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Executive Summary 

The objective of the present report is to provide an updated assessment of the 

particulate matter concentrations in the European rural background environment, 

made available by measurements and modelling. 

 

PM level in 2005 

The number of countries performing and reporting measurements of PM10 and 

PM2.5 mass concentrations at their EMEP sites in 2004 are 13 and 9 respectively 

(an increase by one country compared to 2004). There were 38 sites measuring 

PM10, of which 22 measured PM2.5 as well. This is a reduction of one site 

compared to 2004. Additionally, three of the sites measuring PM10 and PM2.5 also 

performed measurements of PM1. The inclusion of PM measurements at the 

Polish site (PL05), has improved the geographical coverage towards Eastern 

Europe, however a further extension eastwards is needed to provide a uniformly 

distributed PM monitoring network of rural background sites in Europe.  

 

Assessment of PM levels, based on combined EMEP model calculations and 

EMEP observations, showed that the annual mean concentrations of regional 

background PM10 ranged from 5 to 20 g m
-3

, whereas the corresponding range 

for PM2.5 was 2 to 15 µg/m
3
 in 2005 over most of Europe. The lowest annual 

mean concentrations of PM10 were observed in the Scandinavian countries, as 

compared to the European mainland, ranging from 6.8 µg m
-3

 (NO01) to 40.4 µg 

m
-3

 (IT04). Enhanced concentration levels (above 15 µg/m
3
 PM2.5 and above 20 

g m
-3

 PM10) were found for the Benelux countries, central and northern Italy, 

south of Spain, Central Europe (the Czech Republic, Slovakia, Hungary) and 

southern part of the Russian Federation. In general, European PM10 and PM2.5 

concentrations were 5 to 20% higher in 2005 compared to 2004, with the 

exception of only some regions in Sweden, northern Spain and Belgium. This 

spatial distribution of PM10 corresponds to that reported for previous years.  

 

50 percent of the sites reported higher annual mean concentrations of PM10 in 

2005 compared to 2004, and for the majority of these sites the increase was above 

10%. The higher PM10 and PM2.5 levels can only partly be explained by emission 

increases in a few countries, while the largest increase is due to meteorological 

conditions, i.e. by suppression of pollutants dispersion in the stable atmosphere 

over northern parts of Russia and by smaller wet scavenging due to less 

precipitation over most of Europe in 2005 compared to 2004. 

 

Compared to EMEP observations in 2005, the model underestimates PM10 

concentrations by 28% and PM2.5 concentrations by 23%. The spatial correlations 

between calculated and measured concentrations are 0.68 for PM10 and 0.82 for 

PM2.5; and the temporal correlation coefficients exceed 0.5 at most of the sites. 

 

Exceedances of PM limit values 

The EU annual limit value of 40 µg m
-3

 for PM10 concentrations was exceeded at 

the Italian site Ispra. More than 25% of the sites that reported annual mean 

concentrations of PM10 for 2005 above the WHO proposed Air Quality Guideline 

(AQG) of 20 µg m
-3

. Exceedances of the proposed WHO PM10 level were 
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observed for sites situated all over Europe, including Scandinavia. Model results 

show that the regional background PM10 concentrations were below the EU 

annual limit value in all of Europe, with the exception of the outmost southern 

areas of the model domain. At the same time, 2005 annual mean PM10 

concentrations exceeded the WHO AQG in Benelux and in the Po Valley in 

northern Italy. In those regions, exceedances were mainly due to anthropogenic 

emissions, whereas in the south of Spain and the Russian Federation, eastern parts 

of Ukraine, Kazakhstan and in the Caucasus, the PM exceedances were largely 

due to the influence of windblown dust.  

 

The Italian site Ispra was the only site exceeding the EU annual limit value of 

PM2.5 (25 ɛg m
-3

, to be valid from 2010), exceeding it by approximately 20%. 

45% of the sites reporting annual mean concentrations of PM2.5 in 2005 exceeded 

the WHO AQG of 10 µg m
-3

. The modelled annual mean background concentra-

tions of PM2.5 in excess of 10 g m
-3

 were found in most of Central and Eastern 

Europe, the Po Valley, the south of the Russian Federation and the EECCA 

(Eastern Europe, Caucasus, Central Asia) countries. In most of these areas, with 

the exception of the most southern ones, the exceedances of PM2.5 can be 

attributed to anthropogenic emissions. Also, PM2.5 levels exceeded 10 g/m
3
 

along the main ship routes in the Mediterranean Sea.  

 

The 24-hour limit value of 50 µg m
-3

 for PM10 not to be exceeded by more than 

35 days, was exceeded at Ispra (99 days) and at the Austrian site Illmitz (40 days). 

Both sites experienced a 40% increase in the number of days exceeding the limit 

value compared to 2004. The model results show exceedances in the regional 

background PM10 for more than 35 days in Milan region, Moscow region, in 

eastern Ukraine and southern parts of the Russian Federation, in Kazakhstan and 

Caucasus area, but only exceedances in the cities of Milan and Moscow were due 

to anthropogenic emissions. The WHO daily AQGs for PM10 were exceeded in 

4 and more days in Benelux, the Po Valley, in parts of Germany and the UK, in 

the south of Spain, in Eastern Europe, the Russian Federation and EECCA 

countries in 2005.  

 

When comparing the daily values of PM2.5 for 2005 with that of the WHO 

24-hour guideline, i.e. the 99
th
 percentile of the distribution of daily values should 

not exceed 25 µg m
-3

, 19 of 22 sites exceeded the guideline. Modelled daily mean 

PM2.5 exceeded AQGs for 4 and more days almost all over Europe, except for 

Scandinavia, north of the Russian Federation and central Spain. 

 

Size distribution and chemical speciation 

Distinct differences with respect to size distribution were observed for the three 

sites measuring all sizes ranges PM10, PM2.5 and PM1 in 2005. At the Austrian site 

Illmi tz (AT02) and the Swiss site Chaumont (CH04), PM1 accounted for 60% of 

PM10 on an annual basis, while for the German site Langenbrügge (DE02) the 

relative contribution was only 40%. When examining the size distribution for the 

days with the highest (95-percentile) PM10 concentrations, PM1 was the 

dominating fraction of PM10 at all three sites. For Illmitz and Chaumont, the 

relative contribution of PM1 to PM10 was lower for the high-concentration events 

compared to the whole year, whereas it was the other way around for 

Langenbrügge. The relative contribution of PM10-2.5 to PM10 increased 
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considerably during summer at all three sites. This is mainly attributed to a 

decrease in concentration of PM2.5 in summer, rather than increased levels of 

PM10-2.5. This is a pattern observed for the sites in Central Europe in general. 

 

The relative contribution of SO4
2-

 and NO3
-
 to PM10 accounted for 9-22% and 

6-28% of PM10, respectively. NH4
+
 always made a less contribution to PM10 than 

SO4
2-
 and NO3

-
 at those sites where concurrent measurements were available, the 

relative contribution ranged between 5-13%. The contribution of Ca varied with 

location, highest in south of Europe with a relative contribution of 5% to PM10, 

lowest for northern sites with contributions below 1%. The sea salt content 

depends on the distance to the coast. The highest contribution of Na is seen at 

DE01 with 11%. More continental sites have less than 1% sea salt. The mean 

relative contribution of all the measured inorganic ions accounts for 44±8% of the 

PM10 mass. When accounting for the secondary inorganic constituents and the sea 

salts, the remaining aerosol mass consists of carbonaceous material, mineral dust 

and water. Only two sites measured carbonaceous material and mineral dust. In 

2005, carbonaceous material was the major contributor to PM10 at the two sites 

performing such analysis, namely Ispra (53%) and Birkenes (26%). Timeseries of 

EC, OC, and TC in PM10 and PM2.5 for the period 2001ï2006 at Birkenes indicate 

that the trends of carbonaceous material resemble the evolution of total PM and 

secondary inorganic aerosol concentrations over the same period. 

 

Model results show the contribution of primary constituents in PM10 and PM2.5 is 

between 10 and 30% over most of Europe. SIA constitutes between 30 and 60% 

of PM10 and PM2.5 concentrations, with the largest contributions over 50% in 

Central and Easter Europe and in the south of Sweden and the UK. 

 

EC/OC  

As indicated above, very few sites are compiling information of carbonaceous 

material routinely within EMEP yet. For progress in this area we are therefore 

dependent on specific campaigns and independent research projects. The 

CARBOSOL project is a good example. The project has contributed with 

important new information on sources of particulate carbonaceous matter in 

southern and central Europe. The most notable conclusion from CARBOSOL was 

the strong under-prediction of the biomass-burning components, and the SOA 

components. Unfortunately all the CARBOSOL sites are situated in south-central 

Europe. However, we can expect from the analysis of levoglucosan, BC and TC 

from the EMEP sites that different conclusions would be drawn in other parts of 

Europe. In particular, there is no evidence of a substantial under-prediction of 

wood-burning emissions at the Nordic sites. Further, the EMEP model tends to 

over-predict TC at these sites, suggesting that this scheme may generate too much 

rather than too little SOA. 

 

Carbonaceous material sampling is hampered by the fact that various sampling 

approaches and analytical techniques are used to provide EC/OC data. 

Unfortunately, such data not easily compared, and thus hampers any attempt to 

establish a reliable pattern of the air pollution in Europe. This is a challenge not 

only troubling EMEP, but the entire scientific community, thus developing, 

validating, and establishing a unified protocol for sampling of OC and analysis of 

EC and OC is of high priority, and is currently undertaken by the EU funded 



 

EMEP Report 4/2007 

10 

project EUSAAR (European Supersites for Atmospheric Aerosol Research). 

Commercial denuders for trapping gaseous OC before they enter the filter have 

been validated and tested. Sorbents for collecting OC that evaporates from the 

filter have also been tested. The entire sampling train will be validated for various 

meteorological and pollution conditions, and will be completed no later than 

2010. However, the denuder part of the sampling train is likely to be implemented 

in 2008. An optimised thermal-optical protocol for analysing EC and OC has been 

developed at JRC-Ispra and tested on filter samples collected at several EUSAAR 

sites. Feedbacks have been considered and will be used to develop a slightly 

revised protocol, which will be made available to the EMEP community by July 

2007. Tentatively, this revised protocol could be taken into service in 2008. The 

methods currently used for determining EC and OC at various EUSAAR sites 

have been compared, and a report on this will be released by October 2007. 

 

EMEP intensive measurement periods 

The first preliminary results from the EMEP intensive measurement periods June 

2006 and January 2007 have been analysed for this report. These data are very 

important for improving our current understanding of the temporal and spatial 

variation of PM and PM constituents in Europe, their sources and formation 

mechanisms, and for model validation.  

 

Ten of the twenty-two sites participating in the EMEP intensive measurement 

periods collected filter samples for subsequent analysis of the aerosols content of 

carbonaceous material. Six sites accounted for the positive artefact of OC, while 

seven sites used thermal optical analysis (TOA) for quantification of EC and OC, 

which is a state-of-the-art type instrumentation that corrects for charring of OC 

during analysis. The number of sites quantifying EC and OC using TOA is highly 

encouraging with respect to implementation of the coming EUSAAR protocol, as 

well as for the potential number of sites reporting such data routinely to EMEP in 

the coming years. The positive sampling artefact of OC was found to be 

substantial, accounting for approximately 40% of OC in PM10 at those sites 

operating their samplers according to the QBQ-approach. The positive artefact 

was more substantial for fine aerosols than for PM10 due to the lower loadings, 

underlining the importance of sampling trains that correct for the artefacts.  

 

For June 2006, the first of the two sampling periods, it was estimated that the 

particulate carbonaceous fraction accounted for 22-44% of PM2.5 for the four sites 

reporting such data.  

 

The initial comparison of model calculations with observation data from June 

2006 EMEP intensive campaign for three stations (Birkenes, Melpitz and 

Montelibretti) has shown that the model underestimates PM mainly because it 

underestimates of carbonaceous particles and sulphate at these sites. It also shows 

that the model seems to be doing reasonably well calculating size distribution of 

sea salt and mineral dust (available only at Montelibretti) between the fine and the 

coarse fraction. But it appears to have problems reproducing concentrations of 

fine nitrate for Birkenes and Montelibretti and fine EC for Melpitz and 

Montelibretti. The temporal correlation between calculated and measured concen-

trations appears to decrease from north to south. In general, the temporal 

correlation is lower for PM2.5 components than for PM10 components. 
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Further evaluation of these data is necessary and should allow a better 

understanding the reasons of the model performance that will be reported in due 

time.  

 

Country contribu tions to PM assessment report 

This year the Parties, as well as external experts, have done substantial amount of 

work to write an assessment report of particulate matter (EMEP/CCC report 

8/2007). The PM assessment report provides a relevant status of the current 

knowledge and challenges ahead. The efforts by the individual countries to 

characterize PM levels and origins in their areas are compiled in Part B of the 

assessment report. The contributions by the Parties show that there are a great deal 

of activities in the different countries that can be very useful for the EMEP 

programme.  

 

The EMEP centers, CCC and MSC_W, are presently engaged in the task of 

evaluating ways to make such national information and knowledge available to 

EMEP. This is a considerable task that involves further co-operation and bilateral 

consultations with the Parties. In particular, we are interested to determine to what 

extent measurement data that not necessarily have been reported to EMEP before, 

e.g. from rural background sites, may become more useful to EMEP. This is part 

of the new Monitoring Strategy of EMEP and will be essential to the further 

development of the programme now that EMEP modelling is extending to cover 

finer scales. We count on the co-operation of the Parties to identify the ways to 

facilitate this work.   
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1. Measurement of particulate matter in the European rural 

environment: Status in 2005 

 

1.1 Concentrations, trends and exceedances 

By Karl Espen Yttri and Wenche Aas 

 

1.1.1 Introduction 

Ambient particulate matter constitutes a complex mixture of various chemical 

compounds, which originates from a wide variety of sources, and their size varies 

over several orders of magnitude. The physical and chemical properties of PM 

vary with respect to time and place and they often inhibit a seasonal variability. 

 

Particulate matter can cause a variety of negative effects on our environment. 

Currently, particulate matter is the most severe air contaminant encountered in 

Europe, causing about 300 000 excess deaths in Europe on an annual basis. The 

recent Air Quality Guidelines from WHO underlines the importance of PM as a 

severe air pollutant, calling for a significant decrease in the ambient PM level. PM 

also affects the Earthôs temperature through scattering of solar radiation and 

absorption of solar and terrestrial radiation. In addition, aerosols influence the 

radiative balance indirectly by affecting the optical properties, frequencies and 

lifetimes of clouds. 

 

In Europe, PM measurements are mainly performed in urban areas in order to 

monitor human exposure to PM, while PM measurements in rural areas is not that 

extensive as seen in the urban environment. However, such measurements are 

important, as it has been demonstrated that the concentration gap between rural 

and urban areas can be quite marginal for certain regions in Europe. The 

atmospheric lifetime of aerosols are of a magnitude allowing significant 

transboundary fluxes. Thus, measurement of particulate matter was specifically 

added to the EMEP work programme in 1998 in order to monitor long-range 

transport of PM in Europe and its long-term trends.  

 

Since 1998, several countries have started PM measurements and by 2005 

approximately 40 stations report such data to the EMEP database. At present, the 

sites reporting PM data does not constitute a uniformly distributed pattern in 

Europe. In particular, an extension eastwards would be important towards the goal 

of obtaining a comprehensive geographical overview of the rural PM levels in 

Europe.  

 

This chapter briefly presents the available monitoring data of particulate matter 

reported during the year 2005. This includes annual levels of PM, exceedances of 

annual and 24-hours limit values and guidelines, and relative contributions by 

inorganic constituents to PM10. 

 

1.1.2 Data availability and methods 

The number of countries reporting aerosol mass data to EMEP in 2005 was 13, 

which is one more than for 2004. In general there is a positive tendency for more 

sites measuring PM10 and PM2.5, but it is still a long way to go in order to fulfil 
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the goal of the EMEP monitoring strategy (EB.AIR/GE.1/2004/5), which is mass 

concentration measurements at all the EMEP sites. However, the number of sites 

and Parties that perform such measurements are likely higher than what is 

reflected in the EMEP database. This can be seen from the amount of data 

available in AirBase, the EEA database storing data for monitoring of PM 

performed under the Air Quality Directive. Belgium, Finland, Great Britain, the 

Netherlands, and Macedonia all report PM10 measurements performed at EMEP 

sites to AirBase, but not to EMEP. Also Austria, Germany and Denmark have 

measurements at EMEP sites not being reported to EMEP but to AirBase only. 

One reason can be that these additional measurements reported to AirBase do not 

fulfil  EMEP recommendations or data quality objectives. The reporting of the data 

to AirBase via the DEM tool can also be used to report data to EMEP. However, it 

is necessary to include additional metadata information. Otherwise, EMEP will 

not get direct access to these data, and it will be unclear whether they are meant to 

be reported for both bodies or not. It seems like many Parties forget to include this 

type of information and thus some of the AirBase data are not forwarded to 

EMEP/CCC as they should be. Hence, the EMEP centers strongly insist on the 

Parties to ensure that their relevant data are reported to all the relevant bodies. 

 

There are also relatively few sites that have a complete measurement program; 

only two sites report both inorganic and organic composition. However, several of 

the sites participating in the intensive measurement periods in June 2006 and 

January 2007 (see Chapter 5) performed chemical analysis of the ambient aerosol 

composition, even for several size fractions. Hopefully, several of these sites will 

include such measurements as part of their regular monitoring program. 

 

Several sites report daily concentrations of PM2.5 that are higher than concurrent 

measurements of PM10. For days when fine aerosols dominate PM10 and when the 

PM loading is low, this may occasionally happen due to the uncertainties 

associated with measurements, handling of filters, weighing, and so forth. 

However, for certain sites we find that the daily concentrations of PM2.5 are higher 

than PM10 for 40% of the days, which is way too high. We also observe that 

certain sites reporting data with an hourly time resolution, using monitors, more 

frequently experience this problem. However, this problem is less apparent when 

converting the data into daily average concentrations. 

 

1.1.3 PM mass concentrations 

The annual mean concentrations of PM10, PM2.5, and PM1 for 2005 are presented 

in Table 1.1, whereas the spatial coverage of PM10 and PM2.5 are presented in 

Figure 1.1.  

 

For 2005, PM10 concentrations were reported for 38 sites, which is one less than 

for 2004. On the other hand, 2005 was the first year that PM10 measurements from 

Poland were reported, thus 13 countries are now reporting data directly to EMEP, 

which is one more than for 2004. The inclusion of PM measurements at the Polish 

site (PL05), has improved the geographical coverage towards Eastern Europe, 

however a further extension eastwards is needed to provide a uniformly 

distributed PM monitoring network of rural background sites in Europe. Of the 

38 sites reporting concentration of PM10 in 2005, 15 were located in Central 

Europe, 14 in Southern Europe, five in Northern Europe, and four in Eastern 
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Europe. The sites in Southern Europe are totally dominated by those located in 

Spain (10 of 14 sites). 

 

Figure 1.1 shows that the lowest concentrations of PM10 were observed in the 

Scandinavian countries, as compared to the European mainland. This spatial 

distribution of PM10 corresponds with that reported for previous years and reflects 

both population density and major anthropogenic sources. While vehicular traffic 

and industries are important sources for the entire European mainland, mineral 

dust from local sources and Saharan dust events are likely to grow more important 

for the Southern parts. The lowest annual mean concentration of PM10 was 

observed at the Norwegian site Birkenes (NO01) (6.8 µg m
-3

), whereas the highest 

was recorded at the Italian site Ispra (IT04) (40.4 µg m
-3

). The annual mean 

concentration of PM10 observed at the Polish site, and which was reported for the 

first time in 2005, reported the fourteenth highest concentration (18.9 µg m
-3

). 

This is in the same range as observed for Slovakia, which is the other country in 

Eastern Europe reporting concentrations of PM10.  

 

50% of the sites listed in Table 1.1 reported higher annual mean concentrations of 

PM10 in 2005 compared to 2004, and for the majority of these sites the increase 

was above 10%. The most significant increase was observed at the Norwegian site 

Birkenes (NO01), reporting a substantial 27% increase from 2004. In general, the 

increase in PM10 experienced by 50% of the sites going from 2004 to 2005 could 

not be attributed to neither PM2.5 nor PM10-2.5. All but one of the five sites that 

reported a decrease of 10% or more in the annual mean concentration of PM10 

from 2004 to 2005 was situated in Spain. The largest reduction, 24%, was 

observed at the Spanish site El Torms (ES14). 

 

 

Table 1.1:  Annual mean concentrations of PM10, PM2.5 and PM1 at EMEP sites 

for 2005 (concentrations in ɛg/m
3
). 

Code PM10 PM2.5 PM1 Code PM10 PM2.5 PM1 

AT0002R 26.7 21.9 15.7 ES0009R 11.9 7.7  

AT0005R 10.0  ES0010R 20.6 11.6  

AT0048R 11.1 9.3  ES0011R 19.0 10.2  

CH0002R 19.8 15.1  ES0012R 15.3 7.8  

CH0003R 18.4   ES0013R 12.9 7.7  

CH0004R 11.0 8.6 7.1 ES0014R 16.8 9.9  

CH0005R 11.8   ES0015R 15.2 8.0  

CY0002R 28.9   ES0016R 13.6 9.5  

CZ0001R 22.9   IT0001R 28.7   

CZ0003R 20.7 18.6  IT0004R 40.4 29.8  

DE0001R 19.6   NO0001R 6.8 4.1  

DE0002R 17.7 13.4 7.6 PL0005R 18.9   

DE0003R 9.7 7.3  SE0011R 15.2 10.9  

DE0007R 13.8   SE0012R 9.5 9.6  

DE0008R 12.2   SE0035R 7.8   

DE0009R 17.2   SI0008R 15.9 14.5  

DK0005R 24.6   SK0004R 14.7  

ES0007R 21.8 10.9  SK0005R 22.2   

ES0008R 17.3 9.0  SK0006R 18.4   

 

 

 


