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Since 1979, when the construction of the Ignalina Nuclear Power Plant started, a group of specialists from Lithuanian research and
academic institutions began to investigate both Lake Druksiai - the cooler of the Ignalina NPP and the neighbouring area. The investiga-
tions were aimed not only at monitoring the environmental consequences of the Ignalina NPP's impact but also at forecasting changes of
the ecosystems. The State Scientific Programme "IGNALINA NUCLEAR POWER PLANT AND THE ENVIRONMENT" was the result of final stage of
complex investigations. The final report of the Programme (1998) includes the generalised research material on the after-effects of the
Ignalina NPP operation upon natural environment and social processes.

There are presented data on the changes of thermal state and water balance of Lake Druksiai, the effect of permanent thermal and
chemical pollution on the chemical composition and hydrochemical regime, the pollution of the lake water, the geochemical-contami-
nated state, the condition, dynamics and the changes of hydrobiont communities in Lake Druksiai.

Radioecological and ecotoxicological state of Ignalina NPP region and Lake Druksiai is estimated as well as changes in Lake Druksiai
and Ignalina NPP surrounding area ecosystems under the combine anthropogenic impact of the plant influence are elucidated.

The findings on medical and biological studies in the Ignalina NPP influence population zone and the evidence of impact of Ignalina
NPP on social-territorial processes in the region are presented as well.

The investigations on water temperature of Lake Druksiai in July-August 1993-1997 showed that the mean temperature in upper
surface water layer s of Lake Druksiai was 23 °C, i.e. it does not exceed the permissible limit of the mean temperature in upper surface water
layers in vegetation period - 24.5 °C. It was established that water balance of Lake Druksiai in the warmest period of the Ignalina NPP
functioning was influenced through the increasing evaporation. In May-August 1993-1997, i.e. on the minimal abounding in water period
the evaporation was from 542 to 588 mm, i.e. negligible exceeds (0.2 - 10%) of the permissible limit that was established for this period.

It was also established that the increasing epilimnion and thermal zone t >.15 °C and the mean temperature in near - bottom
water layers in the deepest parts of Lake Druksiai, decrease the volume of the cold water mass (t<.10 °C) and transparency,
change the colour of water showing the progressive tendency of warming up that stimulate acceleration of the eutrophication
processes of Lake Druksiai.

Thermal pollution of Lake Druksiai began in 1984 and it accelerated the processes of chemical pollution. In consequence to it some
essential changes, in lake water took place in 1984-1997. The complex pollution of Lake Druksiai was the main reason of its trophic
status changes. During 20 years it has changed from mesotrophic to almost eutrophic type. The changes of annual meaning of the NtoKl/
Prota| ratio from 21:1 (1983) to 8:1 (1997) show hydrochemical corroboration of eutrophication. In the prestarting period of Ignalina
NPP operation the situation of pollution of Lake Druksiai with organic matter was low and while it became mediate at present.

The average annual meaning of biochemical O2 consumption (BOD5) in 1997 made up 2.16 mg O2/l, while in the prestarting period
of Ignalina NPP operation its average annual long-standing meaning was 1.34. In the most polluted south-east area BOD5 reached
sometimes 12.5 mgO2/l. The cases of evident carbonatic systems instability have occurred. Sometimes in summer CaCO3 oversaturation
in water was 28.6 times, pH reached 9.26. In the prestarting period of Ignalina NPP operation maximum oversaturation was 5.1 times.

According to the main anthropogenic-technogenic factor by the GIS methods the following zones of increased anthropogenic load in
Lake Druksiai were distinguished:

water circulation zone used for the cooling of Ignalina NPP;
western impact zone of technogenically effected shore;
south-east arm of the lake with handicapped water circulation;
local zones of increased pollution.

According to the complex hydrobiological investigations on Lake Druksiai - Ignalina NPP cooler, great changes in planktonic
organism community, tendencies of those changes in different ecological zones were evaluated in 1993-1997. The normal seasonal
succession of planktonic organism abundance and biomass became indetermined because of anthropogenic impact. One seasonal
maxima of planktonic organisms abundance and biomass was characteristic. The average biomass of phytoplankton during vegetation
period reached 4.5 mg/1, zooplankton -1.0 mg/1.

The amount of species of most dominant planktonic organisms in 1993-1997 decreased 2-3 times in comparison with that before
Ignalina NPP operation: phytoplankton - from 116 to 40-50, zooplankton - from 233 to 139.

The primary production of phytoplankton in Lake Druksiai increased from 22-50 mgC/m3/day in 1993 to 470-590 mgC/m3/day in
1997. The highest intensity of primary production (1290 mgC/m3/day) was determined in the south-eastern part of the lake, eutrophicated
by Visaginas town municipal waste waters. The amount of chlorophyll "a" increased as well and reached 70-113 mkg/1 in 1996-1997.

The organic matter increasing tendency was determined in bottom sediments of the lake. The highest amount of it (C M . up to
12.4%, organic acids up to 11.9% mg-ekv/100 g D.W.) was evaluated in the south-eastern part of the lake. The most intensive total
organic matter destruction process (up to 1590 mg/m3 per day) during summer period was also obtained in this area. The smallest
amount of organic matter in bottom sediments was determined in the heated water outflow zone.

The process of sulfate reduction in bottom sediments during the investigation period decreased from 1,60 in 1993 to 0,67 mg S2"/
dm3 per day in 1997 because of the distinct decrease of sulfate concentration in water and bottom sediments of the lake in comparison to
previous years.
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The biggest changes in macrophyte vegetation were noticed in the littoral of Lake Druksiai near Ignalina NPP were Charophyta are
totally extinct and just species common to eutrophicated water bodies {Phragmites australis, Glyceria maxima, Ceratophyllum demersum,
Myriophyllum spicatum) are still growing.

The rates of fish community successional transformations were ten times in excess of those of the given processes in natural lakes.
Exchange of the dominant species took place: abundance of stenothermal cryophylic fish has decreased significantly, but abundance of
euritherms and euribionts has increased. Due to Ignalina NPP operation cold water masses volume decreased and trophical level
increased, but those parameters did not gain the level when elimination of stenothermal cryophylic fishes was taking place. Vendace
population partially adapted to the changed environmental conditions and its abundance in few recent years is quite high and constant.
During last years the lake fish community has changed insignificantly. The partially stable state of the lake fish community is fragile and
in most cases depends on the Ignalina NPP operation regime.

The biological effects caused by the ecological changes in Lake Druksiai were evaluated on the basis of bioindication methodology.
Changes of genetical, cytological, physiological biomarker values at subcellular, cellular, organ, organism and population level in various
species of fish and molluscs were assessed. Shift in biocenosis composition was determined from the functional values of mollusc
digestive tract microorganism cenosies.

Moreover, the comparison of results on Lake Druksiai bioindication analysis with changes of comparable biomarkers, which were
obtained, from other water systems of Lithuania, Switzerland, Sweden and Poland, including those with active nuclear power plants in
their environment was carried out. On the basis of the peculiarities of used biomarker changes and their formation mechanisms it was
determined that the functional and structural changes in Lake Druksiai biota are mostly caused by chemical pollution. It was found out,
that the frequency of cytogenetic damage, emerged as a specific radionuclide-caused effect in aquatic organisms inhabiting Lake
Druksiai, is slightly above the background level and is 5 times lower than the same damage in Swiss Murten lake in the surroundings of
which there are 2 nuclear power plants in function.

The effect of Ignalina NPP on reproductive system of fish inhabiting Lake Druksiai is much lower than it is in fish from the environs
of Forsmark and Oskarshamn NPPs. According to the values of studied ecotoxicity parameters Lake Druksiai belongs to the category of
weak toxiciry water bodies, where biological effects can be compensated by the adaptation mechanisms of living organisms.

In 1995-1996 the radiogeochemical mapping (et scale 1:50000) of bottom sediments and hydrophytes in Lake Druksiai was carried
out and radiogeochemical investigations of vertical distribution of radionuclides (including 210Pb) in sediments cores (70 cm of length)
from three stations were accomplished. After statistical pre-treatment the cartographic models of spatial distribution of radionuclides
were compiled. It was established that bottom sediments reflect better permanent integral radioecological state of the lake system.

Using balance statistical model with four compartments and annual releases of radionuclides from Ignalina NPP into Lake Druksiai
the activities of separate radionuclides in bottom sediments determined only by releases in liquid form into the lake were calculated. It
was shown that contribution of releases during 1984-1996 determines activities of radionuclides in bottom sediments layer of 14 cm
thickness as follows: 137Cs - 5, I34Cs - 0.6,54Mn - 0.4,60Co - 3, 90Sr - 1 Bq/kg DW. It covers 5, 37, -100 , -100 and 4% of total activities
of separate radionuclides in bottom sediments respectively.

In 1996 the radiogeochemical conditions of soil in the Ignalina NPP region were estimated which enabled to investigate distribution of
radionuclides in the top soil layer. The investigated territory is little contaminated by technogenic radionuclides (first of all, by 137Cs): the
local anomalies of radionuclides activities in soil near the Ignalina NPP are caused by the leakage from municipal waste water sewerage.

The results of tritium studies in the area of radioactive waste storage (RWS), which lasted almost decade, were interpreted by tritium
transport models, using the computer program packages MODFLOW, MODPATH and MOC and SURFER. The prognostic model of
tritium indicates that at present the tendency of contamination, the RWS influence on the radioecological condition of Lake Druksiai is
insignificant. However, for evaluation of RWS environmental protection of long duration, the tritium in groundwater is an important
indicator of changes in radiation situation.

The largest amounts of radionuclides as products of Ignalina NPP get into Lake Druksiai with heated water and industrial-rain
sewerage outflows. 60Co and 54Mn are intensively transfered to the littoral at the main part of the lake as a result of powerful stream of
heated water and it's interact both with bottom sediments and lake's water masses.

Radionuclide accumulation zones and processes of their migration were studied in the water system of the north-eastern part of Lithuania in
a 30 km zone around the Ignalina NPP. During this study the radiocesium background level of these systems was evaluated. It was found to be
formed due to the global as well as die Chernobyl accident product fallout. Radiocesium of the Chernobyl origin in sediments of Asavas-Asavelis
lake belonging to the Sventoji river water system within the 30 km zone around die Ignalina NPP was discovered amount to about 21% of its
total quantity. Maximum 137Cs concentrations in the sediments of this lake measured at the 4.4-6.7 cm depth amounted to 410 Bq/kg D.W.
and were related to the global fallout. Regarding the Ignalina NPP as a potential source of a supplementary radioactive pollution for its 30 km
area the above mentioned water system was checked for artificial nuclides (54Mn, 60Co), but none of them were found.

It was indicated that radionuclide concentration level in plants, growing on the bank of Lake Druksiai and Ignalina NPP region
depends on their species and biotope. 137Cs concentration (80 Bq/kg D.W.) was found in plants in Saskai-Grikiniskes monitoring area,
which is close to Ignalina NPP. Meanwhile, in a distance from Ignalina NPP 137Cs concentration in some plants indicators was registered
even higher (160 Bq/kg D.W.).

90Sr concentration in both sampled areas was much lower and reached ca. 15 Bq/kg D.W. 60Co was observed in plants growing on
the bank of Lake Druksiai and Ignalina NPP region monitoring areas as well (0.2 - 26 Bq/kg D.W.), while in soil samples from these
regions it was not indicated. It was determined that the source of 137Cs in plants of the investigated region is atmosphere and in most
cases it was related to global fallout.

The genetic variability of two species of small rodents was investigated with some breaks during more than ten years from 1984
through 1996 at the environs of Ignalina NPP. The levels of sperm-shape abnormalities and embryo lethality in populations of both
common and bank voles were almost constant during the period and virtually coincided (were slightly larger) with the levels of spontanic
genetic variability in the specimen of the Microtinae subfamily mentioned in the literature. Based on this data the conclusion can be
drawn that the genotoxical impact of power station environment on local animal populations during 1984-1997 period was slight and
did not change significantly.
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Biological and medical studies were carried out in 1993-1997 on the population living in the zone of Ignalina Nuclear Power Plant.
The following main findings must be noted:

- individual dosimetry showed no differences between people living in the zone of Ignalina NPP and the rest of Lithuanian popula-
tion. Annual effective dose-equivalent for the district population was 0.72-0.88 mSv due to the external irradiation, about 0.03 mSv due
to the internal irradiation to radiocaesium, and 0.75-0.79 mSv due to the medical X-ray examination and fluorography;

- the most exposed group consists of the personnel of Ignalina NPP. More than 90% of them were receiving annual doses lower than
15 mSv. By means of biological dosimetry it was estimated that cumulative dose of Ignalina NPP workers ranged from 87 to 101 mSv.
In some cases this dose was higher than 450 mSv;

- various diseases and health injuries are characteristic to people living in the zone of Ignalina NPP (impairment of immune system,
thyroid diseases, cancer, etc.). However, there was not enough data for the direct associating of these diseases with the exposure to
radiation released by Ignalina NPP;

- slightly more marked health impairment was seen in personnel of Ignalina NPP that received higher doses of ionizing radiation as
compared to the other people living in the zone of NPP. It was confirmed, that the most significant effects were seen on a cellular
(increased frequency of chromosome aberrations) and immunological (decreased activity of antioxidative system) level. However, there
were no statistically significant health effects on a population level.

***
Complex socio-geographical investigations in the Ignalina NPP region were carried out in 1995 - 1997. The discussed theme is of

topical importance because the Ignalina NPP infrastructure effects all spheres of the environment, i. e., not only the nature but the
society, way of thinking and integrated formations, occurring as a result of their interaction, as well.

The first expert evaluative survey in 1993 was done concerning the Ignalina NPP and its consequences and perspectives, evolution of
the ethnic and cultural situation. In the second sociological research the conditions of work and psychological climate were investigated.
According to the results of the sociological research in 1996, three quarters of the inhabitants and the functionaries of local administra-
tion in the Ignalina NPP area hold an opinion that functioning of the Ignalina NPP possess threat for the population and environment.

Meanwhile the population of Visaginas and the local administrators are sure that danger of the Ignalina NPP is not critical. 21-35%
of the local administrators speaks for the closure down of the Ignalina NPP, whereas half of the Visaginas residents and three quarters of
the local administrators indicate that operation of the reactors is expedient. Over 90% of the population do not have sufficient informa-
tion on the operation of the Ignalina NPP.

Pretensions to the Government have been voiced for the insufficient effort at finding alternative power sources. The present land
reform has received negative assessment of inhabitants; farming is the most popular business, the region is suitable for recreation and
tourism. We have examined the behaviour, culture and identity seeking process of the multinational Visaginas residents. In the opinion
of the Lithuanian people this zone is related with the physical danger and the image of Visaginas residents as the "others", "strangers".

The Ignalina NPP and Visaginas region is in the state of formation. This process is going on in a very controversial environment,
under the conditions of social and cultural isolation. For the geographical situation, functional peculiarities and history this region
cannot be attributed to any usual type of region. The social relations of Visaginas with the environment are poor as a result of the
situation of the town, lack of communication and mentioned cultural self-isolation. Notwithstanding a large social potential of Visaginas
it is impossible to carry out the functions of regional center.

In the international relation of the region the social - psychological constituent prevails. For the lack of ecological, cultural and,
particularly, social relations the political problems of this transnational region are likely to become more acute in the future. Therefore,
conditions for rational development of the region will be more difficult.

Taking into account the character and development of social territorial processes it is of priority importance to work out a strategy of
complex investigation of the region emphasising its ecological stability, social stability and cultural integration. The achievement of these
purposes may be efficient only in the organic interrelation.
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