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Abstract

1. Introduction:

Particulate air pollution is regarded as one the most important health concerns worldwide. The common denominator for many of the particulate sources behind the adverse health effects is combustion. In order to slow down the climate change, European Union has decided to increase the use of renewable energy up to 20% on average of the total energy consumption by 2020. The decisions may further increase biomass combustion in small scale local systems which are already at current levels responsible for a substantial part of the total fine particulate matter (PM2.5) emissions. Thus, it is very important that the increase in biomass combustion is done without increasing harmful effects on human health and the environment. However, there is only a limited scientific data available on the source-specific harmful characteristics of the emissions which may cause the health outcomes. To meet these changes, it is important to reveal the health related toxicological characteristics of the combustion emissions from different types of appliances, flues, and combustion technologies. Especially the properties from emissions of the newly introduced technologies are not yet well known.

2. Concept and methodology:

Using multidisciplinary experimental approach, particulate emissions from modern new and old technology combustion appliances, combustion conditions and fuels were investigated for their physicochemical and health related toxicological properties. In the in vitro studies both mouse RAW264.7 macrophages and human BEAS-2B bronchial epithelial cells were dose dependently exposed to the collected PM samples (1,2). The analyses on PM induced inflammatory and cytotoxic responses, the mechanisms which are linked to cardiovascular and respiratory diseases, and cancer risk related genotoxicity, revealed that combustion conditions significantly affected the toxic potential of the emitted PM. These changes are mostly due to the differences in physicochemical characteristics of emitted PM. Most of the PM samples from the studied appliances caused dose dependent increase in at least some of the toxicological parameters in the exposed cells. Emissions from old technology appliances with incomplete combustion were in most cases more potent inducers of toxicological responses than those from the new technology appliances with more complete combustion. However, the results indicated that also the modern wood combustion appliances and optimal burning conditions may emit particles evoking high cytotoxicity and clear cell cycle arrest. Moreover, all the studied combustion particles caused DNA damage both in the mouse and in the human cell line, but the magnitude of the response was largely different between the samples. These genotoxic responses in both cell lines were associated with increased PAH levels in particulate samples. Moreover, it is noteworthy that the old technology appliances had larger mass emissions than the new technology appliances, which emphasizes the differences. 
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