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INTRODUCTION

This study is based on the work carried out at: 1) the Environmental Radioactivity
Laboratory of the Institute of Nuclear Technology - Radiation Protection of the National
Centre for Scientific Research"Demokritos" - Greece, in the frame and on behalf of
MARINAMED project of the EU, 2) the Laboratory of Comparative Radioecology and
Molysmology of the Department of Radiation and Chemical Biology of the A.O.
Kovalevsky Institute of Biology of the Southern Seas - Ukraine and 3) the Radioecology
Laboratory of the General Department of Biology and Physiology of the University of
Parma - Italy in the framework of the "Adriatic Scientific Cooperative Programme".
Published work on the issue, as well as, data on aquatic pathway transfer of radionuciides
of the work performed in the above Laboratories, appropriately treated, were used for this
short evaluation of the issue.

The long term impact of the Chernobyl accident, from the radioecological aspect is
focused on the aquatic pathways since they are the main routes of the late Chernobyl
debris migration as the aquatic basins act as a final reservoir for the long lived
radionuciides released in the environment.

In this study the main routes of the late Chernobyl debris from the pollution source to the
Mediterranean are evaluated, in relation to the long lived radionuciides r37Cs mainly, while
some data on ̂ Sr dispersion are also given. The decrease trend of the Chernobyl impact
on a closed aquatic system is also evaluated in relation to the 137Cs deposition during May
1986 over Greece and following measurements during 1987 and 1989.

Sampling in the marine and freshwater environment was performed by the above
mentioned Laboratories in the framework of their research and monitoring programmes.
Samples were radiochemically treated and measured in low level-gamma spectrometry
and low-level beta counting systems.

Marine environment

The Chernobyl Nuclear Power Plant area is the land-based source of radionuclide chronic
pollution of the Black Sea through the Pripyat river and the Dnieper river. In addition,
radioactive pollutants of terrestrial origin are carried in by the Danube, Dniester, Dnieper
river outflows and drainage system procedures (1).
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Investigations on the North Aegean Sea water dynamics, have indicated that the Black
Water outflows from the Dardanelles with a minimum salinity of 29 and has an
anticlockwise vorticity within the surface layer.The volume of the Black Sea water entering
the Aegean through the Dardanelles (200-700 km3/y) is insignificant compared to the total
water volume of the North Aegean Basin (Athos Basin), which is estimated to be
approximately 11 000 km3 (2). However, its influence appears throughout the Aegean
Sea, as it is traced into the Cretan Sea, towards the northern coast of Crete, and into the
Southeastern Ionian Sea near the western Cretan Arc straits (3).

Therefore, as the Black Sea is linked to the Mediterranean through Dardanelles, its
purification procedure towards the North Aegean Sea results to radioactive pollution of
the Aegean Sea from the late Chernobyl debris carried in by rivers and drainage system
outflows to the Black Sea.

The Adriatic Sea, with respect to the distance from the pollution source, is one of the seas
significantly contaminated by the accident (4). As adjoined with the Ionian Sea is
environmentally familiar with the Aegean Sea whereas it is far from the pollution source
term. This area is considered as the background reference area for the pollution
evaluation of the late Chernobyl debris through the aquatic pathways in the impact and
influenced marine areas.

The following 137Cs input from Chernobyl fallout in the Black Sea and the Eastern
Mediterranean is estimated to be 2400 TBq for the Black Sea, 820 TBq in the Aegean Sea
600 TBq in the Ionian Sea (60 TBq in the zone of 50 km across the Greek coasts) and 1900
PBq in the Adriatic Sea. The effective mean residence time of the Chernobyl' 7Cs in the
Black Sea is estimated to be 25-30 years. Based on studies during the period 1987-1992,
it has been determined that the annual outflow of 137Cs into the Mediterranean Sea is
about 1.62-1.84% of its inventory in the 0-50 m layer of the Black Sea. The expected total
outflow from the Black Sea to the North Aegean Sea through the Bosporus and
Dardanelles is 246 Tbq (5,6, 7).

Several studies have been also performed on ^Sr migration in the Black Sea and the
Aegean Sea (8). Based on these studies, as ̂ Sr is a much more moveable radionuclide, it
is able to penetrate during long period of time from the Chernobyl area (via Pripyat and
Dnieper rivers, the Black Sea and the Sea of Marmaras) to the North Aegean Sea. It has
been estimated that by the end of 1992, 60 Tbq of ^Sr was discharged to the
Mediterranean from the Black Sea. This value accounts for 73% of an amount of
radiostrontium delivered together with the Dnieper and the Danube rivers during this
period (0.8% of total amount of radiostrontium totally released to the environment after
the Chernobyl accident). Therefore, a significant part of annual ̂ Sr flux migrates from the
Black Sea into the Mediterranean too.

The long term impact of the Chernobyl Nuclear Accident to the Eastern Mediterranean
can be explained in terms of two main sources of 137Cs and ^Sr, the initial deposition to
the Black Sea and the transfer of radioactive material by surface and ground water
starting from the Kiev reservoir and ending at the Northeastern part of the Black Sea and
the terrestrial material carried in by the rivers Dnieper, Dniester, Danube etc., as well.

Freshwater en vironment

Considering the freshwater water bodies , they are known to be subjected to stronger
influence of large accidental releases due the ecological parameters of freshwater
ecosystems. Nevertheless, following the Chernobyl accident, high concentrations up to
520 000 Bq/kg for 137Cs and up to 840 Bq/kg for ^Sr (9) have been observed in the
Chernobyl Nuclear Power Plant cooling pond in Ukraine. Radiocaesium and
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radiostrontium level gradients with time have also been studied in Ukraine (10). The
observed 137Cs and ̂ Sr levels decrease from the Kiev reservoir to the Dnieper estuary.

The measured values in the freshwater systems in the impact areas up to 7 years after the
accident, vary from several hundreds to thousands Bq/m3, which, although are lower
than the USSR permitted maximum concentration for a limited part of the population.
Nevertheless, these values are of radioecological significance from the point of effects on
aquatic biocoenoses.

Radioactivity monitoring of shallow brackish water areas in the Black Sea near the
Danube mouth has shown a strong influence of the Chernobyl fallout in the Razim - Sinoe
lagoon an area influenced by the Danube outflow.

Elevated levels of radiocaesium (137Cs + 134Cs) up to 800 Bq/kg in fish) have been
observed also in abiotic and biotic components of the Greek lakes . During 1986, the

bioaccumulation of radiocaesium by lake freshwater fish has been found to be up to two
orders of magnitude higher than those observed in marine species (11). As lake
environment is a closed system, the total caesium measurements during the period 1986-
1989 in a number of fish species caught from several lakes in Greece are used to
estimate the time dependence elimination of Cs from lake fish, as an example for the late
Chernobyl impact evaluation (12).

RESULTS AND DISCUSSION

Marine environment

The 137Cs levels in surface sea water for 1993 are illustrated in Fig. 1. We selected 137Cs to
show the late Chernobyl impact to the eastern Mediterranean, as it is a good example of
a highly soluble radionuclide, whose marine chemistry has been well characterized -
because of its relatively long half-life and previous studies on this major component of
atmospheric nuclear weapon testing fallout.

As it is shown in Fig. 1, the 137Cs levels in sea water in the wide areas of interest are as
follows:

I). In the Black Sea, the area close to the source of impact, the concentrations of 137Cs
are up to 130 Bq/m3. Considering the early Chernobyl impact, the t37Cs concentrations in
the Black Sea surface waters found to be elevated over its previous activity levels by a
factor of 10 to 20 (17). It is found in some places in the Black Sea that surface water 137Cs
levels had jumped from 15 to 370 Bq/m3. Based on our measurements, we estimated that
137Cs levels of 1993 has decreased 3-5 times compared with the levels observed during
1986.

II). In the Aegean Sea, the levels observed before 1986, due to world wide fallout varied
about an average 2. 58 ± 0. 27 Bq/m3 (14). The Chernobyl deposition and the Black Sea
discharge resulted during 1986, in an average 137Cs level in the Aegean Sea surface water
of than one order of magnitude higher than that reported previously. Our results show
that 6 years after the Chernobyl accident the 137Cs levels remain higher, owing to the
discharging of the Black Sea.

III). In the Adriatic Sea, the concentration of 137Cs in surface samples collected during the
June 1986 was several times higher than the pre-Chernobyl levels (3 - 6 Bq/m3) up to 88
Bq/m3 (higher value detected in the northern part along the Italian coasts). Since 1989
concentrations of 137Csin surface sea water samples from Adriatic Sea were very similar
to pre-Chernobyl values.
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Fig. 1. Cs-137 levels in the areas of interest during 1992-93 (Adriatic Sea - 1990).



Considering the Black Sea water mass influence to the Aegean Sea (6), the velocity of the
137Cs outflow for the 0-50 m depth interval in the Black Sea based on data 1987 -1991 has
been assessed by the exponential function:

V = velocity of 137Cs outflow in TBq/y
t =m time period in years

Freshwater environment

I). Considering the impact area around Chernobyl, studies (15) on the annual average
concentrations of 137Cs and ̂ Sr in the Pripyat and Dnieper Rivers during the period 1986 -
1991 has shown that:

The flood plain area of the Pripyat River in the close-in zone around Chernobyl Nuclear
Plant is the primary potential source of contamination of waters. Nevertheless, the
removal of 137Cs by both rivers and ^Sr by the Dnieper River decreases with time. As far
as ^Sr is concerned, no clear reduction of the radionuclide transfer can be observed.
This is primarily due to the fact that ^Sr is washed down to the river from the highly
contaminated river plain and it is associated small lakes and streams. The total flux of
radionuclides into the Kiev reservoir by the Pripyat and Dnieper Rivers during this period
was estimated at 95.5 Tbq for ^Sr and 110.2 Tbq for 137Cs. However, although the ^Sr
contamination levels of the water bodies in the close-in area are over the permissible
concentration levels, the calculations showed that, even with complete wash-down of
radionuclides from the most contaminated section of the flood plain to the Pripyat and
with complete transfer of exchangeable forms of radionuclides the bottom sediments of
the cooling pool to the water, the concentrations of 137Cs and ^Sr in the Kiev reservoir r
will not exceed the permissible concentration levels of 555 kBq/m3 and 14.8 kBq/m3

respectively.

II). In Greece, one of the European Countries significantly affected by the accident (16),
the radioactive contamination of the lake ecosystems is potentially a radiologically
important consequence of the accident. In the present work, the effects of 137Cs and 134Cs
introduced into a number of major Greek lake ecosystems has been summarized, based
on the work carried out during the years 1986,1988 and 1989 (12). The concentrations in
various lake fish species are evaluated in relation to the initial deposition and the
"ecological half-lives" of caesium - Te - of caesium in fish flesh (derived from the
exponential fits of the decay-corrected values) and the ratios of total caesium
concentrations in fish flesh (1988/1986) are estimated. The term "ecological half-life' is
introduced to reflect the presence of various processes affecting the time-dependence of
caesium concentrations in fish, such as the time-behaviour of the source term (e.g.
delayed input due to weathering processes in the region of the lake), the caesium
dynamics in the lake water (dilution, sedimentation, re-suspension) and the
bioaccumulation of caesium by fish.

As it is shown in Fig. 2, the average concentration of total caesium in the fish flesh of
species from each lake during June 1986 - CL- is given versus DL - the regional deposition
of total caesium in the lake district. The correlation coefficient equals 0.98 and the
regression relation (zero y-intercept type) is:

CL (Bq kg*1) = 0.021 DL (Bq m"2)
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Fig. 2. Estimated ecological half-lives of radiocaesium in lake fish
(field studies in 7 Greek lakes)



Based on the effective half-live (calculated by our time series measurements of radio
caesium in fish) the ecological half-lives were estimated as follows:

Tefl = TeTp(Te+Tp)"1

where Te refers to all ecological processes affecting the concentrations of caesium in fish,
except the radioactive decay and Tp is the physical half-life (due to the radioactive decay).

The derived ecological half-lives vary from 0.45 to 1.27 y with respect to the fish species.

As the Tc is the parameter needed for the estimation of the integrated concentrations in
fish and of the committed effective dose equivalent from fish consumption, the
determination of the effective half-lives in fish has besides the radioecological and
radiological significance for people. The derived committed effective dose equivalent for
the "critical group" is close to 400 uSv (12).

Authors' Note: A proposal for further research on model migration of radionuclides in
aquatic systems, the late effects on aquatic biocoenoses and the radiological impact
assessment has been submitted for funancing in the frame of the Nuclear Fission Safety
of the RTD programmes of the EU.
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