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Participants in the Project at Plitvice Lakes National Park, April 2003
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ABSTRACT
The objective of the project was the assessment of anthropogenic pollution after the war events and its consequences to the karst ecosystem in a border zone between Croatia and Bosnia-Herzegovina promoting the scientific-technical co-operation between these countries and some Member Countries of the European Union. The activities were focused on the hydrogeologically connected areas of the Plitvice Lakes National Park and neighboring karstic fields from the Croatian side, and the Una River catchment area in the Bihać region, Bosnia and Herzegovina. The project was oriented towards the end users: local authorities, enterprises, national parks and non-governmental organizations in the area. Therefore three specific case studies were chosen: on a tourist domain, a municipality domain and an industry domain. 
Data collected by partners within the project, as well as physico-chemical and isotopic analyses of samples collected during three years of the project, served as a background for elaborating a hydrogeological model and further modeling of intrinsic vulnerability, hazard and risk assessment of surface and groundwater resources in the area of transboundary aquifers. All these data, as well as the results of previous studies, were incorporated into the Geographic Information System (GIS) and visualized and modeled through the ArcMap-ArcView software.
The case study performed on the tourist domain was directed to investigation of human influence to the area of Plitvice Lakes National Park. These investigations showed that the concentration of trace elements, as well as of organic matter, was mainly of natural origin. This conclusion can calm the park administration and local authorities, because they have been concerned about the influence of tourist activities and dense traffic connecting interior of Croatia with its littoral. The only indicator of pollution was shown by detergent-derived chemicals caused by the defects in the sewerage system from the hotels situated above Lake Kozjak in the last decades. Since recently the whole system was repaired, new measurements of the uppermost sediment layer should be done in the near future in order to see if these measures helped in reducing of detergent-derived chemicals.

The case studies performed on the municipality and industry domains were focused to the Una River catchment area in the Bihać area (Bosnia and Herzegovina) and to the springs used for water supply of this region. Since this region was practically isolated from the outer world during the war 1992—1995, many illegal waste deposits were formed, which — together with the possible pollutants coming from the abandoned military and industrial facilities — could have hazardous impact on the water quality. The measurements showed that the major pollutants in the river water are ammonia, nitrites and phosphates. However, the main springs in the Bihać area satisfy current regulations for public drinking waters. Groundwater flow dynamics, residence times, recharge rates and mixing between hydraulically connected aquifers from both countries, essential for the protection of karst water, were also studied by using natural and anthropogenic trace substances (isotopes).
On the basis of investigations performed during the period 2003-2005 we suggested several rehabilitation measures, primarily to the Bihać area, which suffered much during the war activities, like the inauguration of the continual monitoring of surface and groundwater, protection projects for water-supplying springs, making the land-register of pollutants and improvement of purification of waste waters from industrial facilities. Further dyeing experiments in order to determinate the transboundary hydrodynamic characteristics and protection zones should be made. In the Plitvice Lakes National Park the control of the sewerage system should be continued. The record of possible anthropogenic influence to the lakes could be made by future monitoring of pollutants in the uppermost layers of lake sediment.
FINAL SUMMARY REPORT

Objectives

The objective of the project was the assessment of anthropogenic pollution after the war events and its consequences to the karst ecosystem in a border zone between Croatia and Bosnia-Herzegovina promoting the scientific-technical co-operation between these countries and some Member Countries of the European Union. The activities were focused on the hydrogeologically connected areas of the Plitvice Lakes National Park, including karstic fields (poljes) Koreničko, Lapačko and Krbavsko, from the Croatian side, and the Una River catchment area in the Bihac region, Bosnia and Herzegovina. The project was oriented towards the end users: local authorities, enterprises, national parks and non-governmental organizations in the area. Therefore, three specific case studies were chosen: on a tourist domain (National Park Plitvice Lakes), a municipality domain and an industry domain (Bihać area).
ACTIVITIES

Project was executed by 6 partners coming from 2 Member States (Spain and Germany) and 2 Western Balkan countries (Croatia and Bosnia-Herzegovina). 

Partner No.1 (Universitat Autónoma de Barcelona, UAB) was the co-ordinator of the Project and responsible for Project organization and co-ordination. They performed measurements of cations (Ca2+, Mg2+, K+, Na+) in water and trace elements (B, Al, Cr, Sr, Mn, Fe, Ni, Cu, Zn, Cd, Ba, Pb) in water and sediments, as well as qualitative and semiquantitative X-ray diffraction analyses of the sediment samples.
Partner No.2 (Institut für Geowissentschaftliche Gemeinschaftsaufgaben, Hannover, GGA) was partly responsible for the Hydrogeological recognition of the area. They measured anthropogenic (137Cs, 134Cs, 241Am) and natural (210Pb, 214Pb, 214Bi) radionuclides; stable isotopes 2H, 18O in surface and spring waters, 13C in sediments, noble gases and 3H/He, CFC (chlorofluorocarbons) and SF6 in water.
Partner No.3 (Ruđer Bošković Institute, Zagreb, RBIZ) was responsible for sampling and helped the co-ordinator in contacts with Croatian and Bosnian partners. They performed in situ measurements at the Plitvice Lakes National Park and partly at Una River, measurements of organic and inorganic carbon, anions (F‑, Cl‑, NO2‑/N, NO3‑/N, HPO42‑/P, SO42‑, HCO3‑), cations (NH4+), tritium in precipitation and spring waters, polycyclic aromatic hydrocarbons, 14C in atmospheric CO2, physico-chemical measurements of two depth profiles, 14C, 13C and 18O in sediments and organic fraction in sediments.
Partner No.4 (Geological Institute, Zagreb, IGEO) was responsible for elaboration of the Geographic Information System and hydrogeological modeling.
Partner No.5 (Geological Institute of BiH, Sarajevo, GeoBiH) was responsible partly for hydrogeological recognition and partly for investigation of industrial influence to water quality and water supply capacities of the Bihać area.
Partner 6 (Biotechnical Faculty, University of Bihać, UBihac) was responsible for sampling and laboratory analyses at the Una River area, and partly for investigation of industrial influence to water quality and water supply capacities of the Bihać area. They performed in situ physico-chemical measurements and sampling of spring and surface waters in the Una River area for stable isotope and tritium analyses.
RESULTS

Project organization and co-ordination

The general administration of the consortium has been carried out by the project co-ordinator (Partner 1) and the assistant co-ordinator (Partner 3) who took care of the co-ordination among the partners from Croatia and Bosnia-Herzegovina. The partners from Croatia and Bosnia-Herzegovina met regularly during the field trips and occasionally in Zagreb, when partners from Bosnia submitted samples for analyses. The efficient information flow between the members of the consortium was achieved by regular exchanging of e-mails. At the end of each year the assistant co-ordinator visited Barcelona in order to help the principal co-ordinator in preparation of the annual and final report. Four consortium meetings were organized (see the Management report).

Hydrogeological recognition

The watershed of the Una River, belonging to the Bihać region, represents a sensitive and vulnerable karstic environment. Karstic aquifers in this area are hydrologically connected with water flows in the Lika region on the Croatian side: the Korana River catchment area, including the Plitvice Lakes National Park, and the karstic fields (poljes) Koreničko Polje, Lapačko Polje and Krbavsko Polje.
We collected 30 scanned topographic maps, scale 1:25000, of the whole investigated area, which served as the basis for locating geomorphologic, geological, hydrogeological and other significant elements. All previously obtained data on dyeing tests of sinking waters were reinterpreted from geological and hydrogeological point of view. Branching of all ponors exists in more directions, except for Vidrovac — Krbavsko Polje and Mazin — Lapačko Polje, which have only two privileged communications in different hypsometries. Ponors in lower levels (Vučjak, Željava) have less dispersion water links than those in higher levels (Prijeboj, Koreničko Polje). Ponors with greater distances from springs and in higher levels (Mazin, Krbavsko Polje) have connections with the largest springs only (Ostrovica, Klokot), these links are probably deeper and these paths toward Klokot have separate channels than those from Koreničko Polje, as from Mazin to Ostrovica also. Privileged and concentrated paths of groundwater circulation are determined: Gornji Lapac → Ostrovica, Donji Lapac → Ostrovica, Brezovac → Ostrovica, Krbavsko Polje → Klokot, Koreničko Polje → Klokot, Rastovača → Klokot. Lower velocities from all links to Ostrovica than to Klokot indicate the paths to Klokot are with greater karstification, which results in its stronger yield. Ponor (sinkhole) Donji Lapac besides dominant link to springs in the Una River valley communicates also in the inverse sense to the spring in Gornji Lapac. 

Velocities to Klokot are always similar during different water levels from various karstic fields (poljes), what implicates similar type of karstification from different poljes with several separate passages. Velocities from ponors in karstic plateau in lower altitudes (Vučjak, Željava) and closer to springs are something greater than previous. 

The largest quantities of run out tracers are registered in the powerful springs, Dinaric strike of tectonic structures – NW-SE gives greater speeds related to inverse direction NE-SW.

Relation of hydraulic gradients and velocities of sinking waters do not have any mutual dependence. Proved deeper karstification, much lower than local erosion base (Klokot), indicates the presence of great static groundwater reserves and thereby the possibility of longer mean residence time and better autopurification of waters in karstic media from Lika to Una River valley. 
All collected data were the basis for establishing the Hydrogeological Data Base which will be the basis for Geological Information System, hydrogeological model of terrain and working out the vulnerability maps of the area. 
Sampling and measurements

Sampling of precipitation for stable isotopes and tritium measurements and sampling of atmospheric CO2 for 14C measurement were organized since July 2003 on a monthly basis. Surface water samples were collected seasonally during 2003 and 2004 at 15 sampling points (springs, lakes, streams between lakes and tributaries) that included eutrophic and non-eutrophic waters. In addition, in September 2004 sampling of water of two depth profiles on lakes Prošće (25 m) and Kozjak (45 m) were performed. In situ measurements were done at each 1 m depth, while other chemical analyses were performed at each 5 m.
Sampling points of spring and surface waters in both Plitvice Lakes National Park area and Una River catchment area (including Bihać region) were chosen during the kick-off meeting in April 2003. However, during the time the microlocations of some sampling points were modified after the agreement within the consortium, so some sampling points were added and other rejected for further analyses.

Undisturbed lake sediment cores, approximately 40 cm long, were retrieved during the autumn field trip from 1 to 3 November 2003 by scuba divers from the bottom of 4 different lakes: Prošće, Gradinsko, Kozjak, and Kaluđerovac. Five locations were chosen and from each location three half-meter cores were taken. In Lake Kozjak two locations were selected: K1, in the middle of the lake, where no eutrophication process is observed, and K2 near the mouth of Rječica Brook, with much expressed eutrophication process. This process was also observed on lakes Gradinsko and Kaluđerovac. The cores were immediately frozen and transported to the Ruđer Bošković Institute in Zagreb, where they were cut to sub-samples and distributed for subsequent analyses. Additional samplings of sediment from the location K-2 with expressed eutrophication process were performed in July 2004.
Geographic Information System and elements for establishing a hydrogeological model

During the first and second year of the project, activities of Partner No.4, together with hydrogeologists from Sarajevo (Partner No.5) were focused to collection, preparation and organization of data, which served as a background for elaborating a hydrogeological model and further modeling of intrinsic vulnerability, hazard and risk assessment of surface and groundwater resources in the area of transboundary aquifers between the Plitvice Lakes catchment area (Croatia) and the Una River catchment area in the Bihać region (Bosnia and Herzegovina). 

All relevant data collected during the field work (1st and 2nd report period) and the results of previous studies have been incorporated into the GIS form suitable for an intrinsic vulnerability and risk modeling and assessment. At the end of the 2nd reporting period hydrogeological map scale 1:100,000 and the structuring of data base were completed. All hydogeological data (hydrographic surface network, results of tracing tests, water objects and karst morphological elements — springs, lakes, wells, swallow holes, pits etc.) were elaborated on map 1:25,000 with the amounts and accurancy of data appropriate to satisfy the scale of final map scale 1: 100,000. 

Analysis and data management was performed within the Geographic Information System (GIS) with the aid of Arc/Info software (ESRI Cal. USA) and the analysis results can be visualised and modelled through the ArcMap-ArcView software. 
The interpretation produced important data for establishing the hazard spatial distribution and data about vegetation characteristics important for modeling an intrinsic vulnerability of waters and groundwater. During the 3rd reporting period intrinsic vulnerability and risk assessment of surface waters and groundwater were completed. 

Within the whole study area, approximatelly 2752 km2 large, following thematic maps were prepared:

1. Hydrogeological map and data base, scale 1:100,000;
2. Land use map, scale1:100,000;
3. Unclassified and classified hazard maps and data base, scale 1:100,000;
4. Intrinsic vulnerability map, scale 1: 100,000;
5. Risk map, scale 1:100,000.

In spite of the fact that restriction of vulnerability, hazard and risk assessment originated from the quantity and quality of data and the applied method, used approach shows many advantages for end-users:

· Formation of general base with all existing, geological, structural, morphological and hydrogeological data about surface water and groundwater resources relevant for intrinsic vulnerability assessment, distribution of different types of hazards and its potential impact – risk assessment on surface water and groundwater quality.  

· Obtained maps and data bases are very useful tool for land use planning regarding the surface and ground water protection and water authorities of both countries can use such data for urgent decision making.

· The structure of data bases and layers prepared in GIS-forms allow their further application for other purposes in the future. 

Investigation of anthropogenic influence to the Plitvice Lakes National Park

The Plitvice Lakes consist of a series of 16 lakes separated by tufa barriers and waterfalls. In this very complex aquatic system calcium carbonate precipitates intensively, forming tufa barriers in the presence of microphytes and macrophytes. The area was proclaimed as a National Park almost 60 years ago and included into the UNESCO World Heritage List in 1979. We tried to identify the sources of eutrophication process in the Plitvice Lakes area to see whether it is a consequence of anthropogenic pollution or a natural process. 

The results of physico-chemical measurements of water at 15 sampling points along a flow distance of about 12 km, including sites with very intense CaCO3 precipitation, show that temperature, pH, alkalinity, and hence the saturation index of CaCO3, show significant change in downstream flow and also some seasonal variations. The results show that the carbon exchange process along CO2 → HCOeq \o(\s\up 7(- );\s\do 3(3)) → CaCO3 plays an important role for tufa precipitation. Concentration of dissolved organic carbon (DOC) is higher in lake waters where eutrophication process is significant (1—2 mg/L) then in non-eutrophicated water, e.g. in spring waters (0.3—0.5 mg/L). Additionally, DOC values are also higher in some “clean” stream waters, where tufa does not precipitate in spite of otherwise favorable physico-chemical conditions for calcite precipitation, such as the high degree of supersaturation. In this case probably DOC inhibits tufa deposition. The concentration of dissolved nutrient salts, as well as of trace elements in water, is very low for most sampling points. No systematic difference in concentration of these species between “clear” and eutrophicated waters was observed. δ13C values of DOC in water of the Plitvice Lakes area steadily increase downstream from the karst springs (δ13C=‑12.5‰) to the river mouth (δ13C =‑10.0‰). Simultaneously, the increase of 14C activity of DIC in downstream flow in the same area was observed as the consequence of the exchange process between the atmospheric CO2 and DIC in water at rapids and waterfalls.

According to the chemical and isotopic measurement of water there is indication that the concentration of DOC is higher in the areas where the process of eutrophication is pronounced and that higher DOC concentration in water can inhibit the calcite precipitation in form of tufa. These measurements do not indicate recent anthropogenic pollution of lake waters, and higher concentration of DOC at some sampling points can be a consequence of input of natural organic matter (humus) to the lake water.

The chronology of the pollutant input was established by measuring activities of anthropogenic (137Cs) and natural (210Pb, 214Pb, 214Bi) radionuclides, which gave us the sediment accumulation rate and thus the age of specific sediment layers. For the smaller lakes higher sedimentation rates are obtained for the anthropogenic tracer 137Cs. In contrast sedimentation rates in the larger lakes give similar values for 137Cs and 210Pb. One possible explanation for the higher sedimentation rates in the smaller lakes is the higher water temperature during the warm months and accordingly quicker carbonate precipitation than in the bigger, colder lakes. By measurements of 14C in sediment cores we found the increased values of 14C at the depths between 5 and 15 cm, which are the consequence of the bomb-produced 14C in the period 1949-1963 and they correspond to the peak values in 137Cs activity.
The relative composition of minerals for each sediment core shows prevalent presence of calcite, except for the core taken near the mouth of a tributary to Lake Kozjak, where there is significant presence of dolomite and quartz too. Also the content of organic matter is the highest in this core as the consequence of transport of terrestrial material. At the same location the concentration of most trace elements including phosphorus is the highest causing the high degree of the eutrophication process in this area. Trace elements and organic matter content decrease from the uppermost lake downstream to the lowest lake. This fact indicates that the most of trace elements in sediments could be of natural origin due to transport from the main springs and their steady deposition along downstream lakes.
Content of trace elements along the 40 cm sediment cores from all sampling sites is much below maximum concentrations permitted for metals in soils in European Union. There is no significant difference among the trace element concentration in the upper segment of all cores, corresponding to last 50 years when higher anthropogenic influence can be expected, and the lower part of the cores, corresponding to the period 100-200 years before present. 
The increasing concentration of some organic compounds in the recent/surface lake sediments, e.g. linear alkylbenzene sulphonates, reflects an increasing input of detergent-derived chemicals. The higher concentration of detergent derived chemical could be caused by the defects in sewerage system from the hotels situated above Lake Kozjak in the last decades. On the contrary, the concentration of some oil-derived chemicals (polycyclic aromatic hydrocarbons) shows decreasing trend in the last decades.
Assessment of the industrial influence to water quality in Bihać area
On the basis of reports of Partners No.1, No.2, No.3 and No.6 main springs in the Bihać area (Klokot, Privilica, Ostrovica and Toplica) satisfy current regulations for public water-supply drinking waters in Bosnia and Herzegovina. NH4+, NO2‑ and HPO42‑ showed only occasionally concentration above maximal permitted concentration. Physico-chemical analyses of all tapped springs in the Bihać region were made by the Public Health Institute — Bihać in 2003 and 2004, and the results satisfy the present regulations. 
Presence of microorganisms in each spring as indicator of faecal pollution does not point at the anthropogenic influence on water. One could not define clear difference on bacteriological correctness of waters before and after the war, because the state of protection was very similar in both periods and not any improvement of quality of all spring waters after the war was shown. 

Measurements of spring and river waters showed that the major pollutants in water were ammonia, nitrites and phosphates. Increased ammonia concentrations in Una River downstream from Bihać are indicators of pollution of faecal waste waters, soil erosion and of filtered waters from waste dumps, etc. Waste waters are being left without being processed before, and the final collector of all these waste waters is Una River. The presence of ammonia concentrations in the spring water indicates the possible water pollution from the Croatian side (fields Krbavsko Polje and Koreničko Polje). In all tested water samples, there was only a small amount of nitrate concentrations detected. Sulphates occured in natural water in high concentrations. In springs they range from 3.9 to 6.6 mg/L, and in the water of Una River basin from 20.0 to 29.4 mg/L. The concentration of phosphates was detected in all researched water samples taken in September 2004 except in Una River in Ripač. In all researched waters maximal detergent content is 0.003 mg/L which cannot present the hazard to the ecosystem stability in Una River basin. In some water samples, there was no detergent content found. 
Wastewaters of the urban sewage of town Bihać outflow to Una River in Vrkašić, downstream of the town without any treatment. The same situation is with all other industrial waste waters in the Bihać area. No reliable data on locations and characteristics of illegal waste deposits exist in Bihać. Hygienic-sanitary state of resident houses is in general not satisfactory, faecal material pollute the soil, ground and surficial waters. Unknown consequences of contamination yet exist from toxic matters, which were stored in abandoned military facilities. The most important are the ex-airport and tunnels of Željava (close to Bihać) and Udbina (in field Krbavsko Polje, Croatia). Valid protection of water-supply springs and Una River is not possible without finding the solution of waste water purification of town Bihać, settlements, and industry prevent illegal waste deposits, sanitation of terrain, regular exploitation of quarries and prevention measures in agriculture.

Investigation of water supply capacities in Bihać region

The understanding of groundwater behavior like residence times, their flow paths and mixing between different aquifers is essential for the protection of karst water in both countries. Also for the protection of karst water in both countries, knowledge on dynamics of groundwater flow, groundwater residence times, recharge rates and mixing between different aquifers is important. The concentrations of natural and anthropogenic trace substances can provide insights into these questions. In this study concentrations of stable isotopes (δ18O and δ2H), chlorofluorocarbons (CFC-11, CFC-12, CFC-113), sulphur hexafluoride (SF6), tritium (3H), helium (He) and neon (Ne) as well as the isotope ratio of helium (3He/4He) were measured in spring, lake and surface water. 
The dyeing experiments performed in the period between 1973 and 1989 showed that the water infiltrated from Koreničko Polje (close to Plitvice Lakes), Prijeboj and Krbavsko Polje in Croatia discharge in the springs Klokot and Privilica near Bihać. Measurements of stable isotopes content (δH vs. δ18O) showed two different clusters: more positive values from Una River, and more negative values from Plitvice Lakes catchment area. The springs Klokot and Privilica which serve for Bihać water supply have the stable isotope signature of the Plitvice catchment area, suggesting a karst hydrologic connection between the two systems, as expected from dyeing experiments. The second infiltration area around Lapačko Polje and Mazin in Croatia feeds the Una River with its springs Una, Toplica and Ostrovica and obviously has more positive deuterium values. Connection of springs in Bihać region (Bosnia) with water from the Lika region in Croatia has been studied also by measurement of tritium activity. Results of tritium activity measurements in main springs used for water supply of town Bihać and surrounding places were compared with the values in precipitation taken at Plitvice Lakes. Mean value of spring Privilica is the closest to the mean value in precipitation. On the other hand, this spring has the smallest fluctuation in tritium activity, indicating the greatest long-term component of its aquifer. Mean values of tritium activity in springs Toplica and Ostrovica and Klokot do not correspond such well to the mean value in precipitation. However, their fluctuations correspond to each other, indicating the bigger influence of short-term component in aquifer. Spring Klokot shows the fastest response because of the shortest MRT, which is in concordance with the stable isotope measurements. 
The complexity of the karst system requires an approach using several such tracers, since one alone leaves too much ambiguity in interpretation. A multi-tracer approach was applied for the determination of mean residence times in ten springs. For groundwater dating in many cases a two-component model is used, describing the mixture between two water contributions of different age. For example this can be the combination of an exponential model for the “young” and a piston flow model for the “old” component. As expected from the hydrological point of view, the springs show very different mean residence times. The “young” water component in the springs shows MRTs between 0.1 and 0.8 years, whereas the “old” component is between 2 and 130 years (cf. pages 12-15 in final report of P2). The information about the residence time of water in an aquifer is very important regarding the eventual pollution and storage capacities of the aquifers. 
Rehabilitation measures

The problem of water quality is especially emphasized in the Bihać region, because of the relative high population density, existing industrial facilities that were active before the war, and the consequences of war (1992-1995), when the whole region was practically isolated from the outer world. There is still no evidence about the factories which perform purification of waste waters. However, no studies about influence to the environment exist for the new-opened companies. No land register of pollutants has been set up and the systematic monitoring system does not exist.

The initial activities should be focused to the continuation of work on the Basic hydrogeological map of Bosnia and Herzegovina (1:100,000). Complex and continual monitoring of surface and groundwater should be inaugurated and protection projects of water supply springs should be made. The intake structures of main water-supply springs should be renovated and reconstructed. Monitoring of water quality should be established, as well as the land-register of pollutants. Records of all factories that should purify the waste waters should be made. Present waste deposits in watersheds of springs should be dislocated immediately. New sanitary waste deposits should be formed and uncontrolled usage of various protection means in agriculture should be prohibited. Special attention should be paid to the investigation of very dangerous pollutants from former military facilities (airport Željava). New locations for water-supply should be programmed by carrying out geological, hydrogeological, geophysical researches and investigation by drilling holes and wells. Future investigations should be focused also to dyeing tests in order to determine hydrodynamic characteristics and protection zones in Croatia and Bosnia-Herzegovina. 
Although Plitvice Lakes National Park represents a very clean area and the authorities consider the ecology of great importance, the recent investigations pointed to some problems that should be solved. The higher concentration of detergent derived chemicals, which was observed in Lake Kozjak could be caused by the defects in sewerage system from the hotels situated above this lake in the last decades. Since recently the whole system was repaired new measurements of the uppermost sediment layer should be done in the near future in order to check if these measures helped in reducing of detergent derived chemicals.

Conclusions

General benefit of the Project was the reinforcement of the links in the field of RTD between Croatia and Bosnia and Herzegovina with two Member States (Spain and Germany), by promoting scientific and technological co-operation between organizations and researchers from these countries. The main result of the project was the conclusion that in general no anthropogenic contamination exists in the region of the National Park Plitvice Lakes. However, some kind of control monitoring should be applied by the authorities of the National Park. On the other hand, in the Bihać region (Bosnia and Herzegovina) we found many environmental problems, mainly as the consequence of war activities 1992-1995. The proposed Rehabilitation measures are listed in the Consolidated Scientific Report.

The benefits coming from this Project are obvious for the groups from Bosnia and Herzegovina, especially the group from Bihać, because the scientific connections, broken during the war, were established again and the accession to the new methodologies and technologies were enabled. For all groups from Croatia and Bosnia-Herzegovina it was very useful to be acquainted with the European projects. 

The results obtained within the project ANTHROPOL.PROT were used in proposals of several other national and international projects. Several Ph.D. and diploma theses covering the problematics of anthropogenic influence to the transboundary karstic area of Croatia and Bosnia and Herzegovina are still in progress. The list of these academic activities is given in Dissemination activities of the Consolidated Scientific Report.

All the partners consider this Project to be a “successful story” because new links between the groups and new friendships between the persons were formed. The fruitful and friendly co-operation between the groups from four countries permits us to present a new project within the 7th Framework Program. Unfortunately, there was no enough time to prepare it for the last Balkan call within the 6th Framework Program with the deadline on March 6, 2006.

CONSOLIDATED SCIENTIFIC REPORT

Objectives

The main scientific/technological objective of the project was the assessment of anthropogenic pollution after the war events and its consequences to the karst ecosystem in a border zone between Croatia and Bosnia-Herzegovina promoting the scientific-technical co-operation between these countries and some Member Countries of the European Union. 

The project activity was focused on the hydrogeologically connected areas of the Plitvice Lakes National Park, and the karstic fields (poljes) Koreničko Polje, Lapačko Polje and Krbavsko Polje from the Croatian side, and the Una River catchment area in the Bihac region, Bosnia and Herzegovina. The ecosystem vulnerability was evaluated through the following measurable targets:

-
Monitoring of input parameters necessary for hydrogeological investigations: isotope measurements in precipitation (2H, 3H, 18O) and 14C in the atmospheric CO2;

-
Hydrogeological study of the catchment areas, which encompass the Una River system and Plitvice Lakes.

-
Control of surface and groundwater pollution by anthropogenic activities by measurements of concentration of dissolved organic carbon, nitrates, nitrites, ammonia, phosphoric acid, total suspended organic matter, CFC/SF6, microbiological analyses, 3H, 2H, 18O and 13C in DIC;

-
Study of recent lake sediment and tufa formation in order to assess the changes caused by human activities (210Pb, 137Cs, trace elements, hydrocarbons, 13C, 14C, 18O);

-
Investigation of the influence of waste waters and waste deposits from settlements and tourist accommodation capacities in karst areas;

The project milestones and the expected results were:

-
Establishment of the geographic information system (GIS) of the selected area;

-
Elaboration of the basis for a hydrogeological model based on the analytical elaboration of data obtained by physico-chemical and isotopic measurements;

-
Recognizing greater pollution and suggestion of ways of remediation of the area and the environment, and eventually establishment of a monitoring system on such risky places;

-
Comparative measurements of physico-chemical parameters that characterize ecosystem of non-polluted parts of karst areas and with those affected by human activities (settlements, industry, traffic, tourism);

The Project was divided into 11 workpackages, as follows:

WP1:
Project organization

WP2:
Hydrogeological recognition

WP3:
Sampling and laboratory analyses

WP4:
Geographic Information System (GIS)
WP5:
Hydrogeological model

WP6:
Investigation of anthropogenic influence to Plitvice Lakes
WP7:
Assessment of industrial influence to water quality in Bihać area
WP8:
Investigation of water supply capacities in Bihać region
WP9:
Dissemination activities

WP10:
Rehabilitation plan
WP11:
Co-ordination

The project was oriented towards the end users: local authorities, enterprises, national parks and non-governmental organizations in the area. Therefore three case studies were chosen:

-
On the tourist domain (WP6) — investigation of the process of lake eutrophication in karst areas and ways of its prevention and the assessment of anthropogenic influence to the process of tufa formation in the Plitvice Lakes and the Una River.

-
On the industry domain (WP7) — assessment of the influence of local industry in Bihać area and tourist activity at the National Park Plitvice Lakes to water pollution.

-
On the municipality domain (WP8) — establishing of quality status of water supplying wells for the selected regions from both sides of the border between two countries.

ACTIVITIES

Specific task of each partner

Partner 1
(Universitat Autónoma de Barcelona, UAB): Responsible for WP1 (Project organization) and WP11 (Co-ordination). Measurements of concentrations of cations in water (Ca2+, Mg2+, K+, Na+), trace elements (B, Al, Cr, Sr, Mn, Fe, Ni, Cu, Zn, Cd, Ba, Pb) in water and sediments, and qualitative and semiquantitative X-ray diffraction (XRD) analyses of sediment samples.
Partner 2
(Institut für Geowissentschaftliche Gemeinschaftsaufgaben, Hannover, GGA): Responsible partly for WP2 (Hydrogeological recognition). Measurements of anthropogenic (137Cs, 134Cs, 241Am) and natural (210Pb, 214Pb, 214Bi) radionuclides; stable isotopes 2H, 18O in surface and spring waters, δ13C in DIC, noble gases and 3H/He, CFC (chlorofluorocarbons) and SF6 in water.
Partner 3
(Ruđer Bošković Institute, Zagreb, RBIZ): Responsible for WP3 (Sampling and laboratory analyses), WP6 (Anthropogenic influence at Plitvice Lakes) and helping the co-ordinator in contacts with the Croatian and Bosnian partners. In situ measurements of temperature, pH, conductivity and dissolved oxygen at Plitvice Lakes National Park and partly at Una River, measurements of DOC (dissolved organic carbon), TC (total carbon content), IC (inorganic carbon), CO2, anions (F‑, Cl‑, NO2‑/N, NO3‑/N, HPO42‑/P, SO42‑, HCO3‑), cations (NH4+), tritium in precipitation and spring waters, polycyclic aromatic hydrocarbons, 14C in atmospheric CO2, physico-chemical measurements of two depth profiles (Lake Prošće and Lake Kozjak), 14C, 13C and 18O in sediments and organic fraction in sediments.
Partner 4
(Geological Institute, Zagreb, IGEO): Responsible for WP4 (GIS) and WP5 (Hydrogeological modeling).
Partner 5
(Geological Institute of BiH, Sarajevo, GeoBiH): Responsible partly for WP2 (Hydrogeological recognition) and partly for WP7 (Industrial influence to water quality) and WP8 (Water supply capacities).
Partner 6
(Biotechnical Faculty, University of Bihać, UBihac): Responsible partly for WP3 (Sampling and laboratory analyses – Una River area), WP7 (Industrial influence to water quality) and WP8 (Water supply capacities). In situ measurements of temperature, pH, conductivity and dissolved oxygen measurements at Una River, sampling of spring and surface waters in Una River area for isotope analyses (2H, 18O and 3H), measurements of CO2, anions (F‑, NO2‑/N, NO3‑/N, HPO42‑/P, SO42‑, HCO3‑), and ammonia.
RESULTS

WP1 & WP11: Project organization and co-ordination

The general administration of the consortium has been carried out by the project co-ordinator (Prof.Dr. José Luis Briansó, Partner No.1) and the assistant co-ordinator (Dr. Bogomil Obelić, Partner No.3) who took care of the co-ordination among the partners from Croatia and Bosnia-Herzegovina. The partners from Croatia and Bosnia-Herzegovina met regularly during the field trips and occasionally in Zagreb, when partners from Bosnia submitted samples for analyses. The efficient information flow between the members of the consortium was achieved by regular exchanging of e-mails. At the end of each year the assistant co-ordinator visited Barcelona in order to help the principal co-ordinator in preparation of the annual and final report. Four consortium meetings were organized (see the Management report).
List of deliverables achieved during the Project (January 2003 — December 2005) is given in the following table:
	Deliverable
No.
	Deliverable title
	Proposed
delivery date2
(month)
	Realized
delivery date2
(month)

	D1
	Organization of a seminar during the kick-off meting
	2 
	4

	D2
	Establishment of the project website
	periodically
	4—36

	D3
	Minutes of steering committee meetings
	6, 12, 18, 24, 30, 36
	4, 7, 11, 26, 35

	D4
	Progress and financial reports
	6, 12, 18, 24, 30, 36
	12, 24, 36

	D5
	Publication in articles
	24, 36
	24 and afterwards

	D6
	Establishment of GIS database
	34
	34

	D7
	Organization of Workshop
	35
	35

	D8
	Rehabilitation measures
	36
	36


WP 2: Hydrogeological recognition
The watershed of the Una River, belonging to the Bihać region, represents a sensitive and vulnerable karstic environment. Karstic aquifers in this area are hydrologically connected with water flows in the Lika region on the Croatian side: the Korana River catchment area, including the Plitvice Lakes National Park, and the karstic fields (poljes) Koreničko Polje, Lapačko Polje and Krbavsko Polje. This region is characterized by deep, intensive and irregular karstification of carbonate rock masses. Aquifers are characterized by high filtration characteristics and irregular communications, oscillations of ground water levels are very large, relations Qmax/Qmin are usually larger than 10. These facts do not give possibility of autopurification of waters and have negative repercussions to protection of spring’s waters. The most significant hydrogeological collectors are cavernous-fissured Mesozoic carbonate rocks–limestones and dolomites, forming typical karstic aquifers with short residence times. These structures have the most important hydrogeological role — recharge and discharge of karstic aquifers. 

We collected 30 scanned topographic maps, scale 1:25000, of the whole investigated area, which served as the basis for locating geomorphologic, geological, hydrogeological and other significant elements. They represented basis for plotting geomorphologic features, communications of surficial sinking waters, locating springs, karstic sinkholes (ponors), caves and pits, sources of different kinds of pollution, as a result of human activity: settlements, factories, roads, queries, military installations etc. The analysis of spatial distribution of geomorphologic characteristics was performed, the zones of efficient drainage and fast discharge were defined. We recognized over 1000 springs, 250 permanent and periodic ponors, pits and caves, and found information about 16 tracings of sinking waters in ponors and boreholes. 

All previously obtained data on dyeing tests of sinking waters were reinterpreted from geological and hydrogeological point of view. Branching of all ponors exists in more directions, except for Vidrovac — Krbavsko Polje and Mazin — Lapačko Polje, which have only two privileged communications in different hypsometries. Ponors in lower levels (Vučjak, Željava) have less dispersion water links than those in higher levels (Prijeboj, Koreničko Polje). Ponors with greater distances from springs and in higher levels (Mazin, Krbavsko Polje) have connections with the largest springs only (Ostrovica, Klokot), the links are probably deeper and these paths toward Klokot have separate channels than those from Koreničko polje, as from Mazin to Ostrovica also. Privileged and concentrated paths of groundwater circulation are determined: Gornji Lapac → Ostrovica, Donji Lapac → Ostrovica, Brezovac → Ostrovica, Krbavsko polje → Klokot, Koreničko Polje → Klokot, Rastovača → Klokot. Lower velocities from all links to Ostrovica than to Klokot indicate the paths to Klokot are with greater karstification, which results in its stronger yield. Ponor (sinkhole) Donji Lapac besides the dominant link to springs in the Una River valley communicates also in the inverse sense to the spring in Gornji Lapac. 

Velocities to Klokot are always similar during different water levels from various karstic fields (poljes), what implicates similar type of karstification from different poljes with several separate passages. Velocities from ponors in karstic plateau in lower altitudes (Vučjak, Željava) and closer to springs are sometwhat greater than previous. 

The largest quantities of run out tracers are registered in the powerful springs, Dinaric strike of tectonic structures – NW-SE gives greater speeds related to inverse direction NE-SW.

Relation of hydraulic gradients and velocities of sinking waters do not have any mutual dependence. Proved deeper karstification, much lower than local erosion base (Klokot), indicates the presence of great static groundwater reserves and thereby the possibility of longer mean residence time and better autopurification of waters in karstic media from Lika to the Una River valley. 
All collected data were the basis for establishing the Hydrogeological Data Base which will be the basis for Geological Information System, hydrogeological model of terrain and working out the vulnerability maps of the area.
WP 3: Sampling and measurements

Sampling of precipitation for stable isotopes and tritium measurements and sampling of atmospheric CO2 for 14C measurement were organized since July 2003 on a monthly basis. Surface water samples were collected seasonally during 2003 and 2004 at 15 sampling points (springs, lakes, streams between lakes and tributaries) that included eutrophic and non-eutrophic waters. In addition, in September 2004 sampling of water of two depth profiles on lakes Prošće (25 m) and Kozjak (45 m) were performed. In situ measurements were done at each 1 m depth, while other chemical analyses were performed at each 5 m.
Sampling points of spring and surface waters in both the Plitvice Lakes National Park area and the Una River catchment area (including Bihać region) were chosen during the kick-off meeting in April 2003. However, during the time the microlocations of some sampling points were modified after the agreement within the consortium, so some sampling points were added and other rejected for further analyses.

Undisturbed lake sediment cores, approximately 40 cm long, were retrieved during the autumn field trip from 1 to 3 November 2003 by scuba divers from the bottom of 4 different lakes: Prošće, Gradinsko, Kozjak, and Kaluđerovac. Five locations were chosen and from each location three half-meter cores were taken. In Lake Kozjak two locations were selected: K1, in the middle of the lake, where no eutrophication process is observed, and K2 near the mouth of Rječica Brook, with much expressed eutrophication process. This process was also observed on lakes Gradinsko and Kaluđerovac. The cores were immediately frozen and transported to the Ruđer Bošković Institute in Zagreb, where they were cut to sub-samples and distributed for subsequent analyses. Additional samplings of sediment from the location K-2 with expressed eutrophication process were performed in July 2004.
The following field trips were organized:

April 14-17, 2003:
During the Kick-off meeting in situ physico-chemical measurements and sampling for laboratory chemical analyses and stable isotopes. 

July 7-9, 2003:
In situ physico-chemical measurements and sampling for laboratory chemical analyses, stable isotopes and heavy metals. 

November 1-3, 2003:
In situ physico-chemical analyses and sampling for laboratory chemical analyses, stable isotopes, heavy metals, tritium, noble gases and freons. Fifteen lake sediment cores from five different locations were taken. 

February 10-12, 2004:
In situ physico-chemical measurements and sampling for laboratory chemical analyses of surface and spring water at Plitvice and Bihać areas.

May 03-05, 2004:
In situ physico-chemical measurements and sampling for laboratory chemical analyses of surface and spring water at Plitvice and Bihać areas.

July 14-18, 2004:
In situ physico-chemical measurements and sampling for laboratory chemical analyses and for 13C in dissolved inorganic carbon (DIC) of surface and spring water at Plitvice and Bihać areas. Sampling of water for noble gases, CFC and SF6 measurements at 4 springs in Plitvice area and 4 springs at Bihać area. Sampling of additional surface lake sediments from the location near the mouth of Rječica Brook in Lake Kozjak.

September 21-24, 2004:
In situ physico-chemical measurements and sampling for laboratory chemical analyses of surface and spring water at Plitvice and Bihać areas, as well as of two water depth profiles in lakes Prošće and Kozjak.

Overview of field trips to Plitvice Lakes and Bihać area
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WP4 & WP5: Geographic Information System (GIS) /
Elaboration of elements for establishing a hydrogeological model
During the first and second year of the project, activities of Partner No.4, together with hydrogeologists from Sarajevo (Partner No.5) were focused to collection, preparation and organization of data, which served as a background for elaborating a hydrogeological model and further modeling of intrinsic vulnerability, hazard and risk assessment of surface and groundwater resources in the area of transboundary aquifers between the Plitvice Lakes catchment area (Croatia) and the Una River catchment area in the Bihać region (Bosnia and Herzegovina). 

All relevant data collected during the field work (1st and 2nd report period) and the results of previous studies have been incorporated into the GIS form suitable for an intrinsic vulnerability and risk modeling and assessment. At the end of the 2nd reporting period hydrogeological map scale 1:100,000 and the structuring of data base were completed. All hydogeological data (hydrographic surface network, results of tracing tests, water objects and karst morphological elements — springs, lakes, wells, swallow holes, pits etc.) were elaborated on map 1:25,000 with the amounts and accurancy of data appropriate to satisfy the scale of final map scale 1: 100,000. 

The structure of the attribute tables of all presented components was made to correspond with the protocol of the Basic Hydrogeological Map of the Republic of Croatia (OHGK) and the Hydrogeological Databank (BHP). The structure was also modified to meet the needs of this specific study. During the same period collected data about hazards were structured in data base using the procedures proposed by COST Action 620 “Vulnerability and risk mapping for the protection of carbonate (karst) aquifer“ (eds. Francois Zwalen, 2004). Analysis of satellite images was made using the protocol of CORINE Land Cover database, standards applied in Europe (EEA, 1993). The result of the interpreted CORINE Land Cover base is CLC2000, which is representing the land cover of year 2000 (cf. the Report of Partner No.4). 
Analysis and data management was performed within the Geographic Information System (GIS) with the aid of Arc/Info software (ESRI Cal. USA) and the analysis results can be visualised and modelled through the ArcMap-ArcView software. 
The interpretation produced important data for establishing the hazard spatial distribution and data about vegetation characteristics important for modeling an intrinsic vulnerability of waters and groundwater. During the 3rd reporting period intrinsic vulnerability and risk assessment of surface waters and groundwater were completed. 

Within the whole study area, approximatelly 2752 km2 large, following thematic maps were prepared:

1. Hydrogeological map and data base, scale 1:100,000;
2. Land use map, scale1:100,000;
3. Unclassified and classified hazard maps and data base, scale 1:100,000;
4. Intrinsic vulnerability map, scale 1: 100,000;
5. Risk map, scale 1:100,000.

The Hydrogeological map was obtained from three sources. Partly by digitalization of Basic Geological Map of Republic of Croatia which contains polygons of lithostratigraphic units and partly by digitalization of data of previous detailed hydrogeological studies. Borders between polygons are selected as geological borders, unconformity-erosinal borders, faults and overtrusts. Also, all data about water objects and their characteristics were added (springs, wells). 

The Land use map was obtained by interpretation of multi-channel satelite images LANDSAT ETM with 25 m resolution. Nomenclature of vectorising polygonal layer is defined by using CORINE, contains 44 classes, grouped in three levels. The basic first level has following categories: artificial (urbanized) surfaces, agricultural surfaces, water surfaces and water bodies, but for our purpose we used all three levels.

The Hazard map was composed of three basic layers regarding their spatial shape. Objects and very small surfaces are presented in form of points; traffic roads and transportation pipelines are shown as lines and larger areas (airports, minefields etc.) as polygons. Hazards are classified according to „Hazards Analysis and Mapping“ – COST Action 620 (D. De Ketelaere, H. Hötzl, C. Neukum, M. Civity and G. Sappa). 

The Intrinsic vulnerability map (scale 1:100,000) is composed of soil and overlaying sediment layer, concentration of flow layer and precipitation layer. The first one was scanned from the pedological map, georeferenced and prepared as a base raster with possibilities for spatial overlapping. For further vulnerability modeling only three criteria have been used: base soil type according to grain size and texture properties, soil cover distribution (continous or discontinuous soil zone distribution) and its thickness. Lithology layer was obtained from the hydrogeological map by separation of overlaying sediments according to their type of porosity and permeability properties of permable or impermeable carbonate rocks. Concentration of flow layer was prepared on the basis of three sublayers: (1) Relief map with 10 m elevation equidistances and elevations of mountain peaks were obtained from the vectorized topographic maps, scale 1:25000. Absolute elevations in meters were added to all  elements on the map (springs, monitoring points etc.); (2) Hydrographic network layer (topographic map containing rivers, creeks and diches and the others containing polygons, i.e. lakes); and (3) Geomorphologic objects (elements), presented in form of points, partly digitalized from topographic map scale 1:25 000 (dolinas density) and partly generated from coordinates obtained by GPS measurements during the field work (ponors).

The Precipitation map was digitalized according to the „Map of average precipitation of the period between 1930-1960” of the former Federal meteorological department of Yugoslavia.  Annual average values were ranked in three classes <1250 mm, 1250-1750 mm and >1750 mm.

The Risk map, scale 1:100,000, was prepared by combination of intrinsic vulnerability map obtained by modified COP method and the map of classified hazards.
For intrinsic vulnerability modeling we used a modified COP method (Daly, 2004) to reach needs caused by specific diversities of the Dinaric karst (density of dolinas and high frequency of morphological changes).
In spite of the fact that restriction of vulnerability, hazard and risk assessment originated from the quantity and quality of data and the applied method, used approach shows many advantages for end-users:

· formation of general base with all existing, geological, structural, morphological and hydrogeological data about surface water and groundwater resources relevant for intrinsic vulnerability assessment, distribution of different types of hazards and its potential impact – risk assessment on surface water and groundwater quality.  

· obtained maps and data bases are very useful tool for land use planning regarding the surface and ground water protection and water authorities of both countries can use such data for urgent decision making.

· the structure of data bases and layers prepared in GIS-forms allow their further application for other purposes in the future. 

WP6: Investigation of anthropogenic influence to Plitvice Lakes 

The Plitvice Lakes consist of a series of 16 lakes separated by tufa barriers and waterfalls. In this very complex aquatic system calcium carbonate precipitates intensively, forming tufa barriers in the presence of microphytes and macrophytes. The area was proclaimed as a National Park almost 60 years ago and included into the UNESCO World Heritage List in 1979. In this WP we tried to identify the sources of eutrophication process in the Plitvice Lakes area to see whether it is a consequence of anthropogenic pollution or a natural process. Possible sources of pollution were investigated in water collected on a regularly basis during two years and in undisturbed sediment cores, retrieved in November 2003 and in July 2004, as described in WP3.
The results of physico-chemical measurements of water at 15 sampling points along a flow distance of about 12 km, including sites with very intense CaCO3 precipitation (cf. the report of Partner No.3), show the following:

· Temperature, pH, alkalinity, and hence the saturation index of CaCO3, show significant change in downstream flow and also some seasonal variations. The results show that the carbon exchange process along CO2 ( HCOeq \o(\s\up 7(- );\s\do 3(3)) ( CaCO3 plays an important role for tufa precipitation.

· Concentration of dissolved organic carbon (DOC) is higher in lake waters where eutrophication process is significant (1—2 mg/L) then in non-eutrophicated water, e.g. in spring waters (0.3—0.5 mg/L). Additionally, DOC values are also higher in some “clean” stream waters, where tufa does not precipitate in spite of otherwise favorable physico-chemical conditions for calcite precipitation, such as the high degree of supersaturation. In this case probably DOC inhibits tufa deposition.

· The concentration of dissolved nutrient salts, as well as of trace elements in water, is very low for most sampling points. No systematic difference in concentration of these species between “clear” and eutrophicated waters was observed.

· 13C values of DIC in water of the Plitvice Lakes area steadily increase downstream from the karst springs (δ13C=‑12.5‰) to the river mouth (δ13C=‑10.0‰). Simultaneously, the increase of 14C activity of DIC in a downstream flow in the same area was observed as the consequence of the exchange process between the atmospheric CO2 and DIC in water at rapids and waterfalls.

According to the chemical and isotopic measurement of water there is indication that the concentration of DOC is higher in the areas where the process of eutrophication is pronounced and that higher DOC concentration in water can inhibit the calcite precipitation in form of tufa. These measurements do not indicate recent anthropogenic pollution of lake waters, and higher concentration of DOC in some sampling points can be a consequence of input of natural organic matter (humus) to the lake water.
The chronology of the pollutant input was established by measuring activities of anthropogenic (137Cs) and natural (210Pb, 214Pb, 214Bi) radionuclides, which gave us the sediment accumulation rate and thus the age of specific sediment layers (cf. the report of Partner No.2). For the smaller lakes (Gradinsko, Kaluđerovac) higher sedimentation rates are obtained for the anthropogenic tracer 137Cs which integrates over the last two to four decades only, whereas the natural tracer 210Pbexc integrates over the last century. In contrast sedimentation rates in the larger lakes (Prošće, Kozjak K1) give similar values for 137Cs and 210Pb, but here especially in Lake Kozjak the Chernobyl and bomb 137Cs signals are not discernible. One possible explanation for the higher sedimentation rates in the smaller lakes is the higher water temperature during the warm months and accordingly quicker carbonate precipitation than in the bigger, colder lakes. Measurements of 14C in sediment cores are still in course (Partner No.3). We found the increased values of 14C at the depths between 5 and 15 cm, which are the consequence of the bomb-produced 14C in the period 1949-1963 and they correspond to the peak values in 137Cs activity.
The relative composition of minerals for each sediment core shows prevalent presence of calcite, except for the core K2 from Lake Kozjak, where there is significant presence of dolomite and quartz too (cf. the report of Partner No.1). Also the content of organic matter is the highest in this core (11.4% to 36.6%) as the consequence of transport of terrestrial material from Rječica Brook. At the same location the concentration of most trace elements including phosphorus is the highest causing the high degree of the eutrophication process in this area. Trace elements and organic matter content decrease from the uppermost Lake Prošće downstream to the lowest Lake Kaluđerovac (the exception is K2 core). This fact indicates that the most of trace elements in sediments could be of natural origin due to transport from the main springs into the Lake Prošće and their steady deposition along downstream lakes.
Content of trace elements along the 40 cm sediment cores from all sampling sites is much below maximum concentrations permitted for metals in soils in European Union (cf. the report of Partner No.1). There is no significant difference among the trace element concentration in the upper segment of all cores, corresponding to last 50 years when higher anthropogenic influence can be expected, and the lower part of the cores, corresponding to the period 100-200 years before present. 
The increasing concentration of some organic compounds in the recent/surface lake sediments, e.g. linear alkylbenzene sulphonates, reflects an increasing input of detergent-derived chemicals. The higher concentration of detergent derived chemical could be caused by the defects in sewerage system from the hotels situated above Lake Kozjak in the last decades. Since recently (2—3 years before sediment sampling) the whole system was repaired new measurements of the uppermost sediment layer should be done in the near future in order to see if these measures helped in reducing of detergent derived chemicals. On the contrary, the concentration of some oil-derived chemicals (polycyclic aromatic hydrocarbons) shows decreasing trend in the last decades (cf. the report of Partner No.3).
As the conclusion, analyses of lake sediment show no significant contamination caused by anthropogenic influence. Higher concentrations of DOC in water as well as phosphorus and some other elements in the lake sediment can be a consequence of input of natural organic matter/humus to the lake water by natural process, e.g., humus depositions in the lake sediments from the environment. Detailed discussion of the anthropogenic influence to the Plitvice Lakes system will follow in the Ph.D. dissertation of Jadranka Barešić at the Zagreb University.
WP7: Assessment of industrial influence to water quality in Bihać area

Quality of spring waters

On the basis of reports of Partners No.1, No.2, No.3 and No.6 main springs in the Bihać area (Klokot, Privilica, Ostrovica and Toplica) satisfy current regulations for public water-supply drinking waters in Bosnia and Herzegovina. NH4, NO2 and HPO4 in analyses of Partner No.6 show only occasionally concentration above maximal permitted concentration. Physico-chemical analyses of all tapped springs in the Bihać region were made by the Public Health Institute — Bihać in 2003 and 2004, and the results satisfy the present regulations.

The concentration of some important pollutants in springs Klokot, Privilica, Ostrovica and Toplica was measured before and after the war (1992-1995) and is presented in the following table:
	Components
	Fenols
	Suspended matter
	Turbidity
	Ammonia
	Greases and oil, mineral oils, KMnO4, Hg

	State before the war
	Over MPC*
	Over MPC
	Below MPC
(in most cases)
	Below MPC
	Over MPC

	State after the war
	Below MPC
	Below MPC
	Below MPC
	Over MPC
	Below MPC


*Maximal permitted concentration 

Comparison of the results indicates that the state of quality of tapped karstic springs after the war was improved regarding the contents of the numerous toxic parameters. Some pollutants show even lower concentrations after the war.
Presence of microorganisms in each spring as indicator of faecal pollution does not point at the anthropogenic influence on water. Although spring Klokot is recharged from Korenička Rijeka brook from the Croatian side, less bacteriological pollution of water in spring Klokot than in Korenička Rijeka was registered due to the the partial autopurification of sinking waters flows. 

Bacteriological analyses show that quality of water in spring Klokot is similar before and after the war. Privilica shows larger oscillations of concentrations of bacteria during years before and after the war. In winter period, similar to Klokot, Privilica shows the water of better quality, while in period of low waters the quality is appreciably deteriorated. Ostrovica shows better bacteriological state after the war, although the presence of bacteria of faecal origin was registered several times after the war. The bacteriological state of Toplica in both periods was not satisfactory, even microbiological pollution is bigger after the war (2003, 2004). One cannot define clear difference on bacteriological correctness of waters before and after the war, the state of protection is very similar in both periods and there is not any improvement of quality of all spring waters after the war. 

Results of measurement

Although the waters in the Una-Sana county belong to clean waters, the measurements in springs and river (cf. the report of Partner No.6) showed that they suffer from a particular number of pollutants whose concentrations could have hazardous impact to the water quality. The major pollutants in water are ammonia, nitrites and phosphates. 

pH values of the researched water samples from springs and the Una River are within the limit of neutral, slightly sour and mild alkali solutions. Estimated pH values of water samples taken from the spring are from 7.0 to 7.7, and of those taken from Una River from 7.2 to 8.1 which mean that water at the spring and in Una River has stabile values and puffer character is not damaged. Electro conductivity in the spring water is from 409 to 516 µS/cm, the greatest one in the spring Toplica. Average content of chlorides in springs varies from 1.57 to 2.53 mg/L (max. in Klokot). Higher chloride concentrations are present in surface waters where average chloride concentrations were from 4.80 to 5.00 mg/L. 

The average ammonia concentrations in the springs were in the range from 0.024 (Klokot) to 0.043 mg/L (Ostrovica). In the Una River, its concentrations were from 0.019 (Bakšaiš) to 0.300 mg/L (Orljani). Increased ammonia concentrations are indicators of pollution of faecal waste waters, soil erosion and of filtered waters from waste dumps, etc. The pollution with nitrogen from ammonia is not unusual since in villages and even in towns the issue of removal and filtration of waste substances and waters is not properly solved (waste dumps, issue of faecal, livestock etc.). Waste waters are being left without being processed before, and the final collector of all these waste waters is the Una River. The presence of ammonia concentrations in the spring waters indicates the possible water pollution from Croatian side (fields Krbavsko Polje and Koreničko Polje).

Nitrite ion is the result of ammonia oxidation in the waters that contain enough oxygen or it is created by the nitrate reduction. Its concentrations are detected only in Ostrovica (February 2004) and Bakšaiš (February and September 2004). Nitrate ion is a common ingredient of waters and it is the highest oxidative state of nitrogen. In all tested water samples, there was only a small amount of nitrate concentrations detected.

Sulphates occur in natural water in high concentrations. In springs they range from 3.9 to 6.6 mg/L, and in the water of the Una River basin from 20.0 to 29.4 mg/L. 
Phosphates, as well as nitrogen, are the limiting substances for sustaining of ecosystem in water. Their surplus can lead to eutrophication of water flow and to decrease of oxygen content in water. The phosphates concentrations were detected in all researched water samples taken in September 2004 except in the Una River in Ripač.

According to the obtained results the water hardness at the researched springs is in the approximate range from 226 mg CaCO3/L (Klokot) to 320 mg CaCO3/L (Toplica). In the Una River these values are from 224 to 254 mg CaCO3/L, which classifies this river into the category of hard and middle hard waters.

In all researched waters maximal detergent content is 0.003 mg/L which cannot present the hazard to the ecosystem stability in the Una River basin. In some water samples, there was no detergent content found.

The Una River is very rich with dissolved oxygen content which allows it to dissolve organic substances and keep balance in its system. Dissolved oxygen represents one of the most important indicators of water quality and its content decrease indicates organic pollution. Oxidation of organic substance, oxidation of ammonia into nitrates, oxidation of certain metals, etc., are possible in water with high concentrations of dissolved oxygen. During the research, oxygen satiety was in range from 86.8% to 123.6%. Oxygen super saturation is a result of intensive oxygen production caused by photosynthesis processes and it is caused by the raised content of nutritive substances produced as a result of waste waters. 

Measurement of pollutant concentrations is an important way in determining of water quality. The obtained results help in determining for effects of pollutants entering into water ecosystem and they help the experts to determine the potential water usage for different purposes.

Pollutants of the Bihać region

The most important categories of pollution are the following: population, economic and industrial facilities, agriculture (terrain, application of manure and protective means, cattle, farms, dumps), waste depositary, ponors (sinkholes), carrions, quarries, cemeteries, asphalt base, traffic, medical institutions, recreation, hotels and tourism.

Wastewaters of the urban sewage of town Bihać outflow to the Una River in Vrkašić, downstream of the town without any treatment. The same situation is with all other industrial waste waters in the Bihać area. No reliable data on locations and characteristics of illegal waste deposits exist in Bihać. Hygienic-sanitary state of resident houses is in general not satisfactory, faecal material pollute the soil, ground and surficial waters. The manure is collected in dumps in agricultural areas; it is transported once or twice per year for fester of soil. Carrions sites for deposition of dead animals are caves, ponors and holes in which people throw cattle and remnants of them; hence they present permanent danger for human health. Cemeteries do not satisfy sanitary regulations completely. Waste products of rural households are collected in bulks in open areas and from them compost is obtained and used for fester of agricultural areas. The currents and strength of individual circuits are subjected to sudden and violent seasonal changes, which are cyclic during hydrologic year, and fast pollution and dilution of groundwater is possible. 

Industrial waste waters present special problem, because no sewage network of factories exists. Removal of waste industrial waters, waters from households and from public surfaces is performed by channels and streams towards the Una River. The way of dewatering from different companies is solved by separate artificial sinkholes without any previous conditioning of waters or by water outflow in recipient, thus threatening directly the quality of surface and groundwater.

The greatest load of pollution originates from inhabitants, depositories, quarries, motor cars, industry and agricultural production and much less from hotels, restaurants and hospitals. Load of pollution of waste waters from industry is half of that before the war, because of less number of inhabitants and less agricultural and industrial activity. So the decrease of pollution is not the result of any improvement of wastewaters treatment. All quantified pollutants of Bihać municipality load and endanger the final recipient of whole waste waters – the Una River. Unknown consequences of contamination yet exist from toxic matters, which were stored in abandoned military facilities. The most important are the ex-airport and tunnels of Željava (close to Bihać) and Udbina (in field Krbavsko Polje, Croatia). Valid protection of water-supply springs and Una River is not possible without finding the solution of waste water purification of town Bihać, settlements, and industry prevent illegal waste deposits, sanitation of terrain, regular exploitation of quarries and prevention measures in agriculture.

WP8: Investigation of water supply capacities in Bihać region
This workpackage treats the connection between catchment areas in Croatia (the Korana River catchment area, and several karstic fields) and Bosnia (the Una River catchment area).
Hydrological connections
The dyeing experiments performed in the period between 1973 and 1989 showed that the water infiltrated from Koreničko Polje (close to Plitvice Lakes), Prijeboj and Krbavsko Polje in Croatia discharge in the springs Klokot and Privilica near Bihać. The stable isotopes data (δH vs. δ18O plot) of water from the Plitvice Lakes and Una River are above the global meteoric water line. Two clusters can be distinguished: more positive values are from the Una River, and more negative values from the Plitvice Lakes catchment area. However, springs Klokot and Privilica which serve for Bihać water supply have the stable isotope signature of the Plitvice catchment area, suggesting a karst hydrologic connection between the two systems, as expected from dyeing experiments. The second infiltration area around Lapačko Polje and Mazin in Croatia feeds the Una River with its springs Una, Toplica and Ostrovica and obviously has more positive deuterium values.
Connection of springs in Bihać region (Bosnia) with water from the Lika region in Croatia has been studied by measurement of tritium activity (cf. the report of Partner No.3). Results of tritium activity measurements in main springs used for water supply of town Bihać and surrounding places were compared with the values in precipitation taken at Plitvice Lakes on monthly basis during the two-years period (2003-2005). Mean value of tritium activity in the spring Privilica is the closest to the mean 3H activity in precipitation. On the other hand, this spring has the smallest fluctuation in tritium activity, indicating the greatest long-term component of its aquifer. Mean values of tritium activity in springs Toplica and Ostrovica (near Kulen Vakuf) and Klokot (ca 5 km from Bihać) do not correspond such well the mean value in precipitation. However, their fluctuations correspond to each other, indicating the bigger influence of short-term component in aquifer. Spring Klokot shows the fastest response because of the shortest MRT, which is in concordance with the stable isotope measurements.

Deuterium measurements of the Kaluđerovac Lake and Korana River and spring Klokot near Bihać show very similar isotopic signature and confirm the above mentioned underground connection between Croatia and Bosnia-Herzegovina. The time series of deuterium values at Klokot follows the one at Korana with a lag of approximately 2—3 months. On the other hand, spring Vrelo laying in Koreničko Polje doesn’t show all these similarities with spring Klokot although former dye tracer experiments in Koreničko Polje near spring Vrelo (Location Ponor) showed a connection. 
Some deuterium variations in the lake water of the Plitvice Lakes and their tributaries allow a calculation of evaporation from the lake surface. The highest evaporation rate of the lake water surface (1.94 km2), which is laying above the thermocline yields 2.4 ‰ during the summer months, whereas the evaporation during winter months is negligible. 

Stable isotopes under certain conditions (s. page 7 in final report of Partner No.2) allow a calculation of lake water mixing. The following table shows results of these calculations. These results can be compared by geochemical modelling (s. modelling by Partner No.4). The mixing rations of Plitvice Lakes water is shown in the following table:

	Case
	Mixing
Component A
	Mixing
component B
	Mixing
component C (A+B)
	Sampling
date
	% component
A in C
	% component B in C

	a)
	Bijela Rijeka
Spring
	Crna Rijeka
Spring
	Matica
River
	01.12.03
11.02.04
	15
16
	85
84

	b)
	Sartuk
Brook
	Plitvica
Spring
	Veliki Slap
Waterfall
	03.11.03
01.08.04
	37
42
	63
58

	c)
	Veliki Slap
Waterfall
	Kaluđerovac
Lake
	Korana
River
	15.04.04
	6
	94


The last case (c) is particularly interesting due to the suggested connection of the Korana River and Spring Klokot. In this case 94% of the water sampled at Korana Bridge originates from the Kaluđerovac Lake and only 6% water is contributed from the Veliki Slap Waterfall. The discharge values between the outflow of the lakes and the sampling point at the Korana Bridge are 6.18 m3/s lower than the outflow at the lakes for the time between November 1st and 3rd, 2003. This means that approximately 70% of the water does not reach the sampling point at the Korana Bridge and is lost, probably to sinkholes in the riverbed. Such sinks are evident since the Korana River dries out from time to time in the summer months. During the opposite hydrologic situation of the rainy months in autumn an additional water component slowly oozes out to the riverbed. This means that the “sinkholes” during this time are a source of water to the riverbed. The origin of this additional water is not yet known. The isotopic signature of water at the sampling point Korana Bridge is nearly identical to the isotopic signature of the Kaludjerovac Lake at the end of the lake chain. So the water flowing from the sinkholes to the riverbed has either the same origin as the lake water (hidden connection?) or its isotopic signature by chance is similar enough to be not visible in the isotopic values. 

Multi-tracer approach in karst spring waters 

Karstic aquifers in the border area between Croatia and Bosnia-Herzegovina are important sources of freshwater. But due to very good hydraulic connections of the aquifers to the surface by poljes, sinkholes, swallow holes, pits or other conduits, karst water resources have a high potential for contamination. The understanding of groundwater behavior like residence times, their flow paths and mixing between different aquifers is essential for the protection of karst water in both countries. Also for the protection of karst water in both countries, knowledge on dynamics of groundwater flow, groundwater residence times, recharge rates and mixing between different aquifers is essential. The concentrations of natural and anthropogenic trace substances can provide insights into these questions. In this study (cf. the report of Partner No.2), concentrations of stable isotopes (δ18O and δ2H), chlorofluorocarbons (CFC-11, CFC-12, CFC-113), sulphur hexafluoride (SF6), tritium (3H), helium (He) and neon (Ne) as well as the isotope ratio of helium (3He/4He) were measured in spring, lake and surface water. The complexity of the karst system requires an approach using several such tracers, since one alone leaves too much ambiguity in interpretation. A multi-tracer approach was applied for the determination of mean residence times in ten springs. For groundwater dating in many cases a two-component model is used, describing the mixture between two water contributions of different age. For example this can be the combination of an exponential model for the “young” and a piston flow model for the “old” component. As expected from the hydrological point of view, the springs show very different mean residence times. The “young” water component in the springs shows MRTs between 0.1 and 0.8 years, whereas the “old” component is between 2 and 130 years (s. pages 12-15 in final report of P2). The information about the residence time of water in an aquifer is very important regarding the eventual pollution and storage capacities of the aquifers. Detailed discussion of modelling of mean residence times in springs and water storage capacities will follow in the Ph.D. dissertation of Slavica Babinka at the University of Bonn.

WP9: Dissemination activities

See: http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Dissemination/Articles/#l_Conferences
Conferences and symposia
Babinka, S., Suckow, A.: Anthropogenic Pollution in Croatian and Bosnian Karst Waters and Lake Sediments; 13th Meeting of the Association of European Geological Societies, with topic Geosciences and the European Water Framework Directive, Hannover (Germany), Sept.10—13, 2003.

Babinka, S., Suckow, A.: War Induced Anthropogenic Pollution in Croatian and Bosnian Karst Waters and Lake Sediments; Conference of German Association for Stable Isotope Research, Köln (Germany), Oct.06—08, 2003. 

Babinka, S., Suckow,A., Horvatinčić, N.: Anthropogenic Pollution in Croatian and Bosnian Karst Waters and Lake Sediments; - UNESCO - International Workshop on the Application of Isotope Techniques in Hydrological and Environmental Studies, Paris (France), Sept.6—10, 2004.

Kapelj, J., Kapelj, S., Singer, D.: Spatial distribution of dolinas and its significance for groundwater protection in karst terrain; Proceedings of XXXIII IAH Congress & 7th Congress ALHSUD “Groundwater flow understanding from local to regional scales”, Zacatecas (México), Oct.11—15, 2004.
Horvatinčić, N., Obelić, B., Barešić, J., Čalić, R., Babinka, S., Suckow, A., Krajcar Bronić, I.: A geochemical and isotope hydrological study of eutrophication processes in the Plitvice Lakes, Croatia; International Conference on Isotopes in Environmental Studies - Aquatic Forum, Monte-Carlo (Monaco), Oct.25—29,2004.

Babinka, S., Suckow, A., van Geldern, R.: Untersuchung der anthropogenen Verschmutzung der Seesedimente und Karstgewässer im Nationalpark Plitwizer Seen und der Stadt Bihać in Kroatien und Bosnien-Herzegowina; Austauschsitzung der Geoinstitute Deutschlands, Hannover (Germany), Nov.17—18, 2004. 

Horvatinčić, N., Briansó, J.L., Obelić, B., Barešić, J., Krajcar Bronić, I.: Study of eutrophication process in the Plitvice Lakes by water and sediment composition; 10th International Symposium on the Interaction Between Sediments and Water, Bled (Slovenia), Aug.28—Sept.02, 2005.

Horvatinčić, N., Barešić, J., Čalić, R., Obelić, B., Krajcar Bronić, I.: Utjecaj fizikalno-kemijskih svojstava voda na proces eutrofikacije (Study of eutrophication process by physico-chemical measurements of water); XIX Croatian Meeting of Chemists and Chemical Engineers, Opatija (Croatia), April 24—27, 2005. 

Babinka, S., Suckow, A., Horvatinčić, N., Kapelj, J., Kapelj, S.: Multi-tracer approach in Croatian and Bosnian Karst waters and lake sediments; 6th; International Symposium on Applied Isotope Geochemistry AIG-6, Prague (Czech Republic), Sept.11—16, 2005.

Obelić, B., Horvatinčić, N., Barešić, J., Briansó, J.L., Babinka, S., Suckow, A.: Anthropogenic pollution in karst lake sediments (Croatia); International Travertine Symposium and Technologies Exhibition, Pamukkale Univ., Denizli (Turkey), Sept.21—24, 2005.

Babinka, S., Suckow, A., Horvatinčić, N., Kapelj, J., Kapelj, S.: Multi-tracer approach in the Karst waters and lake sediments in the Plitvice Lakes and Una River; Croatian Geological Congress, Opatija (Croatia), Sept.29—Oct.02, 2005.
Ahel, M., Terzić, S.: Molecular Markers of Anthropogenic Influence on Plitvice Lakes, Croatia, Abstract Volume of the 11th World Lake Conference, Nairobi, Kenya, Oct.31—Nov.4, 2005.
Conferences planned in 2006
Babinka, S., Suckow, A, Horvatinčić, N., Kapelj, J., Kapelj, S.: Multi-tracer approaches to Croatian and Bosnian karst springs: is there a future for the lumped parameter approach? European Geosciences Union, General Assembly 2006, April 2—7, 2006; Vienna, Austria.
Barešić, J., Horvatinčić, N., Obelić, B., Krajcar Bronić, I., Tikvić, I.: Eutrophication process in the Plitvice Lakes water – anthropogenic pollution or natural process? European Geosciences Union, General Assembly 2006, April 2—7, 2006; Vienna, Austria.
Horvatinčić, N., Barešić, J., Obelić, B., Krajcar Bronić, I., Briansó, J.L.: Eutrophication process in the Plitice Lakes, Croatia, as a consequence of anthropogenic pollution and/or natural process. IVth International Conference „Climate Change: the Karst Record“, Băile Herculane (Romania), May 26—29, 2006.
Horvatinčić, N., Barešić, J., Obelić, B., Krajcar Bronić, I., Vreča, P.: Recent lake sediments in the Plitvice Lakes, Croatia - the record of environmental contamination, 19th International Radiocarbon Conference, Oxford (Great Britain), April 3—7, 2006. 

Presentations at radio and TV programs
Briansó, J.L., Obelić, B.: Interview made by the Federal Television of Bosnia and Herzegovina on the occasion of the Kick-off  meeting, Štrbački Buk waterfalls (Una River), April 16, 2003. The data about the emission are on the following web site: 

http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Dissemination/Popularization/#l_Kickoff
Obelić, B., Horvatinčić, N.: Presentation of the project ANTHROPOL.PROT within the scientific program of the Croatian Television “Trenutak spoznaje” on March 16, 2005. The data about the emission and the recorded presentation are on the following web site: 
http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Dissemination/Popularization/#l_HTV
Makić, H., Budimlić, A.: Presentation “Project ANTHROPOL.PROT” on local radio station Bihać, May 18, 2005.

Džankić, N.: Presentation “Quality of water in the catchment area of Una River”, at the Cantonal television (TVUSK), June 05, 2005. The title and presentation recorded by the Cantonal television (TVUSK) can be found on the following web site:

http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Dissemination/Popularization/#l_Bihac2005a
Obelić, B., Kapelj, S., Horvatinčić, N., Miošić, N., Džankić, N.: Presentation of the results obtained within the Project ANTHROPOL.PROT to citizens and local authorities of Bihać, June 6, 2005. under the organization by the Biotechnical Faculty of the Bihać University. The presentation was held under the presence of the Rector of the Bihać University, the cantonal Prime Minister (canton/county Una-Sana), and the Mayor of the town of Bihać. The agenda and the presentation recorded by the Cantonal television (TVUSK) can be found on the following web site:

http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Dissemination/Popularization/#l_Bihac2005b
Other dissemination activities

Pavlus, N.: Scientific investigations in National Park Plitvice Lakes, First (Kick-off) meeting of the Project consortium, Plitvice, April 24, 2003.

Kapelj, J., Singer, D.: Hydrogeological investigations in Plitvice and Bihać region, ibid.

Horvatinčić, N.: Performed and planned isotopic and physico-chemical investigations in Plitvice area, ibid.

Briansó, J.L.: Methodology and techniques in karst sediment investigation, ibid.

Suckow, A.: Isotope hydrology and the timescales of groundwater movement, ibid.

Miošić, N.: Level of knowledge of geological and hydrogeological characteristics of the Karst area Kulen Vakuf - Bihać regarding the pollution of groundwater and main springs, ibid.

Merdanić, H.: Review of investigations of quality of springs and Una River in Bihać area, ibid.

Kapelj, J., Kapelj, S.: Geologic and Hydrogeological Relations in the Study Area; Presentation at the Geological Institute, Zagreb, 2003.

Singer, D.: Methods, Organisation, Aims and Use of Geographic Information System (GIS), Presentation at the Geological Institute, Zagreb, 2003.

Kapelj, J., Kapelj, S., Singer, D.: Significance of Spatial Distribution of Dolinas (karst geomorphologic features) Groundwater Protection at the Border Area of Bosnia-Herzegovina, Presentation at the Geological Institute, Zagreb, 2003.
Džankić, N., Makić, H.: Presentation of the Project ANTHROPOL.PROT; Round-table discussion „Protection of waters“, Institute for Public Health of the Una-Sana county, March 21, 2004 

Babinka, S., Suckow, A., Horvatinčić, N.: Anthropogenic Pollution in Croatian and Bosnian Karst Waters and Lake Sediments; Presentation of the EU Project, Isotope Hydrology Laboratory, International Atomic Energy Agency, Vienna (Austria), August 18, 2004.

Obelić, B.: Overview of the activities of the project ANTHROPOL.PROT in the period 2003-2004; Second meeting of the Project consortium, Plitvice, Feb.7‑8, 2005.

Pérez, G., Briansó, J.L.: Results of measurement (water and sediment); ibid.

Horvatinčić, N.: Results of  physico-chemical and isotopic measurements of water and sediment in Plitvice Lakes; ibid.
Miošić, N.: Groundwater flow connections and water supply in Holokarstic Bihać area, Bosnia and Herzegovina; ibid.
Džankić, N.: Annual report of the activities of Partner No.6; ibid.
Babinka, S., Axel., S.: Isotope-hydrological and geochronological investigations  in the Plitvice Lakes and Bihać area;  ibid.
Babinka, S.: Isotopen-hydrologische und geochronologische Untersuchungen der Karstgewässer und Seesedimente in Kroatien und Bosnien-Herzegowina; Doktorandenclub, Hannover March 18, 2005.
Kapelj, J., Kapelj, S.: Presentation “Project ANTHROPOL.PROT”, seminar “Water for Life”, Bihać, March 22, 2005.

Kapelj, J.: Presentation “Revision of the Project of Protection of spring Musići in commune of Bužim”, Bihać, May 17, 2005.

Kapelj, J.: Presentation “Revision of the Project of Protection of spring Točkovi in commune Drvar”, Bihać, May 17, 2005.

Obelić, B.: Project "Study of Anthropogenic Pollution after the War and Establishing of Measures for Protection of Plitvice National Park and Bihać Region at the Border Area of Croatia and Bosnia-Herzegovina", City hall Bihać, June 6, 2005. 
Kapelj, S.: Hydrogeological working out of the overboundary aquifer between the river-basins of Plitvice and upper flow of Una River, ibid.
Horvatinčić, N.: Physico-chemical conditions of tufa formation in waters of Una River - comparison with Plitvice Lakes water system , ibid.
Miošić, N.: Karstic groundwater of Bihać region, ibid.
Džankić, N.: Natural and anthropogenic influence to water quality of Una River water system, ibid.
Kapelj, S.: Presentation “Revision of the Project of Protection of spring Sanica in commune Ključ” Bihać, 29.06.2005.

Kapelj, S., Kapelj, J.: Presentation “Project ANTHROPOL.PROT and the characteristics of Karst” Round-table discussion “Aspects of protection of groundwater in karst”, Cazin, June 29, 2005.

Babinka, S., Suckow, A.: Multi-Tracer-Studie der Karstgewässer und Seesedimente im Nationalpark Plitwizer Seen und der Stadt Bihać (Kroatien und Bosnien-Herzegowina); Hauskolloquium Geozentrum, Hannover, Nov.01, 2005;
Makić, H., Budimlić, A.: Presentations of the Project ANTHROPOL.PROT in high school ''Hasan Musić'', Bužim, gymnasium ''Husein Džanić'', V.Kladuša, and mixed high school V. Kladuša, May 10, 2005 and May 11, 2005. 

Kapelj, J., Kapelj, S.: Geological and hydrogeological features of Una River basin; Third workshop “Building of capacities on local and regional level for water resource management, environment protection and communal infrastructure”, Bihać, 2005.
Kapelj, J.: Review of the report “Selection of the location for communal waste deposit of the Una-Sana county”, Bihać, 2005.

Horvatinčić, N.: Overview of investigations on the project ANTHROPOL.PROT in the period 2003-2005, Final meeting of the Project consortium, Plitvice, Nov.25, 2005.

Babinka, S.: Results of isotope-hydrological and geochronological investigations in the Plitvice Lakes and Bihać area, ibid.

Pérez, G.: Analysis of metal content in lake sediment and lake and river samples, ibid.

Barešić, J.: Comparison of physico-chemical conditions of tufa precipitation in Plitvice Lakes and Una River area, ibid.

Horvatinčić, N.: Isotopic measurements of lake sediments in Plitvice Lakes, ibid.

Kapelj, S., Kapelj, J., Singer, D.: Vulnerability, hazard and risk assessment of study transboundary aquifers, ibid.

Kapelj, S., Horvatinčić, N., Babinka, S.: Hydrogeochemical features of Plitvice Lake drainage area, ibid.

Džankić, N.: Natural and anthropogenic influence on the water quality of Una River, ibid.
Miošić, N.: Significant results of research and measures for solution of environmental pollution and sustainable utilization of ground- and surface waters in Bihać area, Bosnia and Herzegovina, ibid. 

Zwicker, G.: Analysis of recent growth of tufa barriers at Plitvice Lakes by hydrological methods, ibid. 
Planned presentations

Babinka, S: Multi-tracer Approach in Croatian and Bosnian Karst Waters and Lake Sediments: Plitvice Lakes and Una River; Parliamentary Evening, Berlin 2006. 
Academic activities in progress
Babinka, S.: Multi-tracer Approach in Croatian and Bosnian Karst Waters and Lake Sediments: Plitvice Lakes and Una River : Ph.D. thesis, University of Bonn; Mentors: Prof.Dr. B.Reichert and Dr. A.Suckow.
Barešić, J.: Study of eutrophication process in Plitvice Lakes National Park; Ph.D. thesis. University of Zagreb. Mentor. Dr.N.Horvatinčić.

Órtiz Chacón, J.C.: Estudio de la contaminación antropogénica en el Parque Nacional de Plitvice, Croacia (Study of anthropogenic contamination in the Plitvice Lakes National Park, Croatia), Ph.D.thesis, Universitat Autónoma de Barcelona. Mentors: Prof.Dr.J.L.Briansó and Dr.B.Obelić (accepted on April 23, 2003)
Spahić, A.: Determination of the organic substances, phosphorus and nitrogen in vertical profile of Una River sediments, diploma thesis. University of Bihać. Mentor: Doc.dr.N.Džankić.
Kozlica, S.: Determination of the heavy metal content in vertical profile of Una River sediments. Diploma thesis. University of Bihać. Mentor: Doc.dr.N.Džankić.
Rošić, S.: Ecological evaluation of the Una River quality. Diploma thesis. University of Bihać. Mentor: Doc.dr.N.Džankić.
Gerzić, S.: Correlation between organic ingredients and ingredients of dissolved oxygen in Una River. Diploma thesis. University of Bihać. Mentor: Doc.dr.N.Džankić. 

Komić, A.: Determination of nutrient content causing the eutrophication process in water of the Una River basin. Diploma thesis. University of Bihać. Mentor: Doc.dr.N.Džankić. 

Šahinović, Đ.: Research of the basic physico-chemical parameters responsible for tufa creation. Diploma thesis. University of Bihać. Mentor: Doc.dr.N.Džankić. 

WP10: Rehabilitation measures

Groundwater will be in the future, as it is now, the most important resource for water supply of inhabitants from both sides of the Croatian-Bosnian frontier. Priorities of investigations should be focused to those aquifers which represent major sources of water consumption. The problem of water quality is especially emphasized in the Bihać region, because of the relative high population density, existing industrial facilities that were active before the war, and the consequences of war (1992-1995), when the whole region was practically isolated from the outer world. There is still no evidence about the factories which perform purification of waste waters. However, no studies about influence to the environment exist for the new-opened companies. No land register of pollutants has been set up and the systematic monitoring system does not exist.

The initial activities should be focused to the continuation of work on the Basic hydrogeological map of Bosnia and Herzegovina (1:100,000) in order to form and permanently update geological and hydrogeological information system. Complex and continual monitoring of surface and groundwater should be inaugurated and protection projects of water supply springs should be made. In this sense intake structures of main water-supply springs should be renovated and reconstructed.
Detailed work should be done on monitoring of water quality by establishing the land-register of pollutants and to ensure the observation, analysis and assessment of the state of environment. Attention should be paid to waste waters, especially in watersheds of springs. Records of all factories that should purify the waste waters should be made and the surveillance on improvement of work of industrial facilities for primary purification of waste waters should be set up.
Present waste deposits in watersheds of springs should be dislocated immediately. New sanitary waste deposits should be formed and uncontrolled usage of various protection means in agriculture should be prohibited. 

Special attention should be paid to the investigation of very dangerous pollutants from former military facilities (airport Željava).
New locations for water-supply should be programmed by carrying out geological, hydrogeological, geophysical researches and investigation by drilling holes and wells. Future investigations should be focused also to dyeing tests in order to determine hydrodynamic characteristics and protection zones in Croatia and Bosnia-Herzegovina. Dyeing of following ponors should be made: 
1) Croatia: Dnopolje – Donji Lapac, Bjelopolje, Udbina;

2) Bosnia and Herzegovina: Lipa, Izačić, Mlinište, Podgaj, Jakupovići, and Glogovac – Cazin.
Although Plitvice Lakes National Park represents a very clean area and the authorities consider the ecology of great importance, the recent investigations pointed to some problems that should be solved. The higher concentration of detergent derived chemicals, which was observed in Lake Kozjak could be caused by the defects in sewerage system from the hotels situated above this lake in the last decades. Since recently (5 years ago) the whole system was repaired new measurements of the uppermost sediment layer should be done in the near future in order to check if these measures helped in reducing of detergent derived chemicals.

Problems encountered
The reports, studies and documentation in Bihać area were partly destroyed during the war. There are various contradictious or uncertain data and dilemmas in the various statements of different contractors about geological and hydrogeological characteristics, especially on minimal and maximal yields of springs, boreholes and wells and problematical and uncertain data on dye tests and other relevant hydrogeological parameters. The small number of springs has complete physical and chemical data of waters and regular monitoring of springs was not performed after 1992. Many locations are still under mines (Žegar, Željava, Jošik) and admittance is not allowed. None institution in Bihać has any data about locations and characteristics of illegal waste deposits and which local industrial facilities now outflow waste waters in rivers. 

Publications and papers

See: http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Dissemination/Articles/#l_Publications
Printed papers
Babinka, S., Suckow,A., Horvatinčić, N.: Anthropogenic Pollution in Croatian and Bosnian Karst Waters and Lake Sediments; - UNESCO - International Workshop on the Application of Isotope Techniques in Hydrological and Environmental Studies, Paris (France), Sept.6—10, 2004, Extended abstract, p.23-24.

Kapelj, J., Kapelj, S., Singer, D.: Spatial distribution of dolinas and its significance for groundwater protection in karst terrain; Proceedings of XXXIII IAH Congress & 7th Congress ALHSUD “Groundwater flow understanding from local to regional scales”, Zacatecas, México, Oct.11—15, 2004, La Octava Casa, 2004, Accepted for publication in proceedings.
Horvatinčić, N., Obelić, B., Barešić, J., Čalić, R., Babinka, S., Suckow, A,. Krajcar Bronić, I.: A geochemical and isotope hydrological study of eutrophication processes in the Plitvice Lakes, Croatia. International Conference on Isotopes in Environmental Studies - Aquatic Forum, Oct.25—29, 2004; Monte-Carlo, Monaco, Book of abstracts, 2004, p.133-134.

Horvatinčić, N., Barešić, J., Čalić, R., Obelić, B., Krajcar Bronić, I.: Utjecaj fizikalno-kemijskih svojstava voda an process eutrofikacije (Study of eutrophication process by physico-chemical measurements of water); XIX Croatian Meeting of Chemists and Chemical Engineers, Opatija (Croatia), April 24—27, 2005, Book of abstracts, 2005, p.420.

Babinka, S., Suckow, A., Horvatinčić, N, Kapelj, J., Kapelj, S.: Multi-Tracer Approach in Croatian and Bosnian Karst Waters and Lake Sediments., 6th Symposium on Applied Isotope Geochemistry AIG-6, Prague, Czech Republic, Sept.11—16, 2005;, Book of abstracts, p. 30-32.

Obelić, B., Horvatinčić, N., Barešić, J., Briansó, J.L., Babinka, S., Suckow, A.: Anthropogenic pollution in karst lake sediments (Croatia); Proceedings of the 1st International Symposium on Travertine, Pamukkale Univ., Denizli (Turkey), Sept. 21—24, 2005., Proceedings, 2005, p. 188-196.

Babinka, S., Suckow, A., Horvatinčić, N, Kapelj, J., Kapelj, S.: Multi-Tracer Approach in the Karst Waters and Lake Sediments in the Plitvice Lakes and Una River. 3rd Croatian Geological Congress, Sept.29—Oct.02, 2005; Opatija, Croatia, Book of extended abstracts, p.169-170.

Ahel, M., Terzić, S.: Molecular Markers of Anthropogenic Influence on Plitvice Lakes, Croatia, Abstract Volume of the 11th World Lake Conference, Nairobi, Kenya, Oct.31—Nov.4, 2005, Book of abstracts, 2005, p.47.
Horvatinčić, N., Briansó, J.L., Obelić, B., Barešić, J., Krajcar Bronić, I.: Study of eutrophication process in the Plitvice Lakes by water and sediment composition; RMZ - Materials and Geoenvironment, 52/1 (2005), p.241.

Horvatinčić, N., Briansó, J.L., Obelić, B., Barešić, J., Krajcar Bronić, I.: Study of eutrophication process in the Plitvice Lakes by water and sediment composition; Water Air Soil Poll. (2006), accepted for publication.

Babinka, S., Suckow, A.: Multi-tracer approach in Croatian and Bosnian Karst spring waters: National Park Plitvice and Bihać Area; Chem. Geology (2006), in preparation.

Printed books
Kapelj, J., Kapelj, S.: Short guidebook on hydrogeological relations in the Plitvice National Park and surrounding area; EUGEN 2005 Croatia-10th annual European Geology Students Network, Organisation EUGEN Deutchland e.V.- Croatian Geological Society, Excursion Guide Book, p.31-39,  Zagreb, 2005.

Džankić, N., Makić, H., Budimlić, A.: Prirodni i antropogeni uticaj na kvalitet voda slivnog područja rijeke Une. (Natural and anthropogenic effect on the quality of the waters in the catchments basin of the Una River), Grafičar, Bihać, 2006, 270 pages, in press. 

Management report

Organization of the collaboration
The general administration of the consortium has been carried out by the project co-ordinator (Partner 1, Prof.Dr. José Luis Briansó, Universitat Autónoma de Barcelona) and the assistant co-ordinator (Partner 3, Dr. Bogomil Obelić, Ruđer Bošković Institute, Zagreb) who took care of co-ordination among the partners from Croatia and Bosnia-Herzegovina. The partners from Croatia and Bosnia-Herzegovina met regularly during the field trips and occasionally in Zagreb, when partners from Bosnia submitted samples for analyses. The efficient information flow between the members of the consortium was achieved by regular exchanging of e-mails. At the end of each year the assistant co-ordinator visited Barcelona in order to help the principal co-ordinator in preparation of the annual and final report. 

Meetings

Local consortium meeting: Principal investigators from Croatia and Bosnia-Herzegovina (Partners No.3, No.4, No5. and No.6) met at the Ruđer Bošković Institute on 4 February 2003 in order to be acquainted with the main rules of managing the EU project and to prepare the kick-off meeting (see Minutes of Local Consortium Meeting: 
http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Meetings/Local/).
Following this meeting the assistant co-ordinator (B.Obelić) visited on 21 March 2003 the Plitvice  Lakes National Park in order to discuss with the management of the park and dr. Natalija Pavlus, head of the Research Centre “Academician Ivo Pevalek”, the organization of the kick-off meeting, accommodation of participants and the visiting plan of the National Park area.

Kick-off meeting: The kick-off meeting was organized on 14 April 2003 at the Plitvice Lakes National Park. Principal investigators and several other scientists representing all partners presented their experiences in the field of karst preservation and the possibilities of their participation in the Project (see Minutes of Kick-off Meeting, 
http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Meetings/1stMeeting/).

Second meeting: The meeting was previously planned to be organized in November 2004, but due to the personal issues and bad weather condition it was postponed to February 2005. The main reason to organize this meeting was to discuss the results obtained by particular groups, to group the participants around specific workpackages in order to elaborate joint conclusions (see Minutes of the Second Meeting: 
http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Meetings/2ndMeeting/).
Final meeting: The final meeting was organized in November 2005. Results of all groups were presented and directives for elaborating of final report were made. (see Minutes of the Final Meeting: 
http://www.irb.hr/en/research/projects/intl/euprojects/ICA2/Meetings/3rdMeeting/).
Minutes of each meeting are given in the Annex 2.
Exchanges

During three years there were several exchanges of scientist forming the Consortium. Half-day visits of scientists from Bihać to Zagreb were on the occasion of submission of samples and one-day visits of scientists from Zagreb to Bihać on the occasion of seasonal sampling and in situ measurements. Longer exchanges were performed mainly by the groups from Spain, Germany and Croatia, but no one lasted more than one week.
Problems

Because of relatively poor knowledge of English of the partners from Bosnia and Herzegovina there were problems in direct communication with the partners from Spain and Germany, especially with the principal co-ordinator and the administration at the Universitat Autónoma de Barcelona who took care of the management and financial issues of the project. Almost all correspondence had to be translated by the assistant co-ordinator in Zagreb, representing thus an additional burden to his activities.
For partners in Croatia and Bosnia-Herzegovina this project was one of the first projects signed with the European Commission. Due to the lack of experience there were problems in elaboration of financial reports, especially in allocation of the expenses into proper categories of the cost statements. Some partners were not conscious that personal costs could not be declared for permanent employees, which caused for them loss in money transfers.
The reports, studies and documentation in Bihać area were partly destroyed during the war. Many locations are still under mines, which did not allow sampling at all sites of interest. Also, due to the large number of samples which were collected up to the end of 2005 and relatively low laboratory through-put it was not possible to complete all the measurements. They will be continued in 2006 and final conclusions will be made in publications that will be issued by the end of this year. The same will be with Ph.D. and diploma thesis, which will be finished within next 2-3 years.
Conclusion
General benefit of the Project was the reinforcement of the links in the field of RTD between Croatia and Bosnia and Herzegovina with two Member States (Spain and Germany), by promoting scientific and technological co-operation between organizations and researchers from these countries. The main result of the project was the conclusion that in general no anthropogenic contamination exists in the region of the National Park Plitvice Lakes. However, some kind of control monitoring should be applied by the authorities of the National Park. On the other hand, in the Bihać region (Bosnia and Herzegovina) we found many environmental problems, mainly as the consequence of war activities 1992-1995. The proposed Rehabilitation measures are listed in the Consolidated Scientific Report.
The benefits coming from this Project are obvious for the groups from Bosnia and Herzegovina, especially group from Bihać, because the scientific connections, broken during the war, were established again and the access to the new methodologies and technologies was enabled. For all groups from Croatia and Bosnia-Herzegovina it was very useful to be acquainted with the European projects.
The results obtained within the project ANTHROPOL.PROT were used in proposals of new five-year projects of scientific investigation within the call of the Croatian Ministry of Science, Education and Sports that ended on March 10, 2006. Partner No.3 submitted the project entitled “Natural radioisotopes in investigation of karst ecosystems and dating” and Partner No.4 the project entitled “Vulnerability of karst hydrogeological systems”. Both projects take part of a broader scientific program “Water in Karst – dynamics, geochemistry and isotopic processes” led by the assistant co-ordinator of the project ANTHROPOL.PROT. 

This project triggered several national and international projects focused to the problematics of karst water vulnerability. The project “Investigation of the influence of the forest ecosystem of the National Park Plitvice Lakes to the quality of water in the lakes” has been financed by the Plitvice Lakes National Park authorities. Besides the Ruđer Bošković Institute, other partners of this new project are from the Faculty of Forestry and State Meteorological Survey of Croatia in Zagreb. The project of technical co-operation with the International Atomic Energy Agency (IAEA CRO/8/006) entitled “Application of isotope techniques to investigation of water resources and water protection in karst area of Croatia” is also in progress. A new project with IAEA entitled “Isotope tracers as a tool for groundwater vulnerability assessment in Split-Dalmatian County” has been approved for the period 2007-2008. Also, as the results of investigations made within the EU project ANTHROPOL.PROT the area of Plitvice has been included recently as a new monitoring point of the IAEA project of Global Network of Isotopes in Precipitation (GNIP).

Several Ph.D. and diploma theses covering the problematics of anthropogenic influence to the transboundary karstic area of Croatia and Bosnia and Herzegovina are still in progress. The list of these academic activities is given in Dissemination activities of the Consolidated Scientific Report.
All the partners consider this Project to be a “successful story” because new links between the groups and new friendships between the persons were formed. The fruitful and friendly co-operation between the groups from four countries permits us to present a new project within the 7th Framework Program. Unfortunately, there was no enough time to prepare it for the last West Balkan Countries call within the 6th Framework Program with the deadline on March 6, 2006.

ANNEX 1: Maps of the area covered by investigations
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Fig.A1:
Border area between Lika region in Croatia and Una River valley in Bosnia-Herzegovina
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	Fig.A2:
Sampling points at Plitvice Lakes National Park region (Croatia)

1 – Lake Prošće, flow to Ciginovac

2 – Lake Okrugljak
3 – Lake Veliko Jezero

4 – Mali Prštavci waterfalls

5 – Lake Gradinsko

6 – Lakes Burgetići

7 – Lake Novakovića Brod

8 – Lake Kozjak, pump station

9 – Lake Kozjak, bridges

10 – Rječica brook

11 – Koreničko Vrelo spring
(out of map)

12 – Bijela Rijeka r. Spring

13 – Crna Rijeka r. Spring

14 – Matica (confluence site)

15 – Korana, bridge

16 – Sartuk brook

25 – Big waterfall

30 – Plitvica r. Spring

31 – Stipinovac spring, village Vrelo (out of map)
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Fig.A3:
Sampling points at the Una River and Bihać area (Bosnia and Herzegovina)

Regular sampling points:

17 – Spring Ostrovica (out of map)
18 – Spring Toplica (out of map) 
19 – Spring Privilica
20 – Spring Klokot
21 – Una R., Ripač
22 – Una R., Orljani (restaurant “Sunce”) 
23 – Una R., Bakšaiš
24 – Una R., Vrkašić
Only one sampling (out of map):

32 – Una R., Martin Brod
33 – Una R., Štrbački buk I
34 – Una R., Štrbački buk II
35 – Una R., Kostelski buk
38 – Una R. Spring, Srb (Croatia) 
39 – Brook near factory, Srb (Croatia)
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	Fig.A4:
Sampling sites for sediment samples at the Plitvice Lakes National Park area

PR – Lake Prošće
GR – Lake Gradinsko (eutrophication)
K1 – Lake Kozjak, middle of the lake
K2 – Lake Kozjak, mouth of Rječica Brook (eutrophication)
KA – Lake Kaluđerovac (eutrophication)



ANNEX 2: Meeting reports

Minutes of the Local Consortium Meeting

Rudjer Bošković Institute, Zagreb, Croatia, February 4, 2002.

Aim:

The meeting is planned in order to acquaint the participants in Croatia and Bosnia and Herzegovina with main rules of managing the EU project and prepare the kick-off meeting, which will gather all participants in the project. 

Participants:

Partner No.3:  B.Obelić, N.Horvatinčić, I.Krajcar Bronić

Partner No.4:  J.Kapelj, S.Kapelj, D.Singer

Partner No.5:  N.Miošić, H.Hrvatović

Partner No.6:  H.Merdanić

Agenda:

  9:00
General information about the project (B.Obelić)
  9:30
Discussion about the main tasks to be performed within the project (all participants)

11:00
Organization of kick-off meeting (all participants)

12:00
Determination of the are which will be encompassed in hydrogeological investigations (Participants 4 and 5)

Conclusions:

All participants were informed about the legal and contractual aspects of the Project. Since all participants signed the Contract in December 2002 and it was also signed by the European Commission, the Project commencement date was 1 January 2003. The participants were informed that, according to the message from co-ordinator of the Project (UAB), the money foreseen for advance payment of the Project already reached UAB and will be distributed to all partners within a month. Several financial aspects of the project were discussed too. The participants were informed about the possibility of including young scientists into the project.

The participants agreed that the kick-off meeting of the Project will be held in National Park Plitvice Lakes from 14 to 16 April 2003 and will gather representatives of the Project consortium. The first day will be the official meeting, while the next two days will be used for field trips in the area of Plitvice Lakes and Bihać region in neighboring Bosnia and Herzegovina. B.Obelić will make the provisional agenda for the kick-off meeting by the end of February and send it to all participants 

The hydrogeologists agreed that the investigation should encompass total catchment area of all waters that enter to the Korana and Una River catchment area. The selected area will be established by Croatian and Bosnian hydrologists, who also discussed the way of registering of data into the hydrogeological data bank.

Minutes of the Kick-off Meeting

Plitvice Lakes National Park, Croatia, 14-16 April, 2003; Bihać, 17 April 2003
Participants:

Partner No.1:  J.L.Briansó, T.Puga, R.Correa

Partner No.2:  A.Suckow, S.Babinka
Partner No.3:  B.Obelić, N.Horvatinčić, J.Barešić
Partner No.4:  J.Kapelj, S.Kapelj, D.Singer

Partner No.5:  N.Miošić, H.Hrvatović

Partner No.6:  H.Merdanić
Municipality Plitvice Lakes: M.Čančar (mayor)

Plitvice Lakes National Park:
A.Kružičević (director general),

N.Pavlus (head of the Investigation centre), 
G.Zwicker (hydrogeologist)
Agenda:

Monday, 14 April 2003
  8:00
Departure from Zagreb 

10:00
Arrival to the Hotel "Plitvice" in National Park Plitvice Lakes

12:00
Lunch in the "Plitvice" Hotel
Workshop

Part I
Administrative session (chairperson: B.Obelić)

13:00
Welcome addresses (M.Čančar, A.Kružičević)
13:10
History of the proposal (B.Obelić)
13:20
Explanation of Commission requirements (J.L.Briansó, co-ordinator)
13:30
Review of project administrative and financial procedures (M.Puga, secretary)
13:45
Discussion on administrative issues

14:00
Coffee break

Part II
Technical session (chairperson: B.Obelić)

14:30
Overview of projects performing in the National Park (N.Pavlus)

15:00
Presentation of Partner 4 (J.Kapelj)

15:30
Presentation of Partner 3 (N.Horvatinčić)

16:00
Presentation of Partner 1 (J.L.Briansó)

16.30
Presentation of Partner 2 (A.Suckow)

17:00
Presentation of Partner 5 (N.Miošić)

17:30
Presentation of Partner 6 (H.Merdanić)

18:00
Round-table discussion

19:30
Dinner in the "Plitvice" Hotel
Tuesday, 15 April 2003
  8:30
Visiting of upper lakes in the National Park; sampling of water and tufa

13:00
Lunch in the "Plitvice" Hotel
14:00
Visiting of lower lakes in National Park; sampling of water and tufa

18:00
Dinner in the "Plitvice" Hotel
19:00
Discussion about the visited sites, sampling locations and analytical methods 

Wednesday, 17 April 2003
  8:30
Departure to Bihać 

  9:30
Visiting of Una River at Bihać area; sampling of water and tufa

13:00
Lunch in Bihać
14:00
Visiting of Una River at Bihać area (continuation)

18:00
Departure to the "Plitvice" Hotel
19:00
Dinner in the"Plitvice" Hotel
20:00
Discussion about the visited sites, sampling locations and analytical methods to be performed

Thursday, 17 April 2003
  8:30
Optional visit to the main springs in Plitvice area, lunch and departure to Zagreb
Minutes of the Second Consortium Meeting

Plitvice Lakes National Park, Croatia, 7-8 February, 2005
Participants:

Partner No.1:  J.L.Briansó, G.Pérez
Partner No.2:  A.Suckow, S.Babinka
Partner No.3:  B.Obelić, N.Horvatinčić, J.Barešić
Partner No.4:  J.Kapelj, S.Kapelj

Partner No.5:  N.Miošić, H.Hrvatović

Partner No.6:  N.Džankić, H.Makić, A.Budimlić
National Park Plitvička Jezera: G.Zwicker

Agenda:

Sunday, 6 February 2005
14:00
Departure from Zagreb 

18:00
Arrival to the "Jezero" Hotel in National Park Plitvice Lakes

19:00
Dinner in the “Jezero" Hotel
Monday, 7 February 2003
  9:30
Opening of the meeting (B.Obelić, assistant co-ordinator)
10:00
Presentation of the results achieved by Partner No.1 (J.L.Briansó, G.Pérez)
10:30
Presentation of the results achieved by Partner No.2 (S.Babinka)
11:00
Presentation of the results achieved by Partner No.3 (N.Horvatinčić)
11:30
Coffee break
12:00
Presentation of the results achieved by Partner No.4 (S.Kapelj, J.Kapelj)
12:30
Presentation of the results achieved by Partner No.5 (N.Miošić)
13:00
Presentation of the results achieved by Partner No.6 (N.Džankić)
13:30
Lunch in the "Jezero" Hotel
16:00
Round-table discussion; exchange of data obtained in 2003 and 2004
13:30
Dinner in the "Jezero" Hotel
Tuesday, 8 February 2005
  9:00
Round-table discussion; exchange of data (continued)
13:00
Lunch in the "Jezero" Hotel
19:00
Departure to Zagreb 

Minutes of the Third Consortium Meeting

Plitvice Lakes National Park, Croatia, November 25, 2005
Participants:

Partner No.1:  G.Pérez
Partner No.2:  A.Suckow, S.Babinka
Partner No.3:  N.Horvatinčić, J.Barešić
Partner No.4:  J.Kapelj, S.Kapelj

Partner No.5:  N.Miošić, H.Hrvatović

Partner No.6:  N.Džankić, H.Makić, A.Budimlić
National Park Plitvička Jezera: G.Zwicker

Agenda:

Thursday, 24 November 2003
12:00
Arrival at the Zagreb Airport. Transfer by cars to the Plitvice Lakes National Park

18:00
Dinner in the "Jezero" Hotel
Friday, 25 November 2003
09:00
Results obtained in the period 2003-2005 (N.Horvatinčić)

09:15
Results of isotope-hydrological and geochronological investigations in the Plitvice Lakes and Bihać area (S.Babinka)

09:40
Analysis of metal content in lake sediment and lake and river samples (G.Pérez)

10:05
Comparison of physico-chemical conditions of tufa precipitation in Plitvice Lakes and Una River area (J.Barešić)

10:30
Coffee break
11:00
Isotopic measurements of lake sediments in Plitvice Lakes (N.Horvatinčić)

11:25
Vulnerability, hazard and risk assessment of study transboundary aquifers (J.Kapelj, S.Kapelj & D.Singer)

11:50
Hydrogeochemical features of Plitvice Lake drainage area (S.Kapelj, N.Horvatinčić & S.Babinka) 

12.15
Natural and anthropogenic influence to the water quality of Una River (N.Džankić)

12:40
Significant results of research and measures for solution of environmental pollution and sustainable utilization of ground- and surface waters in Bihać area, Bosnia and Herzegovina (N.Miošić)

13:30
Analysis of the recent growth of tufa barriers at Plitvice Lakes by hydrological methods (G.Zwicker)
14:00
Lunch in the "Jezero" Hotel
16:00
Discussion about the elaboration of the final report
18:00
Departure to Zagreb[image: image11.png]
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Monthly�(July 2003-June 2005)
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