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Introduction

Air pollution effects on cultural heritage have been studied extensively in Europe during the 20th century (“ICP Materials”, “MULTI-ASSESS”). In recent years, projects have also been initiated outside Europe (“RAPIDC/Corrosion”) and on the effects of global climate change (“NOAHs ARK”). The present note summarises experiences on the combined effect of pollution and climate from these projects.
Effects of air pollution in Europe during the 20th century
The “International Co-operative Programme on Effects on Materials, including Historic and Cultural Monuments” (ICP Materials) is one of several effect oriented International Co-operative Programmes (ICPs) within the Convention on Long-Range Transbondary Air Pollution (CLRTAP). It has developed dose-response functions for several materials, showing the dominating effect of S-pollutants and performed trend exposures of indicator materials for cultural heritage (carbon steel, zinc and limestone) starting in 1987. Decreasing trends in corrosion were observed for all materials during the period 1987-1997, about 50% as an average coinciding with the decreasing levels of SO2. However, when observing the trends in corrosion for the last five years the corrosion trend is material dependent. For carbon steel, a decreasing trend is still evident while for zinc and limestone, no decrease is observed and the trend could even be described as slightly increasing.
   The EU 5FP RTP project “Model for multi-pollutant impact and assessment of threshold levels for cultural heritage” (MULTI-ASSESS) studied the multi-pollutant situation, with effects on materials influenced by nitric acid, particulate matter and ozone as well as the traditional sulphur dioxide impacts. Dose-response functions for carbon steel, zinc, copper, bronze, limestone and glass, representative of medieval stained glass windows, have been developed for the multi-pollutant situation involving the effect of climate as well as S, N and particulate pollutants. A maximum corrosion effect of dry deposition is observed at about 10 °C. The dose-response functions together with the tolerable corrosion rates enable the specification of a tolerable climate/pollution situation. For SO2 a level of 10 µg/m3 was proposed protecting 80% of the European territory at present HNO3 levels.
Effects of air pollution outside Europe

In 2002 the first exposures started in the SIDA-funded corrosion project within the Programme on Regional Air Pollution in Developing Countries (RAPIDC/Corrosion). The projects involve sites in Asia and Africa and one of the aims is to develop dose-response functions for corrosion valid for sub-tropical and tropical regions. The project is still on-going but one of the motivations for initiating the project was early indications that the effect of acid rain (wet deposition) could be higher than expected from the European experience due to the higher corrosion effect at higher temperatures.
Effects of a changing climate in the 21st century
The EU 6FP RTD project “Global climate change impact on built heritage and cultural landscapes” (NOAHs ARK) started in 2004 and will end in May 2007. It is the first project that has studied the effects of climate change on cultural heritage. It involves several aspects of climate change including physical effects, chemical effects and biological effects. All these effects are important for the degradation of materials but it is especially for chemical effects that the interaction between climate and pollution is strong.
   Figure 1 shows one of the results from the project. The temperature dependence of steel corrosion (maximum at 10 oC) is exemplified in the figure for three grid cells. These grids are denoted “Riga”, “London” and “Rome” for ease of identification since these cities are located within the selected grids. The results show that if the pollution situation remains unchanged the effect of global climate change will be significant. The corrosion in the London grid remains high since the temperature changes from about 8 oC to about 12 oC while “Rome” is replaced by “Riga” as a climate resulting in high corrosion in combination with SO2.
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Figure 1 Calculated change of corrosion of carbon steel due to climate change assuming a constant SO2 level of 10 µg m-3. Results for three grid cells are given, in which the cities of Riga, London and Rome are located.
Conclusion
Pollution and climatic parameters have a direct effect on several materials independent of each other but it is also very common that pollutants and climate act together. In developing future policy for protection of our cultural heritage, it is therefore important to consider effects of pollution and global climate change in a common framework.
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