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Foreword
This report focuses on the progress made in 2010 in the fields of radiation
protection and nuclear safety, as well as the actions implemented by the
Greek Atomic Energy Commission as the competent national authority.
For the year 2010, the following points can be highlighted:
the required preparatory work towards the harmonization with the European directive for the safety of nuclear installations has been completed;
the National Report on nuclear safety has been submitted to the International Atomic Energy Agency (IAEA), according to the requirements of
the Convention on Nuclear Safety;
the infrastructure of the Research Reactor Office has been strengthened;
preparations for the international review of the national regulatory
framework in radiation protection, nuclear safety and radioactive waste
management have been initiated;
the process for GAEC’s accreditation as an authority performing inspections in ionizing radiation applications has been completed;
the legal framework for the establishment of the National Electromagnetic Fields Observatory has been promoted;
an extensive programme of seminars has been implemented in the scope
of occupationally exposed workers continuous training;
the European Conference on Individual Monitoring of Ionizing Radiation
has been successfully organized.
At national level, all these actions are expected to change and improve several aspects of radiation protection and nuclear safety in the medium term. In
parallel, GAEC personnel have successfully accomplished their tasks by carrying out a large number of inspections in ionizing and non-ionizing radiation
applications, performing individual monitoring of occupationally exposed
workers, monitoring environmental radioactivity throughout the country,
providing calibration services and responding to radiological emergencies.
Operating in an environment characterized by considerable financial difficulties, GAEC maintained in 2010 a budget surplus, achieved reduction in its
expenses and reinforced its transparency policy.
Dr. Christos Housiadas
Chairman of GAEC
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Introduction
The 2010 Annual Activity Report presents GAEC’s role and activities and
describes its available financial, technological and human resources to
perform its tasks.
The main part of this report is dedicated to the several aspects of the routine
work performed daily by GAEC personnel. The work performed is quantified
by means of key indicators, such as the number of inspections in systems
emitting ionizing radiation, the number of measurements in facilities emitting
electromagnetic fields, the number of laboratory analyses, the number of
radiological incidents etc.
The activities presented in each scientific area are supplemented by the
actions set for the future, establishing this way GAEC’s priorities, as well as
by certain progress criteria for its personnel.
This activity report is issued both in Greek and English language. Full access
to these files is provided at GAEC’s Website: http://www.gaec.gr.
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GAEC‘s profile

The Greek Atomic Energy Commission (GAEC) is the competent National Authority, responsible for radiation
protection and nuclear safety issues. GAEC was founded in 1954 and since 1987 it operates as a decentralized (independent) public service, supervised by the General Secretariat of Research and Technology. Its
responsibilities are related to nuclear energy and nuclear technology issues, as well as radiation protection of
the public, the workers and the environment from ionizing radiation. GAEC is also responsible for the protection of the public from artificially produced non-ionizing radiation.
The multidimensional monitoring and control of the ionizing and non ionizing radiation applications and
activities is the core of GAEC’s functional responsibilities.
In the field of ionizing radiation applications, the national radiation protection programme includes:
inspections and licensing procedures
individual monitoring of occupationally exposed workers
environmental radioactivity monitoring
calibration of instruments
emergency response.

In the field of non ionizing radiation, GAEC inspects the systems emitting low and high frequency electric
and magnetic fields. Its role is especially important and affects the licensing procedure and the operation of
antenna stations.
GAEC cooperates closely with international organizations, such as the International Atomic Energy Agency,
the European Commission and well known scientific networks and associations.

Administration
GAEC is managed by a seven-member Board. Currently its composition is the following:
Chairman:

Dr. C. Housiadas, Research Director, NCSR «Demokritos»

Vice-chairman: S. Simopoulos, Professor, National Technical University of Athens
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Members: 	Th. Matikas, Professor, University of Ioannina
K. Strigaris, Associate Professor, National and Kapodistrian University of Athens
G. Nicolaou, Associate Professor, Dimocritus University of Thrace
E. Georgiou, Professor, National and Kapodistrian University of Athens
Dr. G. Amanatidis, European Parliament, DG IPOL - Directorate A

GREEK ATOMIC ENERGY COMMISSION
BOARD

DIVISION OF REGULATORY CONTROL,
SAFETY AND RADIATION PROTECTION

DIVISION OF LICENSING & INSPECTIONS

DIVISION OF RESEARCH,
DEVELOPMENT & EDUCATION

DIVISION OF ADMINISTRATION &
TECHNICAL SUPPORT

Regulation and Directive Department

Licensing & Inspections Department

Scientific Project & Development
Department

Personnel & Administrative

Regulatory Department

Personal Dosimetry Department

Education and Training Department

Financial & Procurement Department

Environmental Radioactivity Control
Department

Technical Support Department

NON IONIZING RADIATION OFFICE

INTERNATIONAL & PUBLIC RELATIONS
OFFICE

IONIZING RADIATION CALIBRATION
LABORATORY

LEGAL OFFICE

RESEARCH REACTOR OFFICE

SPECIAL ACCOUNT OFFICE

Diagram 1: GAEC’s organizational chart

Human resources
GAEC is currently employing 70 persons. The high level of education background and scientific expertise characterize GAEC’s personnel. Their continuous training and participation in scientific networks is encouraged in
order to gain the knowledge and experience required for the fulfillment of their tasks. GAEC’s employees are
working under permanent and indefinite term contracts, as well as under fixed term contracts.

Diagram 2: Human resources
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Financial resources
GAEC is financially supported by two sources:
government funds and
services provision and funds coming from research and development projects (Special Account).
The ratio of these sources contribution to the GAEC‘s income account for the year 2010 was 43% and 57%
respectively.

(shading concerns the annual national contribution to the IAEA)

Diagram 3: Financial resources

The governmental financial support is used for the annual national contribution to the International Atomic
Energy Agency (57.2%) and for some salaries and operative costs. Other type of expenses, such as new equipment acquisition, administrative costs and consumables are covered by GAEC’s Special Account.

Information systems
GAEC is equipped with up to date information systems, which play a supportive role to its activities. The most
important one is the National Radiation Protection Database which is containing:
data regarding the laboratories using or producing radiation, such as equipment, shieldings, radiation
protection, inspections results and administrative issues (e.g. personnel)
the inventory of the radiation sources used in the country
the National Dose Registry Information System, where information related to occupationally exposed
workers and the registered doses are kept. This database also includes data about the educational background of those working with ionizing radiation
the environmental radioactivity measurements‘ results
the results from electromagnetic fields in situ inspections and measurements.
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Through the available information systems GAEC achieves its connection with the early notification systems
of the European Commission and the IAEA (ECURIE, ENATOM), the European Radiological Data Exchange
Platform (EURDEP) and with several fixed systems installed in country’s entrance points (custom offices, ports)
for radioactivity detection.
The upgrade of the technical infrastructure during the previous year includes:
the installation of a digital telephone centre, offering not only reduced telecommunication costs, but also
credibility and high speed of telephone connections
the installation of a new INGRES database, back-up server for GAEC’s website, fileserver etc.
the development of a new database for the needs of the Calibration Laboratory
National Dose Registry corrections, as well as consideration upon the application requirements in the
future.

In the following pages GAEC’s activities are presented in detail.
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Licensing and inspections
of ionizing radiation applications
GAEC performs on-site inspections for radiation protection and quality assurance purposes. GAEC’s inspections and radiation measurements aim to assure the radiation protection of the public, workers and patients.
The compliance of construction, the operation and the quality of installations, systems and devices with
the specifications and terms defined in radiation protection regulations is also checked. Moreover, GAEC is
responsible for issuing certificates of compliance and/or licenses for medical, industrial, research and other
applications of ionizing radiation in Greece, for licensing the import, export, possession, use and transport of
radioactive materials and for keeping the national inventory of all radiation sources.
Tables 1 and 2 present the number and type of laboratories and radiation systems operating in the country
(2010 data).

Type of laboratory
Radiology

1190

Dental

5204

(*)

Nuclear medicine

180

Radiotherapy – Linear accelerators

26

Co Teletherapy

60

9

Brachytherapy (HDR/LDR)

10

Brachytherapy (implants 125Ι)

11

Radiotherapy X-ray
Research
Veterinary

2
223

Industrial

329
(*)

159

Isotopes production unit

1

Sterilization unit

1

Table 1: Laboratories using ionizing radiation (2010)
(*) dental and veterinary laboratories that have been inspected and licensed by GAEC.
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Number

Radiotherapy

Diagnostic Radiology

Linear accelerator
60

Co

Stereotactic systems

Nuclear medicine

38

Radiography units

786

PET system

4

9

Radiology units

625

γ-camera system

158

2

Fluoroscopy units

27

Scintigraphy

2

I

11

Angiography systems

106

β counter

8

Brachytherapy 192Ir

8

Computer tomography unit

364

γ counter

205

Brachytherapy

125

Brachytherapy 137Cs

2

Mammography unit

584

Computer tomography
simulator

11

Mobile radiographic unit

414

Classical simulator

15

Mobile fluoroscopic unit

244

Bone densitometer unit

537

Dental

Industrial

Dental(*)

5396

Sources

Orthopantomograph

492

Dental computer
tomographer

6

Research
790

Sources & systems

1100

Radiography

30

Blood irradiator

10

Soil texture

100

Total: 12082
Table 2: Systems and sources of ionizing radiation (2010)
(*) dental and veterinary laboratories that have been inspected and licensed by GAEC.

During 2010:
the total number of inspections performed was 664. Tables 3 and 4 present their allocation according
to the type of laboratory/application. The number of unannounced inspections in radiology laboratories
where increased workload is observed, such as public hospitals, medical centres etc. was 45 (a number
increased 53% in comparison to 2009). The findings of these inspections were further used by GAEC in
order to improve the radiation protection practices and the services provided in these laboratories.

Radiotherapy (Linacs)
Radiotherapy Co

Public sector

Private sector

Total

% of the total

4

4

8

31 %

1

11 %

1

60

2

7

9

36 %

Radiology

166

224

390

33 %

Nuclear medicine

22

70

92

51 %

Brachytherapy (HDR &

I)

125

Dental

1

52

53

Research

30

-

30

Industrial laboratories

11

31

42

Industrial radiography

3

10

13

Industrial sources

1

3

4

16

16

-

Veterinary
Other

4

2

6

Total

245

419

664

13 %
18 %

Table 3: Inspections of radiation laboratories (2010)
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Public sector

Private sector

Total

% of the
total

5

11

29 %

1

11 %

Radiotherapy (Linacs)

6

Radiotherapy 60Co

1

Brachytherapy (HDR)

2

5

7

70 %

Brachytherapy ( I)

1

3

4

36 %

Radiology

429

549

978

27 %

Nuclear medicine

22

70

92

51 %

Dental

9

613

622

-

Research

117

-

117

11 %

Industrial laboratories

71

208

279

Industrial radiography

2

10

12

Industrial sources

3

42

45

125

Veterinary
Total

26 %

-

5

5

663

1510

2173

Table 4: Inspections of sources and systems of ionizing radiation (2010)

Table 5 summarizes the inspections performed in the main ionizing radiation systems.

Inspections

% of the total

Linear accelerators

Category

11

29 %

60

Co Teletherapy

1

11 %

Brachytherapy

7

70 %

Radiotherapy simulators

7

27 %

463

39 %

Radiology units
Computer tomography units

104

29 %

Mammography unit

149

26 %

Angiography systems

22

21 %

Bone densitometer unit

139

26 %

γ-camera system

73

46 %

PET

2

50 %

Table 5: Inspections to specific radiation equipment categories (2010)

in total 2165 documents were issued (table 6).
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Document type

Number

Certificates of compliance

1087

Licenses for import/export/possession/use (industrial applications)

208

Licenses for import/export/possession/use (research applications)

57

Radiation protection reports

182

Documents with recommendations for non-compliance appraisal

145

Licenses for import/export/transport of sources

160

Other types of documents

281

Documents following unannounced inspections

45

Total

2165
Table 6: Number and type of documents issued in 2010

aiming at the improvement of services provided by the Licensing & Inspections Department, a Quality
Assurance Management System was adopted in compliance with IEC/ISO 17020 requirements and was
submitted to ESYD for obtaining accreditation. After the successful completion of the review process,
GAEC is accredited as a notified body for performing inspections in ionizing radiation applications.
Quality Assurance protocols for the radiation systems operating in radiotherapy departments (linear accelerator, teletherapy units 60Co, classical radiotherapy simulator, brachytherapy system afterloading)
were issued. These protocols have been the outcome of fruitful cooperation between GAEC and working
groups of the Greek Association of Medical Physicists. The Oncology and Radiation Therapy Association
and the Medical Physicists Association have agreed on the protocols final version approved by GAEC
Board. The protocols include check points, methodology, acceptance limits of performance, as well as
the inspection frequency for each radiotherapy system. The quality assurance inspections shall be implemented by radiation therapy-oncology doctors, medical physicists and other personnel involved.
protocols for quality control and dosimetry of direct digital radiography (DR) and computed radiography
(CR) systems were developed. These protocols were published at GAEC’s website for open discussion.
a 2,5 years-programme for dental laboratories radiation systems inspections has been set by GAEC. Towards this goal, information letters reminding the licensing process have been sent to other authorities
involved, as well as to dentists’ associations.
50 pregnant women who were exposed to radiation for medical purposes contacted GAEC, in order to
get information about the foetus dose, the probability of deterministic and stochastic effects and the
probability of abnormalities and/or IQ index alteration.

Future actions
minimization of time response to license renewal requests
increase in the unannounced inspections in ionizing radiation facilities and activities
introduction to the radiation protection system of entities or persons involved in import, installation,
maintenance and technical support of radiation systems and radioactive sources
participation in European and international projects of applied research.
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Individual monitoring
of occupationally exposed workers
GAEC’s long experience in the field of radiation protection and monitoring of occupationally exposed workers, as well as the upgrade of the provided services through the application of research results into daily
practice, contribute to the credibility of the measurements performed. GAEC monitors more than 12,000
occupationally exposed workers on a monthly basis (and a very short percentage on a bimonthly basis)
throughout the country.

During 2010:
131,328 dosemeters were distributed; it should be noted that ring dosemeters for mixed gamma-beta
fields were for the first time distributed during 2010.
the percentage of the non-returned dosemeters is 2.65 %; this percentage is slighlty increased compared
to the respective one of 2009 (2.52%).

Results from the statistical analysis of the measurements during 2010:
From the whole body dosemeters:
the mean annual dose of all workers is 0.58 mSv, decreased by 7.5% in comparison to the last year. However, the mean annual dose of the exposed workers is 2.15 mSv, decreased by only 2% in comparison to
the year 2009.
the occupational category of interventional radiology and cardiology, as well as the working category
of the physicians present the highest percentages of doses (62% and 71% respectively). These values
are due to the fact that in Greece the dosemeter is worn above the protective lead apron. It should be
stressed that the effective dose is estimated using the indication of the dosemeter worn above the lead
apron and the personal protective equipment used by the worker.
although the doses at the sector of interventional radiology and cardiology remain high, the doses of the
nursing staff present a 20% decrease. A 5% increase at the doses for the physicians is also shown.
the mean annual dose for the radiology sector present a decrease in the order of 10% compared to the
values of last year. This decrease is observed, not only for the physicians, but also for the technologists.
in nuclear medicine there is a stable decrease of the doses for the last 5 years.
in radiotherapy the mean annual dose is close to the values of last year.
in industrial radiography there is a decrease in doses compared to last year. Nevertheless, the mean annual dose is quite high.
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Diagram 4: The evolution of Mean Annual Dose and the distribution of the dosemeters

9 workers have exceeded the limit of 50 mSv, 8 of them are involved in interventional medical laboratories.
24 workers have exceeded the limit of 100 mSv for the last 5 years, 20 of them are involved in interventional medical laboratories. 3 of the rest are physicians in radiology departments, so the fact that the
dosemeter is worn above the lead apron can explain the high doses that have been recorded.

From the extremity dosemeters (ring and wrist):
the mean annual dose for the production and transport of radiopharmaceuticals is 30 mSv.
in interventional cardiology and radiology there is an increase of 50% and 20% at the doses recorded by
the wrist and ring dosemeters respectively.
the limits for the extremity doses were not exceeded in any case.

Overexposure control
According to the Greek Radiation Protection Regulations (par. 1.6.3.3) “In any case in which the effective
dose received by the exposed worker exceeds 6 mSv per year, the radiation protection officer shall investigate
the reasons and, where necessary, propose that suitable measures be adopted and submit a written report
through the official channels to GAEC.” Since this type of investigation is not usually performed by the radiation protection officer, GAEC, using the data from the National Dose Registry, sends questionnaire letters in
cases where the effective dose may exceed the investigation value of 6 mSv. These cases are:
when the total dose from the whole body dosemeters for a specific worker within the current year is
above 6 mSv
when the total dose from the whole body dosemeters for an interventional medical doctor (who wears
the dosemeter above the protective lead apron) is above 9 mSv
when the total dose from the whole body dosemeters worn below the protective lead apron for an interventional medical doctor is above 1 mSv
52 cases were investigated during the year 2010. In many cases the reason for the overexposure was the
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Diagram 5: Notifications for overexposure cases per working category

improper administration of the dosemeters. In these cases the radiation protection officer asked for cancelation of the notional doses. At the pie charts in diagrams 5 and 6 the frequencies for the investigation of the
overexposure per working category and occupational category are presented. The highest frequency is observed for the medical doctors in the radiology sector. More specifically, these overexposure cases are related
to cases of medical staff involved in interventional procedures, who has to wear the dosemeter above the
protective apron.

Furthermore:
the new European technical guidelines RP160 “Technical Recommendations for Monitoring Individuals
Occupationally Exposed to External radiation” have been fully incorporated at the Quality Management
System (QMS) of the Personal Dosimetry Laboratory (quality controls, calculation of uncertainties etc.)
a new type of ring dosemeter has been introduced at the QMS. The results of the doses evaluated by the
new dosemeter are registered in the central National Dose Registry kept by GAEC
the Hellenic Data Protection Authority has been notified about National Dose Registry that is kept by
GAEC
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Diagram 6: Notifications for overexposure cases per occupational category

a study about the supply of a new printer machine that will print the name of the worker on the external
cover of the dosemeter has been performed
the National Dose Registry has been checked for double registers for the same worker. Up to now, more
than 70 cases have been found and corrected
the laboratory has participated in two intercomparison exercises for neutron and mixed gamma and beta
beams. The results have not been announced yet
the accreditation process related to the measurements of whole body and extremity dosemeters has
been renewed according to ELOT ISO/IEC 17025 (certificate no 117(3)).

Future actions
total incorporation of the new printing machine at the laboratory QMS
decrease of the non-returned dosemeters percentage (less than 2%)
digitization of documents related to the changes of the data that are kept at the National Dose Registry
improvement of the overexposure cases control system
launch of a customer’s satisfaction survey in order to evaluate the performance of the laboratory.
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Environmental radioactivity monitoring

GAEC is monitoring radioactivity levels throughout Greece, activates the national emergency system in case
of increased levels of radioactivity caused by a radiological or nuclear accident and updates the national database. The environmental radioactivity monitoring programme is based on the operation of the telemetric
environmental radioactivity monitoring network, as well on the performance of laboratory measurements in
samples of soil, food, drinking water, air filters etc.

Telemetric environmental radioactivity monitoring network
The telemetric environmental radioactivity monitoring network consists of 24 dose rate monitoring stations,
4 river water monitoring stations in the northern part of Greece and 3 aerosol monitoring stations. These
stations collect data for natural and artificial alpha, artificial beta and gamma radiation (137Cs, 131I). Data
are stored every ten minutes in a database connected with GAEC’s website, where the mean daily values are
announced, as well as with the European Radiological Data Exchange Platform (EURDEP).
The year 2010 the aerosol stations upgrade improved the capabilities of presenting and analyzing the measurements results.

Laboratory measurements
The laboratory measurements are performed by alpha and gamma spectroscopic analysis and total α/β measurements in:
1. soil, water, food, air filters samples
2. air filters
3. drinking water and especially samples from the public water supply system, tap water, mineral water and
drill water
4. foods for exportation
5. imported commodities
6. building materials and their basic components
22

7. samples from materials with increased levels of natural radioactivity (NORM)

8. samples from places with increased levels of natural radiation, such as radon concentration
9. materials with increased levels of radioactivity detected in the scrap metal loads
10. smear tests of radioactive sources.

The number of measurements performed by each method during 2010 is following:
α-spectrometry and total α/β radiation measurements
In total 152 measurements were performed by means of α-spectrometry, in order to determine the activity
concentration of uranium isotopes, radium, plutonium, americium, curium, thorium and polonium in different types of samples.
Drinking water samples and air filters were also measured by means of total α/β counting.

Diagram 7: a and a/β-spectroscopy measurements during the years 2000-2010

γ-spectrometry
The γ-spectrometry method was applied in 252 samples measurements.

Diagram 8: γ-spectroscopy measurements during the years 2005-2010
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Radon measurements
Following an established cooperation with the EC in radon measurements issues, the initiative of developing
the National Radon Map has been undertaken by GAEC. This effort, which requires a large scale distribution
of radon dosemeters in dwellings across the country, is funded by GAEC and is implemented with the cooperation of the local authorities.
Furthermore:
GAEC participates in the IAEA programme entitled “Enhancing the capacity to evaluate indoor Radon
exposure”
the method of radon measurement in water samples has been developed by means of electrets detectors
as a part of the national radon survey performed in Cyprus, a large number of radon measurements (more
than 500) has been completed in 2010, in cooperation with the Laboratory of Medical Physics of Athens
University.

Whole body measurements
7 members of the personnel working at the NCSR “Demokritos” Research Reactor facilities were submitted
to whole body measurements.

Liquid scintillation counter measurements
Measurements of tritium were performed in water samples, as well as in samples for intercomparison reasons,
using the low background liquid scintillation counter. Moreover, for the measurement of Radium 226 by the
LSC a radiochemical separation method has been developed.

In-situ inspections
In 2010 4 in situ inspections were performed by means of absorbed dose rate measurements in imported
scrap metal loads. The total number of radioactivity certificates issued for imported scrap metal was 303. The
fixed radiation detection systems’ alarms were activated eight times.
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Diagram 9: Radon measurements during the years 2004-2010

Other activities
participation in intercomparison exercises performed by α- and γ- spectrometry (ΙΑΕΑ-CU-2010-03
“Worldwide proficiency test on the determination of natural radionuclides in water and Ra-226 in soil”,
BfS, Procorad)
participation in international intercomparison exercise for radon measurements in water with electret
detectors (Nuclear Chemistry Laboratory, New York State Department of Health)
accreditation of measurements performed with γ-spectroscopy was renewed according to the requirements of the ELOT EN ISO/IEC 17025 standards (Certificate No. 117(3)).

Combating illicit trafficking in radioactive materials
Aiming at the prevention of illicit trafficking in radioactive materials, the country’s entrance points have been
equipped with radioactivity detectors. In detail, fixed systems of radioactivity detection are installed at six
customs offices. Portable radioactivity detectors have been distributed to 26 customs offices, 20 border police
stations and 5 coast guard offices.
GAEC monitors all radiological incidents in cooperation with customs authorities; in case of emergency it
activates its response plans and updates the IAEA Illicit Trafficking Database respectively.
Following the terms of the official agreement with the Ministry of Economy regarding the maintenance and
calibration of the customs offices’ radiation detection systems, GAEC took part in the upgrade of the fixed
systems for radioactivity detection in the 5th Customs Office in Piraeus.

Future actions
completion of the radon concentrations map for the region of Sterea Ellada
development of a total α/β radiation measurement method using the low background liquid scintillation
counter (Quantulus)
accreditation according to ISO 17025 standard in more measurement fields
broader participation in international development projects
preservation of high quality services.
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Response to emergency situations

GAEC, as the competent authority for responding to radiological or nuclear emergencies, participates in the
General Plan for Civil Protection “Xenokratis”, as well as in the National Emergency Plan for Nuclear, Radiological, Biological and Chemical (NRBC) threats. Furthermore, GAEC is connected with the early notification
systems ECURIE and ENATOM of the European Commission and the IAEA respectively.
No accidents or radiological emergency situations have been recorded during 2010, apart from the cases of
fixed radiation detection systems’ alarms in metals industries (see page 24). The radioactivity levels recorded
through the telemetric environmental radioactivity monitoring network (dose rate of total γ radiation in the
air-ambient radiation) were normal.
In 2010, the emergency response teams’ composition was renewed and the technical infrastructure available
to them was upgraded.
In the field of emergency response at European level, an initiative entitled “European Mechanism of Civil
Protection” begun on 2011. Specialized teams in emergency response (NRBC threats, rescue, firefighting etc.)
from EU member-states have been brought together, in order to support European and non-European countries in emergency cases. As far as radiological issues are concerned, four experts participate in the European
Mechanism of Civil Protection on behalf of GAEC. In 2010 (2-8 October) GAEC experts attended the relevant
“Modules Basic Course”.
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Calibration of ionizing radiation instruments

The Ionizing Radiation Calibration Laboratory (IRCL) is a secondary standard dosimetry laboratory that has
developed and maintains the national standards of Gy, Sv, Cb/kg (for γ, X and β radiation). IRCL provides calibrations in terms of Air Kerma, Absorbed Dose in water, Personnel Equivalent Dose Hp(10) and Hp(0,07), Ambient Dose Equivalent H*(10) in the fields of radiotherapy, diagnostic radiology and radiation protection. IRCL
is the national metrology laboratory and has an official partnership with the National Metrology Institute.

During 2010:
IRCL provided calibration services in radiotherapy, brachytherapy, diagnostic radiology, radiation protection, individual monitoring. In total, 152 certificates were issued
during the quality control and quality assurance programme of the IRCL, more than 300 check points
were measured and compared to the baselines. This kind of control is performed regularly (monthly,
bimonthly, biannually, annually), as well as after recorded deviations or amendments to the equipment
used.
customer satisfaction from calibration services was 4,6 (scale 1-5). The questionnaire used for the IRCL
evaluation concerns technical sufficiency, results, technical support and assistance and communication.

Field

Number of instruments

Radiotherapy ionization chambers - electrometers

14

Brachytherapy ionization chambers

2

Diagnostic radiology dosemeters

49

KVp meters, timers and multimeters used in diagnostic radiology

22

KAP meters

2

Survey meters

82

TLD

479

Pencil type dosemeters – APD

92

Survey meters (army personnel)

100

TLD (army personnel)

1500

Table 7: Number of calibrations (2010)
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Diagram 10: Calibrations during the period 2007 – 2010

Diagram 11: Calibrations in radiation protection during the period 2000-2010
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Diagram 12: Calibrations in diagnostic radiology during the period 2001-2010

Moreover:
the IRCL participates in the IAEA “Coordinated Research Project -CRP E210008: The development of
advanced dosimetry techniques for diagnostic and interventional radiology” (2010-2012). The IRCL is
the coordinator for the part entitled “Secondary Standard Dosimetry Laboratory activities including comparison of calibrations”, concerning the development of new methodologies and standards for the calibration of KAP meters, CT dosemeters. In addition, IRCL will organize and facilitate intercomparisons
programs for KAP meter and CT chamber with European and international dosimetry laboratories.
IRCL has organized and will facilitate a bilateral EURAMET key comparison (EURAMET 1175) with the
primary standard laboratory LNHB concerning the calibration of well type ionization chambers used in
Brachytherapy. This intercomparison will allow IRCL to compare methods of calibration in brachytherapy
with a standard laboratory. At the same time, the Calibration and Measurement Capabilities (CMC) already approved and included in the BIPM database will be tested. Also, this intercomparison will certify
the sufficiency and the quality of the brachytherapy services at clinical level. The intercomparison has
been scheduled for the March 2011.
a proposal submitted by GAEC for organizing a “EURAMET comparison project” on KAP meters intercomparison has been accepted by EURAMET members in October 2010. More than 15 european dosimetry laboratories are expected to take part in this project which is expected to begin within 2011. IRCL
will act as coordinator (pilot laboratory).
IRCL has developed new X-ray beam qualities in mammography based on tungstean anode (W) and
filtration of Rodium (Rh), Molybdenum (Μο), silver (Ag) and aluminum. The beam qualities have been
compared to those of BIPM and PTB. The qualities were identical to those of BIPM. The traceability of
doismtery standards will be conducted in March 2011. Following these IRCL will be in position to provide
calibration services in terms of Kair at W/Rh, W/Mo, W/Ar and W/Al in summer 2011. This development
will support clinical dosimetry at new technology mammography X-rays systems, based on W anode) that
are being used in clinics and hospitals.
IRCL has developed an innovated methodology for the determination of the PPV from measurements
with a kV-meter that measures the peak voltage, by applying appropriate conversion factors. The method
was tested successfully with measurements at various X-ray systems. A paper to the Physics in Medicine
and Biology Journal has been published. According to the ISO/IEC standards, the tube voltage should be
measured in terms of the practical peak voltage (PPV), which is related to the radiograph image quality.
However, the majority of the kV-meters measure the peak voltage, which is a pure electrical quantity,
not addressed in the ISO/IEC standards. Users can benefit, since they can determine the PPV with any
kV-meter model, conforming the ISO/IEC requirements.
the accreditation for measurements performed for calibrations in radiation therapy, diagnostic radiology,
radiation protection and individual monitoring was renewed according to the requirements of ELOT EN
ISO/IEC 17025 standard (Certificate No. 116(3)).
the renewal of a contract with the army regarding the calibration of radiation detection equipment has
been agreed.

Future actions
successful organization of the EURAMET projects (brachytherapy and diagnostic radiology – ΚΑΡ)
installation of the new radioactive source 60Co in the IRCL irradiator
preservation of high quality services
reduction of the time required for calibration/results certificates issuing.
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Electromagnetic fields inspections

GAEC is responsible for the protection of the general public and the environment from artificially produced
non-ionizing radiation (electromagnetic fields) and provides relevant information to any interested party.
GAEC’s control activities include high frequency electromagnetic fields, as well as low frequency electric and
magnetic fields.

High frequency electromagnetic fields
GAEC participates in the licensing procedure of telecommunications base stations, by examining the submitted electromagnetic emissions and environmental impact technical studies/reports and providing its expert
opinion. Furthermore, it performs in situ inspections and measurements in places in the vicinity of antenna
stations in order to certify their compliance with the general public exposure safety limits.

Electromagnetic emissions studies – issuing of expert opinions
In 2010 1.723 new electromagnetic emissions studies were submitted to GAEC. After their examination,
2.193 expert opinion certificates were issued.
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Diagram 13: Progress in time of the electromagnetic emissions studies number submitted to GAEC
and the expert opinions number issued by GAEC during the years 2006 – 2010

Environmental impact studies / reports
In 2010 the General Secretariats of each Region sent to GAEC 1.706 environmental impact studies. GAEC
approved 1.829 studies. As was the case in previous years too, a number of studies examined were characterized as incomplete and corrections / additions were necessary.

Diagram 14: Progress in time of the number of environmental impact studies and the number of expert opinions
issued by GAEC during the years 2006 – 2010

In situ inspections and measurements
GAEC performs in situ inspections and measurements in all kind of antenna stations, in order to certify their
compliance with the general public exposure safety limits. Measurement requests are processed within a
twenty working days period.

During 2010:
the vast majority of high frequency measurements was performed in the vicinity of mobile phone base
stations (89 %), while a few measurements were performed in the vicinity of fixed telephony base stations (11 %) and radio and TV antenna stations (0,2 %)
the ex officio inspections amounted for almost 92% of the total number of inspections performed in the
vicinity of antenna stations. GAEC is obliged to inspect ex officio, on a yearly basis at least 20% of the
licensed antennas in urban areas
the 29,17 % of measurements were performed close to antenna stations located in the Prefecture of
Attica. Measurements have been performed in every Prefecture of the country. The total number of
measurements does not include the radio and television antennas, located in antennas parks across the
country, as well as radars
GAEC’s scientists performed several inspections in antenna stations, following court orders.
Measurements results are being published at GAEC’s website. The results of 3.000 in situ inspections and
measurements are easily accessed by visiting the address http://www.eeae.gr/gr/index.php?pvar=php/ni/
ni&map=ni0.
As a result of the in situ measurements performed in the vicinity of all kinds of antenna stations providing
telecommunication services throughout the country, GAEC found out twelve cases of non-compliance with
the general public exposure safety limits. All cases concerned places outside urban areas in antenna parks,
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where a large number of antennas offering all kind of telecommunication services (e.g. radio, television) are
located. GAEC, following the legislated procedures, informed at once the licensing authority for each one of
these cases, in order to ensure that the necessary measures for the protection of the public will be taken.

Extremely low frequency electric and magnetic fields
In 2010, 34 measurements of extremely low frequency fields were performed, either on request or ex officio. Furthermore, two cases of non-compliance with the general public exposure safety limits were found
as a result of in situ inspections in the vicinity of power lines and high voltage substations. GAEC informed
respectively the competent authorities, in order to ensure that the necessary measures for the protection of
the public will be taken.

Diagram 15: Number of requests and inspections performed

32

Diagram 16: Geographic allocation of inspections

Other activities
an international closed tender for the assignment to work groups with a specific number of in situ electromagnetic field measurements in the vicinity of antenna stations all over Greece was announced for a
second time. The contractors performed EMF measurements in the vicinity of 980 licensed base stations
located in urban areas
participated in the working group of representatives of all competent authorities and ministries in order
to review and propose all the necessary legislative and regulatory improvements in the licensing procedure of antenna stations keeping in mind all aspects concerning the protection of the general public and
the environment
GAEC participated in the International Advisory Committee of the International EMF Project of the World
Health Organization, as well as in EC (DG SANCO) “Working Group of government experts on Limitation of
exposure of general public to electromagnetic fields” (Council Recommendation 1999/519/ΙCEC). Furthermore, participated in the International Committee on Electromagnetic Safety (ICES) of Ι.Ε.Ε.Ε. At national
level, it participated in two ELOT committees regarding the protection of people from exposure to electromagnetic fields
the accreditation for in situ EMF measurements was renewed according to the requirements of ELOT EN
ISO/IEC 17025 standard (Certificate No. 117(3)).

Future actions
development of the national observatory for electromagnetic fields
performance of measurements campaign for ultraviolet (UV) radiation emitted from artificial tanning sunbeds operating in Greece
organization of the second interlaboratory comparison programme concerning EMF measurements in the
vicinity of antenna stations
further authorization of external work groups to perform EMF measurements
development of projects for assessing occupational exposure to ELF and RF fields using personal exposure
meters
development of a programme for monitoring non ionizing radiation emitting medical devices.
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Education and training

GAEC provides education and training to radiation workers in the fields of radiation protection and nuclear
safety and security. The educational activities are fully supported by the experienced scientific personnel and
state of the art technical infrastructure. In detail:

1. 	Provision of education and training courses to radiation workers in the medical, industrial and
research applications of ionizing radiation, to workers in radioactive material transport, in customs offices
and airports, where audits for illicit trafficking of radioactive sources are performed, as well as to people
involved in emergency response plans. In 2010 the following actions were implemented:
Certificates of knowledge competency in radiation protection issues for the non medical staff
of ionizing radiation laboratories
From the beginning of the year 2010, GAEC has put in action an extensive programme of training in radiation protection for the non medical staff of ionizing radiation laboratories. In cooperation with other
organizations (e.g. universities, hospitals) and experts in the field of radiation physics, GAEC organized 31
3-day seminars in 10 cities (Athens, Thessaloniki, Patra, Alexandroupoli, Ioannina, Irakleio, Larissa, Kozani,
Chania, Tripoli). In total, 1508 radiological technologists, occupationally exposed in medical laboratories,
attended these seminars. Following successful examinations, they obtained a certificate of knowledge
competency in radiation protection. For the purposes of these seminars, special educational material has
been developed (textbook and presentations files). GAEC‘s goal is to extend this kind of training to other
groups of occupationally exposed workers.
Training seminars for various professional groups, such as cargo handlers, army experts, industrial
radiography personnel. In total 51 persons participated in this kind of training seminars during 2010.

2. Participation to the Inter-University Postgraduate Course in Medical-Radiation Physics
GAEC operates the Hospital Physicists’ post graduate School since 1960. Since 1994 the Hospital Physicists’ Institute operates in a legislated cooperation with the Inter – University Postgraduate Course in
Medical - Radiation Physics (IPCMRP) of the Universities of Athens, Ioannina, Thessalonica, Crete and
Thrace and the NCSR “Demokritos”, aiming at specialized training of Physicists in Medical - Radiation
Physics. The Course duration is three semesters and is attended by about 10 to 15 physicists. The successful completion of all educational stages leads to a Master’s Degree in Medical Radiation Physics.
The operation of the IPCMRP under the present statutory form begun in October 2010.
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3. As the European Regional Training Centre of the International Atomic Energy Agency (IAEA) in
the field of radiation protection and safety of radiation sources:
hosting of the Postgraduate Educational Course on Radiation
Protection and the Safety of Radiation Sources, co-organized and
co-funded by IAEA. The Course provides education and training
to young scientists pursuing to acquire a sound basis in radiation protection and knowledge of related safety fundamentals
in order to become, in the course of time, qualified experts in
their countries. Three cycles of the PGEC have been successfully
completed since 2003. The fourth cycle of Postgraduate Educational Course on Radiation Protection and the Safety of Radiation Sources has been scheduled for October 2011.
organization of international seminars in specialized fields of
radiation protection, as well as in radiation sources safety and
nuclear security. In 2010 the following seminars have been organized:
	International Training Course on Detection and Response – Techniques and
Coordination for Front Line Officers and Mobile Expert Support Teams
(12 participants, 12-18 October)
	Inter – Regional Workshop for Regulators on Authorization and Inspection
of Radiation Sources (19 participants, 1-26 November)
ITDB-Sub-Regional Meeting on Nuclear Security Information Management
and Coordination (19 participants, 1-4 June).

Sponsorships
GAEC sponsored the following educational actions: (α) the “Summer School” organized by the NCSR
“Demokritos” (5-16 July), (b) the intercomparison exercise for ambient mass concentration measurement of
atmospheric particulate matter and the organization of a relevant meeting (11-13 October), (c) the publication of educational material entitled “Radiation protection lessons for operators of ionizing radiation medical
equipment”.
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Research and development

Even though the research activities represent a small component of GAEC’s tasks, the outcome is supporting
its main tasks and reinforces the scientific knowledge of its personnel. Main indicators of the GAEC’s involvement in research work are the research projects and the publications/announcements in conferences.
a) Research programmes
GAEC participates in research programmes, taking advantage of European financial sources (e.g. 7th
Framework Programme) and opportunities of cooperation within European scientific networks. The current research activities focus on the radiation protection of medical staff and the development of state of
the art equipment for the detection of radioactivity.

Completion of the research programme “Optimization of Radiation Protection of
Medical Staff” (ORAMED), European Commission, FP7– EURATOM (http://www.
oramed-fp7.eu)
At the end of 2010 the research programme ORAMED, funded by the European Commission under
the 7th Framework Program, was completed. During the programme an extended study related to the
extremity and eye lens doses was performed for a first time. The final outcome of the three year study
was the formulation of a series of recommendations for the optimization of the radiation protection
methodology and the reduction of the personnel doses involved in interventional radiology and nuclear
medicine procedures.
One of the main aims of the programme was the evaluation of the annual extremity and eye lens doses,
which are not systematically monitored. More than 1300 measurements in 6 European countries were
performed in interventional radiology and cardiology procedures. The results of the research showed
that in many cases the doses exceeded the 3/10 of the limits, and in a few cases the skin limit dose of
500 mSv was exceeded. Moreover, the eye lens doses were significant and the eye monitoring should be
considered necessary, taking into account the possible reduction of the eye limit, being 150 mSv at the
moment, due to the correlation of lower doses with cataract effects. For this purpose a special dosemeter
for the eye lens doses was developed within the ORAMED project. This dosemeter can evaluate the personal dose equivalent of 3 mm depth, Hp(3). Additionally, more than 3600 simulations using Monte Carlo
codes were performed in order to examine the way that the different parameters affect the personnel
doses and to optimize the radiation protection.
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Furthermore, an extensive study on the extremity doses of personnel involved in nuclear medicine was
performed. 800 measurements were performed in 7 European countries during the preparation and
administration of radiopharmaceuticals for diagnostic examinations (99mTc and 18F), as well as for therapeutic procedures, 90Y (RIT, PRRT, SIR). An estimation of the annual extremity dose was attempted which
showed that 20% of the cases exceeded the limit of 500 mSv. The mapping of the doses helped to identify the position of the maximum dose. According to the results of the study the maximum dose is most

of the times recorded at the internal part of the tip of the index finger of the non-dominant hand. If wrist
dosemeters are used, as it is usually done in daily practice, an underestimation of the maximum dose up
to 30 times is possible. Due to the fact that it not practical to wear a dosemeter at the tip of the index
finger, it is recommended to wear a ring dosemeter at the base of the index finger of the non-dominant
hand with the detector placed at the internal part of the hand. By doing this, there is still an underestimation of the maximum dose about 6 times.
Moreover, during the project the response of the active personal dosemeters to pulsed irradiation fields of
high rates and low energies was studied. A special dosemeter which can be used at these conditions has
been developed and will be soon available in the market. More information can be found at the website:
www.oramed-fp7.eu.

Continuation of the research programme “Cooperation across Europe for
Cd(Zn) Te based security” (COCAE), European Commission, FP7 – Security
The European research programme “Cooperation across Europe for Cd(Zn)Te based security” started in
October 2008. GAEC participates to this programme among nine European partners. The project aims at
the development of a portable spectroscopic system based on Cd(Zn)Te crystals.

“TRASNUSAFE – Training Schemes on Nuclear Safety Culture”
As a member of the European ALARA Network (ΕΑΝ) and the EUTERP, GAEC participates in the project
“Training Schemes on Nuclear Safety Culture” (TRASNUSAFE). The programme aims at the development
of training schemes related to the nuclear safety culture.

“Study on European Population Doses from Medical Exposure” (Dose
Datamed 2)
A successful proposal for undertaking the project “Study on European Population Doses from Medical
Exposure” (Dose Datamed 2, 2011-2013) was submitted by GAEC and 4 more European bodies.

IAEA Coordinated Research Project: The development of advanced dosimetry techniques for
diagnostic and interventional radiology, 2010-2012
The objective of the project is to assist secondary standard laboratories in developing and providing
appropriate calibrations of equipment and hospitals in conducting and interpreting dosimetry measurements for an extended range of x-ray modalities and patient profiles.

b) Participation in scientific networks / working groups
Heads of European Radiological Protection Competent Authorities Association (HERCA).
HERCA was founded in 2007. Its activities are carried out by the following working groups: European
Radiation Passbook & Outside workers, Non-medical sources and practices, Harmonisation of emergency preparedness, Medical Applications, Surveillance of collective doses from medical exposures.
European Radiation Dosimetry group (EURADOS). EURADOS is a network on dosimetry of ionizing radiation, consisting of eight working groups.
European ALARA Network (ΕΑΝ). As a member of the European ALARA Network, GAEC
participates in:
(a) the European Radiation Protection Authorities Network (ERPAN). ERPAN aims to promote communication between national regulatory authorities, including the exchange of information, requirements and experiences on the process of authorisation and inspection methods employed in European countries in order to promote the ALARA principal. It also aims to help improve the operational
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efficiency of radiation control across Europe while recognising the different regulatory systems within
the various countries.
(β) the working group 2 of the Medical ALARA Network (ΕΜΑΝ), representing EURADOS. The working group 2 deals with the optimisation of patient and occupational exposure in interventional radiology. The main objective is to integrate interventional radiology and interventional cardiology practices
within the European Medical ALARA Network (EMAN) including relevant stakeholders with the aim
to exchange information and improve the optimisation of radiation protection in these practices.
(c) the working group “ALARA Culture”, aiming at producing a document, which will reflect the EAN
position on the role of ALARA in radiation protection culture.

c) 	Publications – Conference presentations
According to the edition “Greek Scientific Publications 1993-2008, A bibliometric analysis of Greek publications in international scientific journals” (National Documentation Centre, Athens 2010), the number
of publication produced by GAEC’s personnel is steadily increasing. In the following pages, the publications and the conference announcements made the year 2010 are presented:
Publications
E. Carinou, P. Ferrari, C. Koukorava, S. Krim and L. Struelens, “Monte Carlo calculations on extremity and
eye lens dosimetry for medical staff at interventional radiology procedures”, Radiation Protection Dosimetry 2010, doi: 10.1093/rpd/ncq573
E. Carinou, P. Askounis, F. Dimitropoulou, G. Kiranos, H. Kyrgiakou, E. Nirgianaki, E. Papadomarkaki and
V. Kamenopoulou, “Pre- and post-irradiation fading effect for LiF:Mg,Ti and LiF:Mg,Cu,P materials used
in routine monitoring”, Radiation Protection Dosimetry 2010, doi: 10.1093/rpd/ncq561
A. Boziari, C. Koukorava, E. Carinou, C. J. Hourdakis and V. Kamenopoulou, “The use of active personal
dosemeters as a personal monitoring device: comparison with TL dosimetry”, Radiation Protection Dosimetry 2010, doi: 10.1093/rpd/ncq545
J. Domienik, M. Brodecki, E. Carinou, L. Donadille, J. Jankowski, C. Koukorava, S. Krim, D. Nikodemova,
N. Ruiz-Lopez, M. Sans-Merce, L. Struelens, F. Vanhavere, “Extremity and eye lens doses in interventional
radiology and cardiology procedures: first results of the ORAMED project”, Radiation Protection Dosimetry 2010, doi: 10.1093/rpd/ncq508
C. Potiriadis, V. Koukouliou, S. Seferlis and K. Kehagia, “Assessment of the occupational exposure at a
fertiliser industry in the northern part of Greece”, Radiation Protection Dosimetry 2010, doi: 10.1093/
rpd/ncq309
K.Kehagia, S. Bratakos, M. Kolovou and C. Potiriadis, “Hair analysis as an indicator of exposure to uranium”, Radiation Protection Dosimetry 2010, doi: 10.1093/rpd/ncq324
P.Dimitriou and V. Kamenopoulou, “Education and training issues in individual monitoring of ionizing
radiation”, Radiation Protection Dosimetry 2010, doi: 10.1093/rpd/ncq431
C. Koukorava, E. Carinou, G. Simantirakis, T. G. Vrachliotis, E. Archontakis, C. Tierris, P. Dimitriou “Doses
to operators during interventional radiology procedures: focus on eye lens and extremity dosimetry”,
Radiation Protection Dosimetry 2010, doi: 10.1093/rpd/ncq328
P. Dimitriou, J. Kalef-Ezra, C. Pafilis and V. Kamenopoulou, “Education and training activities in personal
dosimetry in Greece”, Radiation Protection Dosimetry Advance Access published November 28, 2010,
doi:10.1093/rpd/ncq432
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J. G. Alves, P. A. Ambrosi, D. T. Bartlett, L. Currivan, J. W. E. van Dijk, E. Fantuzzi, V. Kamenopoulou,
“Recommendations for monitoring individuals occupationally exposed to external radiation”, Hospital
Imaging & Radiology Europe, Vol. 5 No. 2 – Summer 2010

V. Stamatis, S. Seferlis, V. Kamenopoulou, C. Potiriadis, V. Koukouliou, K. Kehagia, C. Dagli, S. Georgiadis,
L. Camarinopoulos, “Decommissioning a phosphoric acid production plant: a radiological protection case
study”, Journal of Environmental Radioactivity, 2010, doi:10.1016/j.jenvrad.2010.07.002
C. Hourdakis, A. Boziari and A. Manetou, “Performance evaluation of diagnostic radiology dosimeters in
clinical and calibration X-ray beams”, Health Physics, Vol. 98, No.5, May 2010
Presentations (oral/posters) in conferences
N.Ruiz Lopez, M. Sans Merce, I. Barth, E. Carinou, A. Carnicer, I. Clairand, J. Domienik, L. Donadille,
P. Ferrari, M. Fulop, M. Ginjaume, G. Gualdrini, C. Koukorava, S. Krim, F. Mariotti, D. Nikodemova, A.
Rimpler, K. Smans, L. Struelens, F. Vanhavere, “The ORAMED project: Optimisation of Radiation Protection for Medical Staff in Interventional Radiology, Cardiology and Nuclear Medicine”, Int. Symposium on
Standards, Applications and Quality assurance in Medical Radiation Dosimetry, IAEA, Vienna, November
2010 (oral presentation)
E. Karabetsos, M. Basiouka, A. Zissimopoulos “Occupational Exposure of Physical Therapists to Radio Frequency Radiation - The Situation in Greece”, Proceedings of the 6th International Workshop on Biological
Effects of Electromagnetic Fields, Bodrum, Turkey, 10-14 October 2010
E. Karabetsos, E. Kalampaliki, G. Tsanidis, D. Koutounidis, N. Skamnakis, T. Kyritsi, A. Yalofas “EMF measurements in hybrid technology cars”, Proceedings of the 6th International Workshop on Biological Effects of Electromagnetic Fields, Bodrum, Turkey, 10-14 October 2010
F.Ylli, E. Karabetsos, K. Dollani, D. Koutounidis, “Non-Ionizing Radiation: Evaluation of General Public’s
Exposures in Greece and Albania”, 7th International Conference of the Balkan Physical Union, AIP Conference Proceedings,Volume 1203, Issue 1, pp. 1104-1107, 2010
E.P. Nikolopoulou, I.F. Gonos, I.A. Stathopoulos, E. Karabetsos “An Interlaboratory Comparison Programme on ELF Measurements Performed In Greece”, Proceedings of the 6th International Workshop on
Biological Effects of Electromagnetic Fields, Bodrum, Turkey, 10-14 October 2010
M. Ginjaume, F. Vanhavere, E. Carinou, G. Gualdrini, I. Clairand, M. Sans Merce, A. Rimpler, J.M.Bordy,
D. Nikodemova and X. Ortega, “ORAMED training module: Optimizing radiation protection in interventional radiology and nuclear medicine”, International Conference on Radiation Protection in Medicine,
September 2010, Varna (oral presentation)
S. Vogiatzi, P. Kipouros, M. Chobis, “Establishment of Dose Reference Levels for Nuclear Medicine in
Greece”, International Conference on Radiation Protection in Medicine, 1-3 September 2010, Varna,
Bulgaria
P. Dimitriou, C. Pafilis, V. Kamenopoulou, “Building competence through education and training on radiation protection in medicine”, International Conference on Radiation Protection in Medicine, 1-3 September 2010, Varna, Bulgaria
G. Simantirakis, C.J. Hourdakis, S. Economides, P. Dimitriou, “Image quality of CT scanners and patient
dose from CT examinations in Greece”, International Conference on Radiation Protection in Medicine,
1-3 September 2010, Varna, Bulgaria
M. Kalathaki, C.J. Hourdakis, S. Economides, P. Tritakis, N. Kalyvas, G. Simantirakis, G. Manousaridis, I.
Kaisas and V. Kamenopoulou, “Comparison of Full Field Digital (FFD) and Computed Radiography (CR)
mammography systems in Greece”, International Conference on Radiation Protection in Medicine, 1-3
September 2010, Varna, Bulgaria
C. Koukorava, E. Carinou, M. Sans Merce, I. Barth, A. Carnicer, I. Clairand, J. Domienik, L. Donadille, P.
Ferrari, M. Fulop, M. Ginjaume, G. Gualdrini, J. Jankowski, S. Krim, F. Mariotti, D. Nikodemova, E. Nirgianaki, X. Ortega, A. Rimpler, N. Ruiz, K. Smans, L. Struelens, F.Vanhavere, “Optimization of Radiation
Protection for Medical staff – The ORAMED project”, International Conference on Radiation Protection
in Medicine, 1-3 September 2010, Varna, Bulgaria (oral presentation)
M. Ginjaume, F. Vanhavere, E. Carinou, G. Gualdrini, I. Clairand, M. Sans Merce, A. Rimpler, J.M. Bordy,
D. Nikodemova and X. Ortega, “ORAMED training module: Optimizing radiation protection in interven-
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tional radiology and nuclear medicine”, International Conference on Radiation Protection in Medicine,
1-3 September 2010, Varna, Bulgaria (oral presentation)
Christos N. Pafilis, Vassiliki Kamenopoulou, Antonios Maltezos, Theodore E. Matikas, Stavros Seferlis and
Panayiotis Dimitriou, “Education and Training on Nuclear Security in Greece”, ANIMMA 2009 - 1st International Conference on Advancements in Nuclear Instrumentation, Measurement Methods and their Applications , art. no. 5503671, Marseille, France, 7-10 June 2009, DOI: 10.1109/ANIMMA.2009.5503671
Ferrari, Paolo; Vanhavere, Filip; Carinou, Eleftheria; Gualdrini, Gianfranco; Clairand, Isabelle; Sans-Merce, Marta; Ginjaume, Merce; Barth, Ilona; Bordy, Jean-Marc; Carnicer, Adela; Daures, Josiane; Debroas,
Jacques; Denoziere, Marc; Domienik, Joanna; Donadille, Laurent; Fantuzzi, Elena; Itié, Christian; Jankowski, Jerzy; Koukorava, Christina; Krim, Sabah; Mariotti, Francesca; Monteventi, Fabio; Ortega, Xavier; Rimpler, Arndt; Ruiz Lopez, Natascha; Struelens, Lara. “Challenges on the radiation protection optimization
of medical staff in interventional radiology and nuclear medicine: the ORAMED project IRPA 2010”, Third
European IRPA Congress, Helsinki, June 2010
M. Ginjaume, X. Ortega, E. Carinou, F. Vanhavere, I. Clairand, G. Gualdrini, M. Sans-Merce “Improving standards of radiation protection in medical practice”, ENC2010, European Nuclear Conference, Barcelona
C. Potiriadis, V. Koukouliou, S. Seferlis and K. Kehagia “Assessment of the occupational exposure at fertilizer industry in the north part of Greece”, European Conference on Individual Monitoring of Ionizing
Radiation, Athens, 8-12 March 2010
P. Dimitriou, J. Kalef-Ezra, C. Pafilis and V. Kamenopoulou “Education and training activities in personal dosimetry”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010
K. Kehagia, S. Bratakos, M. Kolovou and C. Potiriadis “Hair analysis as an indicator of exposure to uranium”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010
G. Drikos, P. Nikolaou, K. Veltsos, P. Askounis “Infrastructure of the Greek dose registry system”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010
F. Vanhavere, E. Carinou, G. Gualdrini, I. Clairand, M. Sans Merce, M. Ginjaume, “Invited lecture – The
ORAMED project: optimization of radiation protection for medical staff“, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010 (oral presentation)
I. Clairand, J.-M. Bordy, J. Daures, J. Debroas, M. Denozière, L. Donadille, M. Ginjaume, C. Itié, C. Koukorava, S. Krim, A.-L. Lebacq, P. Martin, L. Struelens, M. Sans-Mercé, M. Tosic, F. Vanhavere, “Active personal
dosemeters in interventional radiology: tests in laboratory conditions and in hospital”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010 (oral presentation)
J. Domienik, M. Brodecki, E. Carinou, L. Donadille, J. Jankowski, C. Koukorava, S. Krim, D. Nikodemova,
N. Ruiz-Lopez, M. Sans-Mercé, L. Struelens, F. Vanhavere, “Extremity and eye lens doses in interventional
radiology procedures. First results of the ORAMED project”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010 (oral presentation)
L.Struelens, E.Carinou, P.Ferrari, C.Koukorava and S.Krim “Monte Carlo calculations on extremity and
eye lens dosimetry for medical staff at interventional radiology procedures”, European Conference on
Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010
C. Koukorava, E. Carinou, G. Simantirakis, T.G.Vrahliotis, E.Arhontakis, C. Tierri, P. Dimitriou “Doses to
operators during interventional radiology procedures - focus on eye lens and extremity dosimetry”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010
E.Carinou, P.Askounis, F.Dimitropoulou, G.Kiranos, H.Kyrgiakou, E.Nirgianaki, E.Papadomarkaki and
V.Kamenopoulou “Pre and post irradiation fading effect for LiF:Mg, Ti and LiF: Mg, Cu, P materials used
in routine monitoring”, European Conference on Individual Monitoring of Ionizing Radiation, Athens,
8-12 March 2010
A. Boziari, C. Koukorava, E. Carinou, C.J. Hourdakis, V. Kamenopoulou “The use of active personal
dosemeters as a personal monitoring device - comparison with TL dosimetry”, European Conference on
Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010 (oral presentation)
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P.Dimitriou, V.Kamenopoulou “Education and training issues in individual monitoring of ionizing radiation”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12 March 2010
(invited lecture)
J. G. Alves, P. Ambrosi, D.T. Bartlett, L. Currivan, J.W.E. van Dijk, E. Fantuzzi, V. Kamenopoulou “The new
European Commission technical recommendations for monitoring individuals occupationally exposed to
external radiation”, European Conference on Individual Monitoring of Ionizing Radiation, Athens, 8-12
March 2010 (invited lecture)
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International relations

GAEC, as the national competent authority in the fields of radiation protection and nuclear safety, represents
the country in European and international scientific fora. Within this scope, a series of important meetings and
events held last year enhanced the cooperation channels with international experts and authorities. In detail:
Activation of the technical cooperation agreement with the USA Nuclear Regulatory Commission
Dr. G. Apostolakis, Commissioner of the USA Nuclear Regulatory Commission (NRC), visited
GAEC premises on September 7, 2010 and had a meeting with Dr. Ch.Housiadas, GAEC
Chairman. Main topic of discussion was the activation of the existing technical cooperation agreement between the two authorities. The technical assistance requested by GAEC
concerns the licensing procedure of the NCSR “Demokritos” research reactor (under major
reconstruction).

Nuclear safety agreement with the IAEA
An agreement on nuclear safety issues was signed in Vienna in
September 2010 between IAEA and GAEC.

Integrated Regulatory Review Service
Following the submission to the IAEA of an international review
request in the fields of radiation protection and nuclear safety (Integrated Regulatory Review Service Mission, IRRS), the first phase
of the process is currently being implemented. GAEC is using the
IAEA SAT-Self-Assessment Tool, while a training seminar and a preparatory meeting with IAEA experts have been scheduled to take
place in 2011.

Convention on Nuclear Safety - National report
GAEC prepared and submitted to IAEA the national report regarding the Convention on Nuclear Safety. The
review process of the reports submitted by member states will be completed within 2011.
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Scientific Conferences – Meetings

the European Conference on Individual Monitoring of Ionizing Radiation was successfully organized
(Megaron Athens International Conference Centre, 8 -12 March 2010). The conference was organized
under the auspices of the European Commission, in cooperation with the IAEA and EURADOS. The conference was attended by 277 participants, 34 accompanying persons, 8 exhibitors, 9 sponsors and 17
visitors. In total 268 scientific papers were submitted. The conference proceedings will be published at
“Radiation Protection Dosimetry Journal” in 2011.
the hosting and the co-organization of the PROCORAD Annual Meeting was assigned to GAEC. The
meeting will take place in Rhodes island from 22 to 24 June 2011.
co-organized with NCSR “Demokritos” the Regional Training Course on Radiation Protection of the
Environment for Junior Specialists (4-8 October). The course was organized within the scope of IAEA
RER/7/005: “Providing Technical Support for Implementing Modern Approaches and Tools for the Assessment of Radiation Impact on Terrestrial and Freshwater Environments”.

Moreover, GAEC represents Greece:
to the European Union. Indicatively: European Nuclear Safety Regulators Group, EURDEP – European
Radiological Data Exchange Platform, ECURIE - European Community Urgent Radiological Information
Exchange, EURATOM Scientific and Technical Committee, EURATOM Treaty Art. 31, 35, 36, 37
to IAEA. Indicatively: Technical Cooperation Group of Experts, Convention on Nuclear Safety, Joint
Convention on Waste Management, Steering Committee for Educational Training, Early Notification and
Assistance Convention, NUSSC, RASSC, TRANSSC, WASSC
to Nuclear Energy Agency and OECD. Indicatively: Steering Committee for Nuclear Energy, Committee on
the Safety of Nuclear Installations, Committee on Radiation Protection & Public Health
to international joint committees.

GAEC is the National Contact Point for EURATOM special programme of the EC 7th Framework Programme.
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Public information

Aiming at providing credible information on radiation protection and nuclear safety issues, several information actions were implemented. In specific:

four press releases were issued;
one report about the electric and magnetic fields measurements performed in the vicinity of all types of antennas was published;
new information material on GAEC’s role, radiation protection and licensing issues was published, addressing not only the general public but also
specific professional groups (e.g. dentists);
content updates and technical improvements were made at GAEC website. As a result of activating an online form for submitting questions or
comments, GAEC received, during the second semester of 2010, 70 questions. The number of visits at
the GAEC’s website was 222.645;
the organization of scientific events, such as the 10th Hellenic Nuclear Medicine Conference (10-12 September) and the 30th Hellenic Dental Conference, was supported;
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responses were given to 14 information requests submitted in the context of parliamentary audit. These requests concerned mainly administrative and financial
management issues, as well as the operation of medical systems emitting ionizing
radiation;
a national project called “DIAVGEIA” was implemented in order to enhance transparency in the public sector decision-making.
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