ELEMENTAL AND ORGANIC CARBON IN PM10: A ONE YEAR MEASUREMENTS CAMPAIGN WITHIN THE EUROPEAN MONITORING AND EVALUATION PROGRAMME EMEP
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INTRODUCTION 

The environmental relevance of the carbonaceous aerosol comprises a number of important topics, such as human health, direct and indirect climate forcing, and air-quality. The high number of organic molecules reported to be associated with ambient fine aerosols have a wide range of different physical and chemical properties, of which impact on human health and cloud formation largely remains unknown. Furthermore, black carbon is the principal light absorbing species in the atmosphere, significantly affecting the Earth’s radiative balance.  Attempting to quantify the carbonaceous content of the ambient aerosol on the basis of single molecules is, however, an insurmountable task due to their sheer number, their various chemical and physical properties and the complex aerosol matrix. Thus, operational definitions of bulk carbonaceous material, such as elemental carbon (EC) and organic carbon (OC), have been established. 

Long-term monitoring data of EC and OC is not yet available on the regional scale in Europe, although the importance of such data has been emphasized (Kahnert et al., 2004). Monitoring of EC and OC needs to rely on both robust and cost-efficient techniques, but at the same time a satisfactory quality of the data must be maintained. It has long been recognized that both positive and negative artefacts can be introduced during prolonged sampling of particulate OC (McDow and Huntzicker, 1990), significantly biasing the particulate OC loading of the sample. There is, however, no consensus whether it is the positive or the negative artefact that prevails. Various approaches exist that are supposed to account for the sampling artefacts of OC (Mader et al., 2003), but the performance of these approaches is disputed. 
Whereas the total carbon (TC) content corresponds well between the most commonly used analytical approaches, the recommendation made by Schmid et al. (2001) is that only methods that account for charring during analysis should be applied when analysing for the samples content of EC and OC. Thus, methods such as thermal optical reflectance (TOR) and thermal optical transmittance (TOT) should be applied. Still, differences of a factor of two have been reported for EC when comparing the two most commonly applied analytical protocols, NIOSH (National Institute of Occupational Safety and Health) method 5040 and IMPROVE (Interagency Monitoring of Protected Visual Environments) (Schmid et al., 2001). Thus, in order to provide EC/OC data of high quality within a monitoring network, a standardized protocol needs to be established both for analysis and sampling of these constituents. Such work is currently taking place within the EU funded project EUSAAR.

To assess the feasibility of performing EC and OC monitoring on a regular basis, and to obtain an overview of the spatial and seasonal variability of EC and OC on a regional scale in Europe, a one-year campaign was conducted at 14 sites in 13 European countries. The dataset benefits from the fact that one instrument, a thermal optical transmission instrument, which corrects for pyrolytically generated EC during analysis, has been used to quantify the samples content of EC and OC. 

METHODS

During the period 1 Juli 2002 – 1 July 2003, one 24 h aerosol sample was collected each week at 14 sites in 13 European countries on prefired (850 ºC, 3.5 h) Quartz fibre filters using CEN equivalent samplers with a PM10 inlet. The samplers operated at filter face velocities ranging from 22 - 54 cm s-1. The samples content of EC, OC, and TC, were quantified using a thermal optical transmittance (TOT) instrument from Sunset laboratories Inc, using a NIOSH-derived temperature programme (quartz.par) (Table 1). In addition, the samples mass concentration was determined gravimetrically.
RESULTS

The highest annual mean concentration of TC was reported for the Ispra (9.6 ( 8.0 µg m-3) (Mean ( SD), whereas the lowest was observed at Mace Head (1.4 ( 1.5 µg m-3). These two sites also experienced the highest and the lowest annual mean concentrations of OC; 7.8 ( 6.8 µg m-3 at Ispra and 1.2 ( 1.3 µg m-3 at Mace Head. For EC the concentration range varied by an order of magnitude, from 0.17 ( 0.19 µg m-3 at Birkenes to 1.83 ( 1.32  µg m-3 at Ispra. 
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A North-to-South gradient was reported with respect to EC, OC and TC, showing that the annual mean concentrations were approximately three times higher in Central, Eastern and Southern regions of Europe compared to the Northern and Western parts. This most likely reflects a higher impact of anthropogenic EC and OC in the more densely populated continental Europe. 

Wintertime (October - March) concentrations of EC were higher than those recorded during summer (April - September) at all sites. A similar seasonal variation was observed for OC for all but the Scandinavian sites and the Slovakian site. This seasonal variation is most likely attributed to increased emissions from residential heating (coal, oil and wood) and traffic during winter (cold starts), and by more frequent episodes of temperature inversions, trapping local emissions of particulate EC and OC.

At the three Scandinavian sites, the summertime concentrations of OC were 1.5 times higher than those recorded during winter, whereas it was 1.3 times higher at the Slovakian site. The highest concentrations of OC for these sites, exceeding the annual mean concentration by a factor of 4 - 6, occurred within a short period of time between the end of August and the beginning of September 2002. Characteristic for the samples collected during this period were low EC/TC ratios (~ 10 %) and elevated concentrations of levoglucosan (34 - 108 ng m-3), which is a source specific tracer of particulate matter emissions from biomass burning (Simoneit et al., 1999). The source region of this biomass-burning plume was western parts of Russia, Belarus, Ukraine, and the Baltic States, evidenced from backward simulations of the air masses using the FLEXPART model (Stohl et al., 2005) along with satellite images. Thus, prescribed and wild fires can have a significant impact on European OC and PM levels, although the sources are located more than 1000 kilometres away.

Excluding the samples influenced by wildfire emissions, the summertime concentration of OC were still 1.3 times higher than observed in winter for the Scandinavian sites. One possible explanation may be that this is due to biogenic secondary organic aerosols (BSOA) and primary biological aerosol particles (PBAP) contributing to the OC fraction during summer, combined with a low impact from anthropogenic OC. 
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At one of the Scandinavian sites, Birkenes, measurements of EC and OC in PM10 and PM2.5 have been undertaken since 2001. These measurements show that the PM10 summertime peak of OC turns up by annular regularity, and that it can be attributed to the coarse fraction. 

Figure 1: Average seasonal variation for OC in PM10, PM10-2.5 and PM2.5 for the period 2002 - 2005, showing that the PM10 summertime peak of OC turn up by annular regularity. 

Coarse OC has typically been associated with primary biological aerosol particles (PBAP) (Matthias-Maser, 1998). At Birkenes it has been shown that the aerosols content of sugars and sugar alcohols, which are tracers for certain PBAP (Graham et al.,2003), have the same seasonal variation as coarse OC (Yttri et al., submitted), which corroborates to the fact that the coarse OC at this site largely can be attributed to PBAP. Effort should be made to investigate whether similar results as those reported for Birkenes can be found at the other Scandinavian EMEP sites.
Levels of OC were converted to organic matter (OM) using conversion factors ranging from 1.4 - 1.7 for the various sites. These conversion factors were calculated based on the samples relative content of WSOC and WINSOC to OC. EC were converted to elemental matter (EM) using a conversion factor of 1.1 (Kiss et al. 2002). Addressing the rural and the natural background sites in particular, the total carbonaceous material (TCM = OM + EM) accounted for 30 ( 9 % of PM10, of which 26 ( 9 % could be attributed to organic matter (OM) and 3.3 ( 1.0 % to elemental matter (EM).
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