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Introduction

The prosperity of modern societies is partly based on far-reaching achievements of chemistry. Progress in this discipline enables innovations in medicine, agriculture, energy industry, and in almost all manufacturing sectors of industry and materials for everyday use. With it, chemistry contributes to the improvement of the quality of life of billions of human beings. But, the price for these progresses to be paid by our environment seems to be more and more too high to the public. Goods and how they are produced by the chemical industry today influence the environmental quality of tomorrow. The social and ecological interests should not be disregarded. On the contrary, they are taken into account in recent approaches of Green Chemistry or Sustainable Chemistry. 

Chemistry and environmental protection – do they exclude each other? While it is the prevailing public opinion that especially chemistry endangers the environment, chemists in research and education, and in industry show continuous efforts to prove that an important tool for improved environmental quality lies in the hand of this discipline.
 

Chemistry is an opportunity and a risk at the same time for the implementation of the model of “Sustainable Development”. The risks related to chemistry are obvious if one looks at the past accidents like Seveso, Bhopal, and Sandoz. Even less dramatic acute environmental impacts, e.g. the ubiquitous distribution of POPs (Persistent Organic Pollutants), have their origin partly in the chemical industry. Besides these risks chemistry also offers great potentials which are indispensable for a Sustainable Development. In Agenda 21 it is declared in Chapter 19: “The realization of the social and economic goals of the international community of states is unthinkable without the use of considerable amounts of chemical substances.”

With the competence of the chemical industry in the field of materials conversion important sectors for the implementation of sustainable development in society can be supported. Within the framework of the initiative Responsible Care developed in the 1980s and applied worldwide, chemical industry took over the responsibility to increase the efforts for occupa​tional safety, public health, and environmental protection independent of regulations. During the past years significant progress was achieved in the field of environmental protec​tion based on this initiative.

The demands of Sustainable Development go far beyond the measures of the initiative Responsible Care. National and international federations of the chemical industry and a great number of companies organized therein take up the challenges and recognize the principles of a sustainable development. But they also call the legislators for general conditions which enable the companies to work in the sense of sustainable development, not only at national level but worldwide.
,
,
 

At the World Summit on Sustainable Development in Johannesburg in 2002, the Gesellschaft Deutscher Chemiker (German Chemical Society, GDCh) gave its clear view for the update of the Agenda 21 Chapter 19 in its position paper and identified the tasks chemists have to work on. The essential subjects of the M. Sc. curriculum in this proposal are already described there.

Declaration of GDCh for updating the Agenda 21 Chapter 19

1. The six program areas named in Chapter 19 of Agenda 21 must be implemented in their entirety.

2. Sustainable chemical processes and products should be developed with sustainability specifi​cally in mind. Life cycle assessment, eco-efficiency measurement, and the socio-political evaluation should be developed further.
3. Environmentally sustainable production of basic chemicals – chemicals which are produced at a global rate of more than 1 million t/a – is of particular significance for sustainable deve​lopment generally because of the large amounts produced and downstream lines of products that are based on them. The German Chemical Society calls on governments to step up promotion of the necessary basic research and to create conditions that encourage the kind of private-sector research that would make sustainable substitute processes and products available.
4. The German Chemical Society expressly urges that toxic chemicals – those that have been scientifically proved to pose an insupportable danger to the environment and human health – be replaced by less harmful substances or made superfluous through altered processes, and that the recovery and utilization of key chemicals be optimized in line with sustainability criteria. Of particular significance in this respect is reducing emissions of those volatile organic chemicals that contribute to the formation of tropospheric ozone.
5. Wherever possible, substitutes must be found for non-sustainable processes and products.

6. In order to solve the problems of blocking sustainability, the fundamental and applied researches that constitute chemistry’s contribution to sustainable development must be sharply intensified and promoted.

7. The concepts underlying the contribution of chemistry to sustainable development should also be made a part of school and university instructions.

Sustainability in chemical education

Chemical education has to involve all three fields of sustainability, the economic one, the environmental one and the social one. Due to the complexity of the subject, scientists from one faculty only cannot answer all questions that arise. Instead, specialists from different science fields are needed to cooperate on these topics. The task of natural scientists is the develop​ment of environmentally-friendly sustainable processes and techniques. Thereby, a process is defined as environmentally-friendly and sustainable, if - in borderline case - the usage of resources (expenditure and conditions of production, and their follow-up environmental burden) are oriented at scientifically justified minima. That does not mean that there are no other solu​tions conceivable which can be rated more suitable under the terms of sustainability. In order to develop such processes, scientists with profound expertise in the field of material conversion are asked to work on.

Besides the political sphere, the model of sustainable development is accepted as a future acting alternative by industry. However, these companies need specialists who are familiar with the guiding principles of sustainable development and its chances for the future. It is, therefore, urgently needed that these principles are integrated into the curricula for education at all levels. Despite the fact, that the goals of sustainable development are generally accepted there are still differences how they could be reached and the achievements be measured. Reasons for that lacks might be due to, e.g. different demands, which can vary from individual to individual, from country to country, and from continent to continent.

IFCS, GDCh and the Senior Professor Service for Sustainability and Chemical Safety
During the International Conference on Renewable Energies "Renewables 2004" the Inter​governmental Forum on Chemical Safety (IFCS) met in Bonn in June 2004. The President of GDCh, Prof. Dr. Henning Hopf, and the Chairman of the Working Group Research and Education of the GDCh Division Environmental Chemistry and Ecotoxicology, Prof. Dr. Müfit Bahadir, were invited to attend this meeting. Thereby, the previous recommendation of Carl Djerassi to found a Chemical Social Service Corps was developed further to the Elder Professor Service for Sustainability and Chemical Safety proposed here. The idea behind this proposal is simple and should include in the first step the Chemical Societies of the so-called C6-countries, i.e., France (Société Française de Chimie, SFC), Germany (GDCh), Japan (Chemical Society of Japan, CSJ), The Netherlands (Koninklijke Nederlandse Chemische Vereniging, KNCV), UK (Royal Society of Chemistry, RSC), and USA (American Chemical Society, ACS) and their international cooperation partners in the developing countries. After an initial financial support this service is considered to be self-granting.

Senior Professors from related fields of environmental research and sustainability mainly focused on chemistry should offer their services as teachers for an International University for Sustaina​bility and Chemical Safety shortly before or after retiring, e.g. as a type of sabbatical. This international university could be located at cultural institutions abroad of the participating countries (France, Germany, Japan, Netherlands, UK, and USA), e.g. at Goethe Institutes and DAAD Headquarters. The teaching courses are offered at M.Sc. level for B.Sc. holders of natural science disciplines. Due to the modular structure of the teach​ing units the courses could be held by only a small number of professors present at the same time.

As in other bilateral R&D projects with developing and emergent countries the travel costs are covered by the home countries of the professors and living expenses and accommoda​tions on site are covered by the host countries. Salaries of the teaching professors are further paid by their home institutions and, thus, do not cause additional costs. It is considered as a system of sabbatical for M.Sc. education in sustainable development and chemical safety.

This proposal was supported by IFCS taking the following resolution:

„The FSC (Forum Standing Committee) expressed support for the concept and expressed appre​ciation to the German Chemical Society for assuming the lead responsibility for the Chemical Social Service Corps initiative as a contribution to IFCS. The German Chemical Society will work to further develop a proposal and will return for further discussion with the FSC following a meeting with other major chemical societies. The FSC felt that it would be best to begin with a small project to test this initiative in a pragmatic stepwise approach.”

M. Sc. Courses for Sustainability and Chemical Safety
At the beginning M.Sc. courses will be initiated between a consortium of French, German, Japanese, Dutch, UK, and/or USA universities and a Key Univer​sity of a host country (e.g. Indonesia) according to the principles of so called Dual Degree Agreements. The theoretical lectures and seminars will be mainly given by guest professors and the experimental and laboratory courses will be held at the host univer​sity. Advice will be given again by the guest professors. Advanced and supplemental internships can be made at the corresponding universities with financial support through DAAD or other scholarships.

These study courses are addressed to B.Sc. holders of natural or engineering sciences degrees from universities or comparable higher education institutions. The most important fundamentals of sustainable and environmental chemistry and ecotoxicology will be imparted to the students. The graduates of this M.Sc. studies should be in a position to make proper use of …

in Synthetic Chemistry

· a sustainable dealing with limited resources,

· application of energetically favourable and environmentally-friendly reaction conditions,

· selection and use of resources conserving starting materials and intermediates as well as of renewable raw materials,

· application of modern chemo-, regio- and stereo selective reactions, 

· use of catalytic and enzymatic reactions for conserving resources,

· application of environmentally-friendly solvents,

· use of most efficient separation and clean up techniques,

· recycling of auxiliary materials and applied solvents,

· evaluation of chemical processes with regard to conserving of resources and protection of the environment in practise.

in Environmental Chemistry and Ecotoxicology  (Chemical Safety)

· determination of environmental pollutants,

· evaluation of pollutant’s effects on the environment,

· assessment of analytical techniques applied for the monitoring and  supervision of pollutants and their relevance for the environment,

· applying measures to remove environmental pollutions,

· designing concepts for preventive environmental protection, and

· to serve as an expert for public authorities, producers, and NGOs.

Curricular Aspects

Environmental scientists and engineers need to have certain skills in order to meet the demands of industry, research institutes, and public authorities when they graduate from the M.Sc. courses and are responsible for sustainability and chemical safety. Therefore, students should be taught in some thematic topics and should specialize according to the selected fields and neighbouring disciplines.

The following non-conclusive listing of subjects is oriented on the likeliness of recruiting of lecturers in the sending and the host countries:

· General Environmental Protection and Conservation
Tropical agriculture  and forestry, biodiversity and protection of species,
· Renewable Raw Materials
Cultivation of useful plants; manufacturing processes for the production of renewable raw materials; material utilization of renewable raw materials: organic chemistry of the molecules in the biomass – carbohydrates, fats, proteins, lignocellulose; important chemical conversion of these molecules to sustainable products; energetic utilization of renewable raw materials: conversion of biomass to liquid fuels, bio-refinery, biodiesel, bio-lubricants, bio-plastics.

· Sustainability Related Concepts and Criteria
Assessment of chemical processes and syntheses; assessment of products: Life Cycle Analysis, eco-efficiency analyses, inclusion of the social dimension
· Substance Related Concepts and Criteria in Environmental Chemistry
Environmental chemistry and environmental analysis, 

· Effect Related Concepts and Criteria
Structure-activity-relationships (QSAR), toxicology, ecotoxicology, environmental medicine,
· Media Related Concepts and Criteria
Environmental Chemistry of the atmosphere, hydrosphere and pedosphere, protection of soil and marine ecosystems, and the climate
· Sector Related Concepts and Criteria and Environmental Technologies
Reduction of emissions and immission, recycling techniques, industrial hygiene, adapted water and wastewater technologies,
· Environmental Biotechnology
Bio-catalyses, rehabilitation of contaminated sites, environmental microbiology,
· Environmental Planning and Management 
Environmental communication, environmental law, industrial ecology, sustainable materials flow management, technological impact assessment, international relations and UN organisations for environmental Protection and chemical safety.
Regulations for studies and examinations, certificates and diploma

The regulations for studies and examinations are oriented at similar study courses at the home universities and should adequately consider the regular practices at the host countries. After successful participation and the final examination a M.Sc. thesis should be performed at the university of the host country or the corresponding French, German, Japanese, Dutch, UK, or USA university and the thesis should be presented and defended at the host country. On the basis of this examination regulation the students should be provided with the Dual Degree Certificate/Diploma of both universities.

Concluding Remarks

The German Chemical Society and the Technical University of Braunschweig, Germany, are ready to implement this program together with partner societies ACS, CSJ, KNCV, RSC, and SFC and to take over the responsibility for the initial period. After a successful start new agreements can be made for the continuously establishing of this Senior Professor Service for Sustainability and Chemical Safety.
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