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Abstract
The paper deals with increased levels of radioactivity in the Kastela bay at the Croatian coast of the Adriatic
sea, which is due to geographical characteristics sensitive to any kind of pollution including the radioactivity.
In the bay is situated a coal fired power plant (CFPP). Investigations of used coal as well as slag and ash
originating from the normal operations of CFPP showed increased concentrations of natural radioactivity
spreading over the area and to the sea. There is a coal slag and ash pile which presents a considerable
environmental problem: situated close to the seaside, slag and ash are accumulating in the littoral zone or
are being filled up directly into the sea.
The aim of this study was to determine radioactivity level at the ash and slag deposit and to assess the risk
from increased radioactivity to the employees of the plant, to the inhabitants of the area and due to a direct
contact of ash and slag with the sea water, to the Adriatic sea.

Introduction
The production of electric energy is always bound to the emission of several pollutants into the environment
This problem belongs into the group of technologically enhanced natural radioactivity. Having in mind the
importance of this kind of pollution a study of such a contamination inside and around a coal fired power
station is of special interest The most important burden to the environment from the operation of fossil fuel
power stations is atmospheric pollution and storage of large quantities of ash and slag which contain
increased concentrations of radioactive contaminants.
The study conducted by the Department of Radiation Protection, Institute for Medical Research and
Occupational Health, Zagreb, included determination of radioactivity in the bay with a coal fired power plant,
which is due to geographical characteristics sensitive to any kind of pollution. Investigations of coal used
in regular plant operation and solid incombustible ash and slag showed increased concentrations of natural
radioactivity which present considerable problem to the marine environment of this part of Croatia
The aim of this paper was to determine radioactivity level at the ash and slag deposit and to assess possible
risk to the employees in the plant and inhabitants of the area. Special emphasis was given to a direct contact
of ash and slag with the sea water and possible environmental effects to the Adriatic sea.

Material and methods
Investigations of radioactive contamination were based on measurements performed in the field and in
laboratory In situ gammaspectrometrical measurements were carried out using HPGe ORTEC detector
(resolution 1 74 keV on 1.33 MeV ^Co, relative efficiency 21.6%), and included several deposit sites in and
around the plant. Measurement time was 1000 sec.
The collected samples of ash and slag, and sea-water were gammaspectrometrically analysed in the
laboratory using HPGe(Li) ORTEC detector (resolution 1.78 keV on 1.33 MeV 60Co, relative efficiency
16.8%) with a 4096 channel analyser and a personal computer. All the samples were measured in Marinelli
beaker, volume 1 L. Measurement time was 80000 sec.

Results and discussion
In-situ gammaspectrometrical measurements involved several locations at the ash and slag deposit itself and
several locations around the plant. Measurement showed the presence of natural radionuclides of uranium
and thorium decay series, 40K and fission product137 Cs. For each location was calculated corresponding
contribution of measured radionuclides to the absorbed dose rate. Figure 1 shows the absorbed dose rate (X)
on five measuring points at recently deposited ash and slag pile
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Figure 1. Contributions of the members of uranium and thorium series, and 40K and
the absorbed dose rate (X in nGy/h)

7Csto

Results of measurement indicated great dispersion of the obtained absorbed dose rates. Usage of the coal
with higher radioactivity level over the recent years resulted in higher radioactivity level in deposited ash and
slag which caused significantly higher absorbed dose rate at the deposit site.
At the same selected measuring sites the samples of ash and slag were collected. The mean values of all
measured samples are given in Table 1.

Table 1. Gammaspectrometrical analysis of ash and slag
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(2.18±0.10)E+3

(7.53±0.39)E+l

(8.46±0.57)E+l

(1.49±0.07)E+3

(3.12±0.46)E+2

The obtained data show that high specific activities measured in deposited ash and slag present considerable
environmental risk to the area. Because of vicinity of the ash and slag pile to the sea analysis of the sea-water
samples was been also performed The samples of sea-water were collected at several locations around the
deposit site. Figure 2 shows ^Ra specific activities determined in the samples of sea water collected closest
to the deposit site. Mean 226Ra concentration was 51 3±29.2 Bqm'3 which is an order of magnitude higher
than ^Ra concentration in the Mediterranean Sea (3.7 Bqm3), as well as in the open Adriatic sea far from
the plant deposit site.
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Figure 2. 226Ra specific activities determined in the samples of sea-water

In order to determine environmental effects of the plant, in situ gammaspectrometrical measurements were
also carried out at several measuring sites outside the plant For each location was calculated corresponding
contribution of measured radionuclides (the members of uranium and thorium decay series, and 40K and
13 Cs) to the absorbed dose rate. Figure 3 shows the absorbed dose rate for the members of uranium and
thorium decay series, and 40K and 137Cs measured outside the plant.
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Figure 3. Contributions of the members of uranium and thorium series, and inK and U7Cs to
the absorbed dose rate ( X in nGy/h)
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Absorbed dose rates outside the plant deposit were up to nine times lower that the one obtained at the deposit
site The mean value of all measurement locations around the deposit site was four times lower than the mean
value at the deposit site. However, in relation to the employees it could be concluded that the risk from
radioactivity at the deposit site can be neglected, since the period of time required by the work tasks at the
deposit site is too short to produce significant health consequences. The deposit of ash and slag is a source
of direct emission of radioactivity but presents only a potential danger for the man and the environment of
this area

Conclusion
The analyses carried out at the deposit of ash and slag at the coal fired power plant in the bay pointed to a
potential risk from the technologically enhanced natural radioactivity.
Our investigations showed that the mean absorbed dose rate measured around the plant deposit present no
significant risk for the health of the inhabitants. Special attention should be directed to the sea and sea biota
because of a direct contact with the deposited material, which may in future produce serious consequences
to the sea ecosystem.
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