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Preface 
 
This is the final report for the Ninth Annual Meeting of the NATO/CCMS Pilot Study on “Clean 
Products and Processes” which is co-sponsored by NATO/CCMS Program and the U.S. 

Environmental Protection Agency (EPA). The meeting was held in Istanbul, Turkey on 7-12 May 

2006. The host of the meeting was Professor Aysel T Atimtay from the Department of 

Environmental Engineering of Middle East Technical University (METU) located in Ankara, 

Turkey. 

 

The purpose of the annual meetings was to bring scientists and researchers working on cleaner 

production from different countries together, and form a platform for exchange of ideas, knowledge 

and experiences. The ultimate goal was to increase collaboration between the researchers, to 

develop joint and innovative research projects and programs, thus, finding solutions to 

environmental problems.   

 

One day during this meeting was allocated for a Special Topical Symposium which was on May 10, 

2006. This year’s topic was chosen as “Water Reuse and Recycling” which is becoming more and 

more important every year, especially in the Mediterranean region. Eleven papers were presented in 

this symposium by specially invited speakers who are well known in this field. Furthermore, the 

program of the meeting included one-day technical excursion to a research laboratory where several 

research projects on clean products and processes are conducted. Additionally, a tire manufacturing 

company and an automotive industry were visited to see the applications of clean production, 

environmental management and sustainable practices. 

 

In this final report there are abstracts and presentations of thirty five papers out of which eleven of 

them belonged to the Topical Symposium. 32 delegates from 22 countries participated in the 

meeting and made presentations. There was also an open discussion held during this meeting on 

“Metrics for Sustainable Technologies” moderated by the Director of the Pilot Study, Dr. Subhas 

Sikdar. 

    

We would like to extend our thanks to the sponsors for the meeting; U.S. EPA, Middle East 

Technical University, TUBITAK- Marmara Research Center, Kocaeli Chamber of Industry, 

Goodyear Tire Manufacturing Company and Ford Automotive Company for welcoming the 

delegates to a guided tour in the companies and/or research laboratories, and supporting us in every 

way for this meeting to be successful. 

 

 

Istanbul, Turkey,   7 July 2006 

 

 

Professor Aysel T. Atimtay, Middle East Technical University (METU), Ankara, Turkey 

 

Dr. Subhas K. Sikdar, Pilot Study Director, Environmental Protection Agency, U.S.A. 

 

Daniel J. Murray, Jr., Pilot Study Co-Director, Environmental Protection Agency, U.S.A. 
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METU           U.S. EPA 
 

NATO/CCMS Pilot Study on Clean Products and Processes 
2006 Annual Meeting 

Kalyon Hotel,   Istanbul, Turkey 

May 7-12, 2006 
 

Final Program 
 

Sunday, May 7, 2006 
 
18:00   Reception at hotel  

 

Monday, May 8, 2006     

09:00   Welcome and Opening Speeches 

09:15    Welcome to Turkey, Vice Rector of METU, Prof. Dr. Fatoş Y. Vural 
09:30   Welcome to Istanbul, Mayor of Istanbul  
09:45   Welcome by the Governor of Istanbul ( Deputy Governor Mr. Gazi Kaya) 
10:00   Dr. Subhas Sikdar, Pilot Study Director, U.S. Environmental Protection 

Agency, (USA)  

Professor Aysel T. Atimtay, Host of the Meeting, Middle East Technical 

University (Turkey) 

 
10:30   Introduction of Country Delegates and Participants 
 
11:00   Overview of the Meeting Agenda, Technical Program and Tours 

Mr. Daniel Murray, Pilot Study Co-Director, U.S. Environmental Protection 

Agency (USA)  

 
11:15   Report on 2005 Meeting, Professor Annik Magerholm Fet, Department of 

Industrial Economics and Technology Management, Norwegian University of 

Science and Technology (Norway) 

 
11:30   Lunch 

 

13:00   CCMS and the Security through Science Programs 
Mr. E. Sanguineti, Public Diplomacy Division, Threats and Challenges Section, 

NATO Headquarters, Brussels, Belgium 

 

13:20   Sustainability and Green Chemistry 
Prof. J. Swindall, QUILL Research Centre, Belfast, Northern Ireland, UK 

 

13:40  Integration of a Sustainability Indicators Framework in Corporate Strategy 
Drs. A. A. Martins, T. M. Mata, S. Sikdar, and C.A. V. Costa, University of Porto, 

Portugal and Office of Research and Development, U.S. EPA, Cincinnati, OH, USA 
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14:00   Approaches to Minimize Industrial Water Usage 
Prof. P. Glavič and M. Bogataj, University of Maribor, Faculty of Chem. and 

Chem. Engineering, Maribor, Slovenia 
 

14:20   Coffee Break 

 
14:50   Sustainable Processes in the Steel Industry in Flanders 

Dr. C. Block, Leuven Engineering School GroepT, Leuven, Belgium 

   

15:10  Evaluation of Several Zeolites as Adsorbents for Sulfur Compounds by 

Inverse Gas Chromatography 
E. Díaz, S. Ordóñez, A. Vega, Prof. J. Coca, Department of Chemical and 

Environmental Engineering, University of Oviedo, Oviedo, Spain  
 

15:30   Open Discussion on Metrics for Sustainable Technologies  
   Dr. Subhas Sikdar (Moderator) 
 
16:45   Adjourn 

 

17:15   Departure from outside the hotel for a Boat Tour on Bosphourus and 
dinner on board 

 

 

Tuesday, May 9, 2006 TECHNICAL EXCURSION  

07:45 – 18:00  Departure from outside the hotel at 07:45 

Field Trip/Industry Visits/Local Sights (by bus – Asian side of Istanbul) 

• Visit to the TUBITAK- Marmara Research Center (MRC)  

• Tour of the research laboratories at MRC (9:30 – 12:00) 

 

• Lunch at MRC (12:00 – 13:00) 
 

• Company Visit to GOODYEAR (tire production) (14:00-15:00) 

• Company Visit to FORD (automobile production) (15:30-17:30) 

 

Dinner at Ford Company (bus will go to downtown after dinner, strolling in Beyoglu-Taksim 
area) 
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Wednesday, May 10, 2006 
 

SPECIAL TOPICAL SYMPOSIUM 
“WATER REUSE AND RECYCLING” 

 

08:30  Registration 

 

09:00  Water Recycling and Reuse in EU Countries: Problems and Prospective 
Dr. A. N. Angelakis, Institute of Iraklio, National Agricultural Research Foundation, 

Iraklio, Greece (could not attend due to a sickness) 
 

09:45  U.S. EPA’s Guidelines for Water Reuse 
Mr. D. J. Murray, Jr., U.S. Environmental Protection Agency, Office of Research and 

Development, National Risk Management Research Laboratory, U.S.A. 

 
10:15   Coffee Break 
 

10:45  Membrane Engineering in Water Reuse and Recycle 
Prof. E. Drioli and A. Criscuoli, Department of Chemical Engineering and Materials, 

University of Calabria, and Institute on Membrane Technology, ITM-CNR, Italy
 

 
11:15   Treatment of Campus Wastewaters by Membrane Bioreactor for Potential Reuse in 

Irrigation 
Assoc. Prof. Mehmet Kitiş, N.Ö. Yiğit, I. Harman, G. Civelekoglu, Suleyman Demirel 

University, Department of Environ. Eng., Isparta, Turkey 

 

11:45  Textile Wastewaters: Water Reuse and Dyestuff Removal and/or Degradation 
Assoc. Prof. G. P. Gallios, E.K. Dafnopatidou, E.G. Tsatsaroni, K.A. Matis, and N.K. 
Lazaridis, Division of Chemical Technology, School of Chemistry, Aristotle University, 

Thessaloniki, Greece 
 
12:15  Lunch  

 

13:30  Water Segregation and Reuse in Textile Industry  
Dr. A. Baban, N. Kiran-Ciliz, G. Avaz, S. Murat, TUBITAK - Marmara Research Center, 

Energy Systems and Environmental Research Institute, Gebze, Turkey 

 
14:00  Water Use, Reuse, and Recycling in Micro- and Nano-Manufacturing  

Prof. F. Shadman, Director of NSF/SRC Engineering Research Center for Environmentally 

Benign Semiconductor Manufacturing, University of Arizona, Tuscon, AR, USA 

 

14:30  Studies on Some Selected Urban Wastewater Treatment Plant Effluents of Turkey to 

Search Their Reuse Potential in Agriculture 
Prof. Ayşegül B. Tanık, Istanbul Technical University, Environ. Eng. Department, Istanbul, 

Turkey 

  
15:00  Coffee Break 

 

15:30  Water Saving, Reuse and Recycling in Industry: Cleaner Production                 

Opportunities 
Prof. J. Staniskis, Institute of Environmental Engineering, Kaunas University of 

Technology, Kaunas, Lithuania 
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16:00 Efficient Management of Wastewater, Its Treatment and Reuse in the Mediterranean 

Countries - EMWATER 

Prof. G. Akçin, Chemistry Department, Yildiz Technical University, Istanbul, 

Turkey 
                                            

16:30 Problems and Applications of Water Reuse in Israel 
Prof. C. Forgacs, The Institutes for Applied Research, Ben-Gurion University of the Negev, 

Beer-Sheva,Israel 

 

17:00  Improving Water QualityThrough Low-cost Upgrading of a Water Treatment 

Facility Accompanied by Abandonment of Chlorination 
Prof. W.M. Zadorsky,  B.V. Pismenny, Ukrainian State University of Chemical 

Engineering, Dnipropetrovsk, Ukraine 
  

17:30 End of Technical Program 

 

18:30  Departure from outside the hotel for dinner at Kervansaray Restaurant 
 

 

 
Thursday, May 11, 2006 
 

09:00  Treatment of the residual fraction of domestic waste: the Flemish case 
Prof. C. Vandecasteele, Department of Chemical Engineering, University of Leuven, 

Leuven, Belgium 

 

09:20 Treatment of Wastewaters through Adsorption of Heavy Metals by Natural Clay 
Prof. K.T.Ewida,  D.S.Elmonayeri, M.R.Ezz El. Din, M.S. Ghaly, Environmental 

Engineering Dept, Faculty of Engineering Zagazig University, Zagazig, Egypt  
 

09:40  Industrial Wastewater Treatment: Metals Recovery and Water Reuse 
Assoc. Prof. G.P. Gallios et al., Division of Chemical Technology, School of Chemistry, 

Aristotle University, Thessaloniki, Greece 

 
10:10 Wastewater Treatment with Integrated Membrane-Electroflotation Method 

Prof. G.G. Kagramanov, V.A. Kolesnikov, P.S. Sudilovskiy, D.I. Mendeleyev University of 

Chemical Technology of Russia, Moscow, Russia 

 

10:30 Coffee Break 

 
11:00 Application of New Indexes for Comparing Membrane Operations to Traditional 

Techniques 
Drs. A. Criscuoli and E. Drioli, Institute on Membrane Technology, ITM-CNR, and 

Department of Chemical Engineering and Materials, University of Calabria, Italy
 

11:20   Arsenic Removal from Waters Using Magnetically Modified Zeolite 
Dr. M. Vaclavikova, G. Gallios, M. Matik, S. Jakabsky and S. Hredzak, Institute of 

Geotechnics, Slovak Academy of Sciences, Kosice, Slovakia 

 

11:40 Color Removal from Textile Wastewaters by Changing Surface Properties of 

Adsorbent Material (Clinoptilolite) 
Prof. A. T. Atimtay, Y.B. Duygulu, Middle East Technical University, Environmental 

Engineering Department, Ankara, Turkey 
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12:00  Lunch 

 

13:30  Thermodynamic Modeling of Inorganic Chemical Species in Natural Polluted 

Waters 
Assoc. Prof. S. Tepavitcharova, T. Todorov, D. Rabadjieva, Institute of General and 

Inorganic Chemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria 

 
13:50  The National Cleaner Production Program: Benefits Assessment 

Col. A. Komar, F.Bozek, and J. Dvorak, University of Defence, Faculty of Economics and 

Management, Chair of Materials and Services, Brno, The Czech Republic 

 

14:10 Utilization of Cleaner Production and the Best Available Technology in a Food 

Processing Plant 
Dr. F.Bozek, J. Kotovicova, A. Komar and J. Dvorak, University of Defence, Faculty of 

Economics and Management, Chair of Civil Protection, Brno, The Czech Republic 

 

14:30  Enforcement of Environmental Regulations in Israel - 2005 
Prof. C. Forgacs, The Institutes for Applied Research, Ben-Gurion University of the Negev, 

Beer-Sheva,Israel 
 
14:50  Coffee Break 
 
15:20  Urban Water Services Development - Romanian Perspective 

Mr. V. Harceag, National Company for Investments, Bucharest, Romania 

 
15:40  Cleaner Production Activities in Moldova 

Mr. A. Stratulat, Advisor for Prime Minister and Vice Prime Minister of the Republic of 

Moldova, Moldova 

 
16:00 Factors behind Cleaner Production in the Hungarian Manufacturing Industry - 

Results of a Survey 
Mr. G. Harangozo, Hungarian Cleaner Production Centre, Corvinus University of 

Budapest, Budapest, Hungary 

 

16:20 Carbon Dioxide Emissions in Spain: Main Sources and Capture Possibilities 
Prof. J. Coca, Department of Chemical and Environmental Engineering, University of 

Oviedo, Oviedo, Spain 

 

16:40  Adjurn 

 

19:00  Conference Dinner at Baltalimani Restaurant (Farewell Dinner) 
  (Departure from outside the hotel by bus at 18:00) 
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Friday, May 12, 2006 

09:00 Networking Satellite Groundstations to Support Global Science: Toward a 

Distributed Shared Spatial Data Archive and Grid Access to Near-Real-

Time Remote Sensing Data 
Dr. G.L. Rochon, Associate Vice President for Collaborative Research, Director of Purdue 

Terrestrial Observatory, Purdue University , W. Lafayette, IN, USA, 

 V. Sharpton, University of Alaska Fairbanks, Alaska, USA, O.K. Ersoy, Purdue University, 

USA 

  
09:20  Efficient Technology for Precious Metals Extraction from Secondary Raw Materials 

Dr. A. Omelchenko, V. Y. Kotyegov, T. S. Kamalov, O. I. Shkola, University of Manitoba, 

Winnipeg, Manitoba, Canada 
  
09:40   Red Mud – A Potential Sorbent for Removal of Heavy Metal Cations  

Dr. M. Vaclavikova, Institute of Geotechnics, Slovak Academy of Sciences, Watsonova, 

Kosice, Slovakia 

 
10:00  Presentations from 2007 Meeting Host Candidates  
 
10:30  Coffee break 
 
11:00  2007 Meeting Location Announcement and Discussion of Topics for the next 

Meeting, Mr. Daniel Murray and 2007 Meeting Host 

 

12:00  Meeting Wrap Up, Dr. Subhas Sikdar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Bosphorous Bridge, Istanbul, Turkey 
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Opening Speech of the Vice Rector, Prof. Dr. Fatoş Y. Vural 
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CCMS AND THE SECURITY THROUGH SCIENCE PROGRAMS 
 

Emanuele  Sanguineti 
 

NATO Headquarters, Public Diplomacy Division, Threats and Challenges Section, B-1110 

Brussels, Belgium ( E.Sanguineti@hq.nato.int; ccms@hq.nato.int) 

 
Abstract 
 
The science and society element of the Third Dimension of NATO is under two programmes: 

• Security Through Science 

o Science Committee 

• Environment and Society 

o Committee on the Challenges of Modern Society (CCMS) 

The Committee on the Challenges of Modern Society has been created as a forum for sharing of 
knowledge and experience on technical, scientific and policy aspects of social and environmental 

matters in both the civilian and military sectors among NATO
1
 and Partner countries

2
, as well as 

NATO-Russia, Mediterranean Dialogue countries
3
 and joint NATO-Ukraine working group on 

Science and Environment. 

 

The work is carried out on a decentralized basis and participation by nations is voluntary. 
The activities sponsored by CCMS are: 

� Pilot Studies (3-5 years) 

� Short Term Projects (12-24 months) 

� Topical workshops (single events 

 

In 2000, 5 Key Objectives were adopted by the Committee: 

• Reducing the environmental impact of military activities 

• Conducting regional studies including cross-border activities 

• Preventing conflicts in relation to scarcity of resources 

• Addressing emerging risks to the environment and society that could cause economic, 

cultural and political instability 

• Addressing non-traditional threats to security 

 

Activities within the framework of CCMS are organized in NATO and Partner countries. 

 

Internet Addresses are: http://www.nato.int/science  ,   http://www.nato.int/ccms/ 
 

 
 
 

                                                 
1
 Belgio, Bulgaria, Canada, Danimarca, Estonia, Francia, Germania, Grecia, Italia, Islanda, Lettonia, Lituania, 

Lussemburgo, Norvegia, Olanda, Pologna, Portogallo, Regno Unito, Repubblica Ceca, Romania, Slovacchia, Slovenia, 

Spagna, Turchia, Ungheria, USA. 
2
 Albania, Armenia, Azerbaijan, Bielorussia, Croazia, Gerogia, Kazakistan, Kyrgistan, Macedonia, Moldavia, 

Tajikistan, Turkmenistan, Ucraina Uzbekistan. 
3
 Algeria, Egitto, Giordania, Israele, Marocco, Mauritania, Tunisia. 
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SUSTAINABILITY AND GREEN CHEMISTRY 
 

Jim Swindall 
 

QUILL Research Centre, David Keir Building, Stranmillis Road, Belfast BT9 5AG Northern 

Ireland, UK  (j.swindall@qub.ac.uk) 

 

Abstract 
 

The background to the newly formed G8 International Green Network (IGN) will be outlined with 

details of the programme during the first four years.   

 

The recent award of a Queen’s Anniversary Prize for Higher and Further Education to QUILL will 

also be highlighted with a brief discussion of how the IGN and the Prize has stimulated a major 

initiative in Queen’s University to establish an Institute of Sustainability. 
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INTEGRATION OF A SUSTAINABILITY INDICATORS FRAMEWORK IN 
CORPORATE STRATEGY 

 
António A. Martins 1, Teresa M. Mata 1, Subhas Sikdar2, Carlos A. V. Costa 1 

 
1
 Chemical Engineering Department, Faculty of Engineering of the University of Porto, Portugal, 

(amartins@fe.up.pt, tmata@fe.up.pt, ccosta@fe.up.pt), 

 
2
 Office of Research and Development, United States Environmental Protection Agency (EPA), 

Cincinnati, OH, USA, (sikdar.subhas@epamail.epa.gov) 

 

Abstract 
 

Nowadays there is a large consensus that sustainability is one of the most important and challenging 

topics involving the social, economic and ecological spheres. Although it is recognized that the 

transition towards sustainability will take some time and will require the active participation of 

many different players in different levels of society, there is still a lot of discussion on a number of 

important questions, in particular how progress towards sustainability is measured or assessed, what 

are the best strategies, how the different dimensions of sustainability can be related with each other. 

 

At the core of these questions lie fundamental differences in the views, goals and solutions to the 

same problems from the different players at the political, social and economic levels. A classical 

example is the existence of an enormous quantity of environmental regulations that companies must 

follow, which they view as a problem that could potentially affect their long term competitiveness. 

However, there is a social pressure to improve the quality of the environment, which in many cases 

requires the imposition of strict rules and regulations. 

 

One way to address these problems is through the definition of models and indicators including the 

different aspects of sustainability. These can be very helpful to measure the state and evolution 

towards sustainability and to decisions support. However, the existing frameworks are normally 

well-adjusted for specific areas, considering only part of the overall problem and they are not easily 

applied in strategic planning and management. A consistent framework should consider the 

particularities of the system studied, be based on basic principles of sustainable development and be 

enough flexible to be used in their different spheres: political, social and economic. 

 

Sikdar
1,2

 proposed a framework for incorporating sustainability principles through the use of 

appropriate quantitative metrics, with a special emphasis in manufacturing systems. It is based on a 

top down approach applicable to the company or process levels and defines three levels of 

sustainability indicators: (i) 3-D indicators that include simultaneously the three dimensions of 

sustainability: social, economic and environmental; (ii) 2-D indicators that include two dimensions 

of sustainability, e.g., socio-economic, eco-efficiency or socio-ecological indicators; and (iii) 1-D 

indicators that include just one dimension of sustainability, e.g., economic, ecological or social 

indicators. The proposed framework uses the 3-D indicators as decision making tools and considers 

the 2-D and 1-D indicators to address and answer specific issues and problems. This framework was 

applied by Martins et al.
3
 to asses and compare the sustainability of chemical process. The results 

showed that the proposed methodology can be applied, using data easily available from the process 

or external sources.
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This study builds on these previous results to extend the sustainability framework to assist in 

the measurement of a company environmental performance, its strategic management and 

performance, considering the different aspects of sustainability. In particular, it focuses on 

the relations between the strategy proposed by Sikdar and the Balanced Scorecard (BSC)
4
 

methodology discussing how they may interrelate. 

 

The BSC methodology was originally conceived to help companies develop strategies to 

include the four main areas of their business: financial, costumers, process and learning. 

Because it also demands the definition of indicators to quantify the company performance 

and to take into account the different dimensions of the business, it shares similarities with 

the sustainability metrics framework. This work also presents and discusses the way both 

frameworks may complement and support each other. 

 
References 

 
1. Sikdar, S.K., Journey Towards Sustainable Development: A Role for Chemical 

Engineers, Environmental Progress, 22, 4, December, 2003: 227-232. 

2. Sikdar, S.K., Sustainable Development and Sustainability Metrics, AIChE Journal, 49, 8, 

August, 2003: 1928-1932. 

3. Martins, A.A., Mata, T.M, Sikdar, S.K., Costa, C. A Framework for Sustainability 

Metrics, Presentation made at the NATO CCMS meeting “Clean Products and Processes, 

Aalesund, Norway, 23 June, 2005. 

4. Kaplan, D., Norton. D., “The Balanced ScoreCard: Measures that Drive Performance”, 

Harvard Business Review, January-February 1992. 
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APPROACHES TO MINIMIZE INDUSTRIAL WATER USAGE 

 

Peter Glavič, Miloš Bogataj 

 

University of Maribor, Faculty of Chemistry and Chemical Engineering, Smetanova 17, SI-2000 

Maribor, Slovenia (peter.glavic@uni-mb.si) 

 

Abstract 
 

Fresh water supplies are diminishing while the demand is dramatically growing at an unsustainable 

rate. Over the next 20 years, the average supply of fresh water volume per capita is expected to drop 

by a third worldwide. Being one of the largest water consumers, chemical and process industries are 

therefore forced to look for solutions simultaneously reducing water consumption and water 

pollution.  

 

Awareness of water scarcity, current drives towards sustainable development (e.g. IPPC directive 

(EU), Responsible Care (worldwide)) and rising costs of fresh water as well as rising effluent 

treatment costs have contributed to development of several novel techniques for minimizing water 

usage. Substantial reduction in fresh water intake can be achieved by means of wastewater reuse, 

recycling, regeneration, treatment and good water management practice.  

 

One major area of research, initiated by Robin Smith from UMIST led to development of graphical 

targeting method which became known as “water pinch”.  The method is based on constructing a 

unique water limiting profile from which minimum overall water consumption can be determined.  

From its beginnings in late 1980’s continuous improvements made the “water pinch” method 

capable of optimizing industrial water networks with streams containing several contaminants. 

Recent developments showed the method to be capable of handling simultaneous energy and water 

minimization for water streams containing a single contaminant. Another area of research is based 

on mathematical programming e.g. linear programming (LP), nonlinear programming (NLP), 

mixed-integer linear programming (MILP) and mixed-integer nonlinear programming (MINLP). 

We are going to present the state-of-the-art overview in this two areas (if not covered by someone 

else) and present our experiences.   

 

In spite of the improvements that can be made to reduce fresh water intakes, using either the “water 

pinch” approach or any of the approaches based on the mathematical programming, contribution of 

good water management practice to water usage minimization should not be neglected. Results of 

our studies, performed on a petrochemical complex and beet sugar plant with the 7 % reduction in 

fresh water usage in the petrochemical complex and 69 % reduction in fresh water intake in the beet 

sugar plant indicate that substantial reduction of water usage can be achieved using good 

housekeeping practice. We are going to present the recent development in this area.  
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WATER MANAGEMENT AND REDUCTION OF DIOXIN EMISSIONS IN 

THE STEEL INDUSTRY IN FLANDERS 
 

Chantal Block 
 

Leuven Engineering School GroepT, Leuven, Belgium 
(chantal.block@groept.be) 

 
Abstract 
 

Companies more and more adapt their process according to the principles of cleaner production: 

minimal use of (non-renewable) energy, minimal use of (non-renewable) resources and minimal 

production of waste. 

 

Different measures can be taken to decrease the impact of a process on the environment: good 

housekeeping, input change, technical modification in an existing process, developing of a new 

process, process intensification and industrial ecology. These measures are illustrated using 

examples from different sectors. Particular attention will be given to applications of industrial 

ecology in the steel and chemical industry in Flanders. 
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EVALUATION OF SEVERAL ZEOLITES AS SULFUR COMPOUNDS 

ADSORBENTS BY INVERSE GAS CHROMATOGRAPHY 
 

Eva Díaz, Salvador Ordóñez, Aurelio Vega, José Coca 
 

Department of Chemical Engineering and Environmental Technology 

University of Oviedo, Oviedo, Spain (jcp@uniovi.es) 

 

Abstract 
 

Desulfurization of transportation fuels (gasoline, jet fuel and diesel fuel) has become an important 

issue because of their increasing demand and environmental impact. Zeolites have been used in 

catalysis and adsorption processes to lower the sulphur content in the final product. In this work, 

Inverse Gas Chromatography (IGC) has been explored to study the adsorption capacity and 

selectivity of different adsorbents for some sulphur compounds. Results of the systematic study of 

the adsorption properties of sulphur compounds over zeolites are used to explain the behaviour of 

these materials as adsorbents for ultra-deep desulphurization of fuels. The S-compounds chosen as 

model compounds are thiophene and 2,5-dimethylthiophene, whereas NaX, HX, NaY and HY 

zeolites are chosen as adsorbents. Among the zeolites studied, NaY showed the highest adsorption 

capacity. Adsorption isotherms in gas phase are not representative of saturation adsorption in the 

liquid phase. However, the heat of adsorption and the specific interaction parameter give 

comparable data of the strength and the selectivity of S-compounds adsorption over different 

adsorbents in liquid phase. The main conclusion of this work is that IGC is a useful tool for 

preliminary selection of adsorbents to remove S-compounds from fuels.  
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OPEN DISCUSSION ON METRICS FOR SUSTAINABLE TECHNOLOGIES (Moderated 
by Dr. Subhas Sikdar) 
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U.S. EPA’S GUIDELINES FOR WATER REUSE 

 

Daniel J. Murray, Jr., P.E. 
 

Senior Advisor for Water Quality, Water Supply and Water Resources Division, 

National Risk Management Research Laboratory, Office of Research and Development, 

U.S. Environmental Protection Agency, Cincinnati, Ohio 45268,U.S.A. 

(Murray.Dan@epamail.epa.gov) 
 
 
Abstract 
 
In August 2004, the U.S. Environmental Protection Agency and the U.S. Agency for International 

Development published “Guidelines for Water Reuse”, updating their 1992 guidelines document.  

Because communities around the world are reaching, or have reached, the limits of available water 

supplies, water reclamation and reuse are becoming necessary for conserving and stretching 

available water resources.  Increasing urbanization and its accompanying demands for domestic, 

industrial, commercial and agricultural water usage, is making the situation worse, especially in 

water-scarce regions. 

 

This updated guidelines document covers water reclamation for nonpotable urban, industrial, 

commercial and agricultural reuse and the augmentation of potable water supplies through indirect 

reuse.  Because direct potable reuse is not practiced in the United States, it is only briefly addressed 

in this document. 

 

This updated guidelines document expands on the coverage of many important issues, including 

industrial reuse; reuse practices outside of the U.S., and health concerns due to emerging chemicals 

and pathogens. 

 

The updated guidelines document is structured by topic, addressing types of reuse applications; 

technical issues in planning water reuse systems; water reuse regulations and guidelines in the U.S.; 

legal and institutional issues; funding water reuse systems; public involvement programs; and water 

reuse outside of the U.S. 

 

This updated guidelines document is available from U.S. EPA and can be downloaded or ordered at 

www.epa.gov/ttbnrmrl. 
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MEMBRANE ENINEERING IN WATER REUSE AND RECYCLE 

 

E. Drioli, A. Criscuoli 
 

Institute on Membrane Technology, ITM-CNR, and Department of Chemical Engineering and 

Materials, University of Calabria, Italy 

(e.drioli@itm.cnr.it) 
 

Abstract 
 

Membrane engineering made significant progresses in recent years, particularly in the areas of sea 

water and brackish water desalination and water treatments in general. 

 
Integrated membrane operations have been realized well consistent with the processes 

intensification strategy, and able to contribute to important reductions in energy consumption, 

minimizing also environmental impacts. 

 

The development of new membrane operations as the membrane contactors and the production of 

new membrane, operating at high temperature and also in non-acqueous systems, might contribute 

to further applications of these technologies such as the ones in the petrochemical industry. 
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Nevzat O. Yigit, İlker Harman, Gokhan Civelekoglu, Mehmet Kitis 

 

Suleyman Demirel University, Department of Environmental Engineering, Isparta, 32260 Turkey 

(mkitis@mmf.sdu.edu.tr) 

 

Abstract 
 

Pilot-scale experiments were conducted in treating wastewaters from university campus area using a 

membrane bioreactor (MBR) (ZW-10, Zenon Environmental Inc.) unit containing an immersed 

hollow fiber membrane module. The unit was continuously operated aerobically to achieve 

nitrification and carbon removal. During the six months of operation, samples were taken from raw 

wastewater and permeate for chemical oxygen demand (COD), biological oxygen demand (BOD5), 

total organic carbon (TOC), NO3-N, NO2-N, NH3-N, total kjeldahl nitrogen (TKN), total nitrogen 

(TN), total phosphorus, total suspended solids (TSS), turbidity, total dissolved solids, conductivity, 

pH, fecal coliform, total coliform, and total organism analysis. Feed and permeate flowrates, 

permeate flux, transmembrane pressure (TMP), air flowrates, and dissolved oxygen, temperature, 

pH, conductivity, MLSS levels in the bioreactor were frequently measured. A routine backpulse 

regime (15 s after each 10 min of permeate production) was employed by reversing the permeate 

pump and using the collected permeate. Although the influent characteristics were highly variable 

and the wastewater temperatures were as low as 6 
o
C during winter months, MBR system 

continuously performed very well throughout its operation. The treatment performance and 

permeate quality were not negatively affected by such variations. Permeate quality obtained during 

the 6-month period is as following: COD: <10 mg/L, BOD5: <2 mg/L, TSS: <1 mg/L, NH3-N: <0.9 

mg/L, NO3-N: <35 mg/L (no denitrification employed), TKN: <3 mg/L, turbidity: <0.1 NTU, fecal 

coliform: <15 cfu/100 mL, total coliform: <120 cfu/100 mL, total organism: <280 cfu/100 mL. The 

high quality permeate was obtained independent of variable operational conditions including sludge 

retention time, hydraulic retention time, permeate flux (ranging between 23 and 39 L/m
2
-h), 

wastewater temperature, and organic loadings. No chemical cleaning was performed during the six 

months of operation, except routine backpulses with permeate. However, continuous aeration was 

employed (1-2 ft
3
/min) to scour membranes and provide enough dissolved oxygen (2-4 mg/L) for 

bio-oxidation. The high quality permeate water will be tested for agricultural irrigation in campus 

area in the next phases of the project. 

 

This work was supported by a Research Grant (İÇTAG-Ç086 103I033) from the Scientific and 

Technical Research Council of Turkey (TUBITAK). 
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AND/OR DERGRADATION 
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Abstract 
 

Large quantities of water are used for textile dying operations. Currently most of the water is 

discharged because there are not available suitable options for water recovery and reuse. These 

wastewaters contain significant amounts of unreacted dyestuff and other chemicals (i.e. sodium 

chloride). Due to the current practice of mixing the wastewaters from different dying operations is 

very difficult to recover the dyestuff and reuse the wastewaters. Reactive dystuffs are more difficult 

to be removed as the conventional wastewater treatment plants, which rely on sorption and aerobic 

biodegradation, have low removal efficiency for them. 

 

In the current research project the possibility of removing the unreacted and or hydrolysed dystuff 

and reusing the wastewater after each dying operation has been studied. Dispersed-air column 

flotation was used as the separation process. Flotation is a relatively simple process capable of 

removing flocs almost totally, as well as lowering turbidity. It exploits the natural or induced 

hydrophobicity of the dyestuff when a stream of gas bubbles is introduced into a dispersion or 

solution. The hydrophobic material adheres to bubble surfaces and floats to the top of the liquid 

phase, forming a froth layer rich in solute. Surface-active chemicals (surfactants), termed collectors, 

are often used to artificially induce hydrophobicity, in some cases selectively, so as to remove from 

solution only the desired or undesired substances.  

 

The influence of pH, background electrolyte and surfactant concentration was studied. Alkaline pH, 

high collector concentration and high sodium chloride concentration had a positive effect on 

dyestuff removal. Cetyl-trimethyl-ammonium bromide was found to be effective as collector. A 

first order model adequately described the flotation kinetics. The process was efficient and removed 

single dyestuffs (Remazol Brillantrot 3BS, Gelb 3RS 133% and Blue RN new) as well as mixture of 

them. From initial concentrations of 100 mg/L the remaining single dyestuff concentration was less 

than 1 mg/L (which is the discharge limit). From mixtures of the above (100 mg/L each)   the 

remaining dyestuff concentration was less than 300 ADMI units (the discharge limit for mixtures). 

The wastewater treated by flotation was successfully reused in dying operations. The concentrated 

dyestuff from the flotation column was degraded successfully with advanced oxidation with power 

ultrasounds (20 kHz frequency). The experiments were considered successfully and a full scale 

experiment was proposed. 
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WATER SEGREGATION AND REUSE IN TEXTILE INDUSTRY 
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Abstract 
 

Processes in textile industry require extensive water use. Although the industry 

contributes to the economical conditions of the countries it has numerous of 

environmental adverse effects, including discharge of high strength colored effluents to 

receiving waters.  These impacts may be minimized by the application of the CP 

methodology along with the advanced wastewater treatment techniques for reuse. 

Moreover, implementation of a well designed pollution abatement strategy along with 

the reuse/recycle concept may be beneficial for economical point of view as discharge 

of pollutants and wastes represents extra expenditures to the enterprise. Textile sector 

contributes 8.4% of gross national products, has a contribution of 35-40% for the export 

income and constitute 10% of work power in Turkey. Turkey is considered to occupy 

5
th

 and 6
th

 place in the world for woollen and cotton products, respectively.  Water 

consumption in wool finishing processes is in the order of 110–650 L kg
-1

 product 

(UNEP, 1994). The overall textile and finishing products in Turkey is approximately 

1,000,000 t year
-1

 which corresponds to about 100 million m
3
/year of wastewater 

discharge.   

 

Textile industry water management strategy involves reuse of water, minimization of 

water consumption, substitution of chemicals with environmentally sound products, 

recycling and recovery of chemicals, dye baths, etc. Along these lines, in this study 

comprehensive characterization of the applied processes and the wastes, assessment and 

selection of reuse/recycle CP options, wastewater treatability studies, feasibility studies 

and cost assessment were carried out for the selected integrated enterprise of wool-PES 

blends and apparel industry.  The method of approach for the implementation of the CP 

options is presented.  

 

Key words: Textile industry, CP application, wastewater treatment, reuse/recycle, 

segregation  
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Abstract 
 

Micro and nano-manufacturing industries demand large quantities of water at purity 

levels, which are unprecedented in industrial applications.  The key solution to reducing 

water usage and wastewater discharge in the ultra-pure water (UPW) plants is the 

development of suitable technology for water reuse and recycling.  In particular, 

successful water conservation strategies will require innovations in a number of areas.   

 

The potential rapid growth of nanotechnology industry presents special environmental 

obstacles and technology issues.  These challenges are beginning to have significant 

impact on both the development of new processes and the application of new materials 

for nano devices and nano-manufacturing.    

 

At present, no attention has been paid to the environmental questions raised by the 

introduction of nano-scale particles in manufacturing, or the fate of these particles in 

treatment or waste effluents.  One example is the case of nanoparticles in chemical 

mechanical polishing which could be a key driver and testbed application of the nano 

scale manufacturing environmental methodologies proposed in this overall program.  

The impact of surface planarization and cleaning on water use and reuse in high 

technology manufacturing is particularly significant.   

 

In this presentation, innovations in the following areas will be discussed and reviewed: 

 

1) Development of low-energy and low-chemical water purification 

processes:  This is particularly important because many of the existing 

purification methods were not originally developed and optimized for 

applications similar to that of the semiconductor fabrication facilities. 

 

2) The use of innovative metrology methods for rapid detection of surges 

and upsets:  In this area the concept of comprehensive and integrated 

metrology combined with process control is key in both performance 

improvement and in cost reduction. 

 

3) Tools and techniques for risk-free recycling:  In this respect, there is 

need for a robust system to prevent potential risks associated with water 

recycling and to demonstrate that recycling, when properly designed and 

implemented, can save water, reduce cost, and improve water quality.   
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Abstract 
 

The effluent quality of the urban wastewater treatment plants (UWWTP) in Turkey has to obey the 

discharge standards stated in the National Water Pollution Control Regulation (WPCR). According 

to studies conducted within the framework of MEDAWARE Project, a number of 22 of these plants 

have been investigated in detail in terms of their satisfactory operation performance, proximity to 

agricultural land, and sufficient reuse potential. Most recently, another 4 plants are selected to conduct 

detailed analysis on the performance of the treatment plants with almost more than 30 parameters for 

the needs of upgrading these treatment plants as to comply with national reuse criteria for irrigation 

purposes. Sampling and analyses along with site visits were realized by TUBITAK-MRC (The 

Scientific and Technical Research Council of Turkey - Marmara Research Centre) under the 

coordination of ITU. In Turkey, the total number of UWWTPs under operation is 129. 

 

The effluents of the selected UWWTPs are in general not suitable for agricultural irrigation for the 

time being, as at least one common water quality parameter, fecal coliform criteria in irrigation is 

not satisfied in almost all the selected plants. The UWWTPs have to obey the current receiving 

water standards that do not use any of the microbiological parameters. Therefore, some of the plants 

do not even have disinfection units as their final polishing treatment unit. Although some own 

disinfection units, but these are not satisfactorily operated due to their high energy requirement and 

chemical use. Besides, boron is another significant parameter used in irrigation water criteria. Like 

for the above mentioned treatment plants, most of the existing UWWTPs in Turkey do not face a 

boron problem. Sulfate concentrations together with the BOD5 values completely lie below the 

stated limits of Class I water; however, chloride values demonstrate various classes of use. 

Conductivity values represent Class III properties in all the selected plants. Even though the 

national irrigation water criteria has been active since 1991 (WPCR,1991), reuse of treated 

wastewater for irrigation has not been considered consciously till now as the country has not yet 

experienced severe water shortages. In the nearest future, reuse of treated water will be one of the 

important environmental issues of the country.  

 

Sustainability of irrigation in contemporary agricultural practices is being adversely affected by 

some constraints in Turkey that are mainly restrictions on soil, water and energy resources, changes 

in economic conditions & infrastructure, lack of environmental consciousness and insufficient 

irrigation management. In Turkey, treated domestic wastewater is used for irrigation either directly 

or indirectly. In arid areas in which irrigation activities should be increased for crop production, 

direct irrigation of untreated wastewater is commonly practiced. 
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Abstract 
 

Natural resources include both the raw materials necessary for most human activities and the 

different environmental media, such as air, water and soil, which sustain life on our planet. 

Therefore, careful management of the use of these resources is a basis for sustainable development. 

 

In contrast with raw material it is their declining quality that causes concern. It is not question of 

how much there is, but what state they are in. 

 

Resource efficiency or resource productivity can be defined as the efficiency with which we use 

energy and materials throughout the economy, i.e. the value added per unit of resource input. An 

example of resource productivity calculation on a national level is total material (water) use divided 

by the total economic activity by the country, expressed in GDP. 

 

Sustainable development calls for processes with a closed loop philosophy and in recycling 

becomes thus a normal, rather than exceptional solution. Water reuse and recycling in industry is 

one of the most important ways enabling absolute and relative decoupling of environmental impact 

from economic growth. There are more and more corporations focusing development efforts on 

Cleaner Production (CP) methods, i.e. systematic approach to using resource more efficiently, and 

avoiding the use of hazardous substances where substitutes are available. 

 

Paper deals with water saving, reuse and recycling in Lithuanian industrial companies by Cleaner 

Production strategy, which is achieved by applying know-how, by improving technology and/or by 

changing attitudes. Cleaner Production strategy included the following prevention methods: good 

housekeeping, input substitution, better process control, equipment modification, technology 

change, product modification and on-site recovery/reuse. 

 

In Lithuania CP strategy was introduced in 1993. Since then twelve Cleaner Production 

programmes have been implemented in different economic sectors (three CP programmes were 

integrated with implementation of environmental management systems). The results of water saving 

and reuse by applying CP methods from 120 companies, representing15 branches of industry are 

presented in the paper. 
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Fig. 1. Water consumption in Lithuanian industry 

 

 

Fig. 1 shows, that despite of fast economic growth (GDP increased by 28% during the last three 

years), water consumption remains stable. This means that Lithuanian economy grows at a faster 

rate than environmental impact and relative decoupling was achieved mainly by using Cleaner 

Production opportunities. 

 

 

Keywords: Cleaner production, sustainable industrial development, water saving, reuse, recycling 
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No: 127 Davutpaşa/Istanbul-TURKEY, (akcin@yildiz.edu.tr)  

Abstract   

Water shortage is currently one of the biggest concerns of human being worldwide and it becomes a 

global problem that affects seriously the lives of high numbers of the world population. The 

Mediterranean region belongs to the most affected countries in the world. 

 The primary outcome of the project will be to install and to increase efficiency and effectiveness in 

the management of wastewater, its treatment and reuse in Turkey, Jordan, Lebanon and Palestine. 

 
The EMWATER partners’ aim is to create awareness of innovative solutions in wastewater 

treatment and its reuse and support the installation of new technologies of wastewater management. 

Experts from the field, decision-makers and interested citizens and civil organizations have to be 

involved to reduce the water shortages in the Mediterranean Region. The responsibilities of the 

Mediterranean partner countries are the implementation of the results of the project and the transfer 

into actions as part of their water policies and strategies. 

The responsibilities of the European partners are to work jointly with the Mediterranean partners to 

achieve the objectives of this project. These are know-how transfer of water especially wastewater 

treatment and reuse, to strengthen the capacity building, to assist the partner countries in the design 

and the construction of pilot plants for research and demonstration purposes and in the elaboration 

of policy guidelines. 

 

The EMWATER project has set the following general objectives: 

• Strengthening long-term regional co-operation and sustainable development in the 

Mediterranean countries.  

• Improving efficiency and effectiveness in integrated water resource management. 

•  Promoting transfer of innovative wastewater treatment technologies and improving current 

technologies used in rural areas.  

• Encouraging reuse-oriented wastewater management.  

• Enhancing public awareness of the insufficient respectively wrong wastewater treatment and 

reuse and for the necessity of an improved hygienically safe disposal.  

• Providing decision-makers with up-to-date, relevant information in order to help them 

choosing the most suitable technology.  

• Exchange of experiences and know-how between the European and Mediterranean partner 

countries and among the Mediterranean partner countries.  

 

The general objectives will be complemented by the following tasks: 

• Elaboration of regional policy Guidelines for wastewater treatment and reuse. 
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• Adapted training and capacity building programs for technicians, engineers and employees 

of authorities and non-government  

• Organizations in the field of wastewater treatment and reuse.  

• Design and construction of pilot plants for demonstration and training purposes.  

 

Though the project is limited in time to 48 months, starting in 2003 and ending in 2007, the measures 

it aims to implement are designed to create long-term, positive effects in the region. 
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Abstract 
 

In Israel all the available water reserves are employed, and the increasing population and 

technological developments require every year additional amounts of water supplied to industry, 

agriculture and municipal needs. 

 

Efforts are made to balance the increasing deficit with a variety of methods - water desalination, 

import of water (from Turkey) and water reuse and recycling. 

 

Among the methods of water reuse and recycling to be discussed in the presentation are the use of 

secondary municipal effluents in agriculture, deep well injection of effluents, combined water 

utilization in industrial complexes and municipal use of grey water. 
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Abstract 
 

The problem of pure drinking water is one of the sharpest for a lot of cities and of countries. Ways 

of a solving this problem are defined today not level of development of science and technology, as 

sufficiently efficient technologies for getting given quality drinking water are designed, but in 

greater degrees by financial possibilities of country on the modern water supply stations building 

and current it is costs payment on the usage of these stations.  For developing and comparatively 

non-rich countries will possible turn out to be an interesting a work of Ukrainian experts, directed 

on creation for the cheap water preparing, ensuring under small capital embedding and field-

performance expenses necessary quality of drinking water. 

 

Condition practically of all sources of drinking water on the territory of Ukraine is so catastrophic, 

that represents by itself a threat of a survival of the population. While the water sources  of  the first 

category of quality should be used,  the water in Dnieper  on international  standards have  nearer to 

III-IV category of quality that is, its norms almost corresponds with the diluted drains. Existing 

water supply systems on the territory of Ukraine assume preliminary chlorine processing  of initial 

water,  which then processing by aluminium sulphate , updating рН  by lime-milk, upholding, 

filtering of  the  top  fuse, chlorine processing and submission of water to the consumer. Thus  there  

occurs  clearing of lambs and disinfecting of water with simultaneous by operating time chlorine-

organic derivative. Radioactive elements, hard metals and chlorine-organic derivative practically 

free treat in the system of drinking water supply for the population. 

 

The program of work on maintenance of the inhabitants of industrial city by qualitative drinking 

water including the use of new two step reagent technology of water preparation and its 

introduction without any reconstruction on acting water supplying plants,  electrical pulsing and 

light disinfecting of water, creation of manufacture of local installations for disinfecting of water 

without chlorine processing. 

 

Increasing water pH to 11 will result in deposition of magnesium hydroxide and calcium carbonate 

under certain conditions in a mixing/precipitation tank. More than 90 % of the heavy metals and 

radionuclides, over 80 % of the organic contaminants and all bacterial pollutants are removed in the 

process. The final step is water neutralisation with a hydrolysing coagulant (salt of aluminium or 

iron) for further purification. All additives are readily available. A mixing/precipitation tank is the 

only necessary  addition to the existing equipment. The present practice  allows to carry out a 

complex clearing of water from heavy metals, (Fe, Mn, Al, Be, Cu, As, Pb, Zn, Se, Cd, Ti, Ni, Hg, 

Cr etc.); radioactive elements, (U, Th, Pb-210, Po-210, Sr-90,.As-137, Ra-226); petroleum, 

pesticides, other organic inclusions with simultaneous water disinfecting without the application of 

chlorine and operating time of cancerogenous -organic derivatives. The level of water purification 

from this elements and combinations is from 92 to 98 percents, what is best in compare with 

traditional «chlorine»  water purification technology in all municipal water treatment plants in the 
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former Soviet Union. It is possible to summarise the project results for spinning off to other areas in 

Ukraine and developing countries. 
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TREATMENT OF THE RESIDUAL FRACTION OF DOMESTIC WASTE: 
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Abstract 
 

Grate furnace incineration is the most commonly used technology for thermal treatment of the 

(residual fraction of) domestic and comparable industrial waste.  Although it is a proven 

technology, it is continuously being improved and research is carried out in order to make it more 

sustainable. Such developments are mainly relative to flue gas treatment, energy recovery, ash 

treatment in view of recycling, zero wastewater discharge, etc. A state-of-the-art integrated 

installation where many such developments were and are being realised is described along with 

current research on bottom ash recycling. 

 

Mechanical-biological treatment techniques are more and more used as alternative to landfilling and 

incineration of the (residual fraction of) domestic and comparable industrial waste.  Some relevant 

techniques of different types (biological drying and separation, separation and biological digestion, 

steam digestion and separation) are described and discussed. The technologies considered are then 

evaluated and compared. 

 

Some attention will also be given to fluid bed incineration, which is an upcoming alternative and 

offers high potential for treatment of the refuse derived fuel from mechanical biological treatment 

along with high calorific waste from industrial origin, sludge from municipal wastewater treatment 

and mixed municipal waste. 
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Abstract 
 

In Egypt, the increase in industrial activities over the past years has contributed significantly to the 

deterioration of environmental conditions in urban conglomerates and localities nationwide. As 

anticipated, this industrial activity increase was accompanied by an increase in ambient pollutant 

levels and generation of large amounts of hazardous wastes. With the lack of a system to regulate 

the handling or disposal of the generated wastes, each industrial facility was left unchallenged to 

devise its own waste management procedures. Recently, many naturally occurring materials have 

been used for different decontamination purposes. The natural clay minerals are considered as a 

good ion exchanger, since it is easily found and have low cost and high capacity in removing the 

heavy metals and organic compounds.  

 

The objective of this work is to study the sorption behavior of some heavy metals present in the 

industrial waste solutions using some clay mineral materials collected from different locations in 

Egypt.   

 

In this concern, five clay samples collected from Sinai, El-Safe, El-Fayoum, Bahryia and Aswan 

were used for this study. 

 

The adsorption studies were carried out in two stages. In the first stage a batch process equilibrium 

was carried out for single component using synthetic solutions with initial concentrations in the 

range between 2.5 to 10 mg/l of Pb
2+

, Fe
3+

, Cu
2+

 and Zn
2
. The adsorption capacities of the collected 

clay samples were as follows: - 

 

For clay sample collected from Sinai the adsorption capacity was 9.6, 21.6, 8.4 and 6.2 mg/g of 

Pb
2+

, Fe
3+

, Cu
2+

 and Zn
2+

 respectively. For El- Fayoum clay sample the adsorption capacity, was 

16.8, 27.6, 15.0 and 17.0 mg/g of Pb
2+

, Fe
3+

, Cu
2+

 and Zn
2+

 respectively. For Bahryia clay sample 

the adsorption capacity, was 12.0, 22.5, 9.0 and 9.6 mg/g of Pb
2+

, Fe
3+

, Cu
2+

 and Zn
2+

 respectively. 

 

Finally for the Aswan sample the adsorption capacity was 13.0, 26.1, 11.6 and 10.0 mg/g of Pb
2+

, 

Fe
3+

, Cu
2+

 and Zn
2+

 respectively. 

 

The best adsorption capacity was found for El- Fayoum clay sample while the lowest on was found 

for clay sample collected from Sinai site. The adsorption isotherms of Langmiur and Freundlish 

were also tested and it is found that El- Fayoum clay sample has the highest adsorption capacity. 

The results have been proven the favourability of such adsorbents for the removal of lead, iron, 

copper and zinc salts from their waste solutions. The parameters (n) of Freundlish was found to be 

more than one and separation factor (R) of Langmiur was found to be between zero and one. 
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The second stage of the work was carried out using fixed bed column. El-Fayoum clay sample was 

used for treating the synthetic waste solutions containing 10 ppm of Pb
2+

, Fe
3+

, Cu
2+

 and Zn
2+

. And 

after the treatment it was found that more than 90% of the investigated elements were removed. We 

can conclude from the above results that the natural clay collected from El-Fayoum site can be 

considered as an efficient sorbent for metal cations from their aqueous solution and can be used for 

the treatment of the industrial waste solutions. In addition, it is abundant, easily found and have low 

cost of processing. 
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Abstract 
 

Many industrial wastewater streams contain significant amounts of toxic metals (i.e. 

concentrations up to 500 mg/L or bigger) and should be treated before their discharge. 

Examples of wastewaters containing such metals are: 1) rinsing water in metal working 

enterprises (Cu, Ni, Zn, Sn, Cd, Pd, Ag, Al, Au, Cr, Mo etc.). 2) rinsing water in the 

semiconductor industry (Cu, Sn, Pb, Sb). 3) wastewater from the copper industry (As, 

Se (IV),  Se (VI)). 4) treatment of mine water contaminated with different toxic metals 

(U, Ra, As, etc.), etc.  

 

The conventional processes used to treat this kind of water (precipitation; 

precipitation/reduction; ion exchange/sorption bed filtration and the membrane 

processes: electrodialysis (ED), nanofiltration (NF) and reverse osmosis (RO) as well as 

process combinations (e.g. chemical precipitation and ion exchange; NF/RO and ion 

exchange; chemical precipitation and NF/RO and ion exchange etc)) have the following 

disadvantages: 

 

1) high use of treatment chemicals 2) large quantities of sludge (solid waste) 3) 

inadequate selectivity 4) very slow bonding kinetics for the metals and their oxyanions 

(i.e. large capacity needed, high costs) 5) low capacity of ion exchangers and sorbents 

6) insufficient metal removal 6) fouling and scaling problems in membrane operations. 

Usually, treatment of wastewater streams with large volume flow and high 

concentrations is needed which is not cost-effective. 

 

It would be ideal if all the toxic metals could be separated from the wastestreams, the 

cleaned water reused and the metals recycled in concentrated form. It is not easy to 

achieve such a goal but most of it has been achieved in the framework of a European 

research project (METASEP) comprising 13 partners. The technology proposed 

comprised following treatment stages:  

 

Step 1: selective bonding of toxic metal cations or oxyanions to suitable, selective 

bonding agents (BAs).  

Step 2: Three variants a) separation of the formed BA-metal complexes by crossflow 

microfiltration / ultrafiltration (MF/UF) for wastewater with metal concentrations < 50 

mg/l b ) separation of the formed BA-metal complexes by a hybrid system of 

submerged MF membranes combined with flotation for wastewater with metal 

concentrations 50-500 mg/l and c) separation of the BA (produced on-site by 

electrocoagulation) and the metal complexes by MF for wastewater contaminated with 

problematic toxic metal anions (Se, As, Sb). 
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Step 3: recovery, regeneration and recycling of the BAs with simultaneous production 

of metal concentrates for re-use. 

The project delivered an outstanding contribution to the key action 1.3.2 “Waste water 

treatment and re-use” of the Work Programme “Environment and Sustainable 

Development”
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Abstract 
 

Research of wastewater treatment by combined membrane-electroflotation method was 

carried out. Integrated membrane-electroflotation machine combining co-current 

membrane flotation and counter-current electroflotation was designed. Air dispersion 

was realized in the tubular membrane saturator with the bubbling of air through ceramic 

microfiltration membrane to the water flow. The two-phase flow with gas content about 

15-25% and average bubble size 0.5 mm was directed to the first chamber of flotation 

machine. The second chamber was designed for electroflotation polishing of membrane 

flotation effluent from the first one. 

 

Influence of feed cation concentration and wastewater residence time on membrane-

electroflotation rejection was studied. The rejection was stabilized on high level (95-

97%) when feed cation concentration exceeds 30–50 ppm. The influence of residence 

time on the process rejection was determined. It was found that 10 minutes residence 

time is enough for 95% rejection of Fe
3+

, Cu
2+

 and Ni
2+

 cations. Use of combined 

membrane-electroflotation method decreases energy consumption because of lower 

electric current is enough. 

 

Experiments on microfiltration, nanofiltration and reverse osmosis treatment of flotation 

effluent were carried out to find the feed water pH dependence on rejection and 

membrane flux. 

 

NF rejection is slightly smaller than RO one at pH 2–8 and becomes greater when pH<2. 

RO flux was dramatically decreased at pH<3 due to increasing of feed water osmotic 

pressure that means that RO cannot be applied to acidic cationic wastewaters with high 

osmotic pressure. 

 

MF rejection is sufficiently high when pH is enough for cation hydroxide formation. NF 

and RO treatment can be applied if pH is acidic and all the cations are solved in water, on 

the contrary. 

 

Provided the silt density index (SDI) is high, then membrane-electroflotation method can 

be applied for MF/NF pretreatment and MF/NF concentrate can be mixed with feed 

wastewater for cations rejection in flotation machine. If the SDI as well as pH values are 

low, then NF can be used in the first stage and concentrate can be treated by the 

integrated membrane-electroflotation method. The effluent can be recycled to the NF 

feed. Both of the methods can produce high-grade water and high-concentrated flotation 

froth as only waste, which can be dewatered and dried for utilization. 

 

Keywords: Wastewater treatment, flotation, membrane filtration, MF, NF, RO
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Abstract 
 

The application field of membrane units is continuously growing, also thanks to the development of 

new membrane systems, such as membrane contactors, that are able to carefully control the gas 

content in aqueous streams [1, 2] and that allow to achieve very high removals in the purification of 

both gaseous and aqueous phases [3].  

 

In order to establish the convenience in using membrane operations instead of conventional ones, it 

is important to have “terms of reference” to consider in the evaluation. The development and the 

application of “indexes for comparison” is, therefore, of high interest to perform the choice. 

 

In this contribution new proposed indexes (Productivity/Size ratio; Productivity/Weight ratio; 

Environmental Impact; Flexibility; Modularity) are used to compare the performance of membrane 

units with that of traditional devices for a case study: the sparkling water production. 
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Abstract 
 

Water is very limited natural source and in many cases there is no enough water supply of 

appropriate quality for industrial and domestic use. Many pollutants in water streams have been 

identified as toxic and harmful to environment and human health. Among them arsenic is 

considered as high priority one. It occurs naturally in rocks and soils, water, air, plants, and animals. 

Volcanic activity, the erosion of rocks and minerals, and forest fires are also sources that can release 

arsenic into the environment. Anthropogenic activities are also responsible for arsenic release into 

the environment. Wood preservatives, paints, drugs, dyes, metals, and semi-conductors contain 

arsenic. Agricultural applications, mining, and smelting contribute to arsenic releases as well. 

Arsenic has been found at higher levels in underground drinking water sources then in surface 

waters. Several reports have been widespread of arsenic poisoning e.g. Bangladesh, West Bengal, 

India, etc. Most of arsenic in drinking water is in inorganic form either as As(III) or As(V). Several 

studies have linked long-term exposure to arsenic contamination with cancer and cardiovascular, 

pulmonary, immunological, neurological, and endocrine effect. EU and USA authorities have set 

new maximum contaminant level (MCL) for arsenic in drinking water, which was dropped from 

0.005 µg/L to 0.001 µg/L. It is believed that with new standards around 5000 community water 

systems of the 74.000 in total would meet to take corrective actions to lower arsenic level in 

drinking water. 94% of these water systems serve fewer than 10.000 people each.  

 

Arsenic contamination is a worldwide problem and become a challenge for world scientists. A 

variety treatment processes have been studied for precipitation-coagulation followed by filtration, 

lime softening, reverse osmosis, electrodialysis, nanofiltration, ion exchange and sorption. Even 

though that these techniques are effective, it is difficult to achieve the required limit. 

Sorption/surface precipitation on iron oxides based materials has been found to be effective in 

removing both As(III) and As(V) as well. These sorbents can be easily synthesized and possess 

fairly uniform chemical and physical properties. As they are usually nano-structures, which is 

significant disadvantage for the solid liquid (S/L) separation after the sorption process. The scope of 

this research is to incorporate Fe-oxide based nanomaterials into a well-organized host matrix. 

Nanoporous and microporous crystals, such as molecular sieves (zeolites) are ideal hosts for 

accommodation of organic and inorganic molecules, polymeric chains, etc. due to their uniform 

pore size and their ability to sorb molecular species.  

 

Iron oxide based magnetic nanoparticles were synthesized by co-precipitation of Fe(III) and Fe(II) 

in the presence of zeolite–clinoptilolite (40-60%) with particle size 0.042-0.09 mm. The new 

magnetic zeolite was tested for the removal of As species from model aqueous solutions, which 

shows the sorption capacity for arsenic of about 50 mg/g of sorbent.  

  

Presented research was supported by Science and Technology Assistance Agency under the 

contract No. APVT-51-017104 as well as by NATO Collaborative Linkage Grant EST.EAP.CLG 

981103. 



 193 

 
 



 194 

 
 



 195 

 
 
 



 196 

 
COLOR REMOVAL FROM TEXTILE WASTEWATERS BY CHANGING 

THE SURFACE PROPERTIES OF ADSORBENT MATERIAL 
 

Aysel T. Atimtay,  Yusuf B. Duygulu 
 

Middle East Technical University, Environmental Engineering Department, 06531 Ankara, Turkey  

(aatimtay@metu.edu.tr) 

 
Abstract 
 
Most industries use dyes and pigments to color their various products. Use of color for textile 

product is very common. However, the removal of color from textile mill effluents has been a major 

problem for many years. Many dyes are inert and non-toxic at concentrations discharged into the 

receiving bodies. However, color in the water is very undesirable. Some dyes are harmful to the 

aquatic life because they contain highly toxic metal complexes. 

 

A low-cost basaltic tephra and clinoptilolite were used for the adsorption of basic and acidic dyes 

from aqueous solutions.  

 

The experiments were conducted to determine adsorption capacities of natural and modified 

adsorbents that were basaltic tephra and clinoptilolite on some dyestuffs used in textile industry. 

Different particle sizes of natural basaltic tephra and clinoptilolite were tried in order to investigate 

the adsorption of basic and acidic blue dyestuffs from an aqueous solution to see the effect of 

particle size on adsorption process. Adsorption isotherms for different particle sizes of basaltic 

tephra and clinoptilolite were obtained. It is seen from the results that the smallest size particles 

have the maximum adsorption capacity as expected due to their higher surface area on which the 

adsorption takes place.  

 

Adsorption isotherms for different particle sizes were analyzed according to the Langmuir and 

Freundlich isotherm equations. It is seen that Langmuir equation represents the adsorption isotherm 

better than the Freundlich isotherm equation. 

 

The surface characteristics of the adsorbants were changed by using HTAB. Natural basaltic tephra 

has higher adsorption capacity than that of modified tephra. Prior to modification, attractive forces 

between basic dyes, which are cationic dyes, and natural adsorbent, of which surface charges are 

negative, were dominated. With the modification, the surface charges of the natural basaltic tephra 

were changed from anionic to cationic, i.e. electrostatic forces between the surface of adsorbent and 

dyestuffs were changed. Therefore, adsorption capacity of tephra was decreased.  Under the same 

experimental conditions, the experiments were repeated with clinoptilolite. The reverse effect was 

obtained with the clinoptilolite. The adsorption capacity of clinoptilolite was increased.   

 

Adsorption capacities of natural clinoptilolite and its modified form for basic and acidic dyestuffs 

seemed to be very promising. 
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Abstract 
 

The natural waters are a vital source for human society. They are complex multicomponent systems 

containing major, minor and trace elements in different concentrations depending on the origin of 

the water basin. Nowadays, with the increasing urban and economic industrial and agricultural 

activities the pollution of water increases and poses a serious problem of human health and the 

environment. The major pollutants are nutrients and trace metals. During their transport in rivers 

they undergo numerous changes significant in zones of estuaries and sea. Monitoring investigations 

usually show the total content of the pollutants, without defining their chemical species, which 

determine the toxicity and bioavailability in the ecosystem. 

 

Different inorganic metal species exist in natural waters depending on the medium composition, pH 

and redox potential. The metal-ligand interactions define the activities of the different complexes in 

the solutions. The different metal ions compete for coordination with the anions or with water 

molecules. The activity of each of the different complexes in the solution is influenced by the whole 

composition of the system. The different concentrations of analogous (HCO3-, SO42- and Cl-) 

anions in river and seawaters and the trend of Men+ to coordinate dominantly with some of them 

determine the differences of inorganic chemical species.  

 

Thermodynamic modeling of the inorganic chemical species of the pollutants (nutrients and trace 

metals Fe, Mn, Zn, Cu, Cd and Pb) contents in waters of river - estuary – sea systems was has been 

achieved using a thermodynamic ion-association model (PHREEQCI computer program). The case 

studies were Kamchiya and Ropotamo rivers, a part of the Bulgarian Black Sea water catchment 

area, during the years 2004-2005.  

 

The modelling data show the predominating forms of the nutrient chemical species in all river – 

estuary – sea water systems are free NO3- and NO2- ions, whose amount is practically the same as 

their total concentration. The dominant species of inorganic P in the river waters are H2PO4- and 

HPO42-. In sea waters the concentration of the former decreases by 1-2 orders of magnitude.  

 

The trace metals Fe, Mn, Cu, Zn, Cd and Pb form a great variety of complexes, so different 

chemical species are typical of them in the systems studied.  

 

Mn and Zn show analogous behaviour in the systems studied. The free Me2+ ions are 

predominating in all river-estuary-sea systems and their concentrations approach the total Mn and 

Zn concentration. The concentration of MeHCO3+, MeCO30 and MeSO40 is by 1-2 orders of 

magnitude lower than the Me2+ content in river waters. In sea water, due to the higher content of 

SO42- and Cl- ions, the concentration of MeHCO3+ decreases with one order of magnitude at the 

expense of MeSO40, Zn(SO4)22-, ZnOHCl0 and MeCln2-n (n=1÷4).  
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Cu and Pb also demonstrate analogous behaviour in the systems studied. Dominant Cu(+2) species 

in river water are CuCO30 (10-8 mol.kg-1 H2O) and Cu2+ (10-8 mol.kg-1 H2O), while the species 

CuCO30 and Cu(CO3)22- are dominating in estuary and sea waters. The concentration of CuOH+ 

(10-9 mol.kg-1 H2O) is a constant in both river and sea waters, but the concentration of the 

CuHCO3+ (10-9 mol.kg-1 H2O) decreases with one order of magnitude in sea water at the expense 

of CuOHCO3-. The species CuSO40 (10-10 mol.kg-1 H2O) reveal constancy in river and sea 

water, while the chloride complexes concentration increases significantly in sea water. Dominant 

lead species in river water are Pb2+, PbCO30 and PbHCO3+ ions (10-9 mol.kg-1 H2O), while 

PbCO30, PbCl+ and Pb(CO3)22- are prevailing in sea water. The concentrations of PbCln2-n (n=1-

4), Pb(CO3)22- , PbOHCO3-, PbSO40 and Pb(SO4)22- complexes quickly increase in sea water. 

 

Cadmium displays different behaviours in river and seawaters. In river and estuary waters free 

Cd2+ ions are prevalent and form the total Cd amount, whereas in sea waters CdCln2-n (n = 1–3) 

complexes prevail. The species CdSO4, CdCO3, CdHCO3+ form the second group of species in 

river waters which concentrations are in the range 10-13 -10-12 mol.kg-1 H2O. Completely 

different is a second group of species in sea water - Cd(SO4)34- CdSO40, CdOHCl0, CdCl42-, 

Cd(SO4)22-, CdCO30 and Cd(SO4)46-. Their concentrations vary in the range 10-11 -10-10 

mol.kg-1 H2O.  

 

The hydroxy forms Fe(OH)2+, Fe(OH)2+, Fe(OH)30 and Fe(OH)4- are species typical of Fe3+. 

Dominant species are Fe(OH)2+  in all river – estuary – sea water systems and their amount (10-5 - 

10-6 mol.kg-1H2O) approaches to the total Fe concentration. Next in amount are the Fe(OH)30 

species, whose concentration in river water is by 1-2 orders of magnitude smaller, but quickly 

increases with the solution pH and in sea water becomes comparable to Fe(OH)2+  species.   
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1 Report on the Assessed Time Period  
 

Four special manuals (in both software and printed versions) have been developed within the 

scientific and research project called – „Technical Manual for the Prevention and Minimization 
of Waste“. They include preventive measures for the textile and paper industries, car wreckage 
disposal, disposal of electric and electronic installations and treatment of metal surfaces. The 

technical manuals supplement a general manual aimed at waste minimization. The special 

manuals have been tested in real operations and in IPPC processes. 

Project co-operation continued with UNIDO and UNEP, which cover cleaner production (CP) 

on an international level. 

Since September 1
st
, 2004 the agenda of the National Cleaner Production Agency has been 

delegated to the Czech Environmental Information Agency (CENIA) on the basis of an MoE 

Decree and with agreement of the management board of the Czech Centre of Cleaner Production. 

The Czech Centre of Cleaner Production was renamed the Centre of Innovations and 
Development on the 1st of January 2005. 

Promotion of cleaner production has been strengthened recently. Web pages have been 

designed in order to promote cleaner production and to disseminate theoretical knowledge and 

practical experience acquired in the field of cleaner production. 

A project proposal has been developed together with a manual focused on the implementation 

of cleaner production in medical facilities under Vysočina district control. The project „Cleaner 
Company“ is in its first phase.  

An annual report on the handling of tasks within the National Cleaner Production 

Programme will be part of a Report on the Environment. It will be elaborated by the National 

Programme Agency which will ensure the outcomes of National Cleaner Production Programme 

will be archived and published on the internet (Czech Government Decree No 152/2006). 

 

 

2 Balance of the Decade of Implementing Cleaner Production in the Czech Republic 

 
Cleaner production projects have been implemented in 91 companies. The companies 

operate in the fields of light and heavy industries, the chemical, textile and food industries, medical 

service, the production of costume jewellery, agriculture, bakeries, breweries and forestry. 
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Besides the above mentioned projects the Cleaner Production Centre arranged grants from the 

State Environment Fund within the programme supporting cleaner production, which was later 

transferred to the support of best available technologies. Projects were also focused on 

introducing HACCP in food industry economic entities. 

From 1992 to 2004 there were 118 projects implemented, 32% of which achieved financial 

savings. In the year following the implementation of cleaner production 37 companies saved 7,2 
million USD altogether (this figure represents 32% out of 118 projects). The average amount of 

savings reached almost 0,2 million USD. The payback period varied from 0 to 72 months, 27 
months at average, and Internal Rate of Return (IRR) was around 17 %. 

 
 
3 Current Topics 
 

The following activities are being prepared within the National Cleaner Production 

Programme for the period of 2005-2006: 

a) Promotion strengthened through web pages managed by CENIA and the continuous updating 

of their content (current news, info on the projects); 

b) Realization of the cleaner production project in medical facilities and the finish of „Cleaner 

Company“ project; 

c) Retention of financial support from the State Environment Fund – BAT Programme for the 
cleaner production projects; 

d) Participation of the Czech Republic in the PREPARE network (Preventive Environmental 
Protection Approaches in Europe) under the auspices of EUREKA international network 

and in co-operation with EuroEnviron environmental agency; 

e) Broader participation of companies in the decision-making process about the National Cleaner 

Production Programme (reconstruction of the Board of National Cleaner Production 
Programme). 
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Abstract 

 

At present prime attention is paid to minimizing and utilizing of biodegradable waste as a 

significant type of waste. Pastry production is a typical example, because it processes raw materials 

which are subject to rapid degradation as well as products which are valueless once they lose their 

freshness. 

 

Non-consumed pastry is commonly utilized in agriculture as feed. Utilization in large-scale 

breeding is problematic, though. Effective breeding of livestock is based on prepared, optimum 

fodder rations. The addition of non-consumed pastry is not considered in such cases. That is why it 

is necessary to seek out the possibility of use of non-consumed pastry by private farmers and small 

breeders. Regular demand is not guaranteed by these target groups. In case of bad estimate of 

demand for pastry a larger amount of non-consumed pastry and bakery products remain to be 

disposed of. 

 

Economic and environmental benefits resulting from the implementation of cleaner production 

methodology and bat in food industry have been clearly proved on the example of a bakery. It has 

been based on the substitution of an obsolete yeast production technology with the best available 

technology (bat) enabling production of durable, high-quality yeast as well as utilization of non-

consumed pastry which has not been sold elsewhere due to bad estimate of demand. Up to 20% of 

flour as the original raw material can be substituted for pastry from the previous day production 

which has not been sold. That pastry was previously disposed in a waste incineration plant.  
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Abstract 
 

The last year brought substantial changes in the approach of the authorities (national and municipal) 

to the enforcement of environmental regulations. While in the past fear from raising unemployment 

resulted in a lenient attitude, recently more and more industrial entities are severely fined or even 

closed down because of unacceptable levels of pollution, or other environmental violations. 

 

A major power station was shut down, for not switching in time to natural gas. Chemical plants in 

the Haifa bay and in the Ramat Chovav Industrial Park were reprimanded, fined and their 

operations temporarily restricted. 

 

A few of these cases will be discussed in detail. 
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Abstract 
 

In general, Romania’s environmental infrastructure does not comply with the EU 

directives.  It is also inefficient and subject to frequent breakdowns. In most cases, to 

fill in the approximation gap, Romania will have to build new infrastructure. 

 

Out of Romania’s 1,398 treatment plants, 601 produce drinking water for 11.3 million 

urban (cities with population> 5,000) dwellers (91%) and 797 for 3.4 million people in 

rural (localities with population < 5,000) areas (33%).  The overall connection rate is 

65%. Romania’s 263 urban municipalities and 2,648 of Romania’s 15,779 rural 

settlements (17%) have centralized water supply systems.  Ten percent of the systems 

supplying water to the urban population do not comply with the limit values; this 

percentage goes up to 25% in rural areas. 

 

Breakdowns are frequent in the water supply systems which are often up to 100 years 

old and in a bad state of repair.  Supply is interrupted for more than 8hrs/day in 21% of 

urban agglomerations.  The supply system and the distribution network are mostly 

made up of inadequate materials (asbestos-cement and lead, 30% of pipes are made of 

iron with no cleaning system).  70-75% of the existing system will have to be replaced.  

Drinking water is further contaminated with corrosion products and impurities resulting 

from frequent accidents.  The intermittent supply also affects water quality.  Domestic 

distribution systems that contain lead producing compounds will have to be changed. 

 
Of the 3 billion m

3
/year of wastewater requiring treatment, only about 20% is treated 

adequately, 30% inadequately, and 50% not treated at all, which means that about 80% 

of the wastewater discharged is insufficiently or not treated. 77% of households 

connected to the water supply have sewerage facilities; the overall connection rates are 

91% for urban and 33% for rural. 47 out of 263 towns have either no treatment plants or 

plants that are not working properly; and of 15,779 rural settlements, only 53 have 

treatment facilities.  Finally, more than half (58 percent) of the 1,441 wastewater 

treatment plants inventoried in 2000 were not working properly. 

 

The PHARE study “Technical Assistance for the Elaboration of the Environmental Cost 

Assessment and Investment Plan” presumed that for Romania in a total cost of 39,034 

MEURO to comply with environmental EU Directives, the estimated costs to comply 

with  water related EU Directives will be 4,430 MEURO for potable water, 9,449 

MEURO for urban wastewater treatment and 3,143 MEURO for nitrates (total for water 

sector = 17,022 MEURO). 
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Paper presents the potential financial sources for investments and prioritisation criteria for 

different projects. Financial sources for these investments could be: Internal (Government 

Budget, other domestic financial resources), EC Funding (Grants, Loans), International 

Financial Institutions (Loans), and International Donor Institutions (Grants). Prioritisation 

criteria have to include accession, environmental, financial, economic,  technical,  social and 

political, commercial and institutional criteria, taking into account affected population, 

pollution category of receiving water, number and complexity of project components, 

impact on protected and sensitive areas, size of investment, existence of a single operator, 

etc.  
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CLEANER PRODUCTION ACTIVITIES IN MOLDOVA 

 

Alexandru Stratulat 
 

Advisor for Prime Minister and Vice Prime Minister of the Republic of Moldova, Moldova 

(a_stratulat@moldova.md) 

 

Abstract 
 
The cleaner production idea in Moldova has started to be developed after the signature in 1999 of 

the International Declaration on Cleaner Production (UNEP). Beginning with that date the cleaner 

production in Moldova started to gain ground: the principle of cleaner production was introduced in 

the Government’s Action Plan and in the Concept of the Environment Protection. Also, a Centre for 

Prevention of Industrial Pollution (CPPI) (now Cleaner Production and Energy Efficiency Centre 

(CPEE) Centre) was established. A campaign to raise public awareness on the issues of Cleaner 

Production started. As a result of these efforts in September 2003 the National Declaration on 

Cleaner Production was adopted. 

This latter has a great importance for the Moldovan government, since through the implementation 

of cleaner production processes it tries to achieve a series of goals: 

• Pollution control and reduction of the social costs of the environment’s degradation; 

• Sustainable development of the industrial sector and society through cleaner production; 

• Implementation of the National Strategy for Sustainable Development. 
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FACTORS BEHIND CLEANER PRODUCTION IN THE 

HUNGARIAN MANUFACTURING INDUSTRY - RESULTS OF A 
SURVEY 

 

Gabor Harangozo 
 

Hungarian Cleaner Production Centre, Corvinus University of Budapest, Budapest, 

Hungary ( 

 

Abstract 
 

The presentation is based on the results of an international survey carried out with the 

support of the OECD. Its main focus is to give a brief review on the practices used 

within the Hungarian manufacturing industry regarding environmental actions 

(wastewater management, material efficiency etc.), especially cleaner production.  

 

It can be mentioned that cleaner production and pollution prevention is getting much 

more important than conventional environmental practices such as end-of-pipe 

technologies. Beyond the cleaning of the production technologies, the improvement of 

the environmental characteristics of products is getting more important, too. 

 

The presentation also aims to examine the role of different factors - such as size, 

industry, the pressure of different stakeholders etc. - on the attitude and concrete actions 

of the manufacturing firms regarding cleaner production. An important question is 

whether the high level of the corporate environmental management leads to an 

improvement in the field of concrete environmental actions and cleaner production.  

 

A key element of the analysis is the effectiveness of the environmental actions carried 

out by the firms, to what extent they contribute to the decrease of the environmental 

impacts of companies. 

 

Last but not least, the relationship between the environmental actions, the cleaner 

production practices and the general business performance of the firms is analysed.   
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CARBON DIOXIDE EMISSIONS IN SPAIN: MAIN SOURCES AND 

CAPTURE POSSIBILITIES 
 

Miguel Ángel Suárez, Eva Díaz and José Coca 
 

Department of Chemical Engineering and Environmental Technology 

University of Oviedo, 33006 Oviedo, Spain (jcp@uniovi.es) 

 
Abstract 
 

A brief review the main sources of CO2 –mainly stationary sources- and energy conservation 

strategies in Spain is made.  The documents issued and actions taken in order to reduce CO2 

emissions, in order to comply with the Kyoto protocol, are also considered. The available 

technologies for CO2 reduction, depending on the emission source, have also been included.   

 

 

Keywords: Greenhouse gases, CO2 capture, Spain 
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Abstract 
 

It has been estimated that twenty countries will have mid to high resolution earth observing 

satellites in orbit by 2010 (Stoney, 2005)
A
; however, only a very few institutions of higher learning, 

world-wide, maintain groundstations capable of receiving real-time satellite data from multiple 

sensors. Given that anthropogenic and biogenic disasters have not always confined themselves to 

nation-state boundaries, and given that global climate research, oceanography, coastal zone 

morphology, global deforestation, agricultural pest infestation, epidemics, epizootics, atmospheric 

sciences and comparative megacity research, inter alia, all require access to archival and near-real-

time international data, it is incumbent upon academic groundstations to collectively strive to 

establish a distributed shared archive of satellite data and access to near-real-time remotely sensed 

data.  
 

As a prelude to accomplishing this objective, several universities and research institutes in Turkey 

have indicated their interest in forming a coalition to serve as an integrated node and Center of 

Excellence for Applied Spatial Data Research within a Global Grid for Archival and Real-time 

Remote Sensing (G2AR2S). Thus far, the coalition includes Istanbul Technical University, Middle 

East Technical University, Bogazici University, Kandilli Observatory, Aeronautics & Space 

Technology Institute and Marmara University. Based upon the Turkish prototype, the objective is to 

identify or form analogous collectivities in Europe, Asia, Latin America and Canada. Within the 

USA, a possible precursor would be the AmericaView Program, currently funded by the United 

States Geological Survey (USGS). AmericaView is an amalgam of twenty State Consortia 

developed for the purpose of enhancing access to archival remotely sensed data. Groundstations for 

real-time remote sensing, located in five AmericaView member states (i.e. Indiana, Louisiana, 

Texas, California & Alaska) could form the initial basis for dissemination of near-real-time data to 

the others. Rapid dissemination can be facilitated by the fact that three of the groundstations (i.e. 

Purdue Terrestrial Observatory at Purdue University in Indiana; University of Texas at Austin and 

the Scripps Institute of Oceanography at the University of California San Diego) are also nodes on 

the National TeraGrid, a high bandwidth backbone, supported by grants from the National Science 

Foundation. 

 

The authors have previously presented a scenario for establishment of “NATO View,”
B
 wherein 

member countries would benefit from subsidized access to their respective archives of satellite data, 

as do members of AmericaView. Previous presentations also addressed the benefit of such an 

approach for the African continent.
C
  The authors now present a viable scenario for a global 

archival and real-time remote sensing grid, which would link the satellite groundstation in Istanbul 
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and cooperating universities and research institutions in Turkey with their counterparts in 

Singapore, Europe, Africa, Asia, Russia, South America, Canada and the USA. 

 
A
 Stoney, William E. Guide to Land Imaging Satellites. Mitretek Systems,  Bethesda, MD: ASPRS, 

2005 http://www.asprs.org/news/satellites/ 

 
B
Virgil L. Sharpton & Gilbert L. Rochon. Invited presentation, “Archival and Real-Time Satellite 

Remote Sensing in Support of Environmental Sustainability within NATO Countries: Toward 

NATO View,” North Atlantic Treaty Organization (NATO) Committee on the Challenges to 

Modern Society (CCMS) Pilot Study on Clean Products & Processes Phase II, June 17-15, 2005, 

Alesund, Norway 

 
C
Gilbert L. Rochon, J. Quansah, M. Mohamed, Y. Twumasi, T. Coleman, V. Taylor, C. Luther, C. 

Johannsen and D. Landgrebe. “Applicability of Near-Real-Time Satellite Data Acquisition and 

Analysis and Distribution of Geo-information in Support of African Development,” United Nations 

Economic Commission for Africa (UN ECA) Committee for Development Information (CODI  IV) 

Addis Ababa, Ethiopia, April, 2005. 
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Abstract 
 

An efficient pollution-free technology for precious metals extraction from secondary raw materials 

is being developed with financial support from the Science and Technology Center in Ukraine 

(STCU). Today, precious metals represent not only the source of wealth but, as well, the important 

material for engineering, electronics and science. Currently, the quantity of secondary raw materials 

containing precious metals appears to be comparable with natural sources. The existing 

technologies for processing of raw materials aim at the extraction of precious metals from large 

quantities of homogeneous primary raw materials having a low content of the metals. Methods and 

equipment used for this are very expensive and cannot be used for processing of small amounts of 

raw materials. Processing of secondary raw materials on the existing large-scale industrial 

equipment results in big losses of precious metals, since the peculiarities of such materials are not 

taken into account. Besides, the cost of processing of secondary raw materials by standard industrial 

methods often exceeds the value of precious metals being extracted. 

 

The offered technology, which comprises a low-cost automated refining system, is mainly directed 

towards extraction of precious metals, such as gold, metals of platinum group and silver, from 

secondary row materials usually containing up to 5% (wt/wt) of precious metals. Such materials are 

originated from utilization, recycling, repairing and modernization of several generations of 

electronic and communication equipment and computers. They comprise: (i) scrap from rolling, 

cladding and punching, e.g., printing nips, contact springs, and clinchers, (ii) two- and multi-layer 

parts covered by a thin layer of precious metals, (iii) parts conjoined with plastics, ceramics, glass 

and other components of so-called  electronic scrap, e.g., scrap of electronic parts, such as resistors, 

capacitors, switches and relays, devices for microwave technology, reading devices, converters, 

chips, hybrid microelectronic circuits, connectors, transistors, printed circuits, parts of commutation 

systems, etc. The technology is based on the method of chemical leaching that transfers all the 

metal compounds into the liquid phase enabling the sequential highly-efficient selective extraction 

of gold, silver and metals of platinum group with minimum losses, regardless of raw material 

composition and structure. The technology is directed towards total elimination of emission of 

hazardous substances into environment by using the closed-cycle technological scheme.  

 

The fulfilment of the given project will allow construction of low-cost industrial plants for 

economically sound extraction of precious metals from secondary raw materials. It could be 

beneficial for the companies engaged in reprocessing of electronic parts and also for companies 

manufacturing electronic devices and facing the problems of dealing with scrap and defective parts. 
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RED MUD – A POTENTIAL SORBENT FOR REMOVAL OF HEAVY 

METAL CATIONS 
 

Miroslava Vaclavikova 
 

Institute of Geotechnics, Slovak Academy of Sciences, Watsonova 45, Kosice,  Slovakia 

 

Abstract 
 

The presence of metal ions in the environment is of major concern due to their toxicity to many life 

forms. Unlike organic pollutants, the majority of which are susceptible to biological degradation, 

metal ions do not degrade into harmless end–products. The metals of most immediate concern are 

Cr, Mn, Fe, Zn and Cd. These metals are widely distributed in materials, which make up the earth’s 

surface. Due to their toxicity, the maximum concentration levels for drinking and surface waters 

have been set. Increasingly stringent European legislation on the purity of drinking waters has 

created a growing interest in the development of conventional treatment processes. Various 

methods of wastewater treatment were examined and adsorption proved as one of the most 

promising techniques. The aim of this research has been to undertake a study to assess the potential 

of red mud as a sorbent for the removal of toxic metal ions – such as cadmium, zinc, copper and 

lead. The toxicity and colloidal nature of the red mud particles as well as the relatively large 

quantities generated create a serious pollution hazard and needs a “search out” for an improved 

disposal technique.  

 

The red mud (RM) is an insoluble fine–grained residue of alumina production from the Bayer 

process for extracting alumina from bauxite, where the ground ore is treated with hot concentrated 

base. Roughly 1.0–1.5 tones of red mud residue are produced for each tone of alumina and hence, 

millions of tones of caustic red mud must be disposed of annually worldwide. The disposal of red 

mud is associated with space/real estate near industry and cost of disposal and pollution, which are 

now crucial factors.  The red mud from aluminium oxide production at Ziar nad Hronom, Slovakia 

represents significant hazard to the environment too. There is about 10 million tons of waste 

dumped near processing plant. The waste dump occupies about 40 hectares. Therefore, the 

exploitations of these by–products in other areas are of growing importance for basic industries and 

also for the environment. The major constituents of red mud are Fe2O3, TiO2, Al2O3, CaO, SiO2 and 

Na2O.  

Red mud, due to its high aluminium, iron and calcium content, has been suggested as an 

inexpensive adsorbent for the removal of toxic metals. Cadmium, lead, copper and zinc were 

selected as test cations for the investigation of the sorption properties of red mud in this study. 

Cadmium and lead are elements occupying high toxicity positions in the EPA tables. On the other 

hand, copper and zinc are elements taking part in many biological processes but considered as toxic 

and hazardous to human health at elevated concentrations. The TCLP test results indicate that the 

red mud is generally an environmentally friendly material that could be applied to efficiently treat 

wastewaters. Red mud, a solid byproduct of the alumina production industry, was found to be a 

sorbent able to remove cadmium, zinc, lead and copper from model aqueous solutions. 
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Some Memories from 2006 Istanbul Meeting 
 

 
 

 

 

 

 

 
 

 

 

Prof. Dr. Fatoş Y. Vural, Vice Rector of METU, delivering her opening 

speech 

Dr. Subhas Sikdar, Director of the Pilot Study, delivering his opening speech 

 



 268 

 
 

 

 

 

 

 
 

 

 

 

 

 

Delegates during the meeting 

Delegates during the meeting 
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Boat tour on Bosphourus 

 

 

 

 
 

Beylerbeyi Palace on Bosphourus 
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Technical visit to the Marmara Research Center (May 9, 2006) 

 

 

 

 
 

Technical visit to the FORD automotive industry (May 9, 2006) 
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Technical visit to the FORD automotive industry (May 9, 2006) 

 

 

 

 
 

Technical visit to the GOODYEAR tire manufacturing company (May 9, 2006) 

 


