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INTRODUCTION
Greek Atomic Energy Commission (GAEC) is the regulatory, advisory and competent authority on
radiation protection matters. It is the authority responsible for the introduction of Radiation
Protection regulations and monitoring of their implementation. In 1997, within the frame of its
responsibilities the Board of the GAEC appointed a task group of experts to revise and bring the
present Radiation Protection Regulations into line with the Basic Safety Standards (BSS)
96/29/Euratom Directive and the 97/43/Euratom Directive (on health protection of individuals
against the dangers of ionising radiation in relation to medical exposure). 
Concerning the Title VII of the new European BSS Directive, which refers to the Radiation
Protection at work places with increased levels of natural radiation exposure, the Radiation
Protection Regulations provides that the authority responsible for recording, monitoring and
introducing protection measures at these places is the GAEC. Practices where effective doses to the
workers due to increased natural radiation levels, may exceed 1mSv/y, have to be specified and
authorised by the GAEC. The identification procedure is ongoing.

1. IMPORTANT WORKPLACE TYPES WITH POSSIBLY INCREASED NATURAL
RADIATION EXPOSURE.
Since the beginning of 1999, the GAEC has started measuring and monitoring the levels of radon
concentration and gamma - dose rates at several workplaces all over Greece, as was proposed at the
Title VII of the 96/29/Euratom Directive, such as mines and the Athens’ Metro. Also, many Greek
Universities and Research Institutes have performed many kinds of measurements (indoor radon
concentration, γ-dose rate, etc.) at particular workplaces types all over Greece. 
The main work activities in Greece which may lead to a significant increase due to natural
radiation, in the exposure of the workers or the members of the public are: (a) Mines and Quarries,
(b) Thermal  spas, (c) Phosphate industry, (d) Cement production, (e) oil & gas , (f) Touristic
Caves, (g) thorium engines.
Details concerning the above activities, based on data obtained from the Greek Statistical Service
are given in the following:

e. Mines and Quarries: 1.185 establishments (Table 1.) including also auxiliary units, such
as offices, warehouses etc., 16.000 employees 



Table 1. Branches of Greek mines and quarries
Mines Quarries

1. Lignite* 8. Iron-pyrites 1. Marble 8. Kaoline and 
2. Bauxite* 9. Barytes 2. Pozzuolana Bentonite
3. Chromium 10.  Magnesite 3. Slate
4. Ferro-nickel 11. Asbestos 4. Gypsum
5. Manganese 12. Steatite 5. Clay
6. Copper 13. Sulfur 6. Dolomite
7.  Mixed sulphurous

ores
7. Perlite * Open-cast mines

b. Thermal spas:  17 Locations (Table 2.), 100.000 individuals use the springs every year

Table 2.  Kinds of Greek mineral springs
1. Saline water
2. Hypertonic
3. Sulphurated hydrogen saline water
4. Hydrochloride water
5. Akratothermi

6. Alkaline saline water
7. Chalybeate acid water
8. Alkaline carbonated
9. Alkaline sulfurous
10. Radioactive super warm  
11. Radioactive – saline water
 

c. Phosphate industry:  2 Industries of Fertilizers production 
d.Cement production: 3 Cement industries (more than 10 cement production, more than 20 units
of concrete production)
e. Caves: about 7 touristic caves.

From the measurements performed at the Athens METRO underground stations and at several
Greek mines, there is no indication of increased levels of exposure to workers or members of the
public, due to natural radiation sources.

Until now, we have identified:
� 2 fertilizer production industries located in northern Greece. The main type of waste is solid

(phosphogypsum) and it is landfill disposed in the form of stacks or is used for agriculture
(saline soil improvement).
� 200 GBq (total activity of Ra-226 corresponding to annual phosphogypsum production).

The Ra-226 concentration of phosphogypsum produced, varies between 200 - 700 Bq/kg.
� Each industry produces about 250000 tn phosphogypsum per year.
� Each industry produces about 250000 tn fertilizer per year
� The 1st fertilizer industry is located in northern Greece near Thessaloniki. The

phosphogypsum disposal is at rice fields and the phosphogypsum stacks is at the industry
area and the place Pentalofo.



� The 2nd fertilizer industry is located in Kavala (Nea Karvali) in northern Greece. The
phosphogypsum disposal is a landfill disposal at the industry area.

� Workplaces where repairing of aero-engines, constructed from Th-Mg alloy, are performed.
Thorium is added to magnesium to produce a hardened, light alloy for use in turbine engine
components. Such alloys may have a Th-232 activity up to 160 Bq/g.

The above activities can be characterized as “work activities”, in accordance with the Title  VII Art
40 paragraph 2 of the 96/29/Euratom Directive. 

We are planning to continue the survey of the remaining work activities (b, d, e & f) that are under
investigation. 

2. REGULATORY FRAMEWORK
According to the New Greek Regulations for Radiation Protection (No. 216Β, 5/3/2001), which is
in accordance with the 96/29/EURATOM 31/5/1996, we have establish the following criteria for
“work activities” working with NORM:

EFFECTIVE DOSE (except for radon)
(Paragraph 1.2.5.3 - 1.2.5.6 of New Greek Regulations for Radiation Protection (No. 216Β,
5/3/2001). 
� The action levels concerning the effective dose to workers at work places due to natural

radiation sources are 1 mSv per year. Work activities where the corresponding dose is less than
1 mSv per year are excluded from further investigation.

� Work activities where the corresponding effective dose exceeds 1 mSv per year but is less that 6
mSv/y, are characterized as supervised areas. Appropriate measures could be taken in order to
minimize the dose, taking into account the effectiveness and the cost of such measures. The
radiation protection measures are approved by GAEC.

�  Work activities where the corresponding effective dose exceeds 6mSv per year but is less that
20 mSv/y, are characterized as controlled areas. Special authorization by GAEC is required.
GAEC approves the proposed measures for radiation protection. 

� Work activities where the corresponding effective dose exceeds 20 mSv/y, due to natural
radiation sources, are prohibited.

RADON
(Paragraph 1.2.5.7 of New Greek Regulations for Radiation Protection (No. 216Β, 5/3/2001). 
� The action levels concerning the effective dose to workers at work places due to radon

concentration is 400 Bq/m3 (mean yearly radon concentration corresponding to 2000 working
hours per year). Work activities where mean yearly radon concentration is bellow 400 Bq/m3 are
excluded from further investigation. 

� Work activities where mean yearly radon concentration exceeds 400 Bq/m3 but is less that 1000
Bq/m3, are characterized as supervised areas and appropriate measures must be taken in order to
minimize to dose, taking into account the effectiveness and the cost of such measures.



� Work activities where mean yearly radon concentration exceeds 1000 Bq/m3 but is less that
3000 Bq/m3, are characterized as controlled areas. Special authorization by GAEC is required.
GAEC approves the proposed measures for radiation protection. 

� Work activities where the mean yearly radon concentration exceeds 3000 Bq/m3, are prohibited.

DISPOSAL OF PHOSPHOGYPSUM IN THE ENVIRONMENT:
� For the phosphogypsum disposal in the environment in the form of stacks, a relevant

radiological study is required. The study must be approved by GAEC and the specific disposal
requires GAEC’s authorization. 

� A soil layer must cover Phosphogypsum stacks.
� Special care must be given to the underground water radium contamination. Radon emanation

must be taken into account in case of buildings construction activities in areas where
phosphogypsum has been disposed. For all the phosphogypsum disposal areas GAEC much
keep a relevant record. 

USE OF PHOSPHOGYPSUM FOR AGRICULTURAL PURPOSES:
Phosphogypsum may be lawfully removed from a stack and distributed in commerce for use in
agriculture if each of the following requirements is satisfied:
� The industry that produces phosphogypsum that will be removed, shall determine annually the

average Ra-226 concentration at the location in the stack from which the phosphogypsum will
be removed. The Ra-226 concentration measurements must be performed from an authorized
laboratory.

� The average Ra-226 concentration at the location in the stack from which the phosphogypsum
will be removed shall not exceed the 400 Bq/kg.

� All phosphogypsum distributed in commerce for use shall be accompanied by a certification
document.

� Inspections for the Ra-226 concentration in soil, water, underground water and agricultural
products must be performed in regular basis in areas where phosphogupsum is used in
agriculture.

The methodology for the sampling and measurement of Ra-226 as well as details concerning the
certification documents are described in details in relevant Appendixes. 

In order to assess the doses, in order to proposed the above mentioned regulations, a dosimetric
calculation was performed using the following assumptions:
� A known quantity of phosphogypsum was dispersed in a rice field with known dimensions.
� The phosphogypsum deposition in the particular field was repeated every 2 years.
� The phosphogypsum was homogenized with a 10cm layer of soil.
� The critical group was the local population that consumes only rice produced in this area.
� The quantity of rise consumed every year was taken for UNSCEAR 2000.
� The chosen transfer factors of Ra-226 from soil to grain used in this calculated was based on the

EU publication Radiation Protection 115. 



� The dose criterion of 10µSv/y was chosen, as a criterion due to the specific exposure pathway
that corresponds to the ingestion of rice produced in a phosphogypsum enriched soil.

3. NORM WASTE
No specific regulations exist, at that moment, concerning the possible discharge of liquid or
gaseous NORM waste. For NORM wastes, at that moment, we are mainly based on the EU
recommendation:
� Radiation Protection 122 “Practical Use of the Concepts of Clearance and Exemption - Part II,

Application of the Concepts of Exemption and Clearance to Natural Radiation Sources”, EC
2001.

Furthermore, we perform our own dosimetric calculations, based on sample measurements and
models describing the specific problem (nature of the waste, quantity, place for disposal, possible
pathways for public and workers exposure, etc).  NORM disposal shall be authorized by GAEC.
According to this recommendation the proposed dose criterion is 300µSv/y. Τhis criterion should
be regarded as an increment to the exposure, which would prevail in the absence of the work
activity.  This is not a restrict criterion but, according to each scenario pathways and taking in
account the basic principles of ALARA and optimization the dose criterion could be much lower.
In the case of phosphogypsum disposal for agricultural purposes, the concentration of 400 Bq/kg as
an upper limit was calculated based on a dose criterion of 10µSv/y for the specific exposure
pathway that corresponds to the ingestion of rice produced in a phosphogypsum enriched soil.
UNSCEAR 2000 values for Ra-226 concentration in rice from various places were taken into
account as well as the public concern.
At that moment, only phosphogypsum disposal is under GAEC’s authorization and a specific Ra-
226 concentration limit was set only for the case of phosphogypsum disposal for agricultural
purposes (in the rice fields).

3.1 Projects under investigation concerning NORM waste disposal

Restoration of an old phosphate fertilizer industry

In the area of the port of Piraeus, near the city of Athens, a phosphate fertilizer industry was in
operation until the beginning of 1999. This area due to its location has a big commercial value and
a plan for the construction of commercial buildings and other facilities for public use, is under
consideration. The Greek Atomic Energy Commission (GAEC), during in-situ inspection
increased levels of radioactivity were detected in the phosphate factory area. The detected levels of
radioactivity were due to enhanced concentrations of Ra-226. The increased Ra-226 activity was
detected at 3 tanks were the phosphoric acid was kept and at the phosphoric acid production unit.
The last one is a 4 floor building were the mean external gamma dose rate varies from 1µSv/h up
to 65µSv/h. Many samples from scale, floors, walls, soil, sludge and dust have been collected and
measured. The Ra-226 concentration varies from 300Bq/kg up to 100000Bq/kg and the U-238
concentration from 70 Bq/kg up to 1000 Bq/kg. 
At that moment, due to the GAEC enforced safeguards, the contaminated area does not represent a
radiological hazard to the habitants, workers and to the surrounding environment.



According to the measurements performed, we have marked the most contaminated parts of the
industry, which are:
� The Filter unit from the phosphoric acid production unit
� 3 plastic pipes, where phosphoric acid 5%, 20% and 30% was circulated, at the phosphoric acid

production unit.
� The rubber inside cover of 3 phosphoric acid storage tanks (900m2).
� A drain reservoir at the basement of the phosphoric acid production unit.
� A phosphoric acid stir reservoir at the waste treatment facility.

All these items should be disassembled and removed to a temporary storage area. This area could
be a part of the particular chemical industry territory. Afterwards, proper decontamination
techniques should be applied based mainly on financial considerations. An adequate radiological
survey of the units should be repeated, in order to re-estimate the situation. In the case that no more
contaminated materials are found, the building and the other objects could be removed properly. 
The melting of metallic parts is unlikely to happen. All the Greek steel production factories have
been obliged to install detectors (large volume portal detectors) in the entrance of the factory. The
final product is based on some standards and according to our experience working with the people
from the steel industry; they are unwilling to accept to melt even low-level NORM contaminated
materials, due to workers negative attitude, municipality discomposure and commercial
competition.
According to the bibliography and to the local population opinion, the public reassurance is high
when all the area will be “return to normality”. That means that the area could and should be
treated as if the residual contamination is part of the normal background radioactivity. In that case
the members of the public can live or/and work in the area under consideration without any
restrictions associated with residual contamination. 

Disposal of old aero-engines

Thorium is added to magnesium to produce a hardened, light alloy for use in turbine engine
components. Such alloys may have a Th-232 activity up to 160 Bq/g. At that moment old are-
engines, like J33 from the Locheed T-33 “Shooting Star”, or J79 (240 Bq/g Th-232), are to be tear
down. The disposal of such materials is a complicated problem, since the Th content is far above
the proposed clearance levels for NORM (5 Bq/g) as also the exemption levels (1Bq/g or 1000Bq).

 


