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Executive summary

Balkan Peninsula is rich in natural resources. Among the most important of them are considered the polymetallic complex sulphide ores used for the production of base and precious metals. Exploitation of these ores is one of the most dynamic sectors in the Western Balkan region with Serbia, Former Yugoslavian Republic of Macedonia, Bulgaria, Albania, Romania and Greece being the major countries where exploitation activities take place. Actually, the sulphide ores are the most important copper bearing ores that are commercially available. Western Balkans region is included among the first fifteen (15) producers of copper ores, copper concentrates and refined copper metal in the world. 

In Western Balkan countries, more than 16 million metric tones of copper-bearing mixed sulphide ores are annually exploited. The recoverable copper in the annually exploited ores is more than 200 thousand metric tones, while the copper smelter production (unrefined product) and the refined copper production exceed every year 200 000 and 170 000 metric tones, respectively. However, the majority of the polymetallic complex sulphide ores occurred in the Western Balkan countries remains unexploited, establishing a very important mineral wealth with extremely high added value. The exploitation of these deposits can promote the social and economic development in this region, which, during the last fifteen years, has suffered from wars, poverty and political and economic instability. 

Mining activities for the exploitation of copper sulphide ores in the area of Western Balkans, as well as minerals processing and metals production activities that follow, cause severe environmental impacts related to the contamination of air, soil and surface-, ground- water.  

Both study areas in the framework of INTREAT, namely Bor in Serbia and Bucim in FYROM, are characterised by diverse mining and metallurgical activities that produce various solid wastes, such as flotation tailings and slags and liquid wastes such as leachates generated by infiltration of the rain water in the tailing dams and metallurgical process wastewaters.

Solid wastes are disposed of in heaps and dams in the wider study sites while liquid wastes are discharged in smaller and bigger natural water reservoirs. Intensive mining and metallurgical activities at the study sites have generated millions of tons of hazardous solid and liquid wastes.

INTREAT project aimed at: 

· studying the interaction of the environment and the mining and metallurgical activities in the Western Balkans region and assessing the risk and the impacts that are related to the polymetallic mixed sulphide ores exploitation to humans health and environment, mainly soil and regional water resources,

· developing both preventative technologies, which will inhibit further pollution emanating from the hazardous waste dumps by eliminating waste production, and remedial technologies for the permanent rehabilitation of the polluted media. 

It is believed that the Project achieved its objectives. The main sources that cause severe environmental impacts in two sites under study were fully identified and the risk they pose to various receptors such as humans, soil, water resources, etc. was assigned and quantified. During the Project, an intense research on the development of preventative and remedial technologies for the treatment of the solid and liquid wastes related to the copper industrial activities took place. Research focused at the development of effective, feasible and viable technologies for the studied wastes, given the enormous quantities of them, the environmental damages already caused and the economic situation in the area of Western Balkans. 

Treatment technologies that were developed within the Project were optimized and evaluated according to technical and economic criteria, in order for the most promising among them to be emerged. These technologies were in-situ tested so as their effectiveness under real conditions to be investigated and their applicability to be concluded. Finally, an Integrated Environmental Management Scheme for solid and liquid wastes generated in copper mining and metallurgical industry was developed providing guidelines for their treatment in order to prevent and eliminate the natural water resources contamination. It is expected that the developed Integrated Environmental Management Scheme will comprise o “guide” for the management of similar hazardous wastes, not only in the Balkans area, but in the whole Europe.
1. Project Objectives

INTREAT Project addresses environmental pollution problems that cause solid wastes and wastewater generated in copper mining and metallurgical activities. In particular, INTREAT focus on the development of integrated management systems and technologies that will result in the prevention, elimination and remediation of the environmental pollution, especially of the natural waters resources, that is caused by copper industrial activities. In this way, the project contributes directly to the reinforcement of the environmental protection, which is one of the main distinct areas referred to the definition of sustainable development. 

The main objectives of the Project are:

1. The identification of the present environmental status in the sites under study (Serbia and F.Y.R.O.M.), the assessment of the risks associated with the environmental pollution and the definition of the environmental legislation framework providing the guidelines for the quality standards that should be met by the technologies to be developed and implemented.    

2. The development of innovative, cost effective and environmentally acceptable technologies in order to prevent the environmental pollution generated from the industrial solid wastes. 

3. The development of innovative cost effective and environmentally acceptable technologies in order to prevent the environmental pollution generated from the industrial wastewaters.

4. The development of an integrated environmental management scheme based on the outcome of a risk assessment analysis, in order to apply preventive and remedial technologies for the protection of water and soil quality, as well as to produce a novel methodology for the proper disposal of all hazardous wastes generated from the copper mining and metallurgical industry.

For the achievement of the Project objectives, two unrelated and characteristic sites located in the two Western Balkan target countries have been selected to be subjects of study. Site I, belongs to Copper Mining and Smelting Complex Bor (RTB-BOR), which is an integrated industrial company in the field of copper production including mining of the mixed sulphide ores, ore processing, pyrometallurgical processing and finally, copper refining. During many years of mining and processing activities large volumes of solid wastes, which were generated in open pits and ore flotation processes, have been accumulated and dumped in two non-properly designed and run disposal sites. One of these sites contains about 200x106 m3 of sulphidic waste while the sulphidic waste volume of the other accounts for more than 300x106 m3. In both sites, serious technical anomalies have been encountered either due to deviations from technical specifications during waste dumping or failure to perform hydrotechnical and other construction works. Irregular maintenance of technical facilities is also a serious problem caused by the economic difficulty in the region due to the last decade’s war. Such technical anomalies can result in the release of contaminants such as ferrous, non-ferrous and heavy metals to the environment, causing serious and long lasting contamination in soil, surface- and groundwater in the whole basin of the network of rivers connected to the River Danube. Except of solid wastes, many types of wastewaters/effluents are produced from the pyrometallurgical treatment of copper concentrates. These wastewaters are characterized by low pH due to the high content of residual sulphuric acid and heavy metals, such as Cu, Cd, Hg, Bi, Sb, Ni, Sn etc. The majority of these wastewaters are released untreated into the natural water streams and through the network of the existing rivers, contaminants end up to the River Danube. 

Site II is a dumping area in Buchim, F.Y.R.O.M., where more than 120 million tones of solid wastes have been accumulated during the operation of a plant activated in mixed sulphide ores exploitation (open-pit mining and ore flotation). In situ biochemical activities have initiated the generation of Acid Mine Drainage in the area and the leaching of copper and other heavy metals from the solid wastes mass causing severe contamination of soil, surface- and groundwater after their migration through environmental media. Finally, some of the leached contaminants through a series of local watercourses enter the network of regional rivers and end up in the Aegean Sea. Thus, it is easily understood that the extent of contamination affects a number of media and endangers the quality of the ecosystems, with more severe effects encountered for the regional water resources. 

2. Contractors involved

The following contractors are involved in the INTREAT Project:

1. National Technical University of Athens (Greece)

2. Technical University  of Crete (Greece)

3. Faculty of Technology and Metallurgy, University of Belgrade (Serbia)

4. Copper Institute Bor (Serbia)
5. Copper Mining and Smelting Complex Bor (Serbia)
6. Faculty of Technology and Metalurgy, University "Sts Cyril & Methodius" of  Skopje (F.Y.R.O.M.)
7. Asen Zlatarov University – Bourgas (Bulgaria)
8. Rheinisch-Westfaelische Technische Hochschule Aachen (Germany)

3. Coordinator contact details

Coordinator name: Dr. Panias Dimitrios
Coordinator Organization name: National Technical University of Athens, Greece
Coordinator e-mail: panias@metal.ntua.gr
Coordinator telephone number: +30-210-7722276
Coordinator fax number: +30-210-7722168
4. Work performed and results achieved

In the following paragraphs, a summary of the work performed during the three year of the Project and the results achieved is given in a Workpackage basis.

WP 1:  Legislative framework for the management and disposal of solid and liquid effluents 

WP1 focused at the definition of an environmental legislative framework providing guidelines for the quality standards that should be met by the technologies developed in the Project for the management and the treatment of the solid wastes and the wastewaters. 
Partners involved in WP1, namely NTUA, TMF-Serbia and TMF-Skopje collected and studied the environmental legislation (laws, directives, decisions, regulations, etc.) concerning the management and disposal of solid and liquid wastes resulted from mining and metallurgical activities in European Union, Serbia and FYROM, respectively. The information obtained from this study was combined resulting in the definition of a specific environmental legislative framework, which constituted the guidelines for evaluating the current environmental status in the studied areas and for establishing the quality standards to be met by the technologies developed during the implementation of the Project.

The results of WP1 are included in Deliverable D1 “National and EU environmental legislative framework” that provides the environmental legislative framework according to which the results of the INTREAT research activities were evaluated. 

WP 2: Present environmental status and risk assessment in the study sites

WP2 aimed at the environmental characterization of the two studied sites (Site I – Bor copper mines in Serbia and Site II – Buchim copper mine in FYROM) and the assessment of the risk posed by the contaminated sites, with regard to the potential and actual environmental impairment for the main receptors and affected media (mainly soils and regional waters).
During the Project, the pollution resources in Site I and II were identified and full characterized, the present environmental status was mapped and the extent of pollution in the affected areas was determined. In addition, the prediction / assessment of the risk resulting from the disposed solid wastes in Site I and II were performed. The Risk Assessment study of Site I was carried out using the data provided by the Serbian Partners, while the Risk Assessment study of Site II was based on existing data of three mainly sources (i) Faculty of Technology and Metallurgy - Skopje, (ii) Ministry of Environmental Protection and Physical Planning (MOEPP) - Skopje and (iii) UNEP Balkans Technical Report - Analytical Results of UNEP Field Samples from Industrial Hot Spots in Refugee Sites in the F. Y. Republic of Macedonia (November 2000). As a result, the main pollution sources and hot spots (areas with high contamination) in Sites I & II were identified, the environmental risk was quantified, the degree of contamination in areas where no samples are available was predicted and the areas that have to be remediated were defined. It has to be underlined though that both study areas presented a number of similarities, therefore the technologies developed can be easily applied in both cases. 

The results of WP2 are included in Deliverable D2 “Mapping of the sites and identification of pollution sources and extent of pollution”, Deliverable D3” “Characterization of wastes” and Deliverable D4 “Risk assessment analysis”. 

WP 3: Industrial solid waste management and treatment technologies 

WP3 aimed at the development of preventative technologies for the inhibition of further pollution emanating from the hazardous waste dumps, the development of remedial technologies for the permanent rehabilitation of the polluted media, the techno-economic evaluation of the developed treatment technologies and the selection of the best technologies according to their effectiveness in the performed field tests.

In WP3 all the Partners of INTREAT were involved and performed an extent research concerning the treatment of solid wastes, the rehabilitation of the waste dumps and the treatment of leachates and contaminated groundwater in active and exhausted disposal areas. In particular, the treatment of solid wastes was investigated according to different processes of chemical leaching aiming to the valorisation of the contained metals, as well as by the application of the stabilization method using a number of stabilizing agents. The rehabilitation of the waste dumps was studied by the application of composite covers and by the technology of phytoremediation, using different sorts of plants. The treatment of the natural leachates was mainly investigated according to the neutralization / precipitation process (differential or not), the cementation process, as well as by the application of the ion exchange technology. Finally, the treatment of the contaminated groundwater was investigated according to the permeable reactive barriers (PRBs) technology, using different adsorption agents. In each researching field described above, the optimum operating conditions of the studied technologies were defined and the experimental results of the most promising technologies among the investigated were evaluated according to environmental, technical and economic criteria. In this way, the best technologies for the treatment of solid wastes, the rehabilitation of the waste dumps and the treatment of natural leachates / contaminated groundwater were emerged. Based on the conclusions of this evaluation, field tests for the investigated wastes were performed in specific locations of Site I, Bor - Serbia. In the case of Site II, because of the lack of any cooperation with the local industry, large-scale tests using real wastes from Site II were carried out in the Faculty of Technology and Metalurgy, University "Sts Cyril & Methodius" of  Skopje. 
The results of WP3 are included in Deliverables D5 – D10. 

Actually, Deliverable D5 – “Optimum operating conditions for each studied technology for the treatment of solid wastes” comprises the evaluation of the laboratory-scale experimental results obtained from the application of different technologies for the treatment of the industrial solid wastes and reports the optimum operating conditions of the most promising technologies for the treatment of these solid wastes. 

Deliverable D6 – “Optimum operating conditions for each studied cover for the rehabilitation of waste dumps” includes the evaluation of the experimental results from the application of different treatment technologies that were investigated for the rehabilitation of active and exhausted waste dumps in the studied areas and defines the optimum operating conditions of the most promising technologies among the investigated. 

Deliverable D7 – “Optimum operating conditions for the treatment of leachates and groundwater” deals with the evaluation of the laboratory-scale experimental results from the studied treatment technologies for both, natural leachates and contaminated wastewater and proposes the optimum operating conditions for the effectiveness of the most promising technologies among them. 

Deliverable D8 – “Techno-economic evaluation of solid waste management technologies” reports the evaluation of the best technologies for the treatment of solid wastes from technical and economic point of view, taking into consideration also environmental criteria. The techno-economic evaluation is based on specific characteristics of the solid wastes of the industrial partner of the Project, RTB Bor copper industry. D8 provides also technological proposals for the industrial application of these technologies and includes estimation of their different costs (investment, operating, etc.) leading to conclusions for their effectiveness and viability. 

Deliverable D9 – “Field tests results” reports the results obtained from the field test performed.

Deliverable D10 – “Detailed feasibility report for the treatment of solid wastes for Site I and II” develops a feasible management strategy for the solid wastes so as to prevent, eliminate and rehabilitate the environmental pollution of natural water resources caused from these wastes.

Work Package 4: Industrial Wastewaters Treatment Technologies
WP4 focused at the chemical characterization of the industrial wastewater streams of copper metallurgical process, the development of treatment technologies for them, the techno-economic evaluation of the developed technologies and the identification of the best alternatives in treating industrial wastewaters.

During the project, all the involved Partners implemented an extended research on existing and innovative technologies for the treatment of industrial wastewaters with high load of metals. This investigation aimed at valorising the contained metals, as well as to produce final effluents that could be recycled in the production processes as “industrial water” or accepted for safe discharge according to the environmental regulations. In summary, the investigated technologies includes neutralization / chemical precipitation, adsorption, electrolysis, cementation, heavy metals complexation / membrane separation, as well as wastewaters purification technologies such as electrodyalisis and ion exchange. The study of these technologies was performed in laboratory-scale experiments using synthetic solutions simulating the chemical composition of the investigated industrial wastewaters and in pilot-scale experiments using real wastewaters. All the experimental results were evaluated and the optimum operating conditions of the most promising technologies among the studied were determined. The industrial application of these technologies was evaluated according to technical and economic criteria and the best alternatives for the metal bearing industrial wastewaters were emerged. Based on this evaluation, in-situ testing of two integrated alternatives was performed and their effectiveness under real industrial conditions was identified.   
The results of WP3 are included in Deliverables D11 – D14. 

In Particular, Deliverable D11 – “Full chemical characterization of the wastewater streams” includes the full chemical characterization of the most important metal bearing wastewater streams of the copper metallurgical process.

Deliverable D12 – “Optimum operating conditions for each applied wastewater treatment technology” reports the evaluation of the results from the laboratory tests performed for the treatment of the copper industry wastewaters according to the technologies studied in the Project. D12 includes the optimum operating conditions of the most promising technologies, as well as proposals for integrated systems for the management and the total treatment of the wastewaters contained heavy metals. 

Deliverable D13 – “Techno-economic evaluation of feasible alternative technologies” comprises the technical and economic evaluation of the most promising technologies studied during the Project for the treatment of the industrial wastewaters. Evaluation was performed taking into account specific particularities of RTB Bor copper industry that was the industrial Partner of the Project. Moreover, in D13 the most promising technologies are compared from technical and economic point of view and the most viable alternatives are emerged.

Deliverable D14 – “Management strategy for the investigated industrial wastewaters” develops an integrated management strategy for the highly polluted industrial taking into consideration both, environmental and economic criteria. 
Work Package 5: Integrated Environmental Management Strategy
WP5 aimed at the development of an integrated environmental management scheme aiming at the management of hazardous solid wastes and the treatment of the industrial effluents and leachates, in such a way that they will pose no significant risk to the environment, especially to regional water resources and to the human health.

In INTREAT Project, the treatment of solid wastes, natural leachates and industrial wastewater associated with copper mining and metallurgical activities was investigated according to different methods and technologies and the most effective, feasible and economic solutions for the treatment of these wastes were identified. Based on the results of the Project’s research activities, feasible and viable alternatives for the integrated treatment of solid wastes in Sites I and II are provided (Deliverable D10) and a management strategy for the investigated industrial wastewaters is proposed (Deliverable D14). The Integrated Environmental Management Scheme (IEMS) developed in WP5, provides all the necessary steps required for the proper management of the hazardous solid wastes, leachates and wastewaters generated in copper industry. Proposals included in IEMS are based on the research performed for the two sites under study, but in any case IEMS provides a guidline for similar situations. It is important to note here that the prime objective of INTREAT Project is the protection of the environment (protection of natural water resources) and the second one the recovery of valuable substances from the different wastes. According to this strategy, IEMS comprises the best alternatives for the solid and liquid wastes related to copper industry, so as to prevent, eliminate and remediate the environmental pollution.
 The result of WP5 are included in Deliverable D15 “Integrated management scheme for the solid and liquid wastes resulting from the copper mining and metallurgical industry” that is expected to be a “guide” for the management of similar hazardous wastes in Western Balkan countries.

Work Package 6: Project Management 
NTUA, as the Project coordination’s Organization, performed the management of the Project during the three years, as it is described in Workpackage 6 of Annex I – “Description of Work” of the Contract. In particular, NTUA coordinated all the Project activities in a timely and effective way, prepared and submitted in the E. C. all the technical reports and financial statements, organized and chaired the Project’s progress meetings and arranged the Consortium communication with the EC responsible Officer. 

During the Project, the coordination of the Project, as well as the cooperation between all Partners, was excellent and no problems of any kind concerning the management of the Consortium were encountered. The implementation of the different research activities was under an up-to-day communication between the involved Partners and certain local meetings necessary for the performance of the work took place between Partners.

The successful management of the Project resulted in a productive and efficient work concerning the implementation of the Project’s activities. Under the directions of Prof. D. Panias, the Project Coordinator and the Workpackages leaders, Partners conducted excellent work, contributed possibly to the Project’s progress. 

Moreover, NTUA created a website for the Project aims. The INTREAT website is installed onto the Coordinator (NTUA) web server at the address www.labmet.ntua.gr/intreat/ and it was continually updated during the Project. The website is believed that achieved to raise awareness of environmental contamination in the local communities of the involved Western Balkan countries (including among decision-makers) and the interest of the mining and metallurgical industries in the Western Balkan countries for the Integrated Environmental Management Strategy that was developed for the wastes generated in the mining and metallurgical activities. The website provides free access for a number of issues.

5. Project’s contribution to standards

The implementation of INTREAT generated new knowledge, which should fill gaps / extent the knowledge portfolio and developed new research tools for common use in the Western Balkan countries in the field of environmental protection. It is believed that the project workplan was suitably ambitious and led to a breakthrough in scientific and technological results through the development of new technologies for the decontamination of soils, effluents, wastewaters and groundwater. More precisely, the research activities performed in INTREAT can be divided in three categories. The first one concerns the Prevention of A.M.D. by chemical leaching of solid wastes, which results in the valorization of the contained heavy metals and thus, the beneficiation of the hazardous solid wastes, or by in-situ or ex-situ chemical immobilization of heavy metals, which are transformed to other, less soluble compounds. The second category concerns the Decontamination of Groundwater by means of permeable reactive barriers (PRBs). The proposed materials for the construction of these barriers are conventional ones, such as bentonites and active carbon or even fly ash and organic matter, the latter been inhabited by different heterotrophic microorganisms. The Treatment of Industrial Wastewaters and Leachates comprises the third category. This treatment involves the remediation of leachates generated by the sulphidic solid wastes and of the industrial wastewaters through innovative processes. The majority of these methods targets at the recovery of metals or groups of metals in a marketable form and at the recycling of pure water in the industrial activities, where possible. 

Therefore, by the development of the aforementioned treatment technologies and management practices for solid wastes and wastewaters generated by the copper mining and extractive metallurgy activities so as to prevent contamination of natural water resources INTREAT Project contributes to the current state-of the-art.

Moreover, the Project contributes to the compliance of the Western Balkans' national legislation with the European environmental standards and regulations. The harmonization of the environmental legislation in the target countries will be effected through implementation of the relative EC directives and particularly the Integrated Pollution and Prevention Control (IPPC) directive. This directive is related to the hazardous waste treatment and management, the identification of the risk at the mining/metallurgical sites and the treatment of effluents. 

The Integrated Environmental Management Strategy developed in the project is aimed at guiding the Western Balkan countries to use appropriate methodologies and standards for hazardous mining and metallurgical wastes.

INTREAT also contributes to national policy development in environmental issues through the application of new research tools and platforms for common use from national bodies, local and regional authorities. Such issues are safety and health at workplaces, especially in mining and metallurgical sites, as well as waste disposal sites and controls to identify high industrial emissions and respond immediately by appropriate actions.

6. Plan for using and disseminating the knowledge
During the first year of the Project, three interviews of the Project Coordinator were given in national and local media (press / TV channels), in order to engage the local communities with the environmental problem and the efforts done towards the problem through the INTREAT Project. For the same reason, a press conference took place in Bor, during the second Project Meeting (20-22/07/2005), by the participation of journalists from different Serbian media. 
A publication in “RTD info” magazine presented the environmental situation in the studied areas and the main objectives of INTREAT Project was also made at the early second year of the Project. 
During the Project, the results of the research activities performed during the Project were published in scientific Journals or presented in National, European and International scientific Conferences, disseminating the gained knowledge. 

Moreover, Prof. Panias, the Coordinator of the Project, was invited in the 4th Balkan Conference on Metallurgy that took place in Zlatibor – Serbia (27–29/09/2006) to present a Key Lecture relative to the INTREAT project.

The scientific papers published during the Project are tabulated in the following list. Except for the tabulated publications that are almost published, a number of publications relevant to the project’s results are accepted for publishing in relevant scientific journals.

1. D. Panias (2006): “Consequences of Environmental Issues on Sustainability of Metal Industries in Europe: The Case Study of BOR”, plenary lecture in the 4th Balkan Conference on Metallurgy, 27 – 29 September 2006, Zlatibor – Serbia, pp. 5-17.
2. Giannopoulou and D. Panias (2007): “Copper and nickel recovery from acidic polymetallic aqueous solutions”, Minerals Engineering, Volume 20, Issue 8, July 2007, pp. 753-760.
3. Giannopoulou D. Panias (2006). ‘Development of geopolymeric materials from industrial solid wastes”, 2nd International Conference on: Advances in Mineral Resources, Management and Environmental Geotechnology”, AMIREG 2006, Hania – Greece, pp. 69-73.

4. D. Panias and I. Giannopoulou (2007): “Integrated treatment of copper industry wastes towards prevention of water resources contamination in Western Balkans”, on Proceedings of the EMC 2007 Conference, 11 - 14 June 2007, Dusseldorf - Germany. 

5. Giannopoulou, I. and Panias, D. (2006). ‘Sustainable Development of Mining and Metallurgy in Relation to the E. U. Environmental Legislation”.  Acta Metallurgica Slovaca, Memoriande Cislo - Special Issue 1/2006, pp. 105-110. This paper was also presented in the Conference “Waste – Secondary Raw materials III”, Kosice – Slovakia, 19-21/06/2006.

6. K. Komnitsas, G. Bartzas and I. Paspaliaris (2006). “Inorganic contaminant fate assessment in zero-valent iron treatment walls”. Environmental Forensics, 7, pp. 207-217.

7. K. Komnitsas, G. Bartzas and I. Paspaliaris (2006). “Modeling of reaction front progress in fly ash permeable reactive barriers”. Environmental Forensics, 7, pp. 219-231.

8. Komnitsas, K., G. Bartzas, I. Paspaliaris (2005). “Laboratory evaluation of Fe0 barriers to treat water impacted by acid mine drainage”, presented at PDMIW Conference, 13-15 June 2005, Falmouth, UK, http://www.min-eng.com/pdmiw05/index.html. The paper has been peer reviewed and accepted for publication in the journal Minerals Engineering.

9. Komnitsas, K., G. Bartzas, I. Paspaliaris (2005). “Hydraulic performance of laboratory PRBs for the decontamination of acidic mine waters”, presented at IMWA ’05 – 9th International Mine Water Association Congress, Sep. 5-7, Oviedo, Spain. 

10. Komnitsas, K., K. Valta, M. Grossou-Valta (2007): “Sustainable development in the Greek Mining and Minerals Industry”, In Proc. of SECOTOX Conference and the International Conference on Environmental Management, Engineering, Planning and Economics, (eds. A. Kungolos, K. Aravossis, A. Karagiannidis and P. Samaras), Skiathos, June 24-28, 2767-2772.

11. Komnitsas, K., K. Manousaki, D. Zaharaki (2007): “Assessment of reactivity of sulphidic tailings and river sludges”, Proceedings of the 23rd International Applied Geochemistry Symposium (IAGS 2007), Oviedo, Spain, June 14-19. 

12. Fafoutis and K. Komnitsas (2006): “Manganese and copper removal from leachates using slag and red mud reactive barriers”, 2nd International Conference on: Advances in Mineral Resources, Management and Environmental Geotechnology”, AMIREG 2006, Hania – Greece, pp. 735-740. 

13. Golub-Misic, R. Markovic, V. Trujic. “Definition of toxicity of samples obtained by neutralization method from metallurgical wastewater”. Paper presented in The Sixth European Meeting on Environmental Chemistry, Belgrade - Serbia & Montenegro, 6-10 December 2005, p.231.

14. R. Kovacevic, R. Markovic, J. Pavlovic. “Determination of arsenic and bismuth in sludge achieved from metallurgical wastewater by ICP-AES”. Paper presented in The Sixth European Meeting on Environmental Chemistry, Belgrade - Serbia & Montenegro, 6-10 December 2005. p.232.

15. R. Kovacevic, R. Markovic, J. Pavlovic. “Analysis of Synthetic Metallurgical wastewater by ICP-AES”. 4th Balkan Conference on Metallurgy, 27-29 September 2006, Zlatibor – Serbia, paper accepted for publication in the proceedings.

16. Lj. Obradovic, Z. Stevanovic, V. Trujic. “Copper and gold recovery from Bor, Serbia, old flotation tailings”. AMIREG 2006, 25-27 September 2006, Chania - Crete, paper accepted for publication in the proceedings.

17. Z. Stanojevic, Lj. Obradovic, Z. Stevanovic. “Characterization and dewatering of metallurgical wastewaters”. 4th Balkan Conference on Metallurgy, 27-29 September 2006, Zlatibor – Serbia, paper accepted for publication in the proceedings.

18. Z. Stevanovic, Lj. Obradovic, Z. Stanojevic. “Gold leaching with thiourea from old Bor flotation tailings”. 4th Balkan Conference on Metallurgy, 27-29 September 2006, Zlatibor – Serbia, paper accepted for publication in the proceedings.

19. R. Markovic, S. Dragulovic, V. Trujic. “Purification of industrial wastewater by using a low-cost material”. XXXVIII International October Conference on Mining and Metallurgy, 06-08 October 2006, Donji Milanovac – Serbia, paper accepted for publication in the proceedings.

20. Z. Stanojevic, R. Markovic, Lj. Obradovic. “Study of dewatering of sludge produced of metallurgical waste waters from Electrolyte regeneration, Copper Refining and Precious metals plants”. XXXVIII International October Conference on Mining and Metallurgy, 06-08 October 2006, Donji Milanovac – Serbia, paper accepted for publication in the proceedings.

21. Lj. Obradovic, Z. Stanojevic, B. Madic. “Waste water management on Veliki Krivelj flotation tailing, Bor, Serbia”. XXXVIII International October Conference on Mining and Metallurgy, 06-08 October 2006, Donji Milanovac – Serbia, paper accepted for publication in the proceedings.

22. Lj. Obradovic, B. Madic, D. Urosevic. “Characterization of drainage waste water from Veliki Krivelj flotation tailing dump, Bor, Serbia”. XXXVIII International October Conference on Mining and Metallurgy, 06-08 October 2006, Donji Milanovac – Serbia, Paper accepted for publication in the proceedings.

23. M. Korać, Ž. Kamberović (2006): “Characterization of Wastewater Streams from Bor Site”, 4th Balkan Conference on Metallurgy, Proceedings, Zlatibor – Serbia, 27-29 September 2006, pp. 411-421. 
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