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INTRODUCTION 
As an Adriatic state, Croatia has a specific geographical position in Europe, which has

a large impact on Croatia's economic development but also influences the quality of the
environment. The Adriatic region is one of the most important natural resources of the
country and also ecologically highly sensitive system. The northern Adriatic is a densely
populated area, important for its economic and industrial activities and the most developed
tourist zone in Croatia. However, it is also one of Croatia's critical locations due to
technologically enhanced radioactivity resulting from the industrial operation. At the eastern
coast of the Istra peninsula, in the narrow bay of Plomin, there is a coal-fired power plant
situated about 5 km from the seaside. Figure 1. gives map of eastern part of Istra peninsula
with sampling sites in bay of Plomin.

The coal-fired power plants are one of the sources of technologically enhanced natural
occurring materials (TENORM). High activities of some radionuclides, found in some coals,
may become the sources of direct radiation exposure when concentrated in waste pile slag and
ash of higher radioactivity than normal. The radiation can exceed the background several
times [1,2]. 

The Plomin coal-fired power plant (CFPP) has been included in selected locations
along the Croatian coast, studied for the natural radioactivity content as a part of an extensive
monitoring program of the Croatian environment. The monitoring has been going on for over
a two decade and is conducted by the Radiation Protection Unit of the Institute for Medical
Research and Occupational Health, Zagreb [3,4,5].

The aim of this study was to assess natural radioactivity in the area of the coal-fired
power plant in the Plomin Bay with special emphasis on possible radiation contamination of
the seawater caused by plant operation. The purpose was to determine vertical and horizontal
distribution of radium and its dependence on the seawater currents at different sea depths. The
level of 226Ra in seawater was assessed four times a year, at three locations and at two sea
depths. Measurements of physical, chemical and biological parameters were performed in
order to provide a tangible basis for a long-term systematic monitoring of the environmental
effects of plant operation on the surrounding area. 



Figure 1. Sampling sites in the Plomin bay

MATERIALS AND METHODS
The sampling of the seawater was performed four times a year at three different

locations and two sea depths (surface seawater and at the depth of 3 m). All samples were
prepared and processed as required. Prior to measurement, the samples (25–50 L) were
evaporated to 1 L, packed in impermeable plastic containers and remained intact for 66 days.

All the samples were gamma-spectrometrically analysed in the laboratory using HP
Ge and/or Ge(Li) detector (resolution 1.78 keV on 1.33 MeV 60Co, relative efficiency 16.8%;
resolution 1.56 keV on 1.33 MeV 60Co, relative efficiency 18.7%) with electronic units and



gamma-spectrometric software on a personal computer. They were measured in Marinelli
beaker; volume 1L. Measurement time was 80.000 sec or higher.

RESULTS AND DISCUSSION
The Plomin bay relatively deeply indents the coastal part of the Istrian peninsula

(Figure 1). As the statistical data show, currents typical for these kinds of narrow and deep
inlets dominate the bay; the strongest currents go along the coastal axis of the bay while
surface currents are stronger than those at the sea bottom. Sea currents in the bay follow two
characteristic seasonal patterns. During the winter season, the sea flow maintains one-layered
structure with the direction toward the outlet from the Rijeka Bay. During stable weather
conditions, the flow enters the bay along the northern and exits along the southern coastal
line. During the summer season, the sea flow divides into two layers; the bottom layer being
directed contrary to surface-layer current. Average scale values of the current velocity
amounted from 1.9 to 3.7 cm/s in the surface layer. The data on average scale values of
current velocity obtained on several measuring sites except those which served for
determination of 226Ra specific activity, showed the values below 10 cm/s and in bottom
layers they were one-third lower. 226Ra specific activities measured in the samples of seawater
collected at three measuring sites (surface and at 3 m depth) are shown in Figures 2–4. 

Figure 2. 226Ra activity concentrations in seawater at P1sampling site 



Figure 3. 226Ra activity concentrations in seawater at P2sampling site 

Figure 4. 226Ra activity concentrations in seawater at P3sampling site 



Correlations determined from 226Ra activity values showed high conformity for all
sampling sites. Any seasonal variations could not be determined. Statistical processing of the
226Ra activity concentration mean values did not show the level of significance P<0.05, by
separate samplings and sampling sites. 

The share of 226Ra activity concentration measured in surface samples and at the depth
of 3 m, decreased toward the outlet from the bay. Figure 5. shows 226Ra activity concentration
ratio on seawater surface and at 3 m depth at three sampling sites four times a year. Relatively
small scale of data makes impossible any positive conclusion on possible association between
currents and obtained values.

Figure 5. Activity ratio of 226Ra measured in seawater during the investigated period

CONCLUSION
The results presented in this paper make the beginning of a research projected

launched in coordination with the Institute of Oceanography and Fisheries in Split. It is
obvious that characteristic patterns of the sea flow in the Plomin Bay as well as influence of
winds on the bay sea currents require more detailed and extensive study that would include a
more expanded sampling network and a larger span of investigated sea depths. 

Radioactivity levels measured in seawater did not show a significant departure from
the results obtained over the past few years. According to the analyses of samples collected at
the sea surface and at the depth of 3 m, seasonal variations were not observed at any location.
Calculated correlations showed high conformity of the values by separate locations and
samplings. The data point to a relatively limited impact of the plant to the surrounding area
and insignificant risk to the marine environment. However, in order to maintain a balanced



marine environment, regular measurement should be continued and possible problem due to
environmental contamination from TENR cannot be neglected. 

All present data can be used as a valuable database for future estimations and
modeling of the impact of radioactive pollution to the marine environment and developmental
prospects of the region.

REFERENCES

[1] ICRP Annals of the ICRP, Publication 82. Protection of the Public in Situations of
Prolonged Radiation Exposure. Vol.29. 1_2 1999. Pergamon 

[2] UNSCEAR, 2000. Sources and Effects on Ionising Radiation. New York: United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), UN.

[3] Subašić D, Shaller A, Barišić D, Lulić S, Vekić B, Kovač J, Lokobauer N, Marović G.
Restoration of Radioactively Contaminated Sites in the Republic of Croatia. In:
Planning for Environmental Restoration of Radioactively Contaminated Sites in
Central and Eastern Europe. Vol.3: Technologies for, and the Implementation of,
Environmental Restoration of Contaminated Sites. IAEA-TECDOC-865; May 1996,
p. 55

[4] Marović G, Franić Z, Senčar J. Assessment of Natural Radioactivity in the Marine
Environment in Croatia. In: Brebbia CA, Ed. Environmental Coastal Regions,
Southampton, Great Britain: Computational Mechanics Publications/WIT Press,
1998:241–9.

[5] UNEP, 1991. Assessment of the State of Pollution in the Mediterranean Sea by
Radioactive Substances. UNEP (OCA) MED WG. 25 Athens


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	REFERENCES

