Ministry of
Environment) in 1999

Radiat. and Nuclear Safety
Inspectorate (Ministry of
Env. Protection and Regional
Development & Ministry of
Health), a single RA -
Radiation Safety Centre - to
be established in 2001

Radiation Protection Centre
(Ministry of Health Care)

Individual
monitoring
TLD
Bicron
fully
operational

TLD
Bicron
partially
operational

TLD
Bicron
fully
operational

TLD
Bicron
partially
operational

TLD
Bicron
fully
operational

TLD
RADOS
fully
operational

TLD
Bicron
partially
operational
TLD
RADOS
fully
operational

TLD
RADOS
fully
operational

Tot.(mon.)
workers

620
(200)

1500-800
atNPP

(800+450)

7500
(3800)

600
(480)

350
(350)

880
(880)

250

1200
(1200)

6800
(3000 at

NPP)
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Republic of
Moldova

TFYRof
Macedonia

Law on Radiation
Safety and Prot. (1997),
Law on Licensing
(1999)

Law on Radiation
Protection (in the
promulgation process)

Transport of
dangerous goods
(1994), Reg. on
radiation safety and
protection (1998), 6
other regulations
Being drafted

Nat. Sci. and Applied Centre
of Prev. Medicine (MH) &
Dept. of Standards,
Metrology and Technical
Supervision & Dept. of Civil
Protection and Emergencies
Institute of Public Health
(Ministry of Health); in
accordance with a new law
Radiation Safety Directorate

TLD
Bicron
fully
operational

TLD
Bicron
partially
operational

1230
(950)

950
(950)

In medical exposure control, attention has been directed mainly towards upgrading safety in
radiotherapy where most countries were able to meet basic requirements. Progress has also
been made in the use of radiation and radionuclides in medicine (diagnostic radiology and
nuclear medicine). However, there are still many uncompleted tasks, mainly in adopting
national programmes aimed at patient dose reduction based on internationally agreed QC
procedures.

The impact of the Model Project was evaluated on a number of occasions and particularly at
the December meeting of the Board of Governors in 1999 [GOV99] and by Peer Review
Mission teams (three missions to Cyprus, Belarus and Republic of Moldova in 1999, four
missions to Albania, Estonia, Latvia and Lithuania in 2000).

Further details and a general overview of the radiation protection situation regarding the
implementation of the Model Project RER/9/056 in medical exposure control, public exposure
control and preparedness to radiological emergencies in all regions are presented in other
reports. [BAR99, BAR00]

A FOLLOW-UP OF ACTIVITIES IN FURTHER STRENGTHENING AND
DEVELOPING OF RADIATION PROTECTION INFRASTRUCTURE

In order to complete the outstanding tasks and to make the regulatory structure fully
operational in the countries which participated in the Model Project RER/9/056, and to assist
other Member States in the region to achieve an adequate level of regulatory control of
radiation sources, two new Model Projects have been proposed and approved for the next
cycle of the IAEA TC programme.

The first project, RER/9/062 "National Regulatory Control and Occupational Radiation
Protection Programmes", addresses issues mainly related to the establishment of legal
framework and upgrading occupational exposure control. In addition to some countries which
participated in the present Model Project RER/9/056 (Armenia, Bosnia and Herzegovina,
Cyprus, Georgia, TFYR Macedonia), other countries have expressed their interest in using
this project as a vehicle to enable them to fully meet the BSS and thus also EU requirements.
The second project, RER/9/065 "Development of Technical Capabilities for Sustainable
Radiation and Waste Safety Infrastructure" will focus on medical exposure control and public
exposure control, including radioactive waste management, discharge control and
environmental monitoring and on preparedness and response to radiological emergencies. It is
anticipated that that a number of other countries will also participate in this new project.

Regarding future TC programmes in radiation protection, it has to be emphasized that the two
new projects account for most regional activities in this field. The proposed projects reflect
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the needs of the Member States related to radiation safety as expressed in their requests for
specific national projects that consequently were incorporated into these model projects.

CONCLUSION

All the countries participating in Model Project RER/9/056 had one thing in common: initially
their radiation protection infrastructure was considered insufficient to ensure adequate
regulatory control of radiation sources. At present, nine of eleven countries have been able to
promulgate legislation based on the BSS requirements and to establish a regulatory authority.
Seven countries adopted various radiation protection regulations compatible with IAEA
recommendations. All eleven countries were provided with sophisticated TLD systems, which
have created a solid base for reliable individual monitoring. Significant progress in terms of
specific training, upgrading QA/QC and formulation of national programmes has also been
made in other areas, particularly in medical and public exposure control. Representatives of
participating countries have expressed the opinion many times that without IAEA assistance,
they would not have been able to reach the present level of regulatory infrastructure.

Taking into account the positive outcome of the model project, most recipient countries
consider the two new Model Projects (RER/9/62 and RER/9/65) addressing specific radiation
protection infrastructure issues as high priority.
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