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Executive Summary 

 
 
This EMEP PM Assessment Report addresses the adequacy and completeness of 
the underpinning science upon which models currently used for policy 
development have been built. An important issue has been to strike a balance 
between the need to resolve a number of key scientific uncertainties and the desire 
to make progress with the integrated assessment modelling. It has been recognised 
that striking this balance is important for policy-making within the Working 
Group on Strategies and Review. The purpose of the report is to inform the policy 
process about the state of current understanding on PM issues and the level of 
confidence in PM models. 
 
The PM models currently used in policy development underestimate total PM10 
and PM2.5 and none currently achieve mass closure. The main reason for this is 
that some PM components are not included at all in models and some others are 
treated in a simplified ways. There are large uncertainties in the emissions 
inventories of the primary PM components especially with respect to the coarse 
PM fraction and of some PM precursors. Confidence in the PM models ultimately 
rests on the comparison of model predictions with observations. Currently there 
are too few observations for satisfactory model verification.  
 
There is a high degree of confidence that SO2 sources can be linked to the 
observed levels of particulate sulphate. Over the years, most of the important 
uncertainties in SO2 emission inventories have been tackled and a few outstanding 
problems remain, such as domestic coal burning and ship emissions. Observations 
of particulate sulphate have the necessary reliability and spatial coverage for 
model verification purposes. Long-running time series are available to check 
model calculated trends with observed trends over the last two decades.  
 
There is a reasonable level of confidence that NOx sources can be linked to the 
observed levels of particulate nitrate. Too few measurements for particulate nitrate 
have been made using techniques that are artefact-free and some of the 
outstanding problems with the evaporation of ammonium nitrate still have not 
been solved. Intensive field campaigns have been organised using continuous 
instruments to overcome these shortcomings. There are still some uncertainties 
associated with ammonia emissions that when taken together with the non-
linearities in the formation of ammonium nitrate could limit our confidence in 
particulate nitrate modelling, especially during episodes, and its response to 
ammonia and NOx emission reductions. 
 
Uncertainties in European models for particulate sulphate are currently judged to 
be of the order of ± 15 ï 20%, on an annual average basis. The corresponding 
uncertainties in model particulate nitrate are somewhat larger at about ± 40%. 
Measurement uncertainties in particulate sulphate and nitrate are comparable to 
those in models. This situation is considered acceptable for the policy purpose of 
assessing the outcome of different control measures for SO2 and NOx on the 
regional component of particulate sulphate and nitrate. 
 
Uncertainties in model results for elemental carbon and organic matter PM are 
large. Many of our current difficulties with elemental carbon and organic carbon 
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particulates stem from difficulties with their measurement methods, the lack of a 
reference method and the lack of consistency between the existing European 
measurements. The split between elemental and organic carbon depends on the 
method and is influenced by charring, leading to elemental carbon measurements 
that may differ by up to a factor of two when comparing the two most commonly 
used protocols. Measurements are therefore considered to have limited reliability.  
 
Many of the remaining difficulties with elemental carbon and organic PM stem 
from problems with emission inventories. Emission inventories for primary PM 
components are of relatively recent development. Reliability, size and spatial 
resolution, coverage of the different source categories and PM species coverage 
still remain crucial issues for PM emission inventories. Emission inventories for 
elemental carbon need substantial improvement in terms of accuracy and coverage 
of source categories particularly those of road traffic, wood combustion and 
residential heating. Improvements are required in spatial resolution at the 
European scale and in the representation of diurnal, weekly and seasonal emission 
profiles. 
 
Without these improvements in the emission inventories for primary 
carbonaceous PM, confidence is limited in the regional scale distributions of 
primary carbonaceous PM calculated with the current PM models used in policy 
development. 
 
The review of the Unified EMEP model noted that confidence in the 
understanding of the mechanism of the formation of secondary organic aerosol 
was so low that it had not been included in the EMEP model, leading to 
underestimates for PM10 and PM2.5. There are major problems with emission 
inventories and with the representation of the main atmospheric processes that 
control the distribution of particulate organic matter across Europe. Uncertainties 
in measurement data and their general paucity, preclude any quantification of 
model uncertainty for these PM components. As a consequence, it is difficult to 
link VOC emissions and their control to secondary organic PM in the PM models 
currently used for policy development. 
 
There are major difficulties in the representation of mineral dust in PM models 
which stem from a range of causes mainly due to the lack of knowledge on their 
emissions and of the soil databases with which to characterise them. 
 
Uncertainties in current model predictions for natural PM components such as 
mineral dust, sea salt and biogenic primary organic matter are large and difficult 
to assess. 
 
On this basis, we have a high level of confidence that the PM models currently 
used for policy development can address the regional scale impacts of SO2 and 
NOx emission reductions on PM mass concentrations, for the purposes of 
integrated assessment modelling. However, there are uncertainties with ammonia 
emissions that when taken together with the non-linear chemical production 
pathways to form ammonium nitrate, could limit our confidence in the 
representation of ammonia and NOx emission reductions on PM mass. 
Nevertheless, it should be noted that current model performance against observed 
particulate nitrate concentrations is quite satisfactory. Because of outstanding 
problems with the emission inventories for elemental and organic PM carbon, the 
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PM models have difficulties with the simulation of carbonaceous PM compounds. 
Consequently, when they are used for policy development to describe the urban 
and traffic increments in PM2.5 that are required for integrated assessment 
modelling and for policy assessments of urban health effects, their results must be 
interpreted carefully. 
 
The model uncertainties in reproducing absolute PM concentrations, hamper their 
use for quantitative assessment against target and limit values for PM. But, current 
PM models used in policy development are considered adequate for the 
assessment of the relative magnitudes of emission reductions of some PM 
components and their precursors on PM mass concentrations. 
 
There is currently a significant level of effort being undertaken by the Parties to 
the Convention and by the EMEP Centres that is focussed on improving PM 
emission inventories, improving PM observations, carrying out targeted field 
campaigns and enhancing PM models. These activities should be encouraged 
within the EMEP framework and will over time bring increased confidence in our 
understanding of PM and its representation in PM models. 
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EMEP Particulate Matter Assessment Report 
 

Part A : European Perspective 
 
 

1 Introduction  

1. An important issue for the Parties to the Long-range Transboundary Air 
Pollution LRTAP Convention for consideration in the review of the Gothenburg 
Protocol is the status of knowledge on particulate matter PM. An underlying issue 
is the level of scientific confidence that we have in our understanding of PM and 
in PM models used for policy development and the nature and formulation of a 
policy instrument that could be supported within the LRTAP Convention. The 
Working Group on Strategies and Review WGSR asked for technical input from 
the EMEP Steering Body on the current level of confidence in the modelling of 
PM in the Unified Eulerian EMEP model (ECE, 2006).  
 
2. This EMEP PM Assessment Report addresses the adequacy and 
completeness of the underpinning science upon which the current PM models 
used for policy development have been built. An important issue has been to 
strike a balance between the need to resolve a number of key scientific 
uncertainties and the desire to make progress with the integrated assessment 
modelling. The Task Force on Measurement and Modelling TFMM recognised 
that striking this balance is important for policy-making within the WGSR but 
wished to inform the policy process as clearly as it could about the state of current 
understanding on PM issues and the level of confidence in PM models as 
currently seen at the TFMM level.   
 
3. The EMEP PM Assessment Report was commissioned by the EMEP 
Steering Body at its 29

th
 Session in September 2005. The 7

th
 Session of the Task 

Force on Measurement and Modelling hosted by the Finnish Meteorological 
Institute and held in Helsinki, Finland discussed this commission and laid out the 
framework and remit of the EMEP PM Assessment Report. It proposed a structure 
with a Part A addressing EMEP-wide issues and a Part B composed of national 
contributions describing PM monitoring and assessment carried out by the Parties. 
The TFMM proposed a question and answer format for Part A and posed 9 
questions: 
 

1. Are there significant differences in the PM climate across Europe? 
2. To what extent is PM a transboundary problem? 
3. How well do we understand the major PM components and their origins? 
4. How important are natural PM sources? 
5. To what extent do sources outside of Europe contribute to European PM? 
6. How important is regional PM for urban PM levels? 
7. How well can we link sources to observed PM levels with atmospheric 

models? 
8. How large are the uncertainties in PM measurements and model 

predictions? 
9. What improvements are required in PM monitoring, modelling and basic 

scientific understanding for the assessment of health and climate impacts 
of PM? 
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4. These questions and the two part structure for the PM Assessment Report 
were approved by the EMEP Steering Body at its 30

th
 Session in September 2006. 

The drafting of Part A was begun at a Workshop in Paris hosted by ADEME and 
INERIS during November 2006. The workshop participants split into three groups 
with Chairpersons: Ms Sonja Vidic, Ms Laurence Rouil and Mr Jean-Philippe 
Putaud and with Rapporteurs: Ms Nathalie Poisson, Mr Karl-Espen Yttri and Mr 
Peter Bruckmann. Each group addressed three questions and their answers to the 
nine questions formed the text of Part A. The finished text was assembled by the 
Chairpersons of the Task Force on Measurement and Modelling. 
 
5. Inspiration for the national contributions in Part B came from the 
presentations at the 7

th
 TFMM meeting by Mr Andres Alastuey (Spain), Mr 

Robert Gehrig (Switzerland), Mr Risto Hillamo (Finland), Ms Cinzia Perrino 
(Italy) and Mr Jean-Philippe Putaud (JRC Ispra). Further outlines of national 
contributions were presented at the Workshop in Paris by Mr Peter Bruckmann 
(Germany), Mr Dick Derwent (United Kingdom), Ms Giovanna Finzi (Italy), Mr 
Hans-Christen Hansson (Sweden), Mr Ronald Hoogerbrugge (The Netherlands), 
Mr Savva Kleanthous (Cyprus), Mr Steinar Larssen (Norway, ETC/ACC), Mr 
Frank de Leeuw (The Netherlands. ETC/ACC), Mr Stephan Leinert (Ireland), Ms 
Marta Mitosinkova (Slovak Republic), Mr Finn Palmgren (Denmark), Mr Ulrich 
Quass (Germany), Ms Laurence Rouil (France), Mr Xavier Querol (Spain), Mr 
Gerald Spindler (Germany), Mr Milan Vana (Czech Republic), Ms Sonja Vidic 
(Croatia), Mr Markus Wallasch (Germany) and Mr Karl-Espen Yttri (Norway). 
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2 Questions and answers concerning particulate matter in 
Europe  

Q1.  Are there significant differences in the PM climate across Europe? 

6. The behaviour of a trace gas is usually completely described by its 
concentration but this is not the case for PM. The PM climate across Europe can 
be described in terms of PM mass concentrations, size distribution and chemical 
composition and by physical properties, such as optical characteristics. The 
national contributions in Part B of this report summarise a great deal of 
information on PM mass concentrations, size distributions and chemical 
composition with which PM climates can be constructed. 
 
Q1.1.  Are there significant differences in PM mass concentrations across 
Europe? 

7. Annual mean PM concentrations show large differences across Europe. To 
facilitate comparisons, national PM monitoring data are stratified according to site 
types such as rural background, suburban, urban background, industrial- and 
traffic-influenced. At remote, rural (EMEP) monitoring sites during 2004, annual 
mean PM2.5 concentrations ranged from 3.3 µg m

-3
 in Norway to 28.3 µg m

-3
 in 

Italy, whereas for PM10 the concentrations ranged from 5.3 to 34.7 µg m
-3

 (Yttri 
and Aas, 2006). At traffic-influenced locations, annual mean PM2.5 concentrations 
for 2004 ranged from 8 µg m

-3
 for the average of three sites in Finland to 56 µg 

m
-3

 for two sites in Bulgaria (Larssen et al., 2006). 
 
8. There is a general tendency for annual mean PM2.5 concentrations to 
increase from west to east across Europe, reflecting the progressive addition of 
man-made PM to Atlantic air masses and the different dispersion conditions 
between the oceanic and continental regions. Putaud et al. (2004) describe a 
European continental PM background of 7.0 ± 4.1 ug m

-3
 PM10 and 4.8 ± 2.4 ug 

m
-3

 PM2.5, respectively, inferred from rural and near-city background monitoring 
site 5%-percentile values. Urban and traffic-influenced PM increments can then 
be characterised on top of these continental and regional background levels.   
 
9.  Differences in mean PM levels across Europe may also be inferred from 
satellite measurements of light extinction through the whole atmosphere, aerosol 
optical depth AOD or of light back-scattering at ground level from satellite-borne 
LIDAR instruments. Satellite imagery has been particularly useful in the detection 
and forecasting of Saharan dust outbreaks. 
 
10. Among the factors controlling the regional-scale variations in PM mass 
concentrations and hence PM climate, the most important are: 
 

 Pollutant dispersion, together with topography and meteorology, (both local 
and synoptic scale),  

 Primary PM emissions (local scale) and those of the PM precursors (regional 
scale), 

 Long-range and transboundary PM transport (synoptic scale). 
 
11. As a result of the interactions between the above factors, a number of 
distinct PM climates can be distinguished across Europe. Locations along the 
Atlantic Ocean sea-board observe PM contributions that are heavily influenced by 
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the natural sea spray source (Visser et al., 2001). Dry, arid conditions during 
summertime lead to elevated rural levels in southern and central Europe 
(Rodriguez et al., 2003; Yttri and Aas, 2006). These arid conditions are especially 
important in the Western Mediterranean, where the lowest precipitation rates in 
Europe are registered (Rodriguez et al., 2007). Locations in southern Europe are 
heavily influenced by natural Saharan dust outbreaks (Rodriguez et al., 2001; 
Escudero et al., 2005; Querol et al., 2004a). Wintertime wood burning and road 
wear by studded vehicle tyres lead to elevated urban and traffic-influenced levels 
in Scandinavia (Larssen et al., 2006). During wintertime, the European Arctic is 
strongly impacted during wintertime by long range transport and experiences the 
so-called Arctic haze phenomenon. 
 
Q1.2.  Are there significant differences in PM size distributions across 
Europe? 

12. Atmospheric particles are polydisperse, that is to say have differing sizes, 
ranging over more than three orders of magnitude in their diameters. Hence their 
number, surface and volume (mass) distributions versus particle size differ a great 
deal. Most particles are found below 0.1 µm diameter, whereas most of the 
volume (mass) is found above that size. So, for example, Saharan dust events can 
lead to a dominating mass distribution in the above 1 µm diameter size range, 
despite a small number of particles in that size range. As predominant particle 
number and mass refer to different fractions of the size distribution, they are 
necessarily governed by different processes. This implies that, in general, no 
simple correlation can be expected between particle number and particle volume 
(or mass) unless both are heavily influenced by particular emissions from the 
same source or meteorological events (van Dingenen et al., 2004). 
 
13. Compared with observations of PM mass, there are relatively few long term 
measurements of PM particle size distributions. Van Dingenen et al. (2004) 
summarise the available information for 15 locations covering the free 
troposphere, continental background, rural, suburban, urban and traffic-influenced 
sites. During summertime, morning particle size distributions are expected to be 
largely influenced by traffic and afternoons by atmospheric photochemistry. 
Nucleation processes may occur under certain circumstances. Wintertime particle 
size distributions are shifted towards larger numbers and diameters, reflecting 
reduced vertical dispersion and the condensation of semi-volatile species onto the 
ambient particles, favoured by the colder temperatures. 
 
14. For rural background sites in Scandinavia, higher particle number 
concentrations are observed during summer compared to winter conditions. This 
behaviour becomes more evident the further north the sites are within Scandinavia 
and may well result from the reduced impact of man-made sources, favouring the 
formation of new particles from the nucleation of condensable species of biogenic 
origins.   
 
15. The national contributions in Part B of this report summarise a great deal of 
information on PM mass size distributions, mainly in the form of PM1, PM2.5 and 
PM10 ratios by mass. Although limited in scope, this information is highly 
relevant to defining PM climates across Europe. 
 
16. Generally speaking, PM2.5 and PM10 mass concentrations are well correlated 
at a given site whether rural or urban on an hourly and daily basis. However, 



21 

EMEP/CCC-Report 8/2007 

PM2.5 and PMcoarse =  PM2.5-10 mass concentrations are not always well correlated, 
reflecting the different sources contributing to the different PM measures. Annual 
mean PM2.5/PM10 ratios range from 0.5 to 0.8 and are significantly lower at sites 
where specific sources of coarse particles such as coarse mineral dust and sea 
spray particles are important. Such locations may include the Mediterranean basin 
(Saharan dust), the Atlantic Ocean sea-board (sea salt) or those heavily influenced 
by motor vehicle traffic (resuspension) or specific industrial or mining emissions 
(Querol et al., 2004b).  
 
17. Sea-spray is unquestionably a natural PM source. Mineral dust may be a 
natural PM source when its occurrence is driven by strong winds or by long-range 
transport from, for example, the Saharan region. Mineral dusts may be classed as 
human-influenced when man-made coarse particles are blown up and transported 
by strong winds or when natural or man-made particles are resuspended by human 
activities such as agricultural activities or road traffic. 
 
18. However, PM2.5/PM10 ratios may show significant day-to-day and seasonal 
variability and this confirms the view that different sources contribute to the 
different PM size fractions during particular episodes. Seasonal variations are 
closely related to meteorology and particular synoptic situations bringing mineral 
dust from arid regions, local strong winds causing soil dust resuspension and sea-
spray production. Due to the short lifetime of PMcoarse, PM2.5/PM10 ratios can 
change due to specific events such as precipitation, traffic congestion, road 
construction and building demolition and construction. 
 
19. Large differences have been reported in the particle number and size 
distributions across Europe (van Dingenen et al., 2004). Such differences may 
have important health-effect consequences because the smallest particles are the 
most numerous and have the largest contact surface area. Seasonally-averaged 
PM2.5 mass concentrations at similar sites may be associated with particle 
numbers differing by a factor of two or more in different regions across Europe 
(van Dingenen et al., 2004). 
 
Q1.3.  Are there significant differences in PM composition across Europe? 

20. Although nitrate, sulphate, ammonium, sea salt, organic matter and 
elemental carbon, the predominant PM constituents, are almost ubiquitous across 
Europe, their relative contributions vary significantly both spatially and 
temporally. These variations are sufficiently large to define different óPM 
climatesô across Europe. However, full chemical characterisation of PM is rarely 
achieved due to the wide range of detection and measurement methods required to 
quantify the different PM components. Also the distribution of the main PM 
constituents in the fine and coarse particle size fractions, varies substantially 
throughout Europe.  
 
21. Mineral compounds and sea salt contribute more to the coarse fraction 
whereas ammonium, sulphate and organic matter contribute more to the fine 
fraction. Elemental carbon and nitrate contribute more to the fine fraction but their 
contributions to the coarse fraction vary significantly, both spatially and 
temporally. Organic matter in the fine fractions may result from combustion 
processes or from the oxidation of volatile organic compounds, whilst that in the 
coarse fraction may also comprise mechanically-generated particles including 
biological debris. Nitrate in the fine fraction is bound to ammonium and 



22 

EMEP/CCC-Report 8/2007 

evaporates from particles under warm conditions in summer, whereas that in the 
coarse fraction is bound to sea-salt or mineral dust particles and is not semi-
volatile (Putaud et al., 2004). In southern Europe, coarse particle nitrate levels 
may exceed those of fine (Querol et al., 2004b). 
 
22. The national contributions in Part B of this report show that, generally 
speaking, PM nitrate to PM sulphate ratios decline from west to east and from 
north to south. Certainly, PM nitrate to PM sulphate ratios are low in Arctic haze, 
probably due to the shift of nitrate to coarse particles and the preferential dry 
deposition of the larger nitrate particles over the long transport time scales to the 
Arctic. The contribution of mineral dust to PM10 on an annual average basis 
increases from 5 to 25% from north to south, showing the influence of drier 
summertime conditions in southern Europe and the frequency of Saharan dust 
outbreaks. The contribution of particulate organic matter to PM increases 
significantly in regions with wood and agricultural waste burning (Gelencser et 
al., 2007). The Carbosol project has shown that the ratio of particulate organic 
matter to secondary inorganic PM ranges from 0.5 in south-west Europe to 1.2 in 
north east Europe. Ratios of particulate organic matter to elemental carbon vary 
from 5 to 11 in Carbosol studies (Pio et al., 2007) and reach 15 in Spain (Querol 
et al., 2006). In the EMEP carbonaceous aerosol campaign 2002-2003, the ratios 
of elemental carbon to total PM mass ranged from 1 ï 5% and those of particulate 
organic matter to total PM mass from 9 ï 37% (Yttri et al., 2006). 
 
23. Because the regional background PM contributes significantly to the PM 
observed at urban background and traffic-influenced sites, it follows that changes 
in regional background composition will be manifested in changes in chemical 
composition at urban sites. Rural and urban sites therefore tend to observe similar 
absolute levels of particulate sulphate that is due mainly to regional pollution. In 
contrast, particulate organic matter and elemental carbon show large differences 
between urban and traffic-influenced sites and rural levels. In addition, large 
urban and traffic excess concentrations of road dust and resuspended dust are 
observed in most cities, particularly in wintertime when road salt and road sand 
are applied and studded tyres are fitted to motor vehicles. These sources affect the 
composition of both PM2.5 and PM10. 
 
24. The robustness of the answers to the above questions depends crucially on 
the reliability of the observations that have been used. An important issue is their 
adequacy and completeness and the impact of measurement artefacts. 
Measurements of PM mass concentrations may not necessarily be comparable 
across Europe because of a number of issues: 
 

 The comparability of the different methods, including TEOM, FDMS-TEOM, 
ɓ-gauge, gravimetry. Correction factors are applied to the measurements to 
make them comparable with reference methods but these factors are not 
always robust and accurate. 

 The classification of sites as rural, suburban, urban background, traffic-
influenced sites may not be harmonised throughout the different countries of 
Europe. 

 
25. It should also be borne in mind that the standard method for determining 
PM mass concentrations EN 12341 which also serves as the reference method 
under EU air quality directives may be biased by sampling artefacts (see below) 
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and analytical artefacts, namely the amount of water remaining at 50% relative 
humidity as required by EN 12341 (CEN, 1998). This analytical artefact depends 
on the filter history and on the hygroscopicity of the sample, linked to its chemical 
composition of the PM. Notwithstanding, this reference method has been adopted 
as the basis for the PM limit and target values in the air quality Directives 
promulgated by the European Union (CEN, 1998). Experiments performed within 
the EMEP network and elsewhere (Schwela et al., 2002; Putaud et al., 2006) 
demonstrated that at about 50% relative humidity, the percentage of PM mass due 
to PM-bound water may range from about 10 ï 30%, depending on the location, 
reflecting changes in PM composition. 
 
26. Sampling artefacts, both positive and negative may affect most measure-
ments of semi-volatile particulate components such as ammonium nitrate and 
organic matter. The best understood artefact is the loss of ammonium nitrate from 
the filters by volatilisation when ambient temperatures exceed 20

o
C. Both 

laboratory and field experiments showed that up to 100% of the ammonium 
nitrate may be lost from filters, leading, for example, to an underestimation of up 
to 15 µg m

-3
 of the PM mass concentration in Northern Italy (Schaap et al., 2004). 

 
27. There are also a number of specific analytical issues that may hamper the 
comparison of PM composition measurements, including: 
 

 The splitting between organic carbon and elemental carbon is method-
dependent and influenced by charring, leading to elemental carbon mass 
concentrations that may differ by up to a factor of two, comparing the two 
most commonly used thermal-optical protocols (NIOSH and IMPROVE), 

 Most instruments that measure organic matter and elemental carbon report C 
whilst adjustments are required for the presence of other atoms (H, O, N etc.). 
These adjustment or scaling factors may generally range from 1.2 to 2.1 
(Turpin and Lim, 2001). 

 Mineral dust is often not directly quantified but inferred from measurements 
of Al, Ca, Fe and Ti etc. using scaling factors. These scaling factors are often 
not reported. 

 
Q2.  To what extent is PM a transboundary problem? 

28. The long-range transport of PM is a transboundary problem that can have 
significant impacts on PM10 and PM2.5 levels in remote, rural and urban areas. 
National contributions in Part B of this report clearly identify a regional-scale 
background contribution to urban PM levels and a further traffic contribution on 
top of urban background levels at traffic-influenced sites. This regional 
background may contribute between 60 ï 90% of urban background PM10 and 
PM2.5 levels on an annual basis. The questions addressed here are: what is the 
extent of the contribution from long-range transboundary transport to the regional 
background of PM10 and PM2.5 and how may this contribution be quantified? 
 
29. The contribution from long-range transboundary transport to urban PM 
levels depends on many factors. Each of the PM size fractions has a different 
atmospheric lifetime because of the manner in which dry deposition velocities and 
wash-out through wet deposition vary with particle diameter. Ultrafine and coarse 
particles are removed more readily than the larger particles within the PM1 and 
PM2.5 size fractions by Brownian impaction and coagulation for ultrafine particles 
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and by deposition for coarse, respectively. The larger particles with soluble 
fractions are also more likely to form droplets and to be washed out in 
precipitation. There is therefore a preferential removal of the very small and larger 
particles with increasing transport distance which would generate a largely 
uniform submicron particle size distribution as seen in the Arctic haze. 
Nevertheless, the coarse fraction of PM10 still has a significant transboundary 
component despite its shorter mean transport distance compared with PM2.5. 
 
30. All PM fractions have the potential to be transported over the long-range 
distance scale but there are situations where the contribution of local pollution to 
PM2.5 levels can be large. Particle size is therefore not the sole determinant of the 
extent of the long-range transboundary transport of PM because of the influence 
of local pollution sources and local pollution episodes. Any assessment of the 
extent of PM long-range transboundary transport at a particular location should 
take into account weather conditions on the local and synoptic scales, seasonal 
variations in meteorology and the geographical disposition of PM sources. 
Attention should be given to the influence of pollution episodes, whether they are 
local or regional in scale.  
 
31. Clearly, when considering the extent of the contribution from long-range 
transboundary transport at a particular location, geography plays an important 
role. If the location is close to a border with a neighbouring country, then 
transboundary transport will necessarily appear more important than if the 
location is in the centre of that country. Equally well, the size of a country is an 
important factor since transboundary transport will seem relatively more 
important for small countries compared with large countries. 
 
32. Location within Europe is also an important issue for the characterisation of 
óPM climatesô. Rural PM10 and PM2.5 levels show an increasing trend across 
Europe, lower in the west and higher in the east, reflecting the progressive 
addition of man-made PM sources and the difference in atmospheric dispersion 
conditions between oceanic and continental sites. There is also a strong gradient 
in precipitation from west to east and from north to south across Europe. All other 
factors being equal, these factors would lead to a steadily increasing contribution 
from long-range transboundary transport when moving from west to east. The 
spatial pattern of man-made PM sources is markedly different in north west 
Europe compared with southern Europe, and also for western and eastern Europe, 
and this may also lead to different perceptions of the importance of long-range 
transboundary transport. 
 
33. Back-track air mass trajectories are a useful tool in distinguishing between 
regional-scale and long-range PM transport. Pollution wind-roses also provide a 
simple, visual means of characterising contributions from long-range transport. 
National contributions in Part B of this report show that large-scale pollution 
episodes can be the result of both local PM sources and of long-range transport, in 
response to variations in regional climate and geography. An example is that of 
the Melpitz site in Germany as shown in Part B of this report where over a short 
period in time, PM episodes were characterised from both local and long-range 
transport. For the specific case of Saharan dust outbreaks, a number of tools such 
as satellite imagery, back-track air mass analyses and modelling tools such as 
SKIRON, DREAM and NAAPS have been employed to detect and forecast dust 
outbreaks. 
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34. The analysis of the long-range transport contribution to rural and urban PM 
levels under episode conditions or average pollution levels is therefore not a 
straightforward task. Episodes with high PM levels may have different properties 
and hence long-range transport may contribute differently to episodes compared 
to the average situation. 
 
35. In some parts of Europe, chemical composition and PM composition wind 
roses may provide a clear indication of the extent of transboundary transport, for 
example, in the UK for PM2.5, sulphate, nitrate and elemental carbon. Saharan 
dust is a clear indicator of long-range transport in the Mediterranean basin and in 
southern Europe. A large proportion of the exceedances of the EU PM10 daily 
limit values in southern Europe may be attributed to long-range transport and 
Saharan dust outbreaks, in this way, see Figure 1. 
 
36. The extent of long-range transport of the different PM components varies in 
different regions of Europe. Ammonium nitrate is a good indicator for long-range 
transport in north west Europe; sulphate is a good indicator in eastern and central 
Europe of long-range transport. A high contribution from mineral dust indicates 
transport of Saharan desert dust to southern Europe and the Mediterranean basin. 
 
37. Long-range transboundary transport can be best characterised at rural and 
EMEP sites where the influence of local PM sources in minimal. However, the 
contribution of transboundary transport to PM levels at suburban and urban 
background sites is more relevant to policy and human health effects. 
Transboundary transport can be best characterised for PM2.5 but care must be 
taken to recognise the influence of local contributions to PM2.5 levels when 
quantifying the transboundary and long-range transport contributions to PM 
levels. 
 
38. Quantification of the extent of PM transboundary transport should take into 
account different meteorological conditions, back-track air mass trajectories, 
synoptic weather patterns, large-scale phenomena, temperature inversions and 
conditions of poor atmospheric dispersion. It should also take into account the 
differences in deposition velocities and hence transport distance scales for the 
different particle sizes and hence different PM components, particularly PM 
sulphate and nitrate. Any analysis should address both PM10 and PM2.5 and 
PM2.5/PM10 ratios. It should also be combined with model results and cover the 
relevant area. Quantification studies should cover both winter and summer 
seasons because of important changes in the dominant PM emission sources. 
  
Q3.  How well do we understand the major PM components and their 
origins? 

39. PM is not a unique chemical compound (such as ozone) but a generic term 
for or a complex mixture of various compounds that differ widely in their physical 
and chemical characteristics. PM is defined by the different measurement 
methods. Each measurement method has its own biases, artefacts, standardisation, 
harmonisation and complexity issues. 
 
40. There is still a great lack of understanding of some of the major PM 
components. There seems to be an apparent discrepancy between decreasing PM 
emissions during the 2000s and observed PM2.5 and PM10 levels that have 
remained more or less unchanged over the same period in many parts of Europe. 
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An example of this behaviour is illustrated in the contribution from Germany to 
Part B of this report. This discrepancy may reflect deficiencies in our 
understanding of PM emissions and atmospheric chemistry. Meteorological 
variability may explain the increase in PM levels between 1999 and 2003 
(Tarrason et al., 2005) but PM levels have remained unchanged beyond these 
years. 
 
41. Some of the major PM components are well understood and these include 
particulate sulphate and nitrate and to a lesser extent, particulate ammonium. 
There are uncertainties with ammonia emissions, that when taken together with its 
non-linear chemical production pathways, limit confidence in the understanding 
of ammonium nitrate. Some PM components are poorly understood because they 
are difficult to measure, carbonaceous particles and particle-bound water, for 
example, and some because they are not widely measured, particularly the crustal 
minerals, for example. Much further work is required to characterise organic 
matter, whether natural or man-made and whether primary or secondary in origin. 
On a research basis, using a wide range of experimental techniques about 90% or 
more mass closure can be reached. Such levels of mass closure cannot be 
achieved on a routine basis. 
 
42. The composition and origins of particulate organic matter are poorly 
understood. Particulate organic matter is difficult to analyse, except the total mass 
of carbon, as it is comprised of hundreds of individual organic compounds. 
Without some understanding of which are the major compounds present in 
particulate organic matter it is impossible to apportion accurately it into primary 
versus secondary origins and to classify it according to whether it has been 
derived from man-made versus natural biogenic sources. Analyses of the 

14
C 

content of organic matter will assist in the differentiation between contemporary, 
largely natural biogenic, and fossil, largely man-made, sources. 
 
43. Single-particle mass spectrometry is a novel but expensive method for the 
identification of the type, composition and origins of ambient particles. Operating 
these instruments is a research activity as they are not suitable for unattended 
operation in pollution monitoring networks. Single-particle mass spectrometry has 
been included in the recent EMEP intensive monitoring campaigns. When the 
results from these campaigns become available, they will add significantly to our 
understanding of the origins of particulate organic matter, in particular, and 
ambient particles, in general. 
 
44. Particle monitoring super-sites, together with measurement programmes 
analysing size distributions and the number and chemical composition of 
particles, are important ways of extending our understanding of PM. It is 
recommended that the location of these supersites should be carefully considered 
to ensure that they are representative of the main regions of the European PM 
climate. Harmonisation and standardisation of research monitoring methods is 
essential if the results are to be comparable across Europe. Super-sites should also 
be established in urban background locations for the identification of the PM 
constituents most relevant for urban air pollution and therefore for policy 
purposes. 
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Q4.  How important are natural PM sources? 

45. Generally, natural sources are important for both PM2.5 and PM10, but their 
fractional contribution to total PM is significantly greater for PM10 compared with 
PM2.5 since natural PM is mainly mineral dust and sea-spray. Nevertheless, 
natural biogenic secondary organic aerosol is predominantly in the PM2.5 size 
fraction. A number of natural sources of PM have been identified at various sites 
across Europe and these are described in the paragraphs below. 
 
46. Long-range transport of Saharan dust can cause daily mean mineral dust 
PM10 levels in excess of 500 µg m

-3
 in the Mediterranean basin, leading to 30 ï 35 

exceedances of the EU daily mean air quality limit value per year (Rodriguez et 
al. 2001; Querol et al., 2004a; Escudero et al., 2005). Annual mean dust PM10 
concentrations are up to 15 µg m

-3
 in Cyprus, 2 ï 4 µg m

-3
 in the Mediterranean 

basin and about 1 µg m
-3

 north of the Pyrenees and Alps. In the Mediterranean 
basin and the Canary Islands, daily PM10 and PM2.5 levels around 600 and 70 µg 
m

-3
, respectively, have been reported for African dust outbreaks (Querol et al., 

2004a), with PM2.5/PM10 ratios close to 0.3 ï 0.4. It is clear that PM2.5 is 
influenced by Saharan dust outbreaks though this is not always recognised in the 
literature. In the specific case of Cyprus, hourly mean PM10 concentrations of up 
to 1500 µg m

-3
 have been reported. Saharan dust events have been observed in the 

British Isles leading to peak hourly PM10 level of up to 290 µg m
-3

 during one 
episode during March 2000. Hourly peak PM2.5 levels were generally 40 ï 60 µg 
m

-3
, and reached about one half of the PM10 levels (AQEG, 2005). 

 
47. Strong winds and storms at sea can lead to elevated daily mean sea salt 
PM10 levels at exposed coastal sites of up to 35 µg m

-3
 on the Atlantic Ocean sea-

board of Europe. Annual mean sea salt PM10 levels are 10 ï 12 µg m
-3

 in the 
Canary Islands as measured by Querol et al., (2004a) at a coastal site in Gran 
Canaria, about 7 µg m

-3
 at coastal sites in the Netherlands (Visser et al., 2001) and 

less than 1 µg m
-3

 at inland continental sites. The sea-salt contribution to PM2.5 is 
clearly diminished relative to PM10, with levels of the former usually less than  
1 ï 2 µg m

-3
 even at Atlantic Ocean coastal sites.  

 
48. Particulate organic matter POM of natural biogenic origins may be of 
primary or secondary origin. Natural primary organic matter may include spores, 
bacteria and biological cell debris. Natural secondary organic matter may include 
semi-volatile organic compounds resulting from the oxidation of biogenic organic 
compounds such as isoprene, terpenes and sesquiterpenes. Secondary organic 
particulate matter can also be formed from the oxidation of man-made VOCs, 
particularly aromatic compounds, and so it is difficult to classify secondary 
organic particulate matter as either natural or man-made.  
 
49. There is no analytical method able to separate the ambient aerosol content 
of natural organic carbon from that of man-made origins. However, by using 
state-of-the-art radiocarbon measurement and organic tracer analysis, the organic 
carbon fraction that originates from fossil fuel combustion and biogenic sources 
can be distinguished from each other and quantified. In a recent study using the 
14

C-methodology, it was demonstrated that about 60% of the particulate organic 
carbon at an urban background site in Zurich, Switzerland could be attributed to 
biogenic sources during summer, whereas the corresponding percentage during 
winter was about 27% (Szidat et al., 2006). The majority of the biogenic fraction 
in that study was attributed to secondary organic aerosols, whereas plant debris 
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accounted for 2 ï 19% of the biogenic organic matter. Particulate organic matter 
from biogenic VOCs may contribute up to about 30% of the total organic carbon 
in winter at city background sites and about 60% in summer. In Finland, 
secondary organic carbon from biogenic VOCs can reach up to 2 µg m

-3
. 

 
50. Water typically contributes about 50% of the aerosol mass in a clean 
atmosphere. A significant amount of this water remains bound to the particulate 
matter on the filters under the conditions of 50% relative humidity prescribed in 
the reference method for gravimetric PM10 analyses (EN 12341). Typically water 
may account for between 10 and 30% of the aerosol mass in a gravimetric 
analysis carried out using the reference method. This water is chemically bound to 
the hygroscopic constituents of the particulate matter collected on the filters, 
including sea salts and ammonium salts, mainly sulphates and water-soluble 
organic compounds. Further information is available in Gnauk et al., (2005), 
Neususs et al., (2002) and Metzger and Lelieveld (2007). 
 
51. A number of measurement issues have been identified that are related to the 
quantification of the contribution of natural sources to PM10 and PM2.5 levels, 
including: 
 

 Mineral dust: chemical analyses are costly but cannot always distinguish 
between wind blown or desert dusts (natural) and dusts resuspended by 
vehicular traffic (man-made), 

 Particulate organic matter: requires sophisticated 
14

C determination or 
levoglucosan tracer measurements that are too expensive for routine 
monitoring, 

 Particle-bound water: direct measurements are difficult. 
 
Q5.  To what extent do sources from outside Europe contribute to European 
PM? 

52. This is a difficult question to answer based on observations alone. Satellite 
imagery can demonstrate the occurrence of long-range transport of desert dust and 
biomass burning plumes from outside of Europe but it cannot provide quantitative 
information. Chemistry-transport models can answer these questions by switching 
off emissions from outside of Europe (Park et al., 2004), as long as emission 
inventories and atmospheric process descriptions are accurate enough.  
 
53. In principle, observations should provide the most cogent evidence that 
sources outside of Europe contribute to European PM. The contributions from 
sources outside of Europe can be roughly assessed by looking at the 
concentrations observed at sites located at the borders of continental Europe when 
they are upwind of the Continent. In this way, it has been estimated that about 
1 µg m

-3
 PM arrive from North America and reach the Netherlands (Visser et al., 

2001). Putaud et al. (2003) estimate that just less than 1 µg m
-3

 reach Izana in the 
Canary Islands from North America. PM levels in Scandinavia, Finland, UK, 
Germany and Poland have been affected by large-scale forest fires in Siberia. 
Smoke particles from large-scale fires in Canada have been detected over 
Germany (Muller et al., 2005).   
 
54. Intercontinental ship traffic emissions may be considered as a source of PM 
which is outside of Europe. Certainly, such emissions were not initially 
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considered in the EU CAFÉ programme and by the UN ECE Convention on 
Long-range transboundary air pollution. Emission inventories show that shipping 
is and will be an important future source of PM precursors (such as SO2) and of 
primary PM (particularly elemental carbon) as land-based emissions are reduced 
by regional pollution control actions. There is also the special situation in 
harbours where there are contributions to emissions from international non-EU 
ships. 
 
55. The extent to which sources from outside of Europe contribute to European 
PM is amenable to study through atmospheric modelling. Park et al. (2004) used 
the GEOS-CHEM 3-D coupled oxidant ï aerosol model to estimate trans-Atlantic 
influences on sulphate ï nitrate ï ammonium aerosol concentrations in Europe. 
They reported an enhancement due to North American pollution sources of 0.1 ï 
0.2 µg m

-3
 in particulate sulphate in Europe and close to zero for nitrate and 

ammonium. The EMEP Task Force on the Hemispheric Transport of Air Pollution 
is currently addressing the importance of intercontinental transport for a number 
of pollutants, PM included. The TF HTAP is due to produce an interim 
assessment during 2007 that will bring together the information required on 
emissions of PM precursors, atmospheric processes and chemistry-transport 
models, to address these issues. 
 
Q6.  How important is regional PM for urban PM levels? 

56. National contributions in Part B of this report, identify the regional 
background contribution to urban background PM2.5 and PM10 levels as typically 
in the range from 60 ï 90%. In some regions of southern Europe, this percentage 
may be even lower, 30 ï 50%, when most PM pollution is produced in large urban 
agglomerations. At traffic- or industrially-influenced sites with high local 
emissions, the regional contribution will be lower. In densely populated areas, 
such as in the Benelux countries or the Ruhr region of Germany, with numerous 
local source contributions, the clear discrimination between rural and urban PM 
levels may be difficult. In isolated towns and cities in rural areas, the regional 
contribution may towards the lower end of the range. 
 
57. The concepts of urban and traffic PM increments are useful in the analysis 
of PM observations (Lenschow et al., 2001). They are best derived from carefully 
chosen pairs or groups of monitoring stations. Both stations should be in the same 
geographical region with distance separations of up to 50 km. One station should 
be in an urban background location and the other in a rural location in the 
surrounding regions. Urban and traffic increments should be expressed in µg m

-3
 

and not as percentage increments. The local environments and monitoring heights 
should be similar at the two stations. 
 
58. Regional PM background concentrations arise from long-range transport, 
regional sources such as city plumes and from regional accumulation during low 
wind situations. They do not necessarily represent directly the extent of long-
range or transboundary PM transport. Quantification of the extent of 
transboundary PM transport required further analysis of the origins of the PM 
levels during average and episodic conditions. 
 
59. The local traffic increment, measured as the excess in PM concentrations at 
a heavily traffic-influenced location or ñhot spotò above the urban background 
level, strongly depends on the precise location of the monitoring site with respect 
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to the local traffic emissions. Traffic increments are therefore unlikely to be 
comparable within a city or across Europe unless care is taken to harmonise the 
siting criteria for urban monitoring sites. Climate differences may also account for 
large variations in PM levels and PM composition for a given traffic flow and 
siting criteria. At traffic sites with high rainfall, wash-out of road dust will lead to 
decreased PM levels. Whereas, if rainfall is scarce, mineral road dust will be 
continuously resuspended, leading to increased PM levels and increased mineral 
matter loadings. 
 
Q7.  How well can we link sources to observed PM levels with atmospheric 
models? 

60. It is important to make some general observations about the current state of 
PM modelling in Europe. All models currently underestimate total PM10 and 
PM2.5 and therefore do not achieve mass closure. There are several reasons for this 
state of affairs. Some PM components are not included at all in models and some 
others are treated in simplified ways. There are large uncertainties in the 
emissions inventories of the primary PM components and of some PM precursors. 
Our confidence in the PM models ultimately rests on the comparison of model 
predictions with observations. Currently there are only few observations of the 
numerous PM constituents for model verification purposes. This may be because 
for some PM components our understanding is limited and the measurements are 
too expensive and difficult for routine operation. Many of these observational 
challenges have been addressed in the EMEP monitoring strategy and it is 
important that this strategy is fully implemented without further delay in order to 
increase our confidence in the application of PM models on the different scales. 
Also further observations in urban environments are needed for improved 
understanding of the sources relevant to human exposure. 
 
Q7.1.  How well can we link SO2 sources to observed levels of particulate 
sulphate with atmospheric models? 

61. We have a high degree of confidence that we can link SO2 sources to the 
observed levels of particulate sulphate. Over the years, most of the important 
uncertainties in SO2 emission inventories have been tackled and few outstanding 
problems remain, except for domestic coal burning and ships in harbours. 
Observations of particulate sulphate have the necessary reliability and spatial 
coverage for model verification purposes. Long-running time series are available 
to check model calculated trends with observed trends over the last two decades. 
 
62. The review of the Unified EMEP model (TFMM, 2004) remarked that there 
was a high level of confidence in the modelôs ability to represent the broad spatial 
pattern of particulate sulphate across Europe, its trends and the role played by its 
long-range transport in providing the regional background levels required as an 
input to urban health impact studies. 
 
63. Further improvements in the representation of particulate sulphate in current 
PM models are to be encouraged. The more detailed representations of cloud 
chemistry processes is an area where improvements are still possible. The 
evaporation of cloud droplets is a major source of particulate sulphate in the 
background atmosphere (Raes et al., 2000). Wet removal of particulate sulphate is 
a further area when improvement is necessary to provide a better match with 
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observed sulphur deposition fields. In this context, it is relevant also to investigate 
dry deposition processes, such as the co-deposition of SO2 and NH3. 
 
Q7.2.  How well can we link NOx sources to observed levels of particulate 
nitrate with atmospheric models? 

64. We have a reasonable level of confidence that we can link NOx sources to 
the observed levels of particulate nitrate. As with SO2 emissions, few outstanding 
problems remain with NOx emission inventories for land-based sources and we 
can be confident that they adequately represent the atmospheric sources of NOx. 
There are major questions concerning the adequacy and completeness of NH3 
emissions, particularly from agriculture, and the influence that they have on the 
assessment of particulate nitrate model performance. The uncertainties in 
ammonia emissions, when taken with the non-linear chemical production 
pathways, limit our confidence in the ability of models to represent particulate 
ammonium nitrate formation. 
 
65. The few measurements that are available in Europe for particulate nitrate 
have been made using filter-based techniques and the outstanding problems with 
evaporation of the ammonium nitrate still have not been solved. Few high 
(hourly) time resolution measurements are available for particulate nitrate with 
which to verify the atmospheric process descriptions employed in the models. 
Difficulties remain with how to translate measurements by filters into results that 
provide an adequate check on particulate nitrate model performance. The 
atmospheric processes that control the levels of particulate nitrate are highly 
sensitive to meteorological parameters. Temperature and humidity control the 
formation and evaporation of ammonium nitrate. 
 
66. There is also an important coupling between nitric acid and ammonia that 
controls the gas-particle partitioning of ammonia and oxidised nitrogen 
compounds. Hence, there is an important requirement for concomitant 
measurements of ammonia, nitric acid and nitrogen dioxide with those of 
particulate nitrate. This need was incorporated into the EMEP monitoring strategy 
(Tørseth and Hov, 2003) and intensive field campaigns have been organised. The 
results concerning the gas-particle partitioning of ammonia and oxidised nitrogen 
compounds will be of vital importance of particulate nitrate model development 
when they become available during 2007. 
 
67. The review of the Unified EMEP model (TFMM, 2004) remarked that there 
were insufficient particulate nitrate and ammonium measurements available to 
provide an adequate test of the model performance for particulate nitrate. 
However, it was concluded that the EMEP model was able to calculate the 
regional component of particulate nitrate with enough accuracy to assess the 
effects of different control measures. 
 
68. Improvements in the model performance for particulate nitrate and hence 
increasing confidence in the model predictions will arise from the results of the 
intensive monitoring campaigns on the gas-particle partitioning of ammonia and 
oxidised nitrogen compounds. Such improvements are not considered as a priority 
for modelling because model results are currently satisfactory but will 
nevertheless be welcomed and will be important for building confidence in the 
model predictions. 
 



32 

EMEP/CCC-Report 8/2007 

Q7.3.  How well can we link sources of elemental carbon and organic PM to 
observed levels with atmospheric models? 

69. Currently, we have little confidence that we can link sources of elemental 
carbon and organic carbonaceous PM to observations with models because of the 
complexities involved in the formation of secondary organic aerosol, the 
importance of biomass burning, the importance of primary sources of both natural 
and man-made carbonaceous PM and because of their relatively large contribution 
to PM2.5 and PM10 mass. 
 
70. Many of our current difficulties with elemental carbon and organic carbon 
particulates stem from difficulties with their measurement methods, the lack of a 
reference method and the lack of consistency between the existing European 
measurements. The split between elemental and organic carbon depends on the 
method and is influenced by charring, leading to elemental carbon measurements 
that may differ by up to a factor of two when comparing the two most commonly 
used protocols, that is NIOSH and IMPROVE. Most instruments that measure 
elemental carbon and organic PM report their results as elemental C and so 
adjustments are required for the presence of other atoms (H,O,N etc.) to calculate 
and report as PM2.5 or PM10. These adjustment factors generally range from 1.2 to 
2.1 in published studies and have yet to be harmonised. Monitoring results could 
be expressed on a total carbon basis and hence would be more directly comparable 
with model results. However, this would not help in the identification of the mass 
contributions to PM2.5 and PM10 from primary and secondary organic matter 
sources and biogenic versus man-made sources. Many of these monitoring 
problems could be resolved by further harmonisation and standardisation. There is 
an important requirement to use identical harmonised and standardised procedures 
in the measurement of elemental carbon and organic PM emissions. 
 
71. Many of the remaining difficulties with elemental carbon and organic PM, 
stem from problems with emission inventories. Emission inventories for primary 
PM components are of relatively recent development. Reliability, size and spatial 
resolution, coverage of the different source categories and PM species coverage 
still remain crucial issues for PM emission inventories. Emission inventories for 
elemental carbon need substantial improvement in terms of accuracy and coverage 
of source categories particularly those of road traffic, wood combustion and 
residential heating. Improvements are required in spatial resolution at the 
European scale and in the representation of diurnal, weekly and seasonal emission 
profiles. Levoglucosan acts as an excellent tracer for wood burning and this could 
be used in source-receptor modelling to quantify an important missing source 
from the PM inventories. Agricultural waste burning and forest fires are also 
important sources of elemental carbon and organic PM. Harmonised and 
standardised measurement procedures should be implemented in the emission 
measurements used to compile emission factors to ensure consistency between the 
models and observations. 
 
72. Improvements in VOC emission inventories are also urgently required to 
improve model descriptions of the formation of secondary organic PM. The 
improvements need to address the speciation of both man-made and natural 
biogenic VOC sources and the formation mechanisms of the semi-volatile and 
other organic PM precursor species. 
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73. The review of the Unified EMEP model (TFMM, 2004) noted that the 
confidence in the understanding of the mechanism of the formation of secondary 
organic aerosols was so low that they had not been included in the EMEP model, 
leading to underestimations for PM10 and PM2.5. The Unified EMEP model is thus 
unable to assess the impacts of VOC emission control measures on secondary 
organic aerosol mass. Understanding will grow steadily in the quantification of 
primary particle emissions and this will lead eventually to increased confidence in 
the estimation of regional levels of primary particles emitted, thereby improving 
the assessment of PM2.5 and PM10. However, the model is able to calculate the 
regional component of some primary PM species with enough accuracy to assess 
the effect of different control measures. 
 
74. Developments in current PM models to improve the description of 
atmospheric processes and to address uncertainties in PM emission inventories are 
thus urgently needed. These developments are severely hampered by the lack of 
measurement data. They remain of crucial importance to policy because elemental 
carbon and organic PM could represent 30 ï 50% of the total PM composition by 
mass. 
 
75. Whilst there is some confidence in the ability of models to represent the 
regional component of some primary PM components, there is little confidence 
that they are ready to describe the urban or traffic increments in PM2.5 that are 
required for integrated assessment models and for policy assessments of urban 
health effects. As noted in the review of the Unified EMEP model (TFMM, 2004), 
the ability of current PM models is limited to the simulation of the relative 
impacts of different emission scenarios, taking carefully their limitations and 
uncertainties into account. As a consequence, it is not straightforward to use 
current PM models for the investigation of compliance with air quality standards, 
targets and limit values. 
 
Q7.4.  How well can we link sources of mineral dust to observed levels with 
atmospheric models? 

76. There are major difficulties in the representation of mineral dust in PM 
models. Mineral dust components of PM10 and PM2.5 are often not directly 
quantified by chemical analyses but are inferred from measurements of elements 
such as Al, Ca etc. using scaling factors. These scaling factors are often not 
reported and are not necessarily harmonised with other literature studies. 
Measurements of mineral dust, which may originate from deserts or from local 
wind erosion, do not distinguish natural resuspension from man-made 
resuspension by road traffic or agricultural activities. The parameterisations used 
in models to represent mineral dust are driven by local weather conditions and 
require a great deal of information about soils and land use. Results of dust 
measurements in large urban agglomerations show differences between hot-spots 
and urban background levels, demonstrating a high degree of variability. The 
emission patterns are complex because of the influence of road traffic, demolition, 
construction, traffic resuspension and the long dry periods in southern Europe. As 
a result they have large uncertainties and there is a paucity of measurement data 
with which to verify their accuracy. Nevertheless, their inclusion in PM models 
does bring a measure of improvement in model performance. 
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Q8.  How large are the uncertainties in PM measurements and models? 

77. Uncertainties in European models for particulate sulphate are currently 
judged to be of the order of ± 15 ï 20%, on an annual average basis. The 
corresponding uncertainties in model particulate nitrate are somewhat larger at 
about ± 40%. Measurement uncertainties in particulate sulphate and nitrate are 
comparable to those in models. This situation is considered acceptable for the 
policy purpose of assessing the effect of different control measures for SO2 and 
NOx on the regional component of particulate sulphate and nitrate as noted in the 
Unified EMEP model review (TFMM, 2004). 
 
78. Uncertainties in current model predictions for natural PM components such 
as mineral dust, sea salt and biogenic primary organic matter are large and 
difficult to assess. Currently, these sources are not included the PM models used 
for policy development and hence they do not achieve mass closure. As a 
consequence these PM models cannot be used for testing compliance with air 
quality standards, targets and guidelines for PM. 
 
79. Uncertainties in model results for elemental and organic PM are also large. 
There are major problems with emission inventories and with the representation 
of the main atmospheric processes controlling their distributions across Europe. 
Uncertainties in measurement data and their general paucity, preclude any 
quantification of model uncertainty for these PM components. Nevertheless, this 
is an area where significant progress may be expected in the foreseeable future 
and secondary organic aerosol may well be represented in future PM policy 
models. 
 
80. Whilst there is limited confidence in the ability of models to represent the 
regional component of some primary PM species such as elemental carbon, there 
is little confidence that they are ready to describe the urban or traffic increments 
in PM2.5 that are required for integrated assessment models and for policy 
assessments of urban health effects. 
 
81. A number of recommendations can be made that would help to reduce the 
uncertainties in models and to increase confidence in their predictions: 
 

To develop a standardised method to check the ability of models to represent the 
different chemical regimes in Europe. By chemical regimes, we mean NOx-
limited versus VOC-limited regimes for ground level ozone formation or 
NH3-limited versus NOy limited regimes for PM nitrate and ammonium 
formation. 

To employ the models to compare emissions and policy scenarios for their 
impacts on regional PM mass concentrations rather than to determine 
exceedances of air quality limit values, guidelines and standards but in a 
relative sense for comparing scenarios for their relative impacts on regional 
PM levels. 

To gather relevant measurements at relevant sites. The EMEP monitoring 
strategy should be promptly and widely implemented to help to reduce model 
uncertainty and to help increase confidence in model predictions. 

 
82. Deficiencies in the EU reference method for PM10 (EN 12341) are well 
recognised and include large, variable water content and sampling artefacts. 
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óReferenceô PM measurements have therefore a high level of uncertainty, while 
non-reference methods such as TEOM-based continuous samplers are more self-
consistent but measure something different. Any interpretations and assessments 
of model PM results against observations must take these uncertainties into 
account. 
 
Q9.  What improvements are required in PM monitoring, modelling and 
basic understanding for the assessment of health and climate impacts of PM? 

83. Current assessments of the health and climate impacts of PM across Europe 
are severely hampered by the lack of comparability in the measurement methods 
for PM mass and its composition. Reference methods should be defined and used 
where possible and practical, scaling factors should be documented and 
instrumental methods and procedures should be harmonised and standardised. 
Improvements are required in the description and classification of monitoring sites 
to ensure maximum comparability in the definitions of rural, urban background 
and traffic-influenced sites. Common issues between the PM air quality, climate 
change and human health impacts research communities have recently been 
authoritatively reviewed (Hansson and Dowd, 2006; WHO, 2006). 
 
84. A general requirement is better quantification of PM emission inventories. 
This concerns not only primary PM emissions but also PM precursors. Special 
attention should be given to those source sectors and activities where there is a 
paucity of specific emission factors, such as residential heating, wood combustion 
and wind-blown dust. 
 
85. PM models, like all other chemistry-transport models, require accurate 
meteorological input data to drive them. Further improvements are to be expected 
in the accuracy, temporal and spatial resolution of meteorological datasets, 
especially for clouds and precipitation. With the increased availability of global 
meteorological datasets and global chemistry-transport models, we can anticipate 
improved representation of atmospheric boundary conditions and of 
intercontinental transport in regional PM models. 
86. The measurement of the vertical profiles of meteorological parameters and 
atmospheric composition should be promoted. This would help to improve the 
global performance of models by ensuring a more realistic vertical distribution of 
PM mass and composition. It would also allow a better quantification of vertical 
dispersion, a key parameter during PM pollution episodes. 
 
87. Data assimilation already plays an important role in numerical weather 
prediction and has substantially increased the quality of meteorological 
predictions. Data assimilation will increasingly be applied in PM models using 
satellite observations of aerosol optical depth, for example. 
 
88. Improvements are urgently required in the modelling of PM components at 
the urban scale. Currently integrated assessment models use urban PM increments 
to describe the relationship between PM2.5 concentrations on the urban and 
regional scales. It is important to review and assess the model approaches for the 
quantification of urban increments and hence of urban health effects and to check 
whether they are fit-for-purpose in the policy context. Further work is required to 
provide measurement data from which urban increments can be more reliably 
inferred. 
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89. The measurement of particle size distributions should be encouraged at 
more monitoring sites across Europe. This would be useful for model evaluation 
and for the better quantification of PM health impacts. Continuous measurements 
of PM components would also allow for better model evaluation.  
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3 Summary and conclusions 

90. This EMEP PM Assessment Report addresses the adequacy and 
completeness of the underpinning science upon which models currently used for 
policy development have been built. An important issue has been to strike a 
balance between the need to resolve a number of key scientific uncertainties and 
the desire to make progress with the integrated assessment modelling. It has been 
recognised that striking this balance is important for policy-making within the 
Working Group on Strategies and Review. The purpose of the report is to inform 
the policy process about the state of current understanding on PM issues and the 
level of confidence in PM models. 
 
91. Annual mean PM concentrations show large differences across Europe 
when stratified according to site types such as rural background, suburban, urban 
background, industrial- and traffic-influenced. At remote, rural (EMEP) 
monitoring sites during 2004, annual mean PM2.5 concentrations ranged from just 
above 3 µg m

-3
 in Norway to 28 µg m

-3
 in Italy, whereas for PM10 the 

concentrations ranged from 5 to close to 35 µg m
-3

. At traffic-influenced 
locations, annual mean PM2.5 concentrations ranged from 8 µg m

-3
 for the average 

of three sites in Finland to above 55 µg m
-3

 for two sites in Bulgaria. 
 
92. There is a general tendency for annual mean PM2.5 concentrations to 
increase from west to east across Europe, reflecting the progressive addition of 
man-made PM to Atlantic air masses and the different dispersion conditions 
between the oceanic and continental regions. Dry, arid conditions during 
summertime lead to elevated rural levels in southern and central Europe due to 
wind-blown and resuspended dust. These arid conditions are especially important 
in the Western Mediterranean, where the lowest precipitation rates in Europe are 
registered. Wintertime wood burning and road-wear due to studded vehicle tyres 
lead to elevated urban and traffic-influenced levels in Scandinavia. 
 
93. The long-range transport of PM is a transboundary problem that can have 
significant impacts on PM10 and PM2.5 levels in remote, rural and urban areas. 
National contributions in Part B of this report clearly identify a regional-scale 
background contribution to urban PM levels and a further traffic contribution on 
top of urban background levels at traffic-influenced sites. This regional 
background typically contributes between 60 ï 90% of urban background PM10 
and PM2.5 levels on an annual basis. It may be lower, 35-50%, in southern Europe 
where most man-made PM pollution is generally caused by concentrated large 
agglomerations.   
 
94. Long-range transboundary transport can be best characterised at rural and 
EMEP sites where the influence of local PM sources in minimal. However, the 
contribution of transboundary transport to PM levels at suburban and urban 
background sites is more relevant to policy and human health effects. 
Transboundary transport can be best characterised for PM2.5 but care must be 
taken to minimise the influence of episodes with large local contributions to PM2.5 
levels when quantifying the transboundary and long-range transport contributions 
to PM levels. 
 
95. There is still a great lack of understanding of some of the major PM 
components. There seems to be an apparent discrepancy between decreasing PM 
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emissions during the 2000s and observed PM2.5 and PM10 levels that have 
remained more or less unchanged over the same period in many parts of Europe. 
An example of this behaviour is illustrated in the contribution from Germany to 
Part B of this report. This discrepancy may reflect deficiencies in our 
understanding of PM emissions and atmospheric chemistry. Meteorological 
variability may explain the increase in PM levels between 1999 and 2003 but PM 
levels have remained largely unchanged beyond these years. 
 
96. Current knowledge on PM levels and speciation are hampered by 
shortcomings in monitoring and modelling. Measurements of PM mass 
concentrations are not directly comparable across Europe because of the 
comparability of the different methods, because of differences in the correction 
factors applied to the measurements to make them comparable with reference 
methods and because of a number of specific analytical issues that may hamper 
the comparison of PM composition measurements. Furthermore, there are 
difficulties associated with the harmonisation of siting criteria for urban 
monitoring sites across Europe. 
 
97. The PM models currently used in policy development underestimate total 
PM10 and PM2.5 and none currently achieve mass closure. The main reason for this 
is that some PM components are not included at all in models and some others are 
treated in a simplified ways. There are large uncertainties in the emissions 
inventories of the primary PM components especially with respect to the coarse 
PM fraction and of some PM precursors. Confidence in the PM models ultimately 
rests on the comparison of model predictions with observations. Currently there 
are too few observations for satisfactory model verification. Model 
intercomparison activities such as EURODELTA have contributed much towards 
improving confidence in PM model predictions.  
 
98. There is a high degree of confidence that SO2 sources can be linked to the 
observed levels of particulate sulphate. Over the years, most of the important 
uncertainties in SO2 emission inventories have been tackled and a few outstanding 
problems remain, such as domestic coal burning and ship emissions. Observations 
of particulate sulphate have the necessary reliability and spatial coverage for 
model verification purposes. Long-running time series are available to check 
model calculated trends with observed trends over the last two decades.  
 
99. There is a reasonable level of confidence that NOx sources can be linked to 
the observed levels of particulate nitrate. Too few measurements for particulate 
nitrate have been made using techniques that are artefact-free and some of the 
outstanding problems with evaporation of the ammonium nitrate still have not 
been solved. Intensive field campaigns have been organised using continuous 
instruments to overcome these shortcomings. There are uncertainties associated 
with ammonia emissions that when taken together with the non-linearities in the 
formation of ammonium nitrate limit our confidence in particulate nitrate 
modelling and its response to ammonia and NOx emission reductions. 
 
100. Uncertainties in European models for particulate sulphate are currently 
judged to be of the order of ± 15 ï 20%, on an annual average basis. The 
corresponding uncertainties in model particulate nitrate are somewhat larger at 
about ± 40%. Measurement uncertainties in particulate sulphate and nitrate are 
comparable to those in models. This situation is considered acceptable for the 
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policy purpose of assessing the outcome of different control measures for SO2 and 
NOx on the regional component of particulate sulphate and nitrate. 
 
101. Uncertainties in model results for elemental carbon and organic matter PM 
are large. Many of our current difficulties with elemental carbon and organic 
carbon particulates stem from difficulties with their measurement methods, the 
lack of a reference method and the lack of consistency between the existing 
European measurements. The split between elemental and organic carbon depends 
on the method and is influenced by charring, leading to elemental carbon 
measurements that may differ by up to a factor of two when comparing the two 
most commonly used protocols. Measurements are therefore considered to have 
limited reliability.  
 
102. Many of the remaining difficulties with elemental carbon and organic PM 
stem from problems with emission inventories. Emission inventories for primary 
PM components are of relatively recent development. Reliability, size and spatial 
resolution, coverage of the different source categories and PM species coverage 
still remain crucial issues for PM emission inventories. Emission inventories for 
elemental carbon need substantial improvement in terms of accuracy and coverage 
of source categories particularly those of road traffic, wood combustion and 
residential heating. Improvements are required in spatial resolution at the 
European scale and in the representation of diurnal, weekly and seasonal emission 
profiles. 
 
103. Without these improvements in the emission inventories for primary 
carbonaceous PM, confidence is limited in the regional scale distributions of 
primary carbonaceous PM calculated with the current PM models used in policy 
development. 
 
104. The review of the Unified EMEP model noted that confidence in the 
understanding of the mechanism of the formation of secondary organic aerosol 
was so low that it had not been included in the EMEP model, leading to 
underestimates for PM10 and PM2.5. There are major problems with emission 
inventories and with the representation of the main atmospheric processes that 
control the distribution of particulate organic matter across Europe. Uncertainties 
in measurement data and their general paucity, preclude any quantification of 
model uncertainty for these PM components. As a consequence, it is not possible 
to link VOC emissions and their control to secondary organic PM in the PM 
models currently used for policy development. 
 
105. There are major difficulties in the representation of mineral dust in PM 
models which stem from a range of causes mainly due to the lack of knowledge 
on their emissions and of the soil databases with which to characterise them. 
 
106. Uncertainties in current model predictions for natural PM components such 
as mineral dust, sea salt and biogenic primary organic matter are large and 
difficult to assess. 
 
107. On this basis, we have a high level of confidence that the PM models 
currently used for policy development can address the regional scale impacts of 
SO2 emission reductions on PM mass concentrations, for the purposes of 
integrated assessment modelling. There are uncertainties with ammonia emissions 
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that when taken together with the non-linear chemical production pathways to 
form ammonium nitrate, limit our confidence in the representation of ammonia 
and NOx emission reductions on PM mass. Because of outstanding problems with 
the emission inventories for elemental and organic PM carbon, there is little 
confidence that the PM models currently used for policy development are ready to 
describe accurately the urban and traffic increments in PM2.5 that are required for 
integrated assessment modelling and for policy assessments of urban health 
effects. Current PM models used in policy development may thus be adequate for 
the assessment of the relative magnitudes of emission reductions of some PM 
components and their precursors on PM mass concentrations but not necessarily 
for their quantitative assessment against target and limit values for PM. 
 
108. There is currently a significant level of effort being undertaken by the 
Parties to the Convention and by the EMEP Centres that is focussed on improving 
PM emission inventories, improving PM observations, carrying out targeted field 
campaigns and enhancing PM models. These activities should be encouraged 
within the EMEP framework and will over time bring increased confidence in our 
understanding of PM and its representation in PM models. 
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Figure 1: Levels of PM10 measured (June 1995 to December 2006) at a rural 

site of NE Spain (Monagrega). Notice that African dust outbreaks 
(black rhombus) cause >90 % of the exceedances of the EU PM10 
daily limit value at this rural site (modified from Querol et al., 
2007).  
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1 PM10 and PM2.5 concentrations in Europe as assessed from 
monitoring data reported to AirBase. 
ETC/ACC contribution to the EMEP PM assessment report 

Steinar Larssen
1)
 and Frank de Leeuw

2)
 

1)
 Norwegian Institute for Air Research, P.O. Box 100, N-2027 Kjeller, Norway 

2)
 Netherlands Environmental Assessment Agency, P.O. Box 1, NL-3720 Bilthoven BA, 

The Netherlands 

 
 
1.1 Summary 

This contribution gives an assessment of PM concentrations in Europe, present 
(2005) and during the previous 9 years, based upon the data reported to the 
European Commission and AirBase by Member Countries of the European 
Environment Agency (EEA). It also draws information from other projects carried 
out by the EEA, European Topic Centre on Air and Climate Change (EEA-
ETC/ACC). 
 
PM10 concentrations were reported from more than 2200 monitoring stations in 
32 countries in Europe for 2005. The number of stations reporting data to AirBase 
has increased steadily from only a few hundred stations in 1997. For 2005 PM2.5 

concentration data was reported from 268 stations in 18 countries, and very few 
stations have PM2.5 time series for more than a few years. 
 

Annual average PM10 concentrations in 2005 averaged to be 20.2 g/m
3 

at 

180 rural stations, 26.0 g/m
3
 at 742 urban background stations, and 31.2 g/m

3 
at 

477 street stations. Thus the rural background contribution to urban background 
PM10 levels is on the average approximately 78%, and approximately 65% on the 
average for street stations. From analysis using station pairs, the average urban 

increment was 5.6 g/m
3 
 (based upon 101 rural-urban station pairs in the data set 

for 2002) and the average street increment over urban background was also 

5.6 g/m
3 

 (based upon 49 station pairs within a 20 km distance from each other 
within the same city, in the 2002 data set). 
 
The EU PM10 limit value for annual average was exceeded in 2005 at 5, 89 and 
107 rural, urban and street stations respectively. The short-term (24-hour) limit 
value was exceeded much more extensively, for instance at approximately 30% 
and 55% of the urban and street stations, respectively. The most pronounced 
exceedances were observed in Silesia and Northern Bohemia, in the Milan/Po 
valley area and in the Southern part of Spain. BeNeLux and Eastern Europe areas 
were also affected. 
 
The spatial coverage of PM2.5 monitoring data is still sparse in Europe. Annual 

average PM2.5 concentrations in 2005 averaged to be 12.9 g/m
3 

at 33 rural 

stations, 16.9 g/m
3
 at 72 urban background stations and 19.7 g/m

3 
at 55 street 

stations. Thus the contribution of rural PM2.5 to the urban background and traffic 
levels is similar as in the case of PM10: 76% and 65%, respectively. The 
correlation between co-located PM2.5 and PM10 measurements is high and is, like 
the PM2.5/PM10 concentration ratio, similar for 2004 and 2005.  The PM2.5/PM10 
ratio (average per station) varies from 0.4 to 0.8 and shows a dependency on 
station type and region. The ratio is lower at sites where sources of coarse 
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particles (PM10 minus PM2.5) are important. Stations with an annual average 
above the proposed cap value (25 µg/m

3
) can be found in many European regions, 

many of them in the Czech Republic and Silesia. 
 
The PM10 time series from 1997 to 2005, which is based upon a rather limited 
data set, does not show an overall tendency upwards or downwards since 1997 
(Figure 1.9). In this period the reported primary PM10 emissions decreased by 7% 
while the emissions of the precursors SO2 and NOX decreased by 65% and 20% 
respectively. The reported ammonia emissions were reduced by less than 5%. It 
has been shown that the development during the period 1997-2004 can to a large 
extent be explained by inter-annual meteorological variability (see section 1.2.5). 
The shorter time series (2001-2005) based upon a much larger data set show 
similar variability as the longer series, although less pronounced. Urban and rural 
background concentrations trends follow each other closely, the rural background 
concentration providing the dominating contribution to total urban background 
PM10, and about 2/3 of the PM10 measured at street stations. 
 
The development as well as the dominance of the rural contribution varies 
considerable between countries, see examples from the Netherlands, UK and the 
Czech Republic in Figure 1.10). 
 
The ensemble of PM10 data in AirBase indicate two separate tendencies since 
1999-2000: 
 
- Increasing rural concentrations in central-eastern European areas (extending 

to Sweden, with  an indication of additional increases in urban contributions). 

- Decreasing or unchanging rural concentrations in the west to north-west 
(France, Belgium, Netherlands, UK); except an increase in all areas from 
2002 to 2003. 

- The tendencies in most of the cities with long time series data do not deviate 
from the overall European picture: decreasing concentrations towards 2000 
and increasing thereafter with a drop in 2004. 

 
The contribution to PM concentrations near streets from suspension of road dust 
has been investigated in the EEA-ETC/ACC óStreet Emission Ceilingsô (SEC) 
project. Based upon the analyses carried out at 9 station pairs, the conclusion is 
that for streets where no studded tyres are used, the coarse fraction emission 
factor, which is dominated by road dust suspension, varies for the locations 
included in the analysis, between 1 and 4 times the emission factor for fine 
particles (which is dominated by exhaust particle emissions), as an average for a 
winter or summer season. In Scandinavian streets where studded tyres are used in 
the winter, the coarse fraction emission factor is 3-10 times the fine fraction 
emission factor, as winter average. The contribution from road dust suspension to 
the fine fraction is also significant, while still not well quantified. In Hornsgatan 
in Stockholm, this contribution is about 1/3 of the exhaust particle contribution. 
 
Methodological factors of PM sampling and monitoring are important, and need 
to be taken into account when assessing concentrations across Europe. Correction 
factors (CF) for PM10 concentrations, when measured with automatic monitors 
and used by countries to correct their data, have been reported to AirBase to some 
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extent. The reported CFs are typically within 1.0-1.3, although some countries 
have established even higher CFs. 
 
1.2 PM10 concentrations in Europe, 1997-2005 

The number of stations reporting PM10 data to AirBase has increased steadily for 
many years. 1997 was the first year with a fairly substantial number of stations 
reporting PM10 concentrations to AirBase (about 200 stations). In 2005, PM10 was 
reported for more than 2200 stations in 32 countries (Table 1.2). 1880 of these 
stations had annual data coverage higher than 70%. There were 235 stations in 
rural areas and 969 urban/suburban background stations. Of all hot spot stations, 
673 were traffic stations (16 in rural areas) and 353 industrial stations (93 in rural 
areas). The rest of the stations were not properly classified. 
 
In the following, summaries and overviews of the PM10 data in AirBase are 
presented. These overviews focus on 2003, 2004 or 2005, as well as developments 
in PM concentrations since 1997. 2003 and 2004 overviews are taken from the 
óAir Pollution in Europe 1997-2004ô report (Larssen et al., 2007) and the 2005 
data summary report of AirBase (Mol et al., 2007), while some 2005 overviews 
have been compiled for this contribution. 
 
PM measured by automatic methods typically have to be corrected in order to 
correspond with measurement results obtained by applying the respective 
reference method. This is done by using correction factors, which have to be 
determined based on comparison studies in each country. Chapter 1.6 gives an 
overview of the monitoring methods used in the various European countries, and a 
summary of  CFs used the those countries. Many countries have station-specific 
CFs, and for a few stations even season-specific CFs are used. It is not completely 
clarified yet, however, how the CFs are implemented in the data that are contained 
in AirBase. 
 
1.2.1 Overview of PM10 concentrations 

Country-wise annual average PM10 concentrations measured at stations in 2004, 
reported to AirBase, are shown in Figure 1.1. There are separate bars for three 
types of stations: rural background, urban/suburban background, and street 
stations. The countries are placed in a sequence from north-western Europe 
(Iceland, Norway, etc.), sweeping through the central and towards the south-
eastern parts of Europe, and then towards the south-west (Spain and Portugal). 
The Figure shows elevated/high rural/urban levels in BeNeLux and eastern/south-
eastern areas (from Poland and Czech Republic, towards FYROM, Greece and 
Cyprus, and to a lesser extent in the Mediterranean countries). Concentrations at 
street stations can be high in all countries.  
 
The PM10 concentrations in Europe in 2004, averaged over all stations of a certain 
category, were (number of stations with data in brackets)

1
: 

 

                                                 
 
1
 The EU has set an annual limit value for PM10 of 40 ɛg/m3. . The limit value for daily mean concentarins is set at 50 
ɛg/m3, this level may be exceeded on 35 days per year. Thus, if the 36th highest daily mean is above 50 ɛg/m3 the limit 
value is exceeded. 
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 annual average: at rural stations:  20.2 g/m
3 
 (180) 

  at urban background:  26.0 g/m
3 
 (742) 

  at street stations: 31.2 g/m
3 
 (477) 

 36
th
 highest day:  at rural stations:  34.4 g/m

3 
 (176) 

  at urban background:  43.3 g/m
3 
 (717) 

  at street stations: 51.4 g/m
3 
 (459) 

 
These numbers, as well as the Figure 1.1 and Figure 1.2, show clearly that the 
rural concentration level contributes considerably to the concentration levels at 
urban locations, and even to the concentrations at street level stations. 
Concentrations at the industrial stations did not deviate much from the typical 

urban/traffic hot spot concentrations: they averaged 46.6 g/m
3
 (36

th
 highest day), 

with a maximum value of 129 g/m
3
 at one station. 

 
The annual average concentration at the 180 rural stations was about 78% of the 
average concentration at the 742 urban background stations, and about 65% of the 
concentration at the 477 street stations. The urban increment calculated using this 

data set was 5.8 g/m
3 

and the average street increment above the urban 

background was 5.2 g/m
3
.  

 
Urban and street increments are better assessed when looking at stations pairs, 
located in such a way that the larger scale representative station of a pair (the rural 
or urban station) is fairly close to and represents the background concentration at 
the smaller scale representative station of the pair (the urban or street station). 
Station pair data has been extracted from AirBase: Rural-urban station pairs have 
been chosen if they are closer than 20 km from each other, while street-urban 
station pairs have been identified for two cases: Stations that are closer than 10 
km from each other, or 20 km from each other (within the same city). 
 
101 such rural-urban station pair combinations were found. The average urban 

increment for those station pairs was 5.6 g/m
3
. For 16 street-urban pairs within 

10 km distance from each other, the street increment was 6.9 g/m
3
, while for 

49 street-urban pairs within 20 km distance, the street increment was 5.6 g/m
3
 

(Larssen, 2007). These increments are a bit higher than those calculated using the 
full data set without applying any criteria for station locations relative to each 
others. This assessment includes a variety of European urban and street traffic 
situations, and is an estimate of the average urban and street increments in 
Europe. 
 
Figure 1.2, representing 2005 data, presents the Airbase data in a different way, 
showing the total extent of exceedances of limit values. It shows the number of 
stations and average PM10 concentrations for three station categories (rural 
background, urban/suburban background and urban/suburban traffic/street). 
Displayed are the annual average concentrations and the 36

th
 highest day values, 

according to three criteria: all stations, the stations which are above the limit 
value, and the station with the highest concentration. 
 
The limit value for annual average was exceeded at 5, 89 and 107 rural, urban and 
street stations respectively. The short term limit value (represented by the 35

th
 

highest daily value) was exceeded at urban stations (256 stations, more than 30% 
of the stations) and at traffic stations (302 stations, more than 55% of the stations). 
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At rural stations exceedances are observed at 17% of the stations. The highest 
measured concentrations were 3-4 times the limit values. 
 
The concentrations in 2005 were slightly higher than in 2004 but not as high as in 
2003. 
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Figure 1.1: Overview of PM10 data in AirBase, 2004: country-wise annual  

averages per station type. Number of stations on top of bars. 
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Figure 1.2: Overview of PM10 data in AirBase, 2005: average concentrations, 

average at stations exceeding Limit Values and number of stations, 
in each category; maximum concentrations (one station). 
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1.2.2 Mapping of PM10 across Europe, 2003 and 2004 

Figure 1.3 and Figure 1.4 show assimilated maps of PM10 concentrations across 
Europe, where EMEP model results have been combined with data from the 
monitoring stations in rural and urban background areas, as well as with other 
parameters (EEA-ETC/ACC, 2005). Results are shown both for 2003 and 2004, 
indicating the situation in a year with high concentrations (2003) and in a more 
typical year (2004). Figure 1.3 shows annual average concentrations, and  
Figure 1.4 shows the 36

th
 highest daily values.  

 
Rural areas 

Rural PM10 concentrations are generally higher in some central, eastern and 
southern areas of Europe than in western parts of Europe (see also Figure 1.1). 
Spain and Portugal may experience elevated PM values due to dry conditions and 
the influence of Saharan dust, while BeNeLux and East England are possibly 
affected by air pollutant transport from central Europe in addition to emissions 
from local sources. 
 

The PM10 limit value for annual average, 40 g/m
3
, is exceeded in several larger 

and small areas across Europe (Figure 1.3). The highest exceedances can be found 
in Silesia, North Bohemia, the Milan-Po Valley area and the southern tip of Spain. 
For 2005, the measurement results indicate that 5 rural stations in the Czech 
Republic, Italy and Spain show annual average concentrations above the limit 

value (Figure 1.6). At 15 stations concentrations were higher than 35 g/m
3
. 

 

The PM10 short term limit value (max 35 days above 50 g/m
3
) was exceeded to a 

larger extent than the annual average limit value (Figure 1.3 and Figure 1.4). In 
2003, the year with very high pollution levels, large areas in the Benelux 
countries, northern Italy, eastern Europe as well as in Portugal were above this 
limit value. The same areas showed also high levels in 2004. The southern tip of 
Spain had exceedances in 2004, presumably due to Saharan influence. 
 
Urban background  

Figure 1.3, Figure 1.4 and Figure 1.7 show that the PM10 concentrations at urban 
background locations are high in many cities across Europe. The 2004 summary 
in Figure 1.1 and Figure 1.2 shows that exceedances of the annual average limit 
value were measured at 69 (in 2005: 89) urban stations, and at 191(in 2005: 256) 
urban stations for the short-term limit value.  
 
The highest urban background concentrations were measured in cities in central, 
eastern and southern European countries (such as Bulgaria, Romania, Poland, 
Italy, Czech Republic, Slovakia; see Figure 1.7). 
 
Traffic hot-spots  

Figure 1.5 and Figure 1.8 show that concentrations at urban street stations are 
exceeding the PM10 short term limit value extensively at many street sites in 
Europe. Figure 1.5 shows the situation in 2004 when the annual average limit 
value was exceeded at 81 street stations (in 2005: at 107 stations). In 2004 the 
short term limit value was exceeded at 224 street stations (in 2005: at 302 stations; 
see Figure 1.2). The highest concentrations measured in 2004 were typically about 
the double of the limit value (except for a station in Skopje which reported an 
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annual average about 4 times the limit value). Concentrations were even higher in 
2003 (as indicated in Figure 1.9). 
 
Similar to urban concentrations, the highest traffic related concentrations were 
measured in cities in central, eastern and southern European countries 
(Macedonia, Poland, Italy, Spain, Romania, Czech Republic, Greece; see  
Figure 1.8). In some cases special conditions were responsible for exceedances, 
such as suspended dust in Spain and studded winter tyres in Nordic countries. 
 

   
 

  
 
Figure 1.3: Annual average PM10 concentrations in Europe 2003 and 2004. 

Figures constructed from combining measurements and model 
calculations (ETC/ACC, 2005). 
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Figure 1.4: PM10 concentrations in Europe 2004 and 2003, showing the 36

th
 

highest daily value. Figures constructed from combining 
measurements and model calculations (ETC/ACC, 2005). 
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Figure 1.5: PM10 concentrations at hot-spot stations, 2004. 

36
th
 highest daily value (EEA, 2007). 

Limit value (LV): 50 g/m
3
. 

Upper (UCL) / lower (LCL) classification levels: 30 / 20 g/m
3
. 

Margin of Tolerance (MT), 2004: 5 g/m
3
. 
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Figure 1.6: PM10 annual average concentrations, 2005. Rural stations with the 

highest concentrations measured, reported to AirBase. 
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0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0

PADOVA IT
ZABRZE PL

GLIWICE PL
 IT

LYKOVRISI GR
REZZATO IT
KARVINA CZ

TRBOVLJE SI
 CZ

MILANO IT
KRAKOW PL

KUTNO PL
MAGENTA IT

PROSZOWICE PL
MAKOW PODHALANSKI PL

Veliko Tarnovo BG
HAVIROV CZ

MEDA IT
TIMISOARA RO

Plovdiv BG
NIEPOLOMICE PL

Asenovgrad BG
RUZOMBEROK SK

 CZ
KRAKOW PL

WODZISLAW SLASKI PL
CESKY TESIN CZ

TREZZO SULL'ADDA IT
BOHUMIN CZ

RYBNIK PL
TORINO IT
Plovdiv BG
MILANO IT

Sofia BG
Pernik BG

TG. MURES RO
Pernik BG
Sofia BG

µg/m3

 
 
Figure 1.7: PM10 annual average concentrations, 2005. Urban/suburban 

background stations with the highest concentrations measured, 
reported to AirBase.  
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Figure 1.8: PM10 annual average concentrations, 2005. Street stations with the 

highest concentrations measured, reported to AirBase.  
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1.2.3 Changes 1997-2005 

Europe-wide developments 

Figure 1.9 shows the tendencies in annual average PM10 concentrations for 1997-
2005, based upon 202 stations in 12 countries where data for at least seven years 
were available. The figure shows separate graphs for rural background 
(32 stations), urban/suburban background (90 stations) and traffic stations 
(57 stations); 23 others stations (industrial, not-defined) are not included.  
Figure 1.9 includes also the same information for the period 2001-2005 only, 
based upon a much larger data set (565 stations: 64 rural, 267 urban background, 
166 traffic and 68 óotherô - in 21 countries). 
  
It should be noted that the different station types do not necessarily represent the 
same areas (e.g. the rural stations are not necessarily in the same areas as the 
urban stations, and similar, the street stations are not necessarily in cities where 
urban background stations can also be found, although this is the case for many of 
the cities). Thus, the differences in concentrations in rural, urban and street 
locations shown in the figures do not fully represent the órealô differences between 
such locations in Europe. This has already been discussed for the 2005 data set in 
section 1.3. Figure 1.9, which is based on data from all European regions, may 
thus mask the differences in concentration developments and urban/street 
increments in different countries. 
 
The 1997-2005 series, which is based upon a rather limited data set, does not 
show an overall tendency upwards or downwards since 1997. Between 1997 and 
2005 the reported primary PM10 emissions decreased by 7% while the emissions 
of the precursors SO2 and NOX decreased by 43% and 16% respectively. 
Ammonia emissions were reduced by less than 5%. The development during the 
period 1997-2004 can partly be explained by inter-annual meteorological 
variability (see section 1.2.5; Larssen et al., 2007). The shorter time series (2001-
2005) based upon a much larger data set shows similar variability as the longer 
series, although less pronounced. Urban and rural background concentrations 
trends follow each other closely. The rural background concentration provides the 
main contribution to total urban background PM10, and accounts for 
approximately 2/3 of the PM10 measured at street stations. The urban increment 
above the rural background, calculated by using the total 2001-2005 data set, is 

about 6 g/m
3
, and the street increment over the urban background is about 

5 g/m
3
. 
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Figure 1.9: Changes in PM10 air quality (based on annual mean concentrations) 

over the period 1997-2005 (based on 202 stations in 8 countries) 
and over 2001-2005 (based on 565 stations in 19 countries).  

 
1.2.4 Differences between countries, and tendencies in specific cities 

Whilst the general background concentrations of PM as observed at rural 
background stations dominate developments, Figure 1.10 shows that its 
contribution does vary between countries, both in absolute and relative terms. 
Figure 1.10 shows the development of PM10 concentrations for selected cities with 
long monitoring series.  
 
In some areas, e.g. the Netherlands (as seen already in Figure 1.3), the existing 
rural background is very high, and the urban areas increase the concentrations 
only very little; in the Czech Republic the lower rural background makes up about 
75% of the urban concentration. The UK is here represented by only one rural 
station, thus a representative figure of the rural contribution cannot be given. 
Street level contributions to total PM10 are in general limited, however, in streets 
with high traffic intensity the contribution is more substantial. The street 
contribution to PM10 levels are due to both exhaust particles, abrasion particles 
from brake linings and tyres, as well as suspended street dust particles. 
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Factors behind the differences in rural background concentrations include the 
extent and scale of long-range atmospheric transport of PM10 to a country 
(dependent upon location and neighbour country emissions), importance of 
natural sources (e.g. sea salt, desert dust), size of cities/agglomerations, distance 
to neighbouring large cities as well as density of traffic in the area, main PM 
sources in the urban area in addition to road traffic (e.g. domestic heating), 
national PM control, and the extent of  ósecondaryô PM formed within a country 
by chemical reactions between emitted PM precursor gases. 
 
The ensemble of PM10 data in AirBase indicate two separate tendencies since 
1999-2000: 
 
o Increasing rural concentrations in central-eastern areas (extending to Sweden, 

with an indication of additional increase in urban contributions). For instance, 
the Czech Republic has had a very substantial increase in background rural 
PM10 since 1999, a large urban contribution, and indications of an increase in 
this urban contribution. Upward tendencies are also seen in Germany, 
Switzerland, Poland, and Sweden. 

o Decreasing or unchanging rural concentrations in the west to north-west 
(France, Belgium, Netherlands, UK); except an increase in all areas from 
2002 to 2003. Urban contributions vary a lot between cities, but have also 
been rather constant.  

o The tendencies in most of the cities with long measurement time series do not 
deviate from the overall European picture: decreasing concentrations towards 
2000 and increasing thereafter with a drop in 2004 (Figure 1.10). 

 
Station numbers elsewhere in Europe are too small, and time series too short for 
clear conclusions. Slight decreases in PM10 concentrations at Spanish and 
Slovakian stations can be observed, although limited data quantity makes it 
difficult to come to clear conclusions concerning the spatial representativeness of 
the available monitoring results. 
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Figure 1.10: Interannual variations of mean daily PM10 concentrations, 1997ï
2004. Example countries: Czech Republic, Netherlands, UK. 
Vertical bars: 10th/90th percentiles. 
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Figure 1.11: PM10 annual average interannual variations, 1997ï2004, selected 

cities. Urban Background. Cities with minimum 2 stations all years. 

 
1.2.5 Analysis of effect of meteorological variability on annual average PM10 

concentrations 

Observed PM10 levels during 1997-2004 show decreases from 1997 towards 1999, 
then an increasing tendency towards 2003 with very high concentrations in 2003, 
and then a decreasing tendency again in 2004 and 2005 (see section 1.2.3). 
Concentrations depend both on emissions and atmospheric factors, with inter-
annual variations in meteorology affecting pollutant concentrations. 
  
The effect of meteorological variability on PM concentrations can be estimated 
through computer modelling scenarios. In an exercise conducted for the óAir 
Pollution in Europe 1990-2004ô report the Unified EMEP model was used for 
such an analysis (Larssen et al., 2007). Emissions were held constant for the years 
1997-2004, however, yearly changes in meteorological conditions included in the 
model were considered. While such a comparative exercise can circumvent the 
problems of underestimation absolute concentration levels, difficulties remain in 
representing urban/street concentrations below the 50 km spatial resolution of the 
EMEP model. 
 
Together with observed PM10 air concentrations, model estimates using both 
actual reported emissions and a scenario of constant emissions throughout the 
period 1997-2004 are presented in Figure 1.12 for rural, urban background and 
street sites. The model reproduces the main signals in observations: a decrease 
towards 1999-2000, with a subsequent increase in 2002 and 2003 regardless of 
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emission changes. A decline is once again resumed in 2004. This strong signal 
suggests that high observed concentrations in 2002 and 2003 may (partly) be 
explained by changes in meteorological conditions. Indeed, the fact that the 
modelled rise in concentrations, with emissions held constant, was greater than 
the increase observed by measurement results suggests that emissions have 
actually decreased in 2002-2003, in line with the emission estimates for this 
period. On the other hand, observed concentrations have increased steeper than 
the concentrations modelled by using reported yearly emissions. Possible 
meteorological explanations for the increased observed PM10 levels in 2002 and 
2003 are reduced precipitation with reduced washout of particulate material (thus 
higher air concentrations), warmer early-year temperatures in parts of Europe 
encouraging greater formation of secondary particulates, and relatively stable 
atmospheric conditions leading to reduced deposition, thus higher PM 
concentrations in the air. 
 
The ratio between the maximum modelled yearly average concentrations in the 
two periods 2002-2003 and 1997-2001 (assuming constant emissions) is also 
mapped in Figure 1.12. The Figure indicates that in large areas of western and 
south-western Europe the PM10 levels have actually been reduced. AirBase 
stations are often located in areas with rather high modelled PM10 concentrations 
for 2002-2003. This suggests that observations represent the areas which are 
particularly influenced by meteorological conditions. 
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Figure 1.12: Left panels: observed and modelled PM10 concentrations relative to 

1999. 
Right panels: ratio of the max. modelled yearly concentrations for 
2002-2003 to 1997-2001. 
Dots indicate the measurement sites. 
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1.3 PM2.5 concentrations in Europe 

The routine monitoring of PM2.5 is still in an initial phase in most European 
countries. Whereas in 2004 a total of 195 stations reported PM2.5 concentration to 
AirBase, this number increased to 268 in 2005. However, the PM2.5 equipment 
seems to be less reliable than PM10 instruments. The data coverage is much lower 
than for PM10: in 2004 25% of the PM2.5 stations failed having coverage of 75% 
or more; in 2005 this number was even 35%.  For PM10 19% of all stations had a 
data coverage of less than 75% in 2004 (in 2005: 18%).  
 
In Figure 1.13 and Figure 1.14, PM2.5 concentrations (annual average) are shown 
for all stations with >75% data coverage in 2005. Stations with annual average 
above the proposed cap value (25 µg/m

3
) exist in many regions, many of them in 

the Czech Republic and Silesia. Annual mean PM2.5 concentrations in 2005 

averaged to be 12.9 g/m
3 
at 33 rural stations, 16.9 g/m

3 
at 72 urban background 

stations and 19.7 g/m
3 
at 55 street stations. The data suggest that the contribution 

of rural PM2.5 to the urban background and traffic levels is similar as for PM10: 
76% and 65%, respectively. 
 
There are still only very few stations with a time series covering a number of 
years. Figure 1.15 is based on nine stations for which data were reported for the 
whole 5-year period 2001-2005. These nine stations include one traffic station 
(London), five (sub)urban background stations (three stations in France, one in 
Finland and one in the UK) and three rural background stations (one in Austria 
and two in the UK). Obviously, it cannot be claimed that Figure 1.14 is 
representative for the PM2.5 concentration development in Europe in general. 
However, the figure bears some resemblance to Figure 1.9, indicating similar 
results as for PM10. 
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Figure 1.13: PM2.5 concentrations (annual mean) all stations with a data 

coverage of more than 75% are included.  
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Figure 1.14: Measured PM2.5 concentrations, 2005 (g/m
3
, annual average) for 

several countries. Each bar represents the average concentrations 
for each station type. 
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Figure 1.15: Annual variability of PM2.5 annual mean concentrations. 

  Number of stations represented by each line: 
  - Traffic (T) stations: 1 
  - Urban (U) stations: 5 
  - Rural (R) stations: 3. 

 
1.4 PM2.5 in relation to PM10 

In 2004 and 2005 co-located PM2.5 and PM10 measurements were reported for 
274 stations. However, data submission does not cover the full two-year period 
for all stations. The data available from AirBase were used as reported, i.e., it was 
assumed that PM values had been corrected if a non-reference measurement 
method had been applied. Information on PM10 measurement methods and 
correction factors is given in Chapter 1.6; information on the applied PM2.5 
correction factors is yet not available in Airbase. This lack of information 
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hampers the comparison of results between countries. Any conclusion regarding 
PM2.5 / PM10 relations should be handled witch caution against the background of 
this uncertainty. 2004 and 2005 data with minimum annual data coverage of 75% 
on a daily basis has been analysed. 
 
The correlation between co-located PM2.5 and PM10 measurements is generally 
high: R=0.86 (2004) and R=0.88 (2005), averaged over all stations. The inter-
annual variations in correlations are small. There are striking differences between 
countries. The Nordic countries (Denmark, Finland, Iceland, Norway, and 
Sweden) show a correlation which is clearly lower than that in countries further 
south. The more frequent use of studded tyres and winter sanding in the Nordic 
countries leads to increases of the coarse PM fraction during parts of the year, 
affecting the correlation between PM2.5 and PM10. Although there are only two 
(2004) or three (2005) operational rural background stations in the Nordic region, 
these two stations show a better correlation than found at the five (2004) or six 
(2005) (sub)urban background stations and at the eleven traffic stations. 
 
For all available stations, the correlation at (sub)urban background stations 
(R = 0.89) and rural background stations (R = 0.89) is similar and better than at 
traffic stations (R = 0.81). 
 
In Figure 1.16 the annual mean concentrations of PM10 and PM2.5 are given as 
function of the station classification. The figure indicates a wide spread in PM2.5 / 
PM10 ratios; the ratio clearly depends on the type of station.  
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Figure 1.16: Annual mean concentrations of PM10 and PM2.5 (period 2004-2005). 

 
There are various options to calculate the PM2.5 / PM10 ratio. The simplest 
approach (M1) is to calculate the ratio by using the annual mean values: 
 

  1025 PMPM CCratio   or  1025

11
PMPM C

m
C

n
ratio    [M1]  

 

where C  is the annual mean value. The averaging is over n and m days, 
respectively. The number of days is not necessarily the same for PM10 and PM2.5.  
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A second approach (M2) is to estimate the ratio as the slope of a linear 
regression of daily concentrations: 
 

 bCratioC PMPM 1025  

 
where C is the daily mean value and b is the intercept which could ï optionally ï 
be forced to zero. In this case, the ratio is obtained from:  
 

 10
2

1025

11
PMPMPM C

k
CC

k
ratio  [M2]  

 
where the averaging is over the k days with simultaneous measurements of PM10  
and PM2.5 . 
 
In the third approach  (M3) the ratio is calculated on a daily basis and next 
averaged over the full year: 
 

 1025

1
PMPM CC

k
ratio  [M3]  

 
During further data analysis, two stations were excluded as preliminary 
calculations indicated unrealistic ratios of more than 1.1 or smaller than 0.07. 
Calculations for each of the two years showed that the inter-annual variations in 
ratios are small. The results of the two years were therefore combined in further 
data processing.   
 
Comparing the three methods generally results in similar ratios, see Figure 1.17. 
The largest differences are found when in method M1 the data coverage of PM2.5 

and PM10 show relatively large differences. Method M2 will result in the best fit 
between PM2.5 and PM10 concentrations and should therefore be preferred. 
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Figure 1.17: Comparison between method M1 and M2 in calculating the PM2.5 / 

PM10 ratio. The line corresponds to the 1:1 line. 
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A closer look at the ratios suggests, besides the dependency on station type, a 
geographical dependency. To evaluate this phenomenon, Europe was divided into 
four regions. Not all countries have reported valid paired PM2.5 and PM10 time 
series. Countries not included in the analyses presented here are marked italic:  

 
1. Northern Europe: Norway, Sweden, Finland, Estonia, Lithuania, Latvia, 

Denmark and Iceland 
2. North-western Europe: United Kingdom, Ireland, the Netherlands, Belgium, 

Luxembourg, France north of the 45 degrees latitude  
3. Central and Eastern Europe: Germany, Poland, Czech Republic, Slovakia, 

Hungary, Austria, Switzerland, Liechtenstein 
4. Southern Europe: France south of the 45 degrees latitude, Portugal, Spain, 

Andorra, Monaco, Italy, San Marino, Slovenia, Croatia, Greece, Cyprus, 
Malta. 

 
Results (method M2) are presented in Table 1.1 and Figure 1.18. The ratios are in 
the range of 0.4 to 0.8. In the north and the central-east of Europe there is a clear 
tendency to lower ratios, in the order from rural to urban to traffic stations. This 
indicates an increasing contribution of locally emitted coarse particles at urban 
and traffic sites. In Southern Europe no such significant tendency can be 
observed. The rural stations in North-Western Europe (4 time series in the UK, 
one in Belgium) show a ratio which is surprisingly low compared to the ratio at 
urban and traffic sites in this region. The low number of time series may play a 
role.  
 
The ratio at rural stations is much lower in North-Western and Southern Europe 
than in the northern and central-eastern parts of Europe. A possible explanation is 
the importance of sea spray particles (NW Europe) and mineral (Sahara) dust (S 
Europe).  
 
 
Table 1.1: PM2.5 / PM10 ratios and available number of time series as function 

of region and station type. 

 PM2.5 / PM10 ratio number of time series 

region rural urban traffic rural urban traffic 

North 0.78 0.46 0.39 5 11 22 

North-West 0.53 0.61 0.59 5 54 17 

Central-East 0.76 0.70 0.64 13 45 22 

South 0.56 0.55 0.54 28 19 24 

Total 0.63 0.62 0.54 51 129 85 

 
 
The ratios presented here indicate some clear dependencies. However, as 
uncertainties in the ratios are large, one should be careful to draw conclusions. As 
mentioned above, detailed information on how measurements using a non-
reference method are treated is still lacking; different procedures and methods 
used for PM2.5 and PM10 monitoring are probably reflected in variations in the 
ratios. Further, ratios show large station-to-station variability (see the standard 
deviations plotted in Figure 1.18). For each station type the number and location 
of stations differs widely within a region (and also within a country). For 
example, in North-Western Europe, 4 (out of 5) rural time series are from stations 
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located in the UK while 43 (out of 54) urban time series are from French stations. 
The use of a PM2.5 / PM10 ratio to generate ñpseudoò PM2.5 data from the widely 
available PM10 measurements is not recommended.   
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Figure 1.18: PM2.5 / PM10 ratios averaged per region and station type. The error 

bars indicate plus/minus one standard deviation. 

 
1.5 The street dust suspension source 

Within the óStreet Emissions Ceiling (SEC)ô project of the EEA-ETC/ACC, data 
from selected street/urban background station pairs were analysed. One purpose 
was to assess the contribution of street dust suspension to PM air pollution. 
Station pairs were identified where annual (or several months) data series of NOX, 
NO2, PM10 and PM2.5 were available. Hourly PM concentration values together 
with meteorological data as well as traffic counts were used. Such fairly complete 
data sets were available for 9 station pairs, e.g. for London-Marylebone street, 
Stockholm-Hornsgatan, Berlin-Frankfurter Avenue, Oslo-RV4 road, Helsinki-
Runeberg Street (Larssen et.al., 2007).  
 
The street dust suspension situation differs considerably between streets in Nordic 
countries where studded tyres (and sanding in some cases) are used in winter and 
streets in other parts of Europe where such tyres are not in use.  
 
Figure 1.19 and Figure 1.20show examples of the results obtained by analysing 
the station pairs: for Marylebone Street in London (data provided by David Green 
at Kingôs College London), where studded tyres are not used, and for Hornsgatan 
in Stockholm (data provided by Christer Johansson at ITM Air Pollution 
Laboratory at Stockholm University), where studded tyres are used in winter. The 
figures show ratios between PM (as well as NO2) increments and NOX increments 
(over urban background), called ódelta ratiosô. Ratios are shown for summer and 
winter, and workday and weekend conditions, respectively. 
 
In Marylebone Street in London the ratios are about the same in winter and 
summer, and on workdays and during weekends. The PM10 ratio above NOX is 
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close to 2 times the PM2.5 ratio, which indicates that the coarse fraction source, i.e. 
mainly the suspension source, has about the same strength as the exhaust source, 
both in winter and summer. Hornsgatan in Stockholm shows quite a different 
picture: In winter the importance of the studded tyre road dust suspension source 
is obvious. Average winter PM2.5 concentrations reach values of approximately 
30% above the non-suspension source (mainly exhaust particles), and are 
approximately 3 times higher than the summer PM10 concentrations (the NOX 
emissions in the street are considered to be about the same during summer and 
winter). 
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Figure 1.19: Delta ratios for the Hornsgatan station pair in Stockholm, 2000. Red 

columns: workdays. Blue columns: weekend days. 
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Figure 1.20: Delta ratios for the Marylebone Road station pair in London, 2000. 
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Based upon the analyses carried out for all 9 station pairs, the conclusion was that 
for streets where no studded tyres were used the coarse fraction emission factor, 
which is dominated by road dust suspension, is 1 to 4 times the emission factor for 
fine particles (which is dominated by exhaust particle emissions), varying 
between the street cases analysed. These results refer to an average for a winter or 
summer season. In Scandinavian streets where studded tyres are used in winter, 
the coarse fraction emission factor is 3-10 times higher than the fine fraction 
emission factor, as average over a winter season. The fine fraction contribution 
from road dust suspension is also significant, while in general still not well 
quantified. In Hornsgatan in Stockholm, this contribution is about 1/3 of the 
exhaust particle contribution. 
 
 
Based upon the analyses carried out for all the 9 station pairs, the conclusion was 
that for streets where studded tyres are not used, the coarse fraction emission 
factor, which is dominated by road dust suspension, varies for the locations 
included in the analysis, between 1 and 4 times the emission factor for fine 
particles (which is dominated by exhaust particle emissions), as an average for a 
winter or summer season. In Scandinavian streets where studded tyres are used in 
the winter, the coarse fraction emission factor is 3-10 times the fine fraction 
emission factor, as winter average. The fine fraction contribution from road dust 
suspension is also significant, while still not well quantified. In Hornsgatan in 
Stockholm, this contribution is about 1/3 of the exhaust particle contribution. 
 
1.6 Methodological aspects of PM mass measurement, and correction 

factors 

PM mass is measured with different methods and instrument across Europe. The 
prevailing methods are: 
 
- Gravimetry (sampling on filters with subsequent filter weighing in the 

laboratory), according to, or similar to, the CEN reference method. 
- Automatic instruments using the beta ray absorption method (referred to as 

BAM method) 
- Automatic instruments using the tapered element oscillating method (referred 

to as the TEOM method). 
 
All methods require that acceptable QA/QC procedures are applied by the 
operating institution to provide quality data according to the requirements to 
accuracy set in the EU AQ Directive.  
 
It is also established that the automatic instrumental methods need to be compared 
with the reference sampling method in order to provide comparable results, and 
that in most areas in Europe, results from the automatic methods need to be 
corrected. 
 
Table 1.2 and Table 1.3 show the mix of methods used for PM10 and PM2.5 
monitoring respectively in the various countries reporting data to AirBase.  
 
For both PM10 and PM2.5, the gravimetric methods, for PM10 presumably 
conforming to the reference method, are used at about 20% of the stations 
reporting data to AirBase. The beta attenuation method (BAM) is the most widely 
used method for PM10, used at 950 (42%) of the 2272 stations, while TEOM is 
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most prominent at the PM2.5 stations, used at 83 (31%) of the 268 stations. For 
some of the stations the method used has not been reported to AirBase. 
 
 
Table 1.2: PM10 mass measurement methods per country, for stations reported 

to AirBase. 

Country Gravimetry BAM TEOM Unknown Total

AT 34 34 39 107

BE 20 27 47

BG 14 14 28

CH 17 4 1 22

CS 1 1

CY 2 2

CZ 35 84 119

DE 66 227 77 58 428

DK 9 3 12

EE 4 4

ES 54 114 167 50 385

FI 14 18 32

FR 66 287 5 358

GB 7 1 63 71

GR 10 10

HU 18 1 19

IE 11 3 14

IS 2 2

IT 39 173 17 6 235

LI 2 2

LT 12 12

LV 3 3

MK 14 14

MT 1 1 2

NL 38 38

NO 1 5 13 19

PL 85 38 28 1 152

PT 4 50 54

RO 15 15

SE 15 12 27

SI 10 10

SK 1 5 22 28

Total 407 950 794 121 2272 
BAM: Beta attenuation method 
TEOM: Tapered element oscillation method 
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Table 1.3: PM2.5 mass measurement methods per country, for stations reported 
to AirBase. 

Country Gravimetry BAM TEOM Unknown Total

AT 7 7

BA 2 2

BE 1 8 9

CZ 7 24 31

DE 8 7 5 4 24

DK 3 3

ES 18 19 5 28 70

FI 1 4 1 6

FR 56 3 59

GB 4 4

GR 2 2

IS 2 2

IT 3 8 1 12

NO 8 8

PL 2 2

PT 4 13 17

SE 7 7

SK 2 1 3

Total 51 83 99 35 268  
 
 
Most countries have been or are investigating the correction factors (CF) to use 
for their PM mass measurements, according to the CEN 12341 standard 
methodology. Full information on the respective CFs used in different countries 
has not yet penetrated into AirBase, although many countries have already 
reported corrected concentration values to the database. Overviews of the CFs in 
AirBase are summarised in Table 1.4 and in EEA-ETC/ACC Technical papers 
(see Buijsman and de Leeuw, 2004) and de Leeuw, 2005.) The CFs vary largely 
between 1.0 and 1.3. Many countries have station-specific CFs. The TEOM CFs 
are typically somewhat higher than the BAM CFs. Belgium is using the largest 
CFs.  
 
Although a reference method has not yet been set for PM2.5, some countries have 
reported CFs for some of their PM2.5 stations to AirBase. This concerns Germany, 
Spain, Hungary and Slovenia, and these countries are typically using the same 
CFs for PM2.5 as they use for PM10. 
 
The work to clarify the status of setting and implementing CFs for data in AirBase 
is not yet completed. We donôt have the full overview of which countries have or 
have not implemented CFs for all years for which data have been reported to 
AirBase. This work is in progress.   
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Table 1.4: Correction factors for PM10 reported to AirBase. 

Country BAM TEOM Unknown 

AT 1.3 
Seasonally variable at 7 
stations 

1.0-1.3  

BE 1.37 
1.08 at 1 station 

1.47  

DE 1.1-1.3 1.2-1.26  

DK  1.23-1.36  

EE 1.15   

ES 0.84-1.2 
~0.7*b at some stations 

1.0-1.3 1.0-1.56 

FI 1.0 1.0  

FR 1.0 1.0  

HU 1.0-1.31 1.0  

IT - - 
1.3 at 1 station 

 

LV 1.0   

MT 1.3 1.3  

NL 1.3   

PT 1.11-1-18 1.1-1.2  

SI  1.12-1.3  

SK 1.3 1.3-1.3+  

UK  1.3  
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2 PM Assessment Report ï Austria  

 
2.1 PM measurement in Austria 

2.1.1 PM monitoring network 

The ambient concentration of particulate matter was measured for the last decades 
as Ătotal suspended particulatesñ at about 140 sites in Austria. These were usually 
equipped with ß-gauge instruments with Laskus-inlet. 
 
The introduction of PM10 limit and target values by EC legislation (1

st
 Daughter 

Directive 1999/30/EC) induced the start of PM10 measurement in Austria in 1999. 
In 2001, legal limit values for PM10 came into force in Austria and 67 PM10 
monitoring sites were in operation. By 2005 the number of PM10 monitoring sites 
reached 111. At 41 of these sites the gravimetric method (Digitel High Volume 
Sampler, glass fibre filters) is being applied, 90 sites are equipped with continuous 
measurement (ß-gauge or TEOM), which include 20 sites with parallel measure-
ment by gravimetry and continuous devices. The correction factor for continuous 
PM10 data covers a range between 1.0 and 1.42. In one Austrian monitoring 
network, the city of Vienna (Wien), a correction function with seasonally varying 
coefficients for offset and slope is applied. 
 

 
 
Figure 2.1:  PM10 monitoring network in Austria, 2005. 

 
Other PM fractions have been measured only at a small number of sites during 
recent years, including the EMEP site Illmitz (PM2.5 and PM1). As a legal require-
ment, in 2005 PM2.5 measurement was started at background sites in the larger 
cities.  
 
PM2.5 and PM1 are measured by the gravimetric method only.  
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2.2 PM pollution level in Austria  

2.2.1 PM10 ï Rural concentrations 

Large-scale rural background concentrations are measured by the background 
monitoring network run by the Umweltbundesamt, which includes the three 
EMEP sites. At all monitoring sites, gravimetric PM10 data are used for assess-
ment (the location of these sites can be found in Figure 2.1). 
 
The monitoring sites in the flat and hilly extra-alpine regions show a fairly 
uniform and quite high PM10 concentration level. In eastern Austria, the limit 
value according to Dir 1999/30/EC for the daily mean is exceeded. 
 
Rural PM10 concentrations show a distinct vertical gradient. Mountainous sites at 
an altitude around 1000 m measure almost no daily mean values above 50 µg/m³ 
and an average concentration between 40 and 50 % of that observed in the 
lowlands. At the mountainous sites exceedances of 50 µg/m³ as daily mean are 
caused by Saharian dust events, up to four days per year. 
 
 
Table 2.1: Annual mean PM10 concentrations at rural background sites in 

Austria (µg/m³). Gravimetric data. 

  Enzenkirchen Illmitz Pillersdorf St. Koloman Vorhegg Zöbelboden 

altitude (m) 525 117 315 1020 1020 899 

2000  27.3     

2001  26.2  11.4 10.6  

2002  29.1  12.1 11.2  

2003  31.1  13.6 12.3 14.0 

2004 21.7 24.5 23.0  10.4 10.9 

2005 22.0 26.7 26.6  10.0 11.1 

2006 22.1 25.6 26.2  10.0 10.0 

 
 
2.2.2 PM10 ï urban concentrations 

Urban background PM10 levels cover a wide concentration range, depending on 
the topographic and climatic situation of the town.  
 
Distinctly high PM10 levels are observed in the south-eastern pre-alpine lowlands 
and hilly regions (Styria) and in the basins and valley south of the central Alpine 
ridge; these regions are affected by adverse meteorological conditions, especially 
in winter due to shading from oceanic air masses by the Alps.  
 
In Graz, much higher PM10 background levels are observed in the central urban 
area compared to suburban locations, whereas in other cities and agglomerations ï 
with more favourable dispersion conditions ï background concentrations are 
spaially more uniform. 
 
Urban hot spot sites ï usually kerb side locations ï observe only moderately 
higher annual average PM10 concentrations compared to the background sites. 
Nevertheless, it has to be noted that the PM10 monitoring network does not 
necessarily cover the highest polluted locations. The ñincrementò of the annual 
mean, compared to background sites, is between 2 and above 20 µg/m³. 
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Table 2.2:  Annual mean PM10 concentrations at urban background sites in 
large Austrian cities, 2003 ï 2006, µg/m³. 

 2003 2004 2005 2006 

Wien 33 ï 35 25 ï 28 30 ï 32 29 ï 32 

Graz 37 ï 48 31 ï 41 33 ï 43 35 ï 40 

Linz 30 ï 38 25 - 30 27 ï 32 29 ï 34 

Salzburg 26 23 25 26 

Innsbruck 29 27 29 32 

Klagenfurt  27 26 29 

St. Pölten 34 26 29 28 

 
 
The urban and kerb side increment of the annual mean PM10 concentration is 
estimated in Figure 2.2 for Graz, Wien, Linz and Salzburg for different years and, 
depending on availability of PM10 data, for different combinations of monitoring 
stations. The results are possibly not completely representative due to the location 
of ñbackgroundò sites. Traffic sites are located somehow deliberately and it 
cannot be assessed if they represent an average or maximum traffic impact. Figure 
2.2 not only shows different urban and traffic impacts, which might depend on the 
specific location of the monitoring sites, but also inter-annual variations. 
 
A major conclusion of the investigation is, in any case, that the specific location 
of the urban monitoring sites used for the assessment is, of course, of high 
importance, but may not be comparable in different cities. It is not clear in any 
case which site is really ñbackgroundò. Further it has to be considered that urban 
background concentrations may vary within a city. 
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Figure 2.2: Estimation of urban increment PM10 concentration (annual means) 

in Graz, Wien, Linz and Salzburg. 
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A complete documentation of PM10 concentrations and trends in Austria can be 
found in the annual reports on air quality in Austria: 
http://www.umweltbundesamt.at/jahresberichte/. 
 
2.2.3 Diurnal, seasonal and inter-annual variations 

At urban sites, PM10 concentrations show a distinct daily variation which is due to 
the daily variation of emissions ï mainly triggered by road traffic, but also from 
domestic heating ï and the dispersion conditions. Figure 2.3 shows the average 
daily variation of PM10 concentrations at the two rural background sites Illmitz 
(117 m) and Zöbelboden (900 m), two sites in Wien (Belgradplatz, urban 
background, and Rinnböcktraße, traffic influence) and two sites in Graz (Graz 
Mitte, central urban background, and Graz Don Bosco, high traffic influence). 
 
High emissions from road traffic during the morning induce peak PM10 levels at 
this time, coinciding with adverse dispersion conditions, especially in winter. 
Figure 2.3 clearly shows much higher morning PM10 levels in Graz compared to 
Wien, which is due to the much more unfavourable dispersion conditions in Graz, 
situated in a basin at the south-eastern fringe of the Alps ï usually the ground 
inversion is lifted only during short period around noon in winter. This effect of 
different local dispersion conditions also triggers the high evening PM10 levels in 
Graz, whereas there is only a slight increase in PM10 levels in Wien in the 
evening. A further reason for higher PM10 levels in Graz in the evening is the 
comparably higher contribution of domestic heating emissions in Graz. 
 
Rural sites show almost no daily variation. In Illmitz (flat terrain), a very slight 
decrease during the afternoon is caused by more favourable dispersion conditions. 
At elevated sites (e.g. Zöbelboden, 900 m) the PM10 concentration increases 
slightly in the morning, which is caused by advection of polluted air from below 
when the nocturnal inversion layer is lifted. 
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Figure 2.3: Average diurnal variation of PM10 concentrations at rural 

background sites and selected sites in Wien and Graz, 2005. 

http://www.umweltbundesamt.at/jahresberichte/


84 

EMEP/CCC-Report 8/2007 

The extra-alpine sites and those in alpine valleys and basins observe distinct 
annual variations in PM10 levels. During winter, PM10 concentrations are 2 to 
3 times higher compared to summer. Figure 2.4 shows the monthly mean PM10 
concentrations at the two rural background sites Illmitz and Vorhegg (1020 m), 
two sites in Wien (Belgradplatz and Rinnböckstraße) and two sites in Graz (Graz 
Mit te and Graz Don Bosco) for the years 2003 to 2005. The highest average PM10 
concentrations are most frequently observed during late winter at these sites, 
which can be attributed to the following reasons: 
 

o higher emissions of primary PM10 from domestic heating (including 
district heating and electric power generation) and resuspension of winter 
sanding; 

o higher emissions of SO2 and NOx from domestic heating and power plants 
as precursors for ammonium nitrate and ammonium sulphate; 

o adverse dispersion conditions, especially during long lasting high pressure 
situations; 

o higher concentrations of ammonium nitrate, which is not present in 
summer due to high temperatures. 

 
In contrast, the background site Vorhegg at about 1000 m shows no clear seasonal 
variation. These altitudes usually are situated above the ground inversion layer 
during winter and therefore only slightly affected by emissions in the lowlands 
and valleys. 
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Figure 2.4: PM10 monthly mean values at rural background sites and selected 

sites in Wien and Graz, 2003 ï 2005. 

 
Figure 2.4 also gives a glance at the inter-annual variations of PM10 
concentrations. High annual averages of PM10 in 2003, compared to other years, 
were caused by extraordinarily high concentrations especially in February and 
March. Long-lasting high-pressure situations with very low temperatures 
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characterised these months, triggering both local and regional PM10 accumulation 
as well as frequent regional to long-range transport from eastern central Europe. 
 
The meteorological conditions seem to be the key factor for the inter-annual 
variations and any medium-term trends of PM10 concentrations.  
 
2.3 Sources of PM10 

2.3.1 PM10 emissions in Austria 

Total PM10 emissions in Austria are calculated to be 46,700 t in 2004 and have not 
changed significantly in the past 15 years (UMWELTBUNDESAMT 2001, 2006b). It 
has to be noted that estimates for fugitive emissions (industry), mining, 
resuspension (road traffic) and agriculture are still affected by large uncertainties. 
The sectoral distribution is depicted in Figure 2.5. Emissions from road traffic ï 
exhaust, abrasion and resuspension ï have increased by 32 % since 1990, caused 
mainly by a general increase in traffic volume and by a distinct increase in Diesel 
passenger car numbers (induced by low taxes on Diesel fuel). Domestic emissions 
are mainly caused by wood and coal burning. The contribution of this sector has 
decreased by 18 % since 1990.  
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Figure 2.5: PM10 emissions in Austria by sector, 2004. 

 
2.3.2 Source attribution for Austrian monitoring stations 

The attribution of elevated PM10 levels to sources of PM10 (and to sources of 
precursors of secondary particles), including their sectoral and spatial allocation, 
was subject of several studies, most of which have been conducted to investigate 
exceedances of limit values (primarily concerning daily means > 50 µg/m³).  
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These studies focussed on days or periods with elevated concentrations, not on the 
annual mean; since exceedances of 50 µg/m³ as daily mean mainly occur in 
winter, the sectoral distribution of emissions differs from the annual sum 
presented in chapter 2.3.1. Since the sectoral distribution of PM10 emissions per 
year (Figure 2.5) reflects a temporal and spatial average for Austria, the actual 
contributions at certain locations or monitoring stations can be quite different. 
During winter, emissions from domestic heating, district heating and electric 
power generation are distinctly higher than in the annual average, and 
resuspension emissions are increased by winter sanding. On the other hand, 
emissions from agriculture are low during winter, and mining emissions and 
industrial fugitive emissions as well as (natural) soil erosion are reduced by frozen 
or wet ground or snow cover. 
 
Especially in urban and road side locations, the relative contribution from road 
traffic and domestic heating to elevated PM10 concentrations in winter is much 
higher than the average percentages to total PM10 emissions (Figure 2.5), due to 
low emission heights and high emission densities in cities. 
 
Industrial emissions and construction (including resuspension from dirty roads) 
can contribute a large share at specific locations. 
 
Figure 2.6 gives examples for a source attribution for different sites with high 
PM10 levels. Wolfsberg (left) is located in a broad Alpine valley with distinctly 
high PM10 and SO2 emissions from industry, and high emissions from wood 
burning in domestic heating. The valley is shaded from advection from other 
valleys and from outside the alpine region by mountains and does suffer from 
frequent ground inversion situations. 
 
Imst (right) is located in the Inn valley. The monitoring site is affected by a very 
high contribution from road traffic emissions. A distinction between local and 
regional contribution was attempted. Construction works were a specific problem 
at this location, which influenced PM10 levels mainly by dirt dispersed on adjacent 
roads by lorries and machinery and then resuspended by regular traffic.  
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Figure 2.6: Source attribution for elevated PM10 concentrations in Wolfsberg 

(province of Carinthia), left, and Imst (province of Tyrol), right. 

 
Agriculture, mining and natural soil erosion could not be identified as significant 
sources of elevated PM10 concentrations.  



87 

EMEP/CCC-Report 8/2007 

Long-range transport of Sahara dust causes PM10 daily mean values above 
50 µg/m³ on one day per year on average in Austria. 
 
2.3.3 Regional and long-range transport and accumulation 

As already mentioned above, PM10 levels and their temporal variation are 
influenced by the combination of emissions and meteorological circumstances, 
which trigger accumulation as well as transport. Due to the long atmospheric life 
time of PM10 of several days, PM10 can be advected over distances of several 
hundreds of kilometres, and can be accumulated over several days during stable 
high pressure situations.  
 
Regional transport and accumulation of PM10 and long-range transport were 
investigated for the eastern and northern parts of Austria using backward 
trajectories (UMWELTBUNDESAMT 2004, 2005, 2006a). Figure 2.7 depicts 
examples of typical situations with long-range transport from high-emission 
regions in southern Poland and northern Moravia (Czech Republic) (February 5

th
, 

2005) and in southern Romania and northern Serbia (February 9
th
, 2005) 

coinciding with high PM10 concentrations in north-eastern Austria. 
 
 

  
 
Figure 2.7: Backward trajectories for typical situations with elevated PM10 

levels in Wien. Long-range transport from southern Romania and 
northern Serbia (left, February 9

th
, 2005) and southern Poland and 

northern Moravia (Czech Republic) (right, February 5
th
, 2005). The 

colour indicates the altitude of the air masses (blue < 900 m amsl, 
yellow > 1600 m). 

 
Figure 2.8 gives an example of a source analysis of PM10 data from Wien (urban 
background) 2003 (documentation of method and details in Umweltbundesamt 
2005) based on concentration-weighted trajectory residence time statistics. 
Advection of highly polluted air masses from the south-east and north-east can be 
clearly identified

2
.  

 

                                                 
 
2
 The Ăsource regionñ of highly polluted air over the eastern Alps represents subsidence during high pressure situations, 
when the trajectories are not representative for the highly polluted ground layer. 
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Figure 2.8: Trajectory statistics based on concentration weighted residence 

time, PM10 background concentration in Wien, 2003 (red: above 
average concentrations, blue: below average concentrations). 

 
To achieve a semi-quantitative attribution of highly polluted air masses to certain 
source regions, the backward trajectories for days with daily mean PM10 values 
above 50 µg/m³ were classified and combined with the EMEP emission inventory 
for primary PM10 and SO2 (as precursos for sulphate). Results for the rural 
background sites of Enzenkirchen, Illmitz and Pillersdorf (data 2003-2005, Illmitz 
also 1999/2000) are presented in Figure 2.9. Rural background PM10 concen-
trations in eastern Austria are influenced by regional and long-range transport 
from Serbia, Romania, Hungary and Slovakia to a major extent. In north-western 
Austria, the contribution from the north (Poland, Czech Republic) is higher, but 
also from regional emissions. Long-range transport from high-emission regions in 
north-western central Europe give comparably low contribution, as transport from 
these regions is mostly associated with favourable dispersion conditions in 
oceanic air masses. In contrast, regional to long-range transport from the east and 
north coincides with the advection of continental air masses with adverse 
dispersion conditions. 
 
Figure 2.10 gives the assessment of the contributions of different source regions 
(primary and precursors of secondary PM10) to the urban background concen-
tration in Wien. With respect to the high regional background, the contribution of 
emissions in Wien is relatively low (about 20 %). Nevertheless, it has to be noted 
that kerb-side locations in Wien measure much higher PM10 levels with local 
contributions of 30 % or more. 
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Figure 2.9: Contributions of different source regions to PM10 concentrations 

(above 50 µg/m³) at the rural background sites Enzenkirchen (North-
western Austria), Illmitz(Eastern Austria) and Pillersdorf (Northern 
Austria), data 1999/2000, 2003-2005. 
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Figure 2.10: Contributions of different source regions to PM10 concentrations 

(above 50 µg/m³) to the urban background in Wien (data 1999/2000, 
2003-2005). 

 



90 

EMEP/CCC-Report 8/2007 

2.4 PM2.5 and PM1 

Measurements of PM fractions other than PM10 were conducted at selected sites 
only in the last years; the longest measurement series of PM2.5 and PM1 is 
available at the EMEP site Illmitz. Urban PM2.5 measurements started on a legal 
basis in 2005 in the larger cities. 
 
Table 2.3 lists all available PM2.5 and PM1 monitoring data in Austria.  
 
Both at rural and urban background sites, PM2.5 annual mean concentrations 
between 19 and 25 µg/m³ were observed in recent years. The highest annual 
means were observed at urban traffic locations with up to 38 µg/m³ (temporal 
traffic site in Vienna).  
 
PM2.5/PM10 ratios cover a quite narrow range between 0.64 and 0.85. Lower 
PM2.5/PM10 ratios are observed at urban sites compared to rural locations 
(UMWELTBUNDESAMT 2006).  
 
PM2.5/PM10 and PM1/PM10 ratios seem to be rather constant over time (on the 
basis of annual means); the PM2.5/PM10 ratio in Illmitz varies between 0.77 and 
0.80 during the last years. 
 
 
Table 2.3:  PM2.5 and PM1 concentrations and PM2.5/PM10 and PM1/PM10 ratios 

at Austrian monitoring sites.  

Monitoring site Period 
PM10 

(µg/m³) 
PM2.5 

(µg/m³) 
PM2.5/ 
PM10 

PM1 
(µg/m³) 

PM1/ 
PM10 

Graz Süd (suburban) Oct. 00ïSept. 01 33 22 0.68   

Illmitz (rural) Oct. 99ïOct. 00 26 20 0.77   

Illmitz 2001 (since 1.3.) 24 19 0.77   

Illmitz 2002 30 23 0.79   

Illmitz 2003 31 25 0.77 14
3
 0.55 

Illmitz 2004 25 19 0.78 14 0.59 

Illmitz 2005 27 22 0.80 16 0.60 

Illmitz 2006 26 21 0.77 15 0.57 

Innsbruck Zentrum (central urban 
background) 

2005 29 21 0.73   

Klagenfurt (urban traffic) 2005 (since 8.3.) 33 23 0.71   

Linz Neue Welt (urban industrial)  2005 32 24 0.72   

Linz ORF-Zentrum (central urban) Oct. 00ïSept. 01 34 22 0.64 19 0.60 

Salzburg (urban traffic) 2005 (since 4.2.) 33 26 0.78   

Streithofen (rural) June 99ïMay 00 24 18 0.73   

Wien Erdberg (urban traffic) May 01ïMay 02 43 29 0.68   

Wien Spittelau (urban traffic)  Oct. 99ïOct. 00 53 38 0.72   

Wien Währinger Gürtel (urban 
background) 

June 99ïMay 00 30 22 0.69   

Wien Währinger Gürtel 2005 30 24 0.76   

Zöbelboden (rural) 2004 (since 14.2.) 11 9 0.78   

Zöbelboden 2005 11 9 0.85   

 

                                                 
 
3
 PM1 since April 2004; PM10 average over PM1 measurement period: 25.7 µg/m³. 
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2.5 Chemical composition of PM in Austria 

Measurement campaigns including chemical analyses of PM10 and PM2.5 have 
been conducted at different sites in Austria since 1999, but the information they 
yield is still fragmentary.  
 
Table 2.4 gives an overview of the chemical composition of PM10 in Austria, 
covering the major constituents elemental carbon (EC), organic matter

4
 (OM), 

sulphate, nitrate, ammonium, and (soluble) metals for most sites. Only the 
AQUELLA measurement programme (2003-2005) covers also silicates and 
carbonates. 
 
Compounds not analysed cover water (adsorbed mainly to sulphate) and mineral 
dust for the analyses without silicate and carbonate and can account for 20 to 
30 % of the total PM10 mass. But also the AQUELLA analyses cover only 80 to 
90 % of the total PM10 mass. 
 
 
Table 2.4:  Major PM10 constituents at measurement campaigns in Austria. 

PM10 concentrations in µg/m³, chemical composition in %. 

Site Site type Period PM10 EC OM 
Sul-

phate 
Nitrate 

Ammo-
nium 

Metals Silicates 
Carbo-
nates 

Sampling approx. 
12 months 

          

Anthering*
5
 Rural 2004+ 14 7 % 26 % 13 % 9 % 15 %  3 % 6 % 

Arnoldstein*
6
 

rural, medium 
industrial 

March 99 ï 
Feb. 00 

22 6 % 31 % 18 % 8 % 8 % 3 %   

Bockberg*
5
 Rural 

Dec. 03 ï 
Dec.04+ 

25 8 % 31 % 14 % 8 % 12 %  5 % 2 % 

Graz Don 
Bosco*

5
 

Central urban 
traffic 

Dec. 03 ï 
Jan. 05+ 

45 14 % 39 % 8 % 4 % 7 %  4 % 7 % 

Graz Süd*
7
 

suburban, 
medium 
commercial 

June 00 ï 
May 01 

33 14 % 24 % 13 % 7 % 5 % 3 %   

Graz Süd*
5
 

Suburban, 
commercial 

Dec. 03 ï 
Jan.05+ 

38 12 % 42 % 9 % 4 % 7 %  7 % 6 % 

Illmitz**
8
 

rural 
background++ 

Oct. 99 ï Nov. 
00 

24,2 8 % 23 % 18 % 11 % 8 % 4 %   

Linz ORF-
Zentrum*

7
 

central urban, 
medium 
industrial 

June 00 ï 
May 01 

34 11 % 16 % 15 % 11 % 7 % 3 %   

Salzburg 
Lehen*

5
 

Suburban 
background 

2004+ 18 12 % 29 % 10 % 6 % 11 %  9 % 5 % 

Salzburg 
Rudolfspl.*

 5
 

Central urban 
traffic 

2004+ 28 23 % 32 % 7 % 3 % 7 %  9 % 6 % 

Streithofen*
7
 rural 

June 99 ï 
May 00 

23,7 8 % 25 % 16 % 17 % 11 % 3 %   

Unterloibach*
6
 rural 

March 99 ï 
Feb. 00 

20 5 % 27 % 18 % 9 % 10 % 2 %   

Wien AKH*
7
 

central urban 
background 

June 99 ï 
May 00 

30,4 12 % 26 % 15 % 13 % 8 % 5 %   

Wien 
Kendlerstr.*

 5
 

Urban 
background 

2004+ 28 10 % 28 % 12 % 7 % 11 %  16 % 9 % 

                                                 
 
4
 Calculated from organic carbon with a factor of 1.7 for the AQUELLA analyses and a factor of 1.4 for earlier analyses. 

5
 AQUELLA (BAUER 2005, PUXBAUM  2004, 2006) 

6
 LAVRIC (2001) 

7
 AUPHEP (2004) 

8
 Umweltbundesamt (2002) 
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Site Site type Period PM10 EC OM 
Sul-

phate 
Nitrate 

Ammo-
nium 

Metals Silicates 
Carbo-
nates 

Wien Liesing*
9
 
Suburban, 
commercial 

Nov. 01 ï Oct. 
02 

49,7 10 % 24 % 12 % 11 % 7 % 8 %   

Wien Lobau*
5
 

Suburban 
forest 

2004+ 22 8 % 29 % 17 % 8 % 12 %   3 % 

Wien 
Rinnböckstr.*

 5
 
Suburban, 
medium traffic 

2004+ 33 11 % 28 % 12 % 6 % 12 %  16 % 7 % 

Wien 
Schafbergbad
*

9
 

Suburban 
background 

Nov. 01 ï Oct. 
02 

35,7 10 % 23 % 17 % 14 % 10 % 4 %   

Wien 
Schafbergbad
*

5
 

Suburban 
background 

2004+ 21 8 % 28 % 15 % 8 % 12 %  13 % 3 % 

Wien 
Spittelauer 
Lände**

8
 

central urban 
traffic++ 

Oct. 99 ï Nov. 
00 

53,4 20 % 20 % 9 % 8 % 4 % 9 %   

Episode sampling           

Innsbruck 
Zentrum

10
 

urban, medium 
traffic 

Sept.03/Nov.0
3 

26 20 % 32 % 8 % 5 % 3 % 5 %   

Klagengurt 
Völkermarkter
str.

11
 

urban traffic 
Dec 
02/Jan.03 

64 17 % 29 % 8 % 9 % 5 % 4 %   

Lienz
12

 
small town, 
traffic 

Dec. 02 49 25 % 34 % 6 % 6 % 2 % 4 %   

Wien 
Belgradplatz

13
 

central urban 
background 

Feb./March 
03, Jan./Feb. 
04 

93 9 % 20 % 16 % 17 % 8 % 4 %   

Wolfsberg
14

 
small town, 
traffic 

Dec.04/Jan.0
5 

74 14 % 31 % 9 % 7 % 4 % 4 %   

* Technical University Wien, Institute for Chemical Technology and Analytics.  
**Umweltbundesamt (note: possible overestimation of EC) 
+ Average over months of January, April, July and October. 
++ Sampling every 6

th
 day. 

 
 
As an example, Figure 2.11 shows the average chemical composition of PM10 at 
two sites in Graz (Graz Don Bosco, traffic, Graz Süd, background), Illmitz (rural 
background in eastern Austria, representative for Wien), Wien AKH (urban 
background) and Wien Spittelau (traffic) and Salzburg Rudolfsplatz (traffic). 
 
The quantitatively most important ñchemical speciesò is organic matter, especially 
in alpine ï rural as well as urban ï locations. OM can account for 30 to 40 % of 
the PM10 concentration. Major sources of OM are wood and coal burning in 
domestic single stoves, but these, as source apportionment by certain tracers 
indicate, do not account for the whole OM mass. 
 
Elemental carbon, the major source of which is road traffic (exhaust), account for 
up to more than 20 % of PM10 at traffic related sites, but about 5 % at rural 
locations. 
 
The absolute concentrations of sulphate vary largely, the highest values are 
observed in eastern Austria and can be attributed to long-range transport from 
central eastern and south-eastern Europe. Sulphate concentrations are quite 

                                                 
 
9
 BAUER (2002) 

10
 Umweltbundesamt (2004a) 

11
 Umweltbundesamt (2003) 

12
 Umweltbundesamt (2003a) 

13
 Umweltbundesamt (2004) 

14
 Umweltbundesamt (2005b) 
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uniform in the non-alpine regions, but low in most alpine valleys and basins due 
to the absence of major SO2 sources.  
 
High nitrate concentrations are observed especially in Wien and the surrounding 
region and can be attributed to high NOx emissions in this region. Long-range 
transport of nitrate seems to be of minor importance. In alpine valleys and basins, 
nitrate concentrations are lower than in the non-alpine regions, but cover a larger 
share of the inorganic secondary aerosols, compared to sulphate. 
 
The contribution of mineral dust (silicate, carbonate) is around 10 % for most 
sites; higher concentrations are observed in Wien. High carbonate concentrations 
in January can be attributed to winter sanding, but silicate concentrations show no 
distinct annual variation and obviously originate from other ï not yet identified ï 
sources. 
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Figure 2.11: Chemical composition of PM10 at sites in Graz, Wien, Illmitz and 

Salzburg. 
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3.1 Introduction  

This text deals with atmospheric particulate matter (PM, mostly PM10) in 
Belgium. Belgium consists of 3 regions (Brussels, Flanders, and the Walloon 
region). The PM concentration data presented here originate from the Belgian 
Interregional Environmental Agency (IRCEL - CELINE; http://www.irceline.be), 
which compiles the results of the monitoring networks of the 3 regional agencies. 
The 3 agencies are ñBruxelles Environnement - Leefmilieu Brusselò 
(http://www.ibgebim.be), the ñVlaamse Milieumaatschappijò (VMM; 
http://www.vmm.be), and the ñMinist¯re de la R®gion wallonneò 
(http://mrw.wallonie.be/dgrne/eew). The 3 agencies perform the PM measure-
ments on a continuous basis using automated instruments with high time 
resolution, including ESM monitors based on ɓ-absorption, regular TEOM 
monitors with the filter kept at 50ºC, TEOM-FDMS instruments and Grimm 
monitors. For the ESM and regular TEOM monitors correction factors (of 1.37 
and 1.47) are applied to convert the PM10 results to data that are equivalent to the 
European norm EN12341. For the interpretation and discussion of the PM data, I 
relied heavily on reports (in Dutch) from the VMM and the Brussels region. 
Besides the PM data and their discussion, also data of chemical composition of 
the PM are presented in this text. The latter data were all obtained by my own 
research group in a number of sampling campaigns, some of which were 
performed by the VMM. The aerosol collection time in these campaigns was 
24 hours; a variety of filter devices and filter types were used, the PM mass was 
determined by gravimetry (at 50% relative humidity and 20ºC) and the samples 
were analysed (using a thermal-optical transmission method, ion chromatography, 
and particle-induced X-ray emission spectrometry) for organic and elemental 
carbon, major anionic and cationic species, and a suite of elements [Maenhaut et 
al., 2002]. The chemical data were used to examine differences in composition 
between summer and winter and among sites, and to assess to which extent 
aerosol chemical mass closure could be obtained (that is to examine to which 
extent the sum of the measured components added up to the gravimetric PM 
mass). 
 
3.2 PM10 concentrations in Belgium and relation with limit values of the EU 

directives 

The networks have (as of 1 February 2007) 47 stations measuring PM10 (5 in 
Brussels, 32 in Flanders, and 10 in the Walloon region) and 12 stations measuring 
PM2.5 (4 in Brussels and 8 in Flanders). Using the PM10 data from the various 
stations, maps of the yearly average PM10 concentration over the entire country 
are produced using an ñInverse Distance Weightingò (IDW) interpolation method 
[Ircel, 2005]. The maps for the years 2004 and 2005 are shown in Figure 3.1. 
There is clearly a tendency for lower concentrations in 2005 than in 2004. The 
figure also shows that, for Flanders, the highest levels are noted in the provinces 
East and West Flanders and in the west of the province of Antwerp; for the 
Walloon region the highest levels are observed in its northern part, especially in 
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the northern part of the province of Liège. It should be noted that the maps are 
influenced by the locations of the stations. For example, for East Flanders all 
stations are in Ghent and to the north of it, where there is a large industrial area, 
and some stations in the south-eastern part of West Flanders are impacted by 
nearby industries. 
 

 
 

 
 
Figure 3.1: Annual mean PM10 concentration data for Belgium in the years 2004 

and 2005. 
Flanders is in the north and its provinces are from left to right: West 
Flanders, East Flanders, Antwerp (top) and Flemish Brabant 
(around Brussels), and Limburg. The Walloon region is in the south 
and its provinces are from left to right: Hainaut, Walloon Brabant 
(top) and Namur (bottom), and Liège (top) and Luxemburg (bottom). 

 



98 

EMEP/CCC-Report 8/2007 

Number of days with daily mean PM10 concentration higher than 50 µg/m
3
 as a function of site
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Figure 3.2: Compliance with the EU directive of less than 35 days with daily 

mean PM10 concentration higher than 50 µg/m
3
 for the stations in 

the networks. The data for 2006 are not validated. 

 
With regard to compliance with the limit values of the EU directive: That there 
should be no more than 35 exceedances of the daily mean PM10 concentration of 
50 µg/m

3
 was not observed for about half of the stations in 2005, and for 2006 the 

situation was even worse (see Figure 3.2). 
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Figure 3.3: Annual mean PM10 concentration for different types of stations in the 

Flemish networks; the EU limit of 40 µg/m
3
 (valid since 2005) is 

also indicated. 

 
There are clearly less problems with observing the EU directive of not exceeding 
the annual mean PM10 concentration of 40 µg/m

3
. This is illustrated in Figure 3.3, 

which presents the annual mean PM10 data for Flanders as a function of year 
(since 1996) for different types of sites. As to the 31 individual stations within the 
Flemish networks, in 2004 there were only exceedances in 2 of them and in 2005 
in none of them. 
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3.3 PM concentrations in relation to meteorological conditions 

The text in this section 3 (and also in section 4) is entirely based on the Summary 
of the VMM report ñZwevend stof in Vlaanderen: Periode 2003 en 2004ò [VMM, 
2005]. 
 
Episodes with elevated PM10 levels (pollution episodes) coincide mainly with dry 
weather. Important precipitation is only noted at the end of such episodes. 
Pollution episodes are mostly characterised by continental air, lower wind speed 
or both. There are also frequently temperature inversions during such episodes. 
 
Days with ozone smog coincide with periods of elevated PM levels. The enhanced 
PM levels may be due to increased photochemical activity. On the other hand, 
during such days we have mostly meteorological conditions which favour, 
independently of photochemical activity, enhanced PM levels. 
 
Periods with low PM10 levels coincide mostly with maritime air. Maritime air is 
mostly accompanied with precipitation and higher daily averaged wind speeds. 
Temperature inversions are also absent or rare during such periods. 
 
Elevated PM10 levels are mostly noted for low wind speeds. This is even more 
pronounced for PM2.5. The levels of coarse PM (PM10-2.5) decrease slightly with 
wind speed or remain rather constant. The mass ratio of PM2.5/PM10 is 
consequently largest at lower wind speeds. At higher wind speeds a larger fraction 
of PM10 therefore consists of coarser particles. Apparently, for the coarser aerosol, 
with increasing wind speed there is not only the dilution effect, but also increased 
resuspension. 
 
During episodes of PM10 and ozone smog, the wind speed is also lower than 
average. Possibly, there is an impact from the wind speed also then. 
 
The pollution roses for PM10 and PM2.5 indicated (for most of the stations) 
elevated levels for winds from the NE to SE. This may be caused by the advection 
of continental air. Pollution episodes often coincide with winds from that 
direction. When comparing the pollution roses of 2003 and 2004, there is for 
nearly all stations in 2003 a NNW component, which is not seen in 2004. During 
the pollution episode of the first half of August 2003, NNW winds were frequent. 
Most stations exhibit the highest relative contribution of coarse PM for westerly 
wind sectors. 
 
3.4 Variations in PM levels with season, day of the week, and time of day 

For PM2.5 lower levels are noted in the summer months than in the winter months. 
For PM10 the same was true in 2004, but the 2003 summer levels were for many 
stations higher or equal to the winter 2002-2003 and/or winter 2003-2004 levels. 
The levels of coarse aerosol show less variation with season. 
 
The mass ratio PM2.5/PM10 is in winter mostly larger than in summer. 
Consequently, in winter, PM2.5 makes up for a larger fraction of PM10. 
 
During most of the PM10 pollution episodes, the mass ratio PM2.5/PM10 is larger 
than the average PM2.5/PM10 mass ratio of either winter or summer. The mass 
ratio PM2.5/PM10 is mostly also larger during days with elevated ozone levels than 
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during the other days in summer. The wind speed in summer is lower than that in 
winter. 
 
At nearly all stations lower levels of PM10, PM2.5 and coarse PM are observed in 
the weekend than during workdays. When comparing the 2 weekend days with 
each other, the lowest levels are noted on Sundays. The Sunday PM10 levels were 
in 2003 and 2004, on average, 9 and 5 µg/m³ lower than the average weekday 
levels. For Saturday, the PM10 levels were, in 2003 and 2004, 6 and 3 µg/m³ lower 
than the average weekday levels. In all stations, the contribution from coarse PM 
to PM10 is larger on workdays than in the weekend and larger on Saturday than on 
Sunday. 
 
The diurnal pattern for PM10 and PM2.5 is mostly as follows: the levels rise in the 
morning, subsequently they decrease to exhibit a second maximum in the evening. 
At nearly all stations higher night levels (during 1 or a few hours) are noted in the 
weekend than during the workdays. The levels of coarse PM are highest during 
the day and/or in the late evening. The same applies to the relative contribution of 
coarse PM to PM10. 
 
3.5 Correlation between PM concentrations of different sites in Flanders in 

the years 2003 and 2004 

 
 
Figure 3.4: Location of the PM10 monitoring sites in Flanders. 

 
 



101 

EMEP/CCC-Report 8/2007 

Table 3.1: Correlation (R
2
 values) between the daily averaged PM10 data of the monitoring sites in Flanders in 2004; R

2
 values larger or 

equal than 0.60 are highlighted in yellow. 

N016 N035 N045 N054 R020 R801 R811 R815 R832 R841 M705 N012 N029 R701 R710 R731 R740 R750 AB01 AL01 HB23 HR01 KO01 ML01 MN01 M802 OB01 SZ02 WZ01 Code Location 

1 0.90 0.85 0.76 0.81 0.76 0.85 0.81 0.77 0.83 0.56 0.71 0.50 0.74 0.77 0.76 0.67 0.59 0.55 0.74 0.56 0.53 0.58 0.72 0.45 0.56 0.27 0.66 0 N016 Dessel 

 1 0.86 0.85 0.85 0.76 0.83 0.77 0.85 0.88 0.62 0.69 0.52 0.79 0.81 0.79 0.69 0.58 0.56 0.76 0.61 0.59 0.64 0.76 0.49 0.58 0.29 0.69 0 N035 Aarschot 

  1 0.81 0.76 0.74 0.81 0.76 0.77 0.79 0.50 0.62 0.42 0.69 0.74 0.71 0.64 0.53 0.50 0.69 0.61 0.53 0.55 0.69 0.45 0.56 0.26 0.64 0 N045 Hasselt 

   1 0.69 0.61 0.66 0.61 0.74 0.79 0.53 0.58 0.50 0.69 0.66 0.67 0.62 0.46 0.41 0.62 0.49 0.52 0.55 0.58 0.41 0.46 0.24 0.58 0 N054 Walshoutem 

    1 0.83 0.86 0.83 0.86 0.88 0.62 0.69 0.50 0.79 0.85 0.79 0.69 0.62 0.64 0.83 0.69 0.62 0.69 0.85 0.56 0.67 0.36 0.79 0 R020 Vilvoorde 

     1 0.88 0.85 0.81 0.76 0.58 0.71 0.46 0.77 0.81 0.76 0.67 0.64 0.72 0.85 0.69 0.56 0.64 0.81 0.59 0.76 0.41 0.74 0 R801 Borgerhout 

      1 0.90 0.81 0.83 0.56 0.76 0.48 0.76 0.86 0.79 0.67 0.66 0.67 0.83 0.67 0.55 0.64 0.83 0.53 0.72 0.36 0.71 0.01 R811 Schoten 

       1 0.79 0.76 0.56 0.72 0.41 0.77 0.85 0.77 0.66 0.66 0.64 0.79 0.58 0.49 0.64 0.76 0.50 0.67 0.35 0.66 0 R815 Zwijndrecht 

        1 0.86 0.66 0.69 0.55 0.85 0.79 0.79 0.74 0.62 0.62 0.79 0.62 0.53 0.66 0.77 0.56 0.62 0.34 0.66 0 R832 Ruisbroek 

         1 0.62 0.67 0.55 0.77 0.81 0.77 0.71 0.58 0.52 0.79 0.59 0.56 0.64 0.77 0.49 0.56 0.30 0.71 0 R841 Mechelen-Techn. 

          1 0.69 0.69 0.74 0.67 0.76 0.58 0.49 0.55 0.61 0.37 0.49 0.76 0.55 0.55 0.46 0.35 0.46 0 M705 Roeselare 

           1 0.72 0.74 0.79 0.77 0.66 0.67 0.64 0.67 0.52 0.44 0.62 0.66 0.55 0.50 0.31 0.52 0 N012 Moerkerke 

            1 0.59 0.53 0.58 0.50 0.44 0.49 0.49 0.37 0.37 0.50 0.45 0.44 0.35 0.24 0.36 0 N029 Houtem 

             1 0.86 0.85 0.79 0.66 0.59 0.77 0.56 0.59 0.77 0.72 0.59 0.61 0.41 0.64 0 R701 Gent 

              1 0.85 0.81 0.76 0.61 0.79 0.59 0.55 0.77 0.74 0.55 0.62 0.45 0.64 0 R710 Destelbergen 

               1 0.72 0.64 0.64 0.79 0.56 0.56 0.77 0.72 0.62 0.62 0.41 0.67 0 R731 Evergem 

                1 0.66 0.52 0.71 0.66 0.46 0.59 0.62 0.53 0.52 0.41 0.55 0.03 R740 St.-Kruis-Winkel 

                 1 0.59 0.61 0.58 0.34 0.55 0.66 0.55 0.45 0.36 0.44 0 R750 Zelzate 

                  1 0.76 0.64 0.40 0.56 0.74 0.58 0.59 0.38 0.61 0.01 AB01 Antwerpen-Boud. 

                   1 0.72 0.58 0.72 0.85 0.59 0.71 0.44 0.79 0 AL01 Antwerpen-LO 

                    1 0.53 0.46 0.71 0.52 0.59 0.59 0.69 0.04 HB23 Hoboken 

                     1 0.59 0.58 0.46 0.64 0.38 0.67 0.04 HR01 Herne 

                      1 0.66 0.72 0.59 0.53 0.64 0 KO01 Kortrijk 

                       1 0.59 0.66 0.42 0.79 0 ML01 Mechelen-Zuid 

                        1 0.49 0.52 0.58 0.01 MN01 Menen 

                         1 0.38 0.69 0.01 M802 
Antwerpen-
Lucht. 

                          1 0.44 0.03 OB01 Oostrozebeke 

                           1 0.01 SZ02 Steenokkerzeel 

                            1 WZ01 Lommel 
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For both PM10 and PM2.5 the data of the different stations in Flanders are fairly 
well correlated with each other. The correlations are in general better for the year 
2003 than for 2004. The correlations between the different PM2.5 stations are 
mostly larger than those between the PM10 stations. In interpreting the latter 
observation, one has to be cautious, though, as there are many more PM10 stations 
than PM2.5 stations. The correlations between the coarse PM data are lower than 
those between the PM10 or PM2.5 data. 
 
To illustrate the good coherence between the PM data, Table 3.1 shows the 
correlation matrix (R

2
 values) between the different PM10 sites in Flanders during 

the year 2004. The location of the sites is shown in Figure 3.4. 
 
The total absence of correlation for the site WZ01 (Lommel) in Table 3.1 is due to 
soil sanitation works, which converted the surroundings of this site into a bare 
sand area, which has influenced the measurements at that location in 2004. 
 
Also the correlations between PM10 and PM2.5 are large. The correlations between 
PM10 and coarse PM and those between PM2.5 and coarse PM are substantially 
lower. There is virtually no correlation between PM2.5 and coarse PM. 
 
The correlations between PM10 and PM2.5 are larger in winter than in summer. 
 
3.6 Sources of PM and contribution from other countries to the PM levels 

in Flanders 

Modelling of the sources of the PM in Flanders is done by the Flemish Institute 
for Technology (VITO; http://www.vito.be) and the VMM, and is incorporated in 
the MIRA VMM reports (http://www.milieurapport.be), e.g., Deutsch et al. 
[2006]. 
 
For a particular site, the PM levels are assumed to be made up by various 
contributions. For example for a kerbside, these contributions are from (a) local 
traffic, (b) the city, (c) Flanders, (d) foreign countries (including Wallonia), and 
(e) other sources. The contributions of (b), (c) and (d) are derived from 
belEUROS model simulations [Deutsch et al., 2004]. As an example, for an urban 
site in Antwerp in 2002, it was derived that the major contribution (43%) came 
from foreign countries (including Wallonia), followed by Flanders (28%); the 
contribution from local traffic was 8%, that from the city 6%, and the non-
modelled contribution 14% [Deutsch et al., 2006]. 
 
With regard to the atmospheric PM, a distinction has to be made between primary 
PM, which consists of PM that is emitted by the sources in the particulate form, 
and secondary PM, which is formed within the atmosphere from gaseous 
precursors (mainly SO2, NOx, NH3 and volatile organic compounds (VOCs)). 
 
The emissions of primary PM from anthropogenic sources in Flanders, as based 
on emission inventories, are shown in Figure 3.5. Since 2001 there is no 
significant decrease anymore in the emissions. In 2005, agriculture is still the 
major anthropogenic emitter of primary PM10, followed by transport and industry, 
whereas for primary PM2.5 the major anthropogenic emitter is transport, followed 
by industry and agriculture. 
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Figure 3.5: Emission of primary PM10 and PM2.5 in Flanders. Note that the data 

for 2005 are preliminary. 

 
Using the belEUROS model mentioned above, contributions were not only 
derived for individual sites, but also for Flanders as a whole. The results obtained 
for the year 2002 are shown in Figure 3.6. 
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Figure 3.6: Modelled contributions to the PM2.5 and PM10 levels for Flanders in 

2002. 

 
The large contributions from France (17% and 14% for PM2.5 and PM10, 
respectively) are due to the prevailing SW winds and the relatively high emissions 
in the north of France, close to the border with Belgium. Also the contributions 
from Great Britain are to a large extent due to the prevailing winds. 
 
However, transboundary transport of PM is not only a matter of transport from 
other countries to Flanders and Belgium, but also of the latter to other countries. 
Using belEUROS with emission and meteorological data of 2002, it was 
estimated what the decrease in annual mean PM2.5 concentration would be if there 
would be no Flemish emissions. The results of this modelling exercise are shown 
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in Figure 3.7. For the neighbouring countries or regions, i.e., the Netherlands, 
Wallonia and the western part of Germany, shutting off the Flemish emissions 
would result in a decrease in the annual mean PM2.5 level of typically between 
0.76 and 2 µg/m

3
. For far away countries, such as the Baltic states and the 

southern parts of the Scandinavian countries, the Flemish emissions still make a 
difference of 0.11 to 0.25 µg/m

3
. 

 

 
 
Figure 3.7: Modelled decrease of the PM2.5 concentrations in Flanders and 

Europe when the emissions in Flanders are shut off (calculations for 
the year 2002). 

 
3.7 Chemical composition and mass closure for PM and sources of major 

PM components 

Determination of the chemical composition of the PM gives clues on its sources 
and allows one to assess the relative importance of primary and secondary PM. If 
the chemical analysis includes a measurement of the various major PM 
components (or of markers for these components), the data can also be used for 
aerosol chemical mass closure (that is to examine to which extent the sum of the 
measured components adds up to the gravimetric PM mass). Within the 
3 agencies that take care of monitoring networks in Belgium, chemical analysis of 
the PM on a routine basis is only done for selected compounds, such as heavy 
metals and polyaromatic hydrocarbons (PAHs). More detailed analyses are 
performed by the agencies within special studies. The VMM does the latter 
typically with co-operation of the VITO and Flemish universities, including the 
University of Antwerp and Ghent University. On the other hand, within the latter 
two universities, research groups are involved in studies on atmospheric aerosols 
and their composition, and these groups have their own research projects 
(independently of the 3 agencies). 
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Here, I present recent chemical composition and mass closure data for PM that 
were obtained by my own research group, whereby some of the projects were 
done in co-operation with others or were even commissioned by the VMM. The 
PM samples for this work were obtained in campaigns of typically one month 
duration and in different seasons (typically summer and winter). The sampling 
sites for the campaigns were the Institute for Nuclear Sciences (INW) in Ghent, 
the Royal Meteorological Institute (RMI) of Belgium in Uccle (Brussels), and two 
sites within the city of Antwerp. The INW and RMI sites can be classified as 
urban background sites, and the two sites in Antwerp as kerbsides. For the INW 
and RMI sites, the PM samplers (and filters) were provided by my research group 
and the gravimetric PM measurements and chemical analyses were also done by 
my group [Wang et al., 2005; Maenhaut et al., 2006b; Chi et al., 2007]. For the 
campaigns in Antwerp, which was commissioned by the VMM, the PM samplers 
(and filters) were provided by VITO, the gravimetric PM measurements were also 
done by VITO, and the chemical composition measurements by my group 
[Maenhaut et al., 2006a]. From the chemical composition data, the concentrations 
of the following 8 aerosol types (components) were derived (on an individual 
sample basis): (1) organic matter [OM; estimated as 1.4 times particulate organic 
carbon (OC)], (2) elemental carbon (EC), (3) ammonium, (4) nitrate, (5) non-sea-
salt sulphate, (6) sea salt, (7) crustal matter, and (8) other non-sea-salt/non-crustal 
elements [Maenhaut et al., 2002]. Note that only one of these 8 components (i.e., 
sea salt) is purely natural; EC, ammonium, nitrate, non-sea-salt sulphate and other 
elements are in Flanders essentially from anthropogenic origin, and OM and 
crustal matter are probably also mostly due to anthropogenic sources (For the last 
component there are contributions from road dust and agriculture). The 
concentrations of the 8 components were then averaged per campaign, the 
averages were summed up and compared with the average gravimetric PM of the 
campaign, and the difference is then referred to as unexplained mass. The results 
for PM10 in 7 sampling campaigns are shown in Figure 3.8. Note that the 
7 campaigns were not conducted simultaneously. 
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Figure 3.8: Average concentrations of 8 aerosol types in PM10 and of the 

unexplained gravimetric PM10 mass during 7 sampling campaigns 
[G04win, G04sum, and G05win stand for Ghent 2004 winter, Ghent 
2004 summer, and Ghent 2005 winter, resp., and the samplings took 
place at INW; U06wi_sp and U06su_fa stand for Uccle 2006 winter-
spring and Uccle 2006 summer-fall, resp., with samplings at RMI; 
AM05win stands for Antwerp 2005 winter (with samplings at the 
Mechelse steenweg) and AB05sum for Antwerp 2005 summer (with 
samplings in Borgerhout)]. 
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Noteworthy is that the unexplained PM10 mass is much larger for the two 
campaigns in Antwerp than in the other 5 campaigns. There were difficulties with 
the gravimetric PM determinations for these two campaigns. Also the gravimetric 
PM data were derived from low-volume quartz fibre filters for these 2 campaigns 
and from low-volume Pall Gelman Teflo and/or Nuclepore polycarbonate filters 
in the other 5 campaigns and substantially higher PM data for low-volume quartz 
fibre filters than for the other filter types have been observed before [Maenhaut et 
al., 2002; Hitzenberger et al., 2004]. It is thought that there may be a substantial 
positive artefact for the PM data of the low low-volume quartz fibre filters, and 
therefore the PM data from these filters are considered less reliable. 
 
In agreement with what was indicated in section 4 above, there is a tendency for 
higher PM10 levels in winter than in summer. Particularly for nitrate, much higher 
concentrations are observed in winter than in summer. This finding is in 
agreement with the findings of the European Aerosol Phenomenology study 
[Putaud et al., 2004]. The low nitrate values in summer are due to the fact that the 
volatile ammonium nitrate is rather in the gas phase than in the particulate phase 
within the atmosphere during this season (Volatilisation of nitrate from the 
aerosol collected on the filter may also play a role). 
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Figure 3.9: Average percentages of 8 aerosol types as % of the mean 

gravimetric PM10 mass (and for the two sites in Antwerp as % of the 
sum of the components); for additional explanation, see caption of  
Figure 3.8. 

 
In order to better examine the differences in PM10 aerosol composition between 
the various sites and seasons, the data from Figure 3.8 were expressed as 
percentage of the gravimetric PM10 mass (and for the two campaigns in Antwerp 
as percentage of the sum of the components). The results of this calculation are 
shown in Figure 3.9. Even expressed as % instead of as absolute concentrations, 
there are clearly differences for nitrate between winter and summer, with lower 
percentages in summer. It further appears that the average PM10 aerosol 
composition is fairly similar for the 4 winter campaigns. The most noteworthy 
difference is observed for the sea-salt component, with a percentage as high as 
18% for Ghent 2005 winter. In Figure 3.8, it can be seen that also the absolute 
concentration of the sea-salt component was high during this campaign, and that, 
on the other hand, the average PM10 level was on the low side. Examination of the 



107 

EMEP/CCC-Report 8/2007 

data for the individual samples of this campaign indicated that the percentage 
contribution of sea salt to the PM10 mass was especially high for samples with low 
PM10 mass concentration and was low for samples with high PM10 mass 
concentration [Viana et al., 2007]. The individual data from the various 
campaigns clearly indicated that sea salt cannot really be invoked as cause for 
exceedance of the daily PM10 EU limit value of 50 µg/m

3
. When such 

exceedances occur, both the absolute concentrations of sea salt and the 
percentages of sea salt in the PM10 aerosol are quite low. 
 
Figure 3.9 further indicates that there is a large contribution of secondary aerosol 
to the PM10 mass. Ammonium, nitrate and non-sea-salt sulphate are all secondary 
inorganic aerosol (SIA) components. In winter, the sum of these 3 components 
accounts, on average, for 40% or more of the PM10 mass. For PM2.5 even larger 
percentage contributions of SIA were observed. Also a substantial fraction of the 
OM may consist of secondary aerosol and thus be secondary organic aerosol 
(SOA), especially in summer. The total contribution of secondary aerosol is likely 
over 50% in all seasons. 
 
The SIA components in the PM in Belgium are undoubtedly predominantly from 
anthropogenic origin, whereby the precursor gases (NH3, NOx and SO2) are not 
only emitted within Belgium, but also in neighbouring countries and in the rest of 
Europe. As far as the emissions in Flanders are concerned, agricultural activities, 
in particular intensive cattle breeding and storage and spread of animal manure, is 
the major source of NH3; NOx originates mainly from combustion processes 
associated with traffic, electricity production and industry (which contributed with 
47%, 14%, and 21%, resp., of the total NOx emission in 2005); and SO2 is 
predominantly due to the combustion of fossil fuels (oil and coal), with 78% of 
the total SO2 emissions in 2005 originating from industry, refineries and 
electricity production combined [Anonymous, 2005; VMM, 2006]. 
 
In contrast to SIA, the sources of the OM in the PM in Belgium are much less 
clear and it is also highly uncertain which fraction of the OM is SOA. While a 
substantial fraction of the primary OM (and most of the EC) is likely derived from 
traffic, other anthropogenic sources and emissions from the biosphere (especially 
the vegetation) also contribute to both the primary OM and SOA. Several 
particulate organic compounds within the PM are quite useful for identifying 
certain sources or source types (or even the formation of SOA) and in assessing 
their contribution. In a co-operation between the research group of Magda Claeys 
of the University of Antwerp and my own team, work has been (and is being) 
done on these topics [Kubátová et al., 2002; Zdráhal et al., 2002; Pashynska et al., 
2002; Claeys et al., 2004, 2007]. By using levoglucosan as a tracer, it was 
estimated that wood burning was responsible for 35% of the particulate OC in 
PM10 in Ghent during winter 1998 [Zdráhal et al., 2002]. By measuring other 
saccharidic compounds, including arabitol, mannitol, fructose and sucrose, in 
PM10 samples from winter and summer campaigns at Ghent [Pashynska et al., 
2002], it was found that their concentrations were much higher during summer 
than during winter, which indicates larger concentrations of primary biogenic 
aerosols (e.g., plant pollen and fungal spores) during summer. Currently, work is 
being done on the use of particulate-phase photo-oxidation products of biogenic 
VOCs, in particular isoprene [Claeys et al., 2004] and monoterpenes [Claeys et 
al., 2007], to estimate the contribution of biogenic SOA to the OM. 
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4 PM trends in the Czech Republic 
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Czech Hydrometeorological Institute 
 
 
4.1 Abstract 

The aim of this study is the assessment of 1996-2005 PM data from the Czech air 
quality monitoring network. Gradual decline in emissions of PM after 1989 in the 
Czech Republic was caused by general decrease of industrial production and 
reduction in electricity generation in conventional thermal power stations. In the 
beginning of new millennium the decreasing trend was interrupted and the 
emissions slightly increased. Decreasing trend of PM10 concentration was 
registered in the period 1996-1999 at all types of stations (traffic, urban, suburban, 
rural and regional), but this trend was stopped in the beginning of this century and 
the concentrations slightly increased and the differences between types of stations 
became smaller. The most serious situation is in the Moravian-Silesian region. 
This is caused by the fact that in this area, in addition to transport and local 
sources of PM significant contribution is made by further emission sources 
(metallurgy, fuel processing). Regional transfer from Poland (heavily 
industrialized Katowice region) is also very significant. The PM10 concentrations 
in winter are higher than in the summer, the most significant annual variation was 
found at traffic stations. In 2005 measurements of PM2,5 began at 25 localities. 
The results show significant contribution of PM2,5 fractions to air pollution 
situation in the Czech Republic. The proposed annual air pollution limit would be 
exceeded in more than 10 sites, mainly in the Moravian-Silesian region. The ratio 
between PM2,5 and PM10 shows certain seasonal course that is connected with the 
seasonal character of several emission sources. Emissions from combustion 
sources show higher shares of PM2,5 fractions than emissions from agriculture and 
reemission during dry and windy weather. The fraction ratio ranged between 0,69 
and 0,85 in 2005. The highest PM10 concentrations at the background station 
Koġetice (EMEP, GAW) are measured when the air masses from eastern 
directions predominate and the lowest values are measured when they come from 
the west.  
 
4.2 Introduction  

The impact on human health by atmospheric particles was recognized to be one of 
the most serious environmental problems in the last decade. Aerosols also affect 
the radiative balance and thus contribute to climate change. The preliminary 
assessment by WHO-EMEP indicated a significant association between the long 
range component of particulate matter, measured as the total mass of PM10, and a 
wide range of health damaging effects. The most recent review based on a number 
of more recent panel studies has concluded that fine particles (PM2.5) are more 
hazardous in terms of mortality and cardiovascular and respiratory endpoints.  
 
The particles contained in the ambient air can be divided into primary and 
secondary particles. The primary particles are emitted directly into the 
atmosphere, both from natural and anthropogenic sources. Secondary particles are 
mostly of anthropogenic origin and are creating by oxidation and consequent 
reactions of gaseous compounds in the atmosphere. Similarly as in the whole 
Europe, most emissions in the Czech Republic are of anthropogenic origin, the 
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main sources include: transport, power stations, combustion sources, fugitive 
emissions from industry, loading/unloading, mining and building activities.  
 
4.3 Monitoring network and measurement methods 

National ambient air pollution monitoring network in the Czech Republic is 
operated by Czech Hydrometeorological Institute (CHMI). This network is 
continuously upgraded in accordance with the requirements of EU Directives and 
Act No. 86/2002 on Air Quality Control.   
 
The concentrations of particulate matter were measured since the eighties as TSP 
(total suspended particulates). The measurement of PM10 fraction was started in 
1996. The PM10 monitoring network in 2005 is presented in Figure 4.1. 
 

 
 
Figure 4.1: PM10 station network in the Czech Republic, 2005. 

 
In 2005 measurements of the fine fraction of suspended particles (PM2,5) began in 
25 localities (Figure 4.2). 
 

 
 
Figure 4.2: PM2, 5 stations in the Czech Republic, 2005. 
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In the CHMI monitoring network two ways of PM detection are used: 
 
Radiometry: It stands on beta-ray absorption in a sample captured on filtering 
material, which is proportional to the mass of the captured suspended particulate 
matter, gives the information on its concentration. 
 
Gravimetry : The sample is taken through continuous filtration of ambient air on 
selected filtering material (Millipore filters 1,2 ɛg with diameter 47 mm are used 
for detecting PM10 and PM2,5). The difference between the weight of the filter 
prior to and after the exposure is determined gravimetrically.  
 
Selected metals are analyzed from the samples (arsenic, cadmium, manganese, 
copper, nickel and lead). Filters are mineralized at 220°C in solution of nitric acid 
and hydrogen dioxide in high pressure microwave digestion system before 
chemical analysis. The analysis is carried out on the inductively coupled plasma ï 
mass spectrometry system. For requirements of QA/QC is along the analysis also 
measured (by the same way mineralized) certified reference material NIST 1648 ï 
Urban Particulate Matter ï and its results are monitored in control charts.  
 
Analytical method is periodically controlled in interlaboratory comparison tests. 
The whole process including sampling is accredited by the Czech Institute for 
Accreditation. Parallel samplers are installed at two manual stations for quality 
control purposes of sampling, weighting and analysis. 
 
4.4 Emissions 

Based on the total annual emissions data of the principal pollutants between 1980 
and 2004, TSPs was (together with sulphur dioxide) obviously the pollutant that 
caused the most serious emissions in that period. Gradual decline in TSP 
emissions after the political changes in the beginning of the nineties was caused 
by general decrease of industrial production, by the reduction in electricity 
generation in conventional thermal power stations and increasing electricity 
generation in nuclear power plants. Between 1990 and 1999, total suspended 
particles emissions dropped by nearly 88%. Since 2001 Czech emission inventory 
contains tyre and brake wear emissions and road abrasion emissions. Due to this 
fact emissions have been slightly increasing since in the period 2001-2005  
(Figure 4.3). 
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Figure 4.3: Trend of TSP emissions in The Czech Republic 1980-2005. 



113 

EMEP/CCC-Report 8/2007 

4.5 PM trends in the Czech Republic 

Decreasing trend of PM10 concentration was registered in the period 1996-1999 at 
all types of stations (Figure 4.4). This trend was stopped in the beginning of this 
century and the concentrations slightly increased and the differences between 
types of stations became smaller (with an exception of regional stations). The 
increase of PM10 concentrations at rural stations was caused mainly due to 
combustion practices of inhabitants in small villages. Hand in hand with 
increasing prices of oil and natural gas, the people in villages and small towns 
tend to return back to traditional cool and wood burning. 
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Figure 4.4: Trend of PM10 concentrations in the Czech Republic (1996-2005) at 

different types of stations (ɛg.m
-3

). 

 
The most serious air pollution situation caused by suspended particles is in the 
Moravian-Silesian region (Ostrava-Karviná agglomeration). This is caused by the 
fact that in this area, in addition to transport and local sources of PM significant 
contribution is made by further emission sources (metallurgy, fuel processing). 
Air pollution of this area is also influenced by regional transfer from Poland 
(heavily industrialized Katowice region). The PM10 trend in this region was quite 
different in comparison with other industrial regions in the Czech Republic 
(Figure 4.5). The Moravian - Silesian region on the Czech-Polish border belongs 
to the most polluted regions by PM in Europe. 
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Figure 4.5: Trend of PM10 concentrations in agglomerations (ɛg.m

-3
). 
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The PM10 concentrations in winter are higher than in the warm period (in average 
about 20 ɛg.m

-3
). The most significant annual variation was found at traffic 

stations; on the other hand almost no annual variation was found at regional 
stations (Figure 4.6). 
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Figure 4.6: PM10 annual variation in the Czech Republic (1996-2005) at 

different types of stations (ɛg.m
-3

). 

 
Summer level of air pollution caused by PM10 is similar in all main 
agglomerations, the difference between Moravian-Silesian region, where critical 
levels are exceeded in winter season, and the other agglomerations, is significant  
(Figure 4.7.). 
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Figure 4.7: PM10 annual variation in agglomerations (ɛg.m

-3
). 

 
The PM10 concentrations at urban sites show a distinct diurnal variation with 
peaks in rush hours in the morning and in the evening. This variation is caused by 
daily emission changes (stimulated by traffic, but also by local heating) and 
dispersion conditions. The situation at suburban stations is similar to urban 
conditions, but diurnal variation is not so significant. Only minimal daily variation 
was found at the regional scale (Figure 4.8). Figure 4.9 clearly shows much higher 
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morning and evening PM10 concentrations in Ostrava-Karviná region compared to 
other agglomerations.  
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Figure 4.8: PM10 Diurnal variation at different types of stations (ɛg.m

-3
). 
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Figure 4.9: PM10 diurnal variation in agglomerations (ɛg.m

-3
). 

 
In 2005, pursuant to EU recommendations ensuing from 199/30/EC Directive, the 
monitoring of the fine fraction of suspended particles (PM2,5) began in 
25 localities. The prevailing source of PM2,5 fractions are combustion processes, 
producing secondary particles originating as a result of chemical reactions 
between the gaseous compounds and condensation of hot gases and vapour. The 
results show significant contribution of PM2,5 fractions to air pollution situation in 
the territory of the Czech Republic. When comparing the results with the 
proposed annual air pollution limit value, the limit value would be exceeded in 
more than 10 sites, mainly in the Ostrava agglomeration region. Annual variation 
at different types of stations is more significant that in the case of PM10  
(Figure 4.10). 
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Figure 4.10: PM2,5 annual variation in the Czech Republic (2005) at different 

types of stations (ɛg.m
-3

). 

 
The seasonal course of the ratio between PM2,5 and PM10 (Figure 4.11) shows 
certain seasonal course that is connected with the seasonal character of several 
emission sources. Emissions from combustion sources show higher shares of 
PM2,5 fraction than for instance emissions from agriculture and reemission during 
dry and windy weather. Consequently, heating in the cold period can cause the 
higher share of PM2,5. The fraction ratio ranges between 0,69-0,85 in 2005. The 
2004-2005 ratio at the EMEP station Koġetice is 0,87.  
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Figure 4.11: The seasonal course of the ratio between PM2,5 and PM10  in 2005 at 

different types of stations. 

 
PM2,5 diurnal variation displays the same patterns as by PM10 (Figure 4.12). The 
difference between the situation in Ostrava-Karviná region and agglomerations is 
even higher than in the case of PM10 (Figure 4.13). 
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Figure 4.12: PM2,5 diurnal variation at different types of stations (ɛg.m

-3
). 
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Figure 4.13: PM2,5 diurnal variation in agglomerations (ɛg.m

-3
). 

 

4.6 Critical levels 

Air pollution caused by PM10 fraction exceeded limit values in the whole period 
2000-2005. In 2005 the limit values for 24-hour PM10 concentrations were 
exceeded in 35% of the territory (Figure 4.14). The limit value for annual 
concentration was exceeded in 1,5% of territory (Figure 4.15). In the areas, where 
the PM10 concentrations exceed the air pollution limit values, live more than 65% 
of the population. 
 



118 

EMEP/CCC-Report 8/2007 

 
 
Figure 4.14: Field of the 36

th
 highest 24-hour concentration of PM10 in 2005. 

 
 

 
 
Figure 4.15: Field of annual average concentrations of PM10 in 2005. 

 
4.7 Meteorological aspects 

2D trajectories (NILU, 2002-2006) were used for sector analysis of PM10 data 
from EMEP and GAW station Koġetice Observatory. The highest concentrations 
are measured when the air masses from eastern directions predominate and the 
lowest values are measured when they come from the west (Figure 4.16) 
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Figure 4.16: Sector distribution of PM10 concentrations (Koġetice 1995-2004, 

ɛg.m
-3

). 

 
Trend evaluation of sector analyses shows that the highest concentrations and year 
by year variability were measured in the air masses from eastern directions in the 
whole period under review (Figure 4.17). The increase after 2000 corresponds 
with the rising trend in Moravian-Silesian region located in this direction. 
 

 
 
Figure 4.17: Sector distribution trend of PM10 concentrations (Koġetice 1995-

2004, ɛg.m
-3

). 

 
Significant difference was found between trends in summer and winter period. 
While the trend of winter concentrations is comparable with general trend  
(Figure 4.18), there is a rapid increase of summer concentrations throughout the 
period under review, especially when in the air masses with origin in eastern 
sectors (Figure 4.19).   
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Figure 4.18: Sector distribution trend of PM10 concentrations ï warm period 

(Koġetice 1995-2004, ɛg.m
-3

). 

 

 
 
Figure 4.19: Sector distribution trend of PM10 concentrations ï cold period 

(Koġetice 1995-2004, ɛg.m
-3

). 

 
Figure 4.20 and Figure 4.21, based of the Koġetice data, show the relation of PM 
data and meteorological conditions. The highest concentrations are measured in 
calm and dry periods.  
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Figure 4.20: PM10 concentrations relation to precipitation amount (Koġetice 

1995-2005). 

 

 
 
Figure 4.21: PM10 concentrations relation to wind velocity (Koġetice 1995-2005). 

 

4.8 Chemical composition 

Selected metals are analyzed from the PM10 samples (arsenic, cadmium, 
manganese, copper, nickel and lead). Figure 4.22 shows the generally decreasing 
trend of lead concentrations in PM10 in the Czech Republic. The lead levels at the 
majority of The Czech Republic area do not reach the limit value in the long 
terms. 
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Figure 4.22: Mean annual concentrations of lead in PM10 in the ambient air 

1996-2005. 

 

The heaviest load of cadmium concentrations is recorded in Northern Bohemia 
(Liberec region), where the mean annual concentrations reach high levels in the 
long term (Figure 4.23). This situation is caused first of all due to the emissions 
from local glassworks.  
 

 
 
Figure 4.23: Mean annual concentrations of cadmium in PM10 in the ambient air 

1996-2005. 

 
In 2005, heavy metals were analyzed also from the PM2,5 samples at a limited 
number of sites. The first results show that the lead concentrations in PM2,5 
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samples at the regional level, represented by EMEP and GAW station Koġetice 
(6-7 ng.m

-3
) is only slightly lower than at suburban background of Prague 

(8-10 ng.m
-3

). The highest values are measured in Ostrava ï Karviná agglomera-
tion (40-55 ng.m

-3
). In the case of cadmium, the results from EMEP station and 

suburb of Prague are on very similar level (0,2-0,3 ng.m
-3

), the concentrations in 
Ostrava ï Karviná exceed 1 ng.m

-3
. 

 

4.9 Comparison of measured data with model results 

Following results were used for comparison: 
 
1. 2004 PM10 data from air pollution monitoring network in the Czech Republic. 

Values were spatially interpolated using interpolation techniques including 
dispersion model. 

2. 2004 SYMOSô97 model outputs (only primarily emissions used) 
3. 2000 EMEP model outputs  
 
Model SYMOSô97 (System for Modelling of Stationary Sources) is the reference 
method for dispersion studies processing in the Czech Republic (Gauss model 
modified for using in complex terrain). 
 
Mean 2004 annual PM10 concentrations (Figure 4.24) ranged from 20 to 30 µg.m

-3
 

in the majority of the Czech Republic area. Higher values (40 ï 60 µg.m
-3

) were 
registered especially in the Moravian-Silesian region and also in other industrial 
agglomerations (Northern Bohemia, Prague). SYMOSô97 model results 
(Figure 4.25) identify as the most polluted areas Central Bohemia and Moravian-
Silesian region. Calculated concentrations in these regions reach 10 µg.m

-3
. In the 

rest of the Czech Republic area the concentrations drop bellow 4 µg.m
-3

. 
 
Only primarily emissions of PM from stationary sources and mobile sources 
originated from exhaust gases were used in model. On the other hand, emissions 
of secondary particles, wear tire and brake were not included. 
 

 

 
 
Figure 4.24: 2004 PM10 concentrations (µg.m

-3
) ï monitoring network. 
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Figure 4.25: 2004 PM10  concentrations (µg.m
-3

) - Model SYMOS 97. 

 
Ratio between SYMOSô97 model outputs and measurements is presented in 
Figure 4.26. Model concentrations (caused by primarily sources) represent only 
units of measured concentrations in the most of the area of the Czech Republic. 
The ration of primarily sources is higher (about 20%) only in large industrial 
agglomeration with higher density of stationary sources (Prague, Moravian-
Silesian region). Despite SYMOS model probably underestimate the contribution 
of primarily sources, it is evident, that SYMOS model is able to cover only a 
small part of total PM emissions in the atmosphere. Secondary particles formation 
by chemical reactions was not taken into account in the model, which caused 
significant underestimation of real concentrations. In rural areas, resuspended 
particles from Earth's surface play an important role. 
 

 

 
 
Figure 4.26: Model x measurement PM10 concentrations. 
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Annual PM10 concentrations based on 2000 EMEP model outputs are presented in 
Figure 4.27. Model results reflect better the reality. The concentrations amount to 
one third of measured data (10 ï 15 µg.m

-3
). The model reflects the increased 

concentrations in north and northeast of the Czech Republic. High concentrations 
in agglomerations are not fit due to relatively rough scale of EMEP model 
(50 km). 
 

 

 

 
Figure 4.27: Model PM10 concentrations in 2000 ï EMEP model (µg.m

-3
). 

 
4.10 Conclusions 

 Decreasing trend of PM10 concentration in the period 1996-1999 was found at 
all types of stations. This trend was stopped in the beginning of this century 
and the concentrations slightly increased and the differences between types of 
stations are smaller.  

 Increase of PM10 concentrations at rural stations was cause first of all by 
combustion practices in small towns and villages. There is a strong tendency 
to come back to traditional cool and wood burning. 

 The most serious air pollution situation caused by suspended particles is in 
the Moravian-Silesian region. In addition to transport and local sources of PM 
significant contribution is made by further emission sources (metallurgy, fuel 
processing). Regional transfer from Poland (heavily industrialized Katowice 
region) is significant.  

 Certain seasonal course of the ratio between PM2,5 and PM10, that is 
connected with the seasonal character of several emission sources. Emissions 
from combustion sources show higher shares of PM2,5 fractions than for 
instance emissions from agriculture and reemission during dry and windy 
weather. Consequently, heating in the cold period can cause the higher share 
of PM2,5.   

 The fraction ratio ranges between 0, 69-0, and 85 in 2005. The 2004-2005 
ratio at the EMEP station Koġetice is 0, 87.  
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 The highest PM10 concentrations at the background station Koġetice (EMEP, 
GAW) are measured when the air masses from eastern directions predominate 
and the lowest values are measured when they come from the west. 

 The highest concentrations and the year by year variability were measured in 
the air masses from eastern directions in the whole period under review. The 
increase after 2000 corresponds with the rising trend in Moravian-Silesian 
region located in this direction. 

 Significant difference was found between trends in summer and winter 
period. While the trend of winter concentrations is comparable with general 
trend, there is a quite rapid increase of summer concentrations throughout the 
period under review, especially when in the air masses with origin in eastern 
sectors.   

 Dispersion models that donôt take into account chemical reactions in the 
atmosphere, underestimate the real PM10 concentration level significantly. 
Primarily particles emitted directly from the sources produce 10 ï 30 % total 
emission load, secondary particles 30 ï 50 % and resuspended particles  
20 ï 40 %. It is necessary to include all three mentioned processes into 
models predicting creation and behaviour of fine particles in the atmosphere. 
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5 PM pollution in Denmark 

Finn Palmgren, Thomas Ellermann and Peter Wåhlin 
National Environmental Research Institute, P.O. Box 358, Dk-4000 Roskilde, Denmark 
 
 

5.1 Air quality monitoring network  

Air quality monitoring is carried out under the National Air Quality Monitoring 
Network (NOVANA) in urban and rural areas in Denmark, Figure 5.1. The 
programme provides i.a air quality data from the four largest urban areas and the 
rural background areas in Denmark (NERI, 2006 and Kemp et al., 2006). The 
monitoring is supplemented by data from a special particle research programme. 
The objective of the Danish particle programme is to provide new and broader 
knowledge on the adverse health effects of atmospheric particles with the aim to 
develop strategies to reduce the adverse health effects of man-made air pollution. 
We focus on characterisation of particles and their sources.  

 

    

 

N
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Urban Network (LMP)
    traffic
      urban background
      rural

100 km

Aalborg

Århus
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Køben-
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Figure 5.1: Air quality monitoring in Denmark at streets, urban background, 
rural and remote stations. 

 
Air quality monitoring is carried out under the National Air Quality Monitoring 
Network (NOVANA) in urban and rural areas in Denmark, Figure 5.1. The 
programme provides i.a air quality data from the four largest urban areas and the 
rural background areas in Denmark (NERI, 2006 and Kemp et al., 2006). The 
monitoring is supplemented by data from a special particle research programme. 
The objective of the Danish particle programme is to provide new and broader 
knowledge on the adverse health effects of atmospheric particles with the aim to 
develop strategies to reduce the adverse health effects of man-made air pollution. 
We focus on characterisation of particles and their sources.  
 



129 

EMEP/CCC-Report 8/2007 

The trends of TSP and PM10 for traffic sites are shown in 

 
 
Figure 5.2. Regular PM10 monitoring was introduced in 2000, using a gravimetric 
method, supplemented by ɓ-absorption. The urban background level of PM10 (and 
TSP) was generally very close to the rural background level. A clear decreasing 
trend was observed at all traffic sites except at street in central Copenhagen (H.C. 
Andersenôs Boulevard), which is a street with dense traffic (67,000 vehicles per 
day). The PM10 limit value, 40 ɛg/m

3
, will probably be exceeded in 2010 at the 

most densely trafficked streets. 
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Figure 5.2: The trends of TSP and PM10 at rural and urban background (upper 

graph) and traffic (lower graph) locations in Denmark. 

 
PM2.5 has been measured at a few sites by TEOM, but the time series are still 
rather short, Figure 5.3. The correction of the TEOM data due to evaporation/ 
decomposition of i.a. ammonium nitrate, organics and perhaps water was 
performed using simultaneous gravimetric PM10 measurements. The TEOM 
losses for PM2.5 at traffic sites are generally the same as at urban background 
sites. The ratio between gravimetric measurements and TEOM measurements 
depends therefore strongly on the type of site, and varies between approx. 1.5 at 
traffic sites and 1.9 at urban background sites in Copenhagen. 
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Figure 5.3: PM2.5 results (µg/m
3
) at street (upper graph) and urban background 

(lower graph) sites in Copenhagen measured by TEOM after 
correction for losses.  

 
A summary of the Danish PM data in 2005 is given in Table 5.1 and Table 5.2 
and table 2. The data confirm that the urban background levels are very close to 
the rural background levels, which means that the urban increment is very low in 
Denmark for PM10 as well as for PM2.5.  
 
 
Table 5.1: Summary of Danish PM10 data from 2005 (µg/m

3
). The numbers in 

red indicate exceedances of limit value. Gravimetric method. 

Location Average 36. highest Max.

Traffic:

Copenhagen/1257 33 53 110

Århus/6153 29 45 83

Odense/9155 34 55 140

Aalborg/8151 33 49 189

Urban background:

Copenhagen/1259 23 37 67

Århus/6159 24 39 112

Odense/9159 27 43 79

Aalborg/8159 25 39 88

Rural background:

Ll. Valby/2090 25 40 69

Keldsnor/9055 26 37 63

Limit value 40  50    -   
 

 
 
 
 
 
Table 5.2: Summary of Danish PM2.5 data from 2005 (µg/m

3
). TEOM method. 
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Location Average 36. highest

Traffic:

Copenhagen/1103 15 22

Urban backgr.:

Copenhagen/1259 11 18

Rural:

Lille Valby/2090 11 16
 

 
 
5.2 The special particle studies 

The particle research is mainly taking outset in the Danish nationwide air quality 
monitoring programme, with long time series of the main pollutants, including 
PM10 at all stations and other PM parameters (e.g. soot, ultrafine PM, PM2.5, 
EC/OC) at selected stations. The particle studies included measurement 
campaigns supported by data from the monitoring programme. The combination 
of long time series of traditional pollutants and the special particle campaigns 
permits establishment of relationships between sources and the properties of the 
particles. The experimental studies of PM10, PM2.5 and ultrafine particles were 
performed in busy street canyons, urban background and rural locations, and 
included chemical composition, e.g. the content of elemental carbon, PAHs and 
other organic compounds and size distributions (10-700 nm).  
 
Receptor modelling of PM2.5 has been carried out based on all available data, i.e. 
chemical composition and sizes of the particles and concentration data on gaseous 
pollutants. An example of preliminary results is shown in Figure 5.4, which 
include data from a very densely trafficked street in Copenhagen and the 
corresponding urban background site. At present the new PM2.5 limit value, 
25 ɛg/m

3
, may be exceeded at the most densely trafficked streets in the largest 

cities (hot spots), but we expect compliance with the limit value in 2015. The 
dominating contribution to PM2.5 is secondary regional particles. The secondary 
inorganic particles comprise ammonium nitrate and ammonium sulphate formed 
due to NOx and SO2 emissions in Europe and from international ships. A large 
part of the secondary particles include organic components and is to a certain 
degree unknown, both with respect to chemical composition and origin. The local 
traffic contribution is rather well described and consists of exhaust from the road 
traffic and particles from brakes, road, tires and road salt (used in Denmark 
slippery road abatement).  
 
Long-range transported particles, i.e. primary particles and secondary particles 
formed by oxidation of SO2 and NOx emitted at the European continent are 
dominating in urban background and comparable with the traffic contribution in 
busy streets (mass concentration, PM10/PM2.5). The local contributions at urban 
background sites in Danish urban areas are less than 2% of the total PM2.5 
pollution.  
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Figure 5.4: Schematic presentation of the main contributions to PM2.5 in a busy 
street and at an urban background site in Copenhagen. 

 
The road traffic (Wåhlin et al. 2003) and wood stoves (Glasius et al. 2005) are the 
most important local particle sources in Denmark. They cause the highest outdoor 
human exposure due to high emissions at low release heights and in urban areas 
where the population lives. Figure 5.5 shows road traffic contribution separated in 
fine (PM2.5) and coarse (PM10-PM2.5) particles from exhaust, brakes, road and 
road salt. The results may be dominated by winter data. 
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Figure 5.5: Road traffic contributions to fine and coarse particles in a street in 
Copenhagen (67,000 vehicles/day) based on two one week 
campaigns.  

 
Diesel vehicles are the dominating source of nano-particles and ultrafine particles. 
The highest emissions of particles take place from traditional diesel vehicles 
without filters or catalysts. The particle filters are generally very efficient (>95%) 
for all particles including nano particles and ultrafine particles. In addition to the 
tailpipe, the non-exhaust emissions from wear of road surfaces, tires, brakes etc 
contributes significantly to the PM10 pollution from diesel as well as from petrol 
vehicles (Wåhlin et al. 2006).  
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5.3 Size distribution of particles 

Times series of particle size distributions have been recorded by continuous 
measurements by DMPS (Differential Mobility Particle Sizer) at traffic, urban 
background and rural sites. The size range was 10-700 nm. Figure 5.6 shows the 
average weekly variation of the traffic contribution in a busy street. The 
ñcondensates with sulphurò particles are very small particles, especially emitted 
from modern diesel cars with oxidizing catalysts. They are probably mainly 
sulphur nuclei, perhaps with organic compounds. The dominating number 
contributions are the condensates, which are volatile particles less than 30 nm. 
The dominating mass contributions are soot from diesel engines centred on 
200 nm and secondary particles (long range transport) centred around 500 nm. 
The mass concentration corresponds approximately to PM0.7. Results are 
published (Palmgren et al. 2005). 
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Figure 5.6: Average weekly variation of the traffic contribution. The upper 
graph is the number concentration and the lower graph is the 
volume (approx. mass) concentration,  
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6.1 The spatial and temporal variation of measured urban PM mass in the 

Helsinki Metropolitan Area in 1997-99 

[Pohjola, M A, Kousa, A, Kukkonen, J, Härkönen, J, Karppinen, A, Aarnio, P, Koskentalo, T, 
2002. The Spatial and Temporal Variation of Measured Urban PM10 and PM2.5 concentrations in 
the Helsinki Metropolitan Area. International journal on Water, Air and Soil Pollution: Focus 2 
(5-6), pp. 189-201.] 

 
6.1.1 Measurements 

Figure 6.1 shows the location of the air quality monitoring stations in the Helsinki 
metropolitan area and the pollutants monitored in 1999. The network contains six 
permanent multicomponent stations; these are located in Helsinki city districts 
(Töölö, Vallila and Kallio 2), in suburban in the cities of Espoo and Vantaa 
centres (Leppävaara and Tikkurila), and in a rural area in Espoo (Luukki). The 
stations used in this study represent urban (Töölö and Vallila) and suburban traffic 
environments (Leppävaara), together with the urban background (Kallio 2). 
Regional background concentrations were monitored in a rural environment in 
Luukki, approximately 20 km to the north-west of downtown Helsinki. Two urban 
monitoring stations, Töölö and Vallila, are located in the Helsinki downtown area. 
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Figure 6.1: Urban air quality monitoring network in the Helsinki Metropolitan 

Area in 1999. The legends show the name of the station and the 
pollutants measured. X indicates a mobile station. 

 

6.1.2 Diurnal variation of PM concentrations 

Data has been compiled on the diurnal variation of the PM10 and PM2.5 
concentrations at the various monitoring stations during 1997ï1999. As an 
example, we have presented the diurnal variation of PM10 concentrations at the 
various stations in Figure 6.2aïc, averaged over each of the years 1997ï1999, and 
PM2.5 concentrations at Vallila averaged over the same years and additionally at 
Kallio 2 in 1999 in Figure 6.3aïb. Clearly, the diurnal variation of traffic-
originated pollutant concentrations depends on the day of the week; for these 
figures we have selected data from working days (MondayïFriday) only. The 
concentrations of PM10 show a clear diurnal variation. The concentrations 
increase continuously during the morning rush hours, from approximately 6 to 
8 a.m.; as expected, this increase took place irrespective of the year (during the 
period 1997ï1999) and the season of the year. Subsequently the concentrations 
decrease slowly during the rest of the daytime hours, also showing in some cases 
peak values during the afternoon rush hours, from approximately 3 to 6 p.m. The 
more moderate diurnal variation of the PM10 concentrations, compared with the 
traffic flows, could be caused by resuspension of PM from street surfaces. 
Resuspended PM increases with increasing traffic flow; however, it can reach a 
saturated state, in which a further increase of traffic cannot cause any more 
resuspension.  
 
During working days, there is a very clear diurnal variation of local vehicular 
traffic. Despite this, the PM2.5 concentrations are temporally fairly uniform during 
working days, except for a moderate increase during the morning rush hours. The 
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diurnal variation of local vehicular traffic flows seems to have no substantial 
correlation with the PM2.5 concentrations. In 1999, the temporal variation of PM2.5 
concentrations at both monitoring stations was also very similar. This indicates 
that the PM resuspended from street surfaces and other sources has only a minor 
effect on the PM2.5 concentrations, and that a large fraction of the PM2.5 
concentrations most likely originates from regional or long-range scale sources.  
 

 
 
Figure 6.2: The diurnal variation of PM10 concentrations at the stations of 

Töölö, Vallila and Leppävaara during 1997ï1999, and at the station 
of Luukki, during 1999. Figures include data from working days 
only.  
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Figure 6.3: The diurnal variation of PM2.5 concentrations at the station of 

Vallila during 1997ï1998, and at the stations of Vallila and Kallio 2 
during 1999. Figures include data from working days only. 

 
6.1.3 Conclusions 

The diurnal variation of the PM10 concentrations was clear, irrespective of the 
year and the season of the year. This variation partly follows the corresponding 
variation of local vehicular traffic flows. On the other hand, both the spatial and 
temporal variation of the fine particle (PM2.5) concentrations was moderate. The 
results provide indirect evidence indicating that the PM10 concentrations are 
originated mainly from local vehicular traffic (direct emissions and resuspension), 
while the PM2.5 concentrations are mostly of regionally and long-range 
transported origin. This result is qualitatively in agreement with source 
apportionment studies in the same area  
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6.2 Analysis and evaluation of selected PM10 pollution episodes in the 
Helsinki Metropolitan Area in 2002 

[Päivi Aarnio, Jyrki Martikainen, Tareq Hussein, Ilkka Valkama, Hanna Vehkamäki, Larisa 
Sogacheva, Jari Härkönen, Ari Karppinen, Tarja Koskentalo, Jaakko Kukkonen, Markku Kulmala, 
2007. Atm. Env., doi:10.1016/j.atmosenv.2007.02.008]. 

 
 
We developed methods to distinguish the long-range transport (LRT) episodes 
from local pollution (LP) episodes. The first method is based on particle number 
concentrations ratio between accumulation mode (diameter >90 nm) and Aitken 
mode (diameter 25ï90 nm). The second method is based on a proxy variable 
(interpolated ion sum) for long-range transported PM2.5. The ion-sum is available 
from the measurements of sulphate, nitrate and ammonium at the nearest EMEP 
stations. We also utilised synoptic meteorological weather charts, locally 
measured meteorological data, and air mass back-trajectories to support the 
evaluation of these methods.  
 
We selected nine time periods (i.e. episodes) with daily average PM10 > 50 ɛgm

-3
 

in the Helsinki Metropolitan Area during year 2002. We characterized the 
episodes in terms of PM10 and PM2.5 concentrations and the fraction of fine 
particles in PM10 at an urban traffic and regional background air quality 
monitoring sites. Three of these episodes were clearly of local origin. They were 
characterized by a low average fraction of PM2.5 (<0.2) in PM10 at the urban 
traffic monitoring site, low ratio between PM10 concentrations at the regional 
background site and at the urban traffic site (<0.2), low average ion sums (1.5ï
2.5 ɛgm

-3
) and low accumulation to Aitken mode ratios (0.13ï0.26). Four of the 

episodes had distinct LRT characteristics: a high fraction of fine particles in PM10 
(0.5ï0.6) at the urban traffic site, a high ratio between PM10 concentrations at the 
regional background site and at the urban traffic site (0.7ï0.8), high interpolated 
values for the ion sum (6.6ï11.9 ɛgm

-3
), and high accumulation to Aitken mode 

ratios (0.75ï0.85). During the remaining two episodes there was significant 
contribution from both local sources and LRT. A detailed analysis of 
meteorological variables and air mass back-trajectories gave support to these 
findings. 
 
 
Table 6.1: PM and NO concentration at the air quality monitoring sites in the 

Helsinki Metropolitan Area in 2002. 

 
 
 
These characteristics can be utilised in a simple procedure to distinguish between 
LRT and LP episodes. Further quantitative investigations to these characteristics 
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provide an indication to the episode strength. There was a good correlation 
between the 24-h averages of PM2.5/PM10 at the urban traffic site (Vallila) and the 
accumulation to Aitken mode ratio at the urban background site (Kumpula). There 
was a moderate to good correlation also between PM2.5/PM10 ratio and the 
interpolated ion sum, and between the ion sum and the accumulation to Aitken 
mode ratio. The scatter plots for these correlations are shown in Figure 6.4 , which 
also show the grouping of the different types of episodes.  The quantitative results 
presented in the current study are applicable to the Helsinki Metropolitan Area 
and similar cities. Nevertheless, developing these methods for other cities require 
analyses of the meteorological conditions, behaviour of the PM concentrations, 
and air-mass back trajectories for that specific city.   
 
 

 

Figure 6.4 (a) 
The PM2.5/PM10 ratios at the 
urban traffic monitoring site 
vs. accumulation to Aitken 
mode ratios measured at the 
urban background site. 

 

 
 
 
(b)   

PM2.5/PM10 ratios at the urban 
traffic monitoring site vs. the 
ion sums.  
 

 
 
 

 
 
 
(c)    

ion sums vs. the accumu-lation 
to Aitken mode ratio. 
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6.3 Temporal and spatial patterns of PM mass in Finland 

[Pia Anttila and Timo Salmi, 2006. Characterizing temporal and spatial patterns of urban PM10 
using six years of Finnish monitoring data.  Boreal Env. Res. 11: 463ï479] 

 

 
Six years (1998-2003) of continuous PM10 mass concentration measurements 
from 25 stations in 20 cities in different parts of Finland were used to examine the 
temporal and spatial patterns of urban PM10  in Finland (Anttila and Salmi 2006). 
PM10 data was extracted from the Finnish Meteorological Instituteôs Air Quality 
Monitoring Data Management System (ILSE). PM10 was measured with 
automatic analyzers based either on the tapered element oscillating microbalance 
or the beta-attenuation method.  
 
Long term means of PM10 at twenty five Finnish urban stations vary between 
11-24 µg m

-3
, the highly trafficked urban centers tending to have higher 

concentrations than the suburban stations or small towns (Figure 6.5). Year to 
year variation at each station is very low, typically only 2-4 µg m

-3
. The national 

background concentration was estimated to be about 5 µg m
-3

, and there is some 
indication that when traffic influence is eliminated a decreasing trend of PM10 
from south/southeast to north emerges. 
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Figure 6.5: Annual distribution of 24-hr average PM10 concentrations from 1998 

to 2003 at 18 stations.  Values for the 5
th
, 25

th
, 50

th
, 75

th
 and 95

th
 

percentiles are shown. At the non-traffic stations the medians are 
denoted with white horizontal lines.  

 
The seasonal variation of PM10 at all stations is dominated by the maximum 
during spring; in March-April the PM10 concentrations are about twice as high as 
during the rest of the year. This spring peak of PM10 covers practically the whole 
snowmelt period, which also is the driest period of the year.  
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Figure 6.6: Annual variation of the PM10 concentration (black lines, left axis) 

and snow depth (grey dashed line, left axis) and precipitation (grey 
line, right axis) averaged over years 1998-2003 in southwestern 
Finland (Lappeenranta and Imatra1) and norhern Finland (Oulu1 
and Oulu2).  Meteorological data are from Lappeenranta and Oulu 
airport synoptic stations. 

 
In spring also the Sunday concentrations at all urban stations are significantly 
lower (from 13% to 40%) than the weekday concentrations which implies a strong 
traffic influence on the PM10 concentrations. The spring time dry period with 
increasing temperatures, radiation and evaporation enables the effective 
suspension of the dust accumulated from multiple sources to road surfaces and 
shoulders and initiates the elevation of PM10 concentrations. However, the highly 
synchronized day to day variation at a variety of sites across the country 
highlights the role of large scale weather patterns also in the formation of spring 
episodes.  In March and April the exceedances of 50 µg/m

3 
as a daily mean are 

frequent at almost all urban stations, however the EU limit value (35 exceedances) 
is exceeded only at the most trafficked street canyons in Helsinki.  
 
Every year, most often in August, September and October, there are also 1-5 
irregular regional PM10 episodes, lasting from one day to six days and being most 
likely originated from long range transported particles. During these regional 
events the PM10 concentrations may well reach the typical spring peak 
concentration levels. Similar regional LTR-events are probable also in spring but 
they get masked behind the overwhelming road influence.  
 
Long term fine particle (PM2.5) mass measurements are still scarce in Finland. 
Longest time series are from Helsinki metropolitan area and Oulu (since 2002) 
and from the FMI background station Virolahti (since 2004).  Figure 3 shows the 
monthly means of PM2.5 from these stations during 2002-2005 together with the 
co-located PM10 measurements. At the Virolahti rural background station the 
distinctive spring maximum of the PM10 is missing and the ratio PM2.5 to PM10 

typically varies between 0.6 to 0.8 being highest in early spring February and 
March. At the urban stations the ratio of PM2.5 to PM10 drops to 0.2 in spring 
being in the midwinter at its highest 0.7. From site to site the fine particle 
concentrations vary much lesser than the thoracic particles.  The study period 
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(Figure 6.7) mean of the fine particles in Virolahti is 7.3 µg/m
3
 and in Oulu 

8.5 µg/m
3
.  
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Figure 6.7: Monthly means of PM10 and PM2.5 masses at different types of 

monitoring stations in 2002-2005.  

 
6.4 Modelling fine particle concentrations in Helsinki metropolitan area 

[Kauhaniemi, M., Karppinen, A., Härkönen, J., Kousa, A ., Koskentalo, T.,  Aarnio,  P. and 
Kukkonen, J., 2007. Refinement And Statistical Evaluation Of A Modelling System For Predicting 
Fine Particle Concentrations In Urban Areas.  In: Ranjeet S. Sokhi and Marina Neophytou (eds): 
Proceedings of the 6th International Conference on Urban Air Quality, Limassol, Cyprus, 27-29 
March 2007, CD-disk: ISBN 978-1-905313-46-4, University of Hertfordshire and University of 
Cyprus (pp. 68-71)]   

 
 
We present a combined modelling system that addresses particulate matter on an 
urban scale and long-range transported aerosols (LRT). We have evaluated the 
advantages and limitations of the statistical model (Karppinen et al., 2004) for 
computing the LRTôed contribution to PM2.5 in U.K. and in Finland (Kukkonen et 
al., 2007). We also aim to evaluate the performance of the combined modelling 
system against measured PM2.5 data in Helsinki. 
 
6.4.1 Meteorological and Air Quality Measurements 

The relevant meteorological parameters for the models are evaluated using data 
produced by a meteorological pre-processing model (Karppinen et al., 1997, 
1998). The location of the study area, the meteorological stations and the 
background air quality measurement stations are presented in Figures 1a and b. 
We used a combination of the data from the stations at Helsinki-Vantaa airport 
and Helsinki-Isosaari. The mixing height of the atmospheric boundary layer was 
evaluated using the meteorological pre-processor, based on the sounding 
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observations at Jokioinen (90 km northwest) and the routine meteorological 
observations. 
 
The EMEP stations (óCo-operative programme for monitoring and evaluating of 
the long-range transmission of air pollutants in Europeô) that are located nearest to 
Helsinki are shown in Figure 6.8a; these are Utö, Ähtäri and Virolahti. The 
following concentrations are measured daily at the EMEP stations: (i) SO4

2-
 

(sulphate), (ii) the sum of NO3
-
 (nitrate) and HNO3 (nitrogen acid), and (iii) the 

sum of NH4
+
 (ammonium) and NH3 (ammonia). The fine particle (PM2.5) 

measurements of the Helsinki Metropolitan Area Council (YTV) monitoring 
stations at Vallila and Kallio were used. The location of the YTV monitoring 
stations in Helsinki metropolitan area is shown in Figure 6.8b. Monitoring station 
of Vallila represents urban roadside conditions. The Kallio station is an urban 
background monitoring station. 
 

a) b)  
 

Figure 6.8: The meteorological and air quality monitoring stations in the 
Helsinki metropolitan area in 2002 (edited YTV, 2003). 

 

6.4.2 Modelling System 

The atmospheric dispersion of vehicular emissions is evaluated using a roadside 
dispersion model, CAR-FMI (Härkönen, 2002). The dispersion equation is based 
on an analytic solution of the Gaussian dilution equation for a finite line source. 
The dispersion parameters are modelled as function of the Monin-Obukhov 
length, the friction velocity and the mixing height. Traffic-originated turbulence is 
modelled with a semi-empirical treatment. The model includes the basic reactions 
of nitrogen oxides, oxygen and ozone, and the dry deposition of the fine particles. 
The model also takes into account the effect of the non-exhaust vehicular 
emissions and particulate matter suspended from the street surfaces, using 
empirical correlations. 
 
The long-range transported contribution to urban particulate matter was evaluated 
with a statistical model (Kukkonen et al., 2007) that utilises, as input values, the 
daily sulphate, nitrate and ammonium ion concentrations measured at the EMEP 
stations. Currently, there is also an option to use representative regional 
background PM2.5 concentration measurements in the Helsinki Metropolitan area. 
The regional background PM2.5 concentrations can also be determined using the 
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European-scale computations using the regional and continental-scale dispersion 
model SILAM (Sofiev et al, 2006).  
 
6.4.3 Results 

The mean, the maximum and the standard deviation, together with the statistical 
parameters for the predicted and observed daily average time series of PM2.5 
concentrations in 2002, for Vallila and Kallio monitoring stations are presented in 
Table 6.2.  
 

Table 6.2: The statistical analysis of the predicted and observed daily average 
time series of PM2.5 concentrations at the Vallila and Kallio 
monitoring stations for 2002 (the days 01.01.02 and 31.12.02 are 
omitted). 

Statistical Parameter 
Vallila Kallio 

Predicted Observed Predicted Observed 

Mean (µg/m
3
) 11.2 9.90 7.92 8.64 

Maximum (µg/m
3
) 39.0 52.0 35.2 42.5 

Standard deviation (µg/m
3
) 5.31 6.75 4.80 5.89 

Index of agreement (IA) 0.83 0.86 

Pearson's correlation coefficient (COR) 0.74 0.77 

Normalised mean square error (NMSE) 0.16 0.16 

Fractional bias (FB) 0.13 -0.09 

Number of data 360 360 358 358 

 
At both stations the predicted PM2.5 concentrations agree fairly well with the 
measured data. The model has slight over prediction for the station at Vallila and 
minor under prediction for the station at Kallio. The scatter plots of the 
predictions and observations at Vallila and Kallio in 2002 is presented in  
Figure 6.9a and b.  
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Figure 6.9: The scatter plots and the correlation coefficient squared (R
2
) values 

of the predicted and observed daily average PM2.5 concentrations in 
2002, for the monitoring stations at Vallila (a) and Kallio (b). 
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Predicted total annual average concentration of PM2.5 in the Helsinki metropolitan 
area and Helsinki city centre are presented in Figure 6.10a and b, respectively. On 
a yearly basis, the estimated contribution from regional and long-range 
transported origin to the observed PM2.5 varies from 40 % at the most trafficked 
areas in Helsinki to nearly 100 % in the outskirts of the metropolitan area.  
 

 
 
Figure 6.10: Predicted total annual average PM2.5 concentrations [ɛg/m

3
] in 

2002, in the Helsinki metropolitan area (a) and in the centre of 
Helsinki (b). The main road and street network, and the monitoring 
stations of PM2.5 are also presented in the figure. 

 
6.4.4 Conclusions 

The comparison of the modelled daily averaged values with the corresponding 
measurements showed a fairly good agreement. The results show that the 
statistical LRT model is a useful and simple tool for the assessment of LTRôed 
PM2.5 that is applicable within a fairly good accuracy. Clearly, the model also has 
inherent limitations. The accuracy of the model presented depends on the 
chemical composition of PM2.5, especially the content of carbonaceous species; 
however, measurements of these species at the EMEP stations have not been 
published. The ion sum parameter defined also contains in part the measurements 
of two gaseous substances (HNO3, NH3). If their concentrations were high, 
compared to the concentrations of the corresponding compounds in particulate 
form, there could be substantial inaccuracies in the model predictions. 
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6.5 Regional scale dispersion modeling of fine particulate matter (SILAM) 

[Sofiev M., Jourden E., Pirjola L., Kangas L., Karvosenoja N., Karppinen, A. and Kukkonen J, 
2007. Dispersion modelling of the concentrations of fine particulate matter in Europe, Proceedings 
ot the 28

th
 NATO/CCMS, ITM on Air pollution Modelling and its Applications, May 15-19, 2006,  

Leipzig, Germany]. 

 
 
6.5.1 Introduction 

The results presented are based on a research project ñAn integrated model for 
evaluating the emissions, atmospheric dispersion and risks caused by ambient air 
fine particulate matterò (KOPRA) of Finnish Finding Agency for Technology and 
Innovation (TEKES). An overall goal of the project was to evaluate the whole 
cycle of aerosol air pollution in Finland including emission of particulate matter 
and its pre-cursors, their dispersion, transformation and deposition, resulting 
contamination patterns and their impact to public health, as well as possible ways 
to reduce the aerosol atmospheric concentrations. In this paper, we concentrate of 
dispersion simulations performed with the Finnish emergency and air quality 
model SILAM at Finnish Meteorological Institute. The main goal of these 
simulations was to assess a link between the Finnish and European emissions of 
various gaseous and particulate species and resulting aerosol contamination of 
northern Europe. A specific goal was to build as complete budget for the aerosol 
composition over Finland as possible and compare the resulting bulk values with 
the observations. Separate verification was performed for some specific 
substances, such as aerosol precursors, primary PM, sea salt, etc.  
 
6.5.2 Input data and modelling tools 

Input data for the simulations were combined from several sources. European-
wide anthropogenic emission of particulate matter (with a split to PM2.5 and 
PM2.5-10), as well as of sulphur oxides, was adopted from the WebDab database of 
European Monitoring and Evaluation Programme EMEP (www.emep.int). The 
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information was available at annual level and with spatial resolution of 50 km. 
Temporal disaggregating to hourly fluxes was made on a country-by-country basis 
using the results of EUROTRACGENEMIS project (Lennart et al., 1997). 
Vertical distribution of emission followed the EMEP methodology based on 
11 emission source categories and characteristic injection heights for each of them 
(Simpson et al., 2003). The European information was complemented with a high-
resolution Finnish national emission inventory with detailed chemical and size-
segregation splits: emission of primary particles was considered for 5 size classes 
(PM0.1, PM0.1-1, PM1-2.5, PM2.5-10, PM10-TPM) and included separate estimates for 
the following compounds: black carbon, organic carbon, dust, sulphates, and total 
PM. Emission of pre-cursors included SO2, NOx, NH3, and anthropogenic VOC. 
The dataset included spatially distributed emission with a resolution of 1 km and 
over 250 point sources with physical stack characteristics. Temporal dis-
aggregating was performed following the same GENEMIS methodology. Vertical 
injection height for area sources was assumed to be within the lowest 100 m, 
while the plumes from point sources were parameterised using actual stack 
heights though made independent from actual meteorological conditions to reduce 
the computation costs. Meteorological information and necessary geophysical and 
land cover maps were taken from the FMI-HIRLAM and ECMWF meteorological 
models. All input data covered the period of 2000-2002 and the simulations were 
also targeting this time interval. The main modelling tool used for regional- and 
meso-scale simulations was the Finnish Emergency and Qir Quality Modelling 
System SILAM (Sofiev et al, 2006). It is a lagrangian particle model with Monte-
Carlo random-walk mechanism representing the vertical and horizontal turbulent 
diffusion. The system includes a sophisticated meteorological pre-processor for 
evaluation of basic features of boundary layer and free troposphere using the 
meteorological fields provided by NWP models. In implementation, SILAM 
assumes well-mixed boundary layer and fixed turbulent diffusion coefficients in 
free troposphere. Exchange between them is mainly driven by temporal variation 
of the top of boundary layer. A physico-chemical module of SILAM covers up to 
496 radioactive nuclides, sulphur oxides, primary particles of various types as 
well as probability (used for evaluation of area of risk and for solution of inverse-
problems). The system accepts an arbitrary definition of the particle size spectrum 
described in the current study via a set of bins. Chemical transformations of SOx 
follow the scheme of DMAT model (Sofiev, 2000). A local-scale model CAR-
FMI (Kukkonen et al., 2001a,b) was used for evaluation of Helsinki city-scale 
pollution levels. Evaluation of the influence of aerosol dynamics is done using the 
aerosol dynamics model MONO32 (Pirjola and Kulmala, 2000; Pirjola et al., 
2003). MONO32 is a box model covering gas-phase chemistry and aerosol 
dynamics. The model uses monodisperse representation for particle size 
distribution with an optional number of size modes. In this work, five modes are 
used: nucleation, Aitken, accumulation, and two coarse modes. All particles in a 
certain mode are characterised by the same size and composition, and they can 
consist of sulphuric acid, ammonium sulphate, ammonium nitrate, organic carbon, 
elemental carbon, sodium chloride, and mineral dust. Water content of aerosols is 
calculated separately. Particles can be emitted as primary particles or formed in 
the atmosphere by nucleation. Size and composition of particles in any class can 
change due to multicomponent condensation of sulphuric acid and organic 
vapours as well as due to coagulation between particles. A specific model, 
simulation setup, and input data were needed for evaluation of the desert dust 
pollution. Due to highly episodic character of this phenomenon as well as its 
strong inter-annual variability, computations over a single or a few years would be 
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insufficient to catch even an order of magnitude of its contribution to aerosol 
concentrations over Finland. Therefore, we utilised a simplified but com-
putationally efficient model DMAT (Sofiev, 2000), which was forced by pre-
processed NCAR 22-years long meteorological re-analysis over the Northern 
Hemisphere. More information on this study can be found in (Hongisto & Sofiev, 
2004).  
 
6.5.3 Results and discussion  

Following the strategy outlines above, four sets of simulations have been 
performed: at the European-scale ï for primary PM2.5, PM2.5-10, sea salt, and SOx; 
at regional scale ï for primary PM0.1, PM0.1-1, PM1-2.5, PM2.5-10, PM-coarse (over 
10 ɛm size), and SOx; for Helsinki area ï PM2.5, PM10 and NOx; finally, the wind-
blown dust was computed for the Northern Hemisphere. European-scale 
resolution was 30 km with daily averaging, regional simulations provided 5 km 
daily output fields while hemispheric runs were made with 150 km grid and 
provided monthly-mean values. The reference year was 2000; most of simulations 
were also performed for 2001 and 2002; hemispheric simulations were made for 
the period 1967-1988 in order to obtain a climatologically representative dataset. 
There were also a few case studies in the adjacent years (1999, 2003) made for the 
periods of observational campaigns. An example of the simulation results is 
presented in Figure 1 for primary PM2.5, which characteristic level in 2000 was 
about 1 ɛg m

-3
 over large areas of Europe with several highconcentration areas. 

This is in a good agreement with the aerosol model simulations by EMEP 
Western Centre (Kanhert & Tarrason (eds), 2003). However, nearly twice better 
spatial resolution of current simulations allowed for more detailed patterns over 
strongly polluted areas, such as Po Valley, Scandinavian capitals, etc. Improved 
resolution over Finland and, further, over Helsinki area also highlighted local-
scale distributions ï both as urban vs. regional background (visible at 5-km map) 
and over specific parts of the city (local-scale map). It should be pointed out that 
the 5 km map in Figure 6.11 is presented without the European background, 
which would bring the total level of primary PM2.5 concentrations over southern 
Finland to the level of about 1-2 ɛg PM m

-3
. Direct comparison of primary 

particles with observations was not performed because in 2000 there were 
practically no representative observations resolving the chemical composition of 
aerosol and thus capable of separating the primary PM from secondary inorganic 
aerosol (sulphates, nitrates and ammonia), sea salt and mineral dust. The second 
part of aerosol budget constitutes from the secondary inorganic aerosol. 
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Figure 6.11: An example of three-scale off-line nested simulations for primary 

PM2.5.    

 
Comparison of sulphates and SO2 with airborne measurements of e.g. EMEP 
network as well as with other models is quite straightforward. According to that, 
the SILAM simulations have ñstandardò accuracy: the model tends to slightly 
underestimate sulphates being otherwise within a factor of two from the most of 
observations. Simulations for two more components of the atmospheric aerosol 
are ï sea salt and windblown dust ï are shown in Figure 6.12a and 2b, 
respectively. Near-surface concentrations of the wind-blown dust do not make 
much sense over Scandinavia because most of such aerosol flies over thousands of 
kilometres before reaching the region, which implies a wide and often uneven 
distribution along the vertical of the arrived masses. Therefore, the only 
representative parameter for that component is the vertically integrated column 
burden. Observations of the sea salt are quite scarce and can be performed either 
via comparison of vertically integrated aerosol optical depth observed by satellites 
or by comparing some chemical components specific for this type of aerosol, for 
example, Na+, which constitutes about 30% of the sea salt mass. Comparison with 
Na+ observations at Mace Head showed that the model tends to under-estimate 
the overall level of concentrations by a factor of 2-3, closely capturing the 
summer low-salt periods and being significantly lower than measurements over 
winter periods when strong storms inflate the salt concentrations by 3-5 times. 
This seasonality in the model is less pronounced. The present sea salt emission 
module in SILAM is based on improved scheme of Monahan et al. (1986). It is 
known to somewhat under-produce the sub-micron particles, which have the 
longest transport distance. The other feature of the scheme ï strong over-
production of particles smaller than 0.05 ɛm was corrected during 
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implementation. Finally, SILAM emission module neglects the mechanism of 
production of coarse particles (over 10 ɛm) as they have no impact on regional 
and long-range transport. However, they can still significantly affect observations 
at Mace Head. 
 

   
 
Figure 6.12: a) Mean Jan 2000 concentration of sea salt (all size classes). Unit ɛg 

PM m
-3

. b) Mean 1967-1988 vertically integrated wind-blown dust 
concentration in air column. Unit: mg PM m

-2
. Obs different scales!   
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7.1 Intr oduction  

Since the year 2000, a significant effort has been provided in France for 
enhancing the air quality monitoring structure devoted to the Particulate Matter 
measurement Although PM10 was the priority, the assessment of the PM2.5 
concentrations has not been neglected because of their adverse effects on human 
health. Research partners together with national and local organisations in charge 
of air quality monitoring have developed skills and experience related to the 
behaviour of PM emissions and concentrations in the air. In 2007, it seems 
feasible to establish a first assessment of the PM situation in France, compiling 
data issued from several types of information:   
 
- Emission inventories allow to analyse source apportionment, to assess the 

efficiency of control measures, and to feed air quality models. Development of 
PM (and their precursors) emission inventories is a crucial and difficult task, 
still hampered by the lack of knowledge related to the sources and the 
processes. However results considered as reasonably relevant are now 
published. 

- In 2006, more than 300 PM10 measurement stations and 65 PM2.5 stations 
were implemented in France. This is the result of more than 15 years devoted 
to the development of the PM monitoring strategy in France. Most of them are 
TEOM or beta gauge devices which allow to get high temporal and spatial 
resolutions. With such a dense network, a database workable for reporting on 
the PM situation and for trend analysis has been built. More information is 
provided by research projects, supersites, and field campaigns devoted to a 
better characterisation of the aerosol composition and the origin of PM events. 

- Although particulate modelling is still a science under development, a 
dynamic research policy in that field, allowed the implementation of PM 
models dedicated to air quality forecasting and to a comprehensive analysis of 
the aerosol phenomenology. Thus modelling is considered as a part of the 
whole PM monitoring system implemented in France. 

 
The present report compiles the information currently available from the French 
PM monitoring system and provides an interpretation of the PM situation in the 
country. A first section is dedicated to the PM emissions status. The second part 
describes the PM measurement network and specific field campaigns. Results and 
trends issued from these data are presented in a third section. Before concluding, 
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an interpretation of the PM phenomenology in France based on measurement and 
modelling is proposed.  
 
7.2 PM emission inventories 

Emission data related to PM10 and PM2.5 from 1990 to 2005, and recently updated, 
are given below.  
 

Source CITEPA / CORALIE / format SECTEN Update : 15 February 2007

Année 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

PM10 701 753 726 693 657 660 674 642 640 619 589 574 542 537 529 508

PM2.5 489 540 519 500 465 468 478 446 445 427 400 389 360 355 347 329

PM EMISSIONS IN AIR FOR METROPOLITAN FRANCE (units Gg = kt)
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Source : CITEPA/CORALIE/Format SECTEN - Update : 15 February 2007
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In 2005, emissions of PM10 in metropolitan France are 508 Gg. These emissions 
decreased by about 28% from 1990 to 2005, despite the high emission level in 
1991. The main contributors to these emissions are, by order of importance: 
 

 Agriculture and forestry (29%), especially ploughing 

 Manufacturing industry (28%), especially quarrying and building sites 

 Residential/tertiary (28%), especially wood, coal, and fuel combustion. 
 
Emissions of PM2.5 in metropolitan France are 329 Gg in 2005. These emissions 
decreased by about 33% from 1990 to 2005. 
 
The main contributors to these emissions are, by order of importance: 

 Residential/tertiary (41%), especially wood, coal, and fuel combustion 

 Manufacturing industry (26%), especially quarrying and building sites 

 Agriculture and forestry (17%), especially ploughing. 
 
Both PM10 and PM2.5 emissions decreased in all sectors except in transport 
activities (not including road transport). This is partially due to progress in dust 
removal techniques, but also comes from structural effects such as technological 
improvements in biomass combustion. 
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7.3 Description of the French PM measurement networks  

Intensive work related to the measurement of PM concentrations has been realised 
these last years in France. A quite dense operational network devoted to reporting, 
monitoring and public information has been implemented, together with supersites 
devoted to research purposes and PM monitoring following the highest levels of 
requirement of the EMEP strategy. Field campaigns allow to get a complementary 
information, and to insure the equivalence of the automatic methods with the 
reference one (gravimetry HVS DA-80) described by the norm CEN/TC264, 
2005. 
 
7.3.1 Regulatory network implemented for monitoring purposes  

Figure 7.1 presents the location of PM10 measurement stations in 2006. The 
stations are operated by local associations in charge of air quality monitoring 
(AASQA), acting with the agreement of the Ministry of Ecology. The 
observations are compiled in two databases implemented and maintained by the 
Agency in charge of the Environment and the Energy (ADEME): near real time 
unvalidated data are stored in the BASTER database when validated data are 
compiled following a longer term process in the BDQA database.  
 
All the PM monitoring stations are based on automatic devices (85% TEOM - 

Tapered Element Oscillating Microbalance - and 15% beta gauges -  ray 
attenuation monitor) which allow high temporal resolution.  
 
PM10 stations are distributed throughout the country in the following way: about 
72% in urban and suburban areas, 2.5% in rural areas. Near emissions sources, 
about 13% of the number of sites are traffic ones and 12.5% are industrial 
stations. 
PM2.5 stations are mainly located at urban and suburban locations (79 %), 19% at 
traffic sites and the difference concerns industrial sites. 

 

 

Figure 7.1: PM10 measurement network in France (2006). 
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7.3.2 Field campaigns  

As far as air quality monitoring is concerned, the main field campaigns from 2002 
up to now are listed below:  
 
Objectives material where When results Ref 

Demonstration of 
equivalence of the 
TEOM-FDMS PM10 
and PM2.5 

Partisol 2025 
TEOM-FDMS 

Paris 
(Bobigny) 

2005 
 
TEOM-FDMS ok 
for PM10 and 
PM2.5 

[Le Bihan, 
2005 and 
2006]  
[Mathe, 
2006) 
 

Marseille 2006 

Demonstration of 
equivalence of the 
Beta Gauge 
MP101M-RST PM10 

Partisol 2025, 
MP101M-
RST 

Paris 
(Bobigny), 
2005 

2005 

MP101M-RST ok 
for PM10 

Marseille, 
2006 

2006 

Italy (b) 2003 
Belgium (a) 2006 

Preliminary test of 
the TEOM-FDMS 
PM10 

Partisol 2025, 
TEOM-FDMS 

Paris 2003, 2004 

High correlation 
between FDMS 
and the reference 
method for PM10 

[Bessagnet, 
2004 ] 

PM10 chemical 
composition 

Partisol 2025 
Paris, 
Rouen 

2002 

Confirmation of 
the TEOM 50°C 
under-estimation 
of PM10 mass 

[Blanchard, 
2002] 

(a) : French participation to a program led by Belgium. 
(b) : Intercomparison test performed by CNR-IIA (Italy ) 

 
 
7.3.3 EMEP remote stations and research supersites 

In the framework of the EMEP monitoring strategy, two french remote stations of 
the French Background Air Pollution Monitoring Network (MERA) have been 
recently equiped to measure PM10 (Figure 7.2). The sampling method used is the 
automatic system TEOM.  
 
A 1-year measurement campaign, started in June 2006, is running in another 
EMEP-MERA site (FR09 Revin) with the objective to evaluate the equivalence of 
the automatic method with the reference one. The first preliminary results already 
show the necessity of TEOM FDMS.  
 
Nitrates and ammonium daily concentrations are also measured at the two sites 
and could help out in the interpretation. 
 
The Puy de Dôme supersite is operated by the Observatoire de Physique du Globe 
de Clermont-Ferrand. The site is located in the Auvergne region (Central France) 
at 1465 m high, far away from emission sources. The sampling site is influenced 
by both long-range transport of gas and particles from the free troposphere and by 
the more regional boundary layer air.  
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Figure 7.2: Location of EMEP supersites and Puy-de-Dome PM station. 

 
The site is equipped with complete instrumentation to characterize aerosol 
properties:  
 
Ç Aerosol Chemistry : low volume samplers for IC and OC/EC chemistry 

(PM10) since 2003 
Ç Aerosol Chemistry : High volume sampler for IC and organic speciation 

(PM10- CARBOSOL program) since 2004 
Ç Aerosol Size segregated Chemistry since 2006 
Ç Size distribution since 2005 
Ç Optical properties : scattering (nephelometer) since 2006 and absorption 

(aethalometer) coefficients since 2000 
Ç Hygroscopic properties : HTDMA during research campaigns in 2006 
Ç Aerosol Mass ï( RH-Controlled gravimetry on aerosol filters PM10) since 

2006 and number concentrations (CN counter) since 2003  
 
Finally, it should be noted that puy de Dôme is now a part of the EUSAAR 
network. The objective of the project EUSAAR is the integration of measure-
ments of atmospheric aerosol properties performed in a distributed network of 
20 high quality European ground-based stations (Supersites). This integration 
contributes to a sustainable and reliable operational service in support of policy 
issues on air quality, long-range transport of pollutants and climate change. The 
project is coordinated by CNRS in Clermont-Ferrand.  
 
7.3.4 Issues related to the use of TEOM and beta gauge devices 

The reference method for sampling and measurement of PM10 as mentioned in the 
1

st
 Daughter Directive 99/30/EC is described in EN 12341:1999 standard. It is 

based on 24 hours sampling of PM10 on filters followed by filters weighting under 
controlled humidity and temperature conditions. However, this method is not 
sufficiently operational for routine monitoring. The main difficulties encountered 
when using this method are: 

Revin 

Peyrusse Vieille 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Puy de Dôme 
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- delicacy of filter handling procedures; 
- impossibility to provide real-time data for public information (daily basis 

prescribed in Directive) 
- -high running costs (weighting room with controlled atmosphere, whole 

measurement process). 
 
Automatic tools such as TEOM or beta gauges bring a solution to these 
difficulties. However, the 90ôs version of such devices does not measure correctly 
the PM semi-volatile compounds. Consequently, the use of these techniques leads 
to an underestimation of PM levels compared with the reference method.  
 
The main reason for that was clearly identified as the volatilisation of some PM10 
compounds in the instrument. This is illustrated in the Figure 7.3 for the TEOM: 
TEOM measurements need to be corrected with volatilised compounds 
(ammonium nitrate in this case). This underestimation is an important point 
because it makes the TEOM measurement and beta gauge methods not equivalent 
to the reference method. 
 

Comparaison TEOM et PARTISOL - PM10 -

- site de Quillebeuf du 2 au 26 mai 2001 -
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Figure 7.3: Correlation between TEOM and reference method (blue), and 
TEOM corrected with NH4NO3 and reference method (pink), for 
PM10 measurements. 

 
The first option examined to tackle this problem was to correct TEOM 
measurements with a conversion factor. However, field operations have 
demonstrated that this conversion factor is highly variable in time and space. 
Table 7.1 show that this factor ranged between 1.0 and 1.5 for monthly averages, 
and can exceed 2 for daily values.  
 
Looking for an instrumental option, two technical solutions have been identified 
and tested: for the MP101M beta gauge, the RST module (Regulated Sampling 
Tube); for the TEOM, the FDMS (Filter Dynamics Measurement System). These 
additional modules dry and master the particles in such a way that the 
measurements are comparable to the reference method. 
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Table 7.1: Relation between TEOM and reference method for PM10 

measurement for different sites and seasons. n is the number of daily 
samples. 

Site Typology Period n 
PARTISOL/TEOM 

PM10 µg/m
3
 

Mean 
ratio 

Ratio 
[min - 
max] 

Auteuil Traffic 
summer 30 43,6 / 43,8 1,0 0,9 ï 1,1 
winter 30 40,5 / 36,4 1,1 0,9 ï 1,3 

Gennevilliers 
Urban 

background 
summer 23 24,0 / 22,0 1,1 1,0 ï 1,3 
winter 30 24,5 / 18,7 1,3 0,8 ï 1,7 

PA 18 Traffic 
summer 34 23,9 / 21,9 1,1 0,9 ï 1,3 
winter 31 30,4 / 21,9 1,4 0,9 ï 1,8 

Vitry sur Seine 
Urban 

background 
summer 29 20,6 / 19,8 1,0 0,9 ï 1,3 
winter 28 30,5 / 21,3 1,4 0,7 ï 2,0 

Quillebeuf Industrial summer 32 35,5 / 23,9 1,5 1,1 ï 2,2 

Le Havre 
Urban 

background 
summer 29 23,3 / 19,9 1,2 0,9 ï 1,7 

 
 
To demonstrate the equivalence with the reference method, by the end of 2004, 
field operations started to obtained necessary data with respect to the European 
Commission "guidance on the demonstration of equivalence". These field 
campaigns have been carried out in France, or in Belgium in collaboration with 
European partners. 
 
An example of intercomparison result is proposed in Figure 7.4. Table 7.2 gives a 
summary of the all data obtained.  
 
Results for the two automatic monitoring methods show that the following meet 
the equivalence criteria set out: TEOM retrofitted with FDMS (for PM10 and 
PM2.5); and beta gauge MP101M-RST (for PM10). The equivalence criteria is 
respected without the application of correction for slope and/or intercept. 
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Figure 7.4: Correlation between PM10 measurement with the reference method 
(RM) and FDMS (CM) in Paris (urban background site of Bobigny, 
winter 2005, 49 daily samples. 
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Table 7.2: Field campaigns devoted to the equivalence checking. 

Candidate method Trial site location Time period 
Equivalence 
criteria met? 

Thermo R&P TEOM-FDMS PM10 
series 8500 version b 

(a)
 

Bobigny (France) 25/01 to 17/04/2005 

Yes 
Marseille (France 

21/12/2005 to 
13/04/2006 

Thermo R&P TEOM-FDMS PM2.5 

series 8500 version b 
(a)

 

Bobigny (France) 25/01 to 17/04/2005 

Yes 
Marseille (France 

21/12/2005 to 
13/04/2006 

Environnement SA MP101M-RST 
PM10 

(b)
 

Bobigny (France) 25/01 to 17/04/2005 

Yes 

Marseille (France 
21/12/2005 to 

13/04/2006 

Aarschot (Belgium) 10/05 to 24/06/2006 

Monterotondo 
(Italy) 

24/06 to 19/08/2003 & 
10/12/2003 to 

11/01/2004 

(a) 1h-step time measurement 
(b) 24h-step time measurement 

 
 
Due to the variability of test sites (in time and space) involving different 
composition of ambient air and meteorological conditions, it can be assumed that 
equivalence for equipment tested under the used configuration is valid anywhere 
else in France under ambient conditions. 
 
Once the equivalence procedure has been conclusive, 2006 spring has been 
dedicated to define an implementation strategy all over the French territory, to 
produce validated PM10 measurements, including the volatile fraction of PM10. 
The system calibrated to produce corrected data is based on a network of 
reference sites, where PM10 are measured simultaneously with usual TEOM and 
TEOM-FDMS. The difference between the two measurements is used on a  scale 
defined by the user (regional in most cases) to adjust  TEOM measurements on 
sites where FDMS are not yet installed. 
 
By now, about 50 reference sites are producing real-time corrections.  
 
7.4 Results and trends for PM10 and PM2.5 concentrations 

Note : the results presented below are issued from non corrected measurement 
data (prior to 2006). The volatile fraction of the particles should not been taken 
into account. 
 
7.4.1 Basic statistics 

Figure 7.5 and Figure 7.6 show the trends of PM10 concentrations since 1998. 
Since 2004, concentrations get the same level; a slight increase can even be noted 
in 2006. The exceptional events observed in summer 2003 with the heat wave are 
also visible on PM concentrations. 
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Evolution des moyennes annuelles de PM10
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Figure 7.5: PM10 concentrations in France since 1996. 

 

 
 

Figure 7.6: PM10 concentrations in the French cities. 

 
The annual averages of PM2.5 and PM10 concentrations in different regions are 
presented in Figure 7.7. Highest concentrations are measured at traffic stations for 
both pollutants.   
 

In urban areas, highest PM2.5 concentrations (15 to 18 g/m
3
) are found in the 

South-East (Provence-Alpes Cote dôAzur), and in the Eastern side of the country 
(Alsace, Rhone-Alpes). The western part is not concerned by such concentration 

levels. Areas near the Atlantic side get PM2.5 concentrations 5 to 7 g/m
3
 lower 

than those measured at the eastern sites. The north, the Centre of the country as 

well as Paris area get median concentrations levels (12 to 14 g/m
3
).  

 
The East/West gradient noted for PM2.55 concentrations also holds for PM10 
concentrations. Mediterranean area is still the most exposed and Nantes, a city 
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located on the Atlantic coast the less one. Paris area and the North show quite 
high PM10 concentrations, generally higher than those observed in Alsace and 
Rhone-Alpes regions.   
 

Year 2005

0

5

10

15

20

25

30

N
or

d-
P
. d

e 
C
.

P
ic
ar

di
e

Ile
-d

e-
Fra

nc
e

C
en

tre

H
te

-N
or

m
.

B
as

se
-N

or
m

.

A
ir 

P
L

A
qu

ita
in

e

M
id

i-P
yr

én
ée

s

R
hô

ne
-A

lp
es

P
AC

A

P
M

2
.5

 (
µ

g
/m

3
)

Suburban stations

Urban stations

Traffic stations

 
 

Year 2005

0

5

10

15

20

25

30

35

40

45

No
rd-
P.
de
C.

Pi
ca
rdi
e

Ile
-
de
-
Fr
an
ce

Ce
ntr
e

Ht
e-
No
rm
.

Ba
ss
e-
No
rm
.

Air
PL

Aq
uit
ai
ne

Mi
di-
Py
ré
né
es

P
A
C
A

Rh
ôn
e-
Al
pe
s

Al
sa
ce

P
M
10
(µ
g/
m
3)

Rural Stations

Suburban Stations

Urban Stations

Traffic Stations

 
 

Figure 7.7: PM2.5  and PM10 annual means in French regions. 

 
It should be noted (not shown) that PM2.5 and PM10 concentrations were 
particularly high everywhere during summer 2003, when the heat wave occurred 
in Europe. High photochemical activity could help to explain this phenomenon. 
 
Comparable levels of concentration have been observed at remote sites (EMEP 
sites) located at Peyrusse-Vieille (FR13 EMEP site) in the South of France and 
Revin in the North. In 2006-2007 the daily mean concentrations were respectively 
15.3 µg/m

3 
(Aug 06 to Feb 07, average daily data, 9h-9h TU)) with a maximum 

daily value at 60 µg/m
3 

and
 
13.8 µg/m

3
 (Aug 06 to Feb 07, average daily data, 

9h-9h TU) with a maximum value of 46 µg/m
3
 (Figure 7.9). 
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Except for this period, analysis of seasonal variability demonstrates the following 
statements: 
 
Ç PM2.5 concentrations are higher in March/April and November/December than 

the rest of the year; 
Ç They are the lowest in summer; 
Ç Seasonal variability of urban PM2.5 is more or less sharpened depending on the 

cities considered (see Figure 7.8 with a clear difference between summer and 
winter at Grenoble and Strasbourg). 

Ç No seasonal trend is observed for PM10 concentrations. In some cases, they are 
higher in winter than in summer, in other situations the contrary is true. In 
most cases concentrations averaged over both periods are rather comparable.  

 

03043 (Marseille) 

 

04055 (Paris1
er
 Les Halles) 

 

05064 (prox. Le Havre) 

 
07008 (Clermont-Ferrand) 

 

11024 (Lille) 

 

15043 (Grenoble) 

 
16038 (Strasbourg) 

 

21007 (Caen) 

 

23113 (Nantes) 

 
 
Figure 7.8: PM2.5 concentrations time series for few French cities. 
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Figure 7.9: PM10 concentrations (µg/m
3
, daily value) measured at Peyrusse 

Vieille (FR13, EMEP station) from July 2006 to February 2007. 

 
7.4.2 PM characteristics 

Characteristics of PM are thoroughly investigated at the Puy-de-Dome supersite. 
A large panel of indicators is evaluated helping in a better understanding of the 
rural background composition. PM mass composition at urban and suburban sites 
has been analyzed during the equivalence campaigns which held in Paris and in 
the Normandy regions (see Section 7.3.2). 
 
7.4.2.1 Puy-de-Dome situation 

Concentrations measured at the site show that the site is typical of the natural 
background. Average PM10 mass is slightly lower than 5 µg/m

3
 (daily average) 

with minimum values lower than 1 µg/m
3
 (free tropospheric background) and 

maximum values close to 30 µg/m
3
 (Saharan dust episodes).  
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Figure 7.10: Max, Min and percentile (25%, 50% and 75%) of the particle 
number concentration at Puy de Dôme for each month. 

 
The number concentration also shows high variability, mostly linked to seasonal 
variability (Figure 7.10) with highest values in summer (4000 part. cm

-3
 ï hourly 
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average) and lowest values in winter (1000 part cm
-3

 ï hourly average). Such 
variability is obviously linked to both change in boundary layer height and in the 
origin of air masses advected to the site. This signal is also influenced by 
nucleation episodes as discussed thereafter.  
 
The evolution of the particle size distribution is seen on a daily basis at Puy de 
Dôme. The mode of the size distribution lies around 50 nm during background 
periods regardless of seasons and the distribution is mono-modal. During summer 
months, an additional source of particle is present, due to mixing with boundary 
layer air, leading to bimodal size distribution with both Aitken (30 nm) and 
accumulation (80 nm) modes. Figure 7.11 shows typical daily variation during 
different seasons at Puy de Dôme.  
 

 
 
Figure 7.11: Average daily size distribution of aerosol particles measured at Puy 

de Dôme for Spring (A), Summer (B) Autumn (C) and Winter (D) 
periods.  

 
As mentioned earlier, the variability of the size distribution signal is also linked to 
nucleation episodes. The occurrence of these episodes is higher during spring time 
and early summer and usually takes place during clear-sky conditions, at the 
interface between free-tropospheric and boundary layer air masses.  
 
The mechanisms of particle nucleation at Puy de Dôme has been reviewed by 
Venzac et al. (2007) showing that most of the episodes are connected with 
increases in the ion background in the atmosphere. Nucleation events are likely to 
be one of the most efficient processes controlling particle concentrations in the 
free troposphere over Europe. 
 
The weekly averaged concentration is close to 3 µg/m

3
. On average, the OC 

fraction accounts for less than 1 µg/m
3
 although weekly averages can be higher 

than 1.5 µg/m
3
. 

 
Average proportions of inorganic and organic compounds are shown in  
Figure 7.12.  
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Figure 7.12: Average fractions of inorganic and organic components of aerosol at 

puy de Dôme. Note that the NO3-fraction. 

 
 
7.4.2.2 Urban PM speciation 

The field campaigns organised to assess the volatile part lost by automatic devices 
allowed to described the PM10 mass composition in winter and in summer for 
different types of sites. Figure 7.13 shows some of these results. 
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Figure 7.13: PM10 mass composition for different situations in winter (a and b) 
and in summer (c to e). 

 
7.4.3 Relationships between PM10 and PM2.5 concentrations  

7.4.3.1 Correlation between PM10 and PM2.5 mass concentrations 

Correlation between PM10 and PM2.5 mass concentrations is excellent everywhere, 
higher than 75% (minimum in the South-West region) (Figure 7.14). The score of 
85% is often exceeded, with better results in winter or in summer depending on 
the geographic area. Correlation is higher in winter in Paris areas, in the North and 
in the Rhone-Alpes (Centre-East) regions.  
 

(a) traffic (c) industrial 

(d) urban (e) urban 

(b) urban 
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Figure 7.14: Correlation between PM10 and PM2.5 concentrations. Suburban 
stations  (large circles) and urban (small circles) are drawn for the 
2003-2005 period (top left); summers 2003 to 2005 (top right) and 
winter 2003 to 2005 (bottom left). 

 
7.4.3.2 Ratio PM2.5/PM10  

Figure 7.15 shows ratios PM2.5/PM10 mass concentrations. This indicator varies 
depending on the geographic area considered. Highest ratios (72 to 84%) are seen 
in the eastern part of the country (Loraine, Vosges, Bourgogne), excepted in 
Alsace (65%). In Paris area PM2.5/PM10 ratio varies from 64 to 71%. It is quite 
homogeneous in the mid-south of France: from 63 to 69%. Ratios are lower at 
sites located in the western and northern coasts (53% at Nantes and 58-59% at 
Calais, Dunkerque). 
 
PM2.5/PM10 ratio is almost higher in winter than in summer with a 5 to 10% 
increase compared to the average mean.  
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Figure 7.15: PM2.5/PM10 ratios. Suburban stations (large circles) and urban 

(small circles) are drawn for the 2003-2005 period (top left); 
summers 2003 to 2005 (top right) and winter 2003 to 2005 (bottom 
left). 

 
7.5 PM climatology in France 

The Puy-de-Dome rural supersite helps to investigate the long range transport 
contribution to PM concentrations. It is clearly detected during advection of 
anthropogenic, marine and Saharan dust air masses to the sampling site. The 
contribution of the specific emission area is difficult to estimate without detailed 
modelling of transport mechanisms. Available measurements show that 
contribution of marine aerosol (from the Atlantic Ocean) to the free troposphere in 
France remains extremely limited far from the Coastal areas. On average, we can 
consider that this contribution never gets above 0.1 µg/m

3
, that is, at the most, a 

few % of the total PM10 mass.  
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On the contrary, Saharan dust episodes have potentially a higher impact on the 
average PM10 mass measured at Puy de Dôme. During Saharan dust episodes, the 
contribution of dust (mostly found onto large particles) reaches a few µg/m

3
 (2-6), 

and contributes to a substantial fraction of PM. It should be noted that the dust is 
mostly formed by Ca-containing material but also provides a surface for 
condensing HNO3 vapour that in turn will contribute to increasing PM. The 
contribution of NO3 condensed onto large particles can reach several tens of % of 
the total aerosol mass.  
 
Finally, high concentration of particles is also measured during advection of air 
masses from Northern Europe (including the Paris area). These episodes are most 
intense following cold front when cyclonic conditions favour Northerly winds to 
the site. However, a precise contribution of long-range transport from 
anthropogenic activities is difficult to estimate due to the fact that the contribution 
of boundary layer air is embedded in the bulk filter (and impactor measurements). 
We can estimate that long range transport from Northern Europe increases the 
aerosol mass at the Puy-de-Dome supersite by a few µg/m

3
 and is mostly 

composed of nitrate, sulphate and organic material.  
 
Model experiments allow to represent the impact in France of particulate pollution 
episodes mainly due to inorganic particulate formation. The CHIMERE model 
[Bessagnet , 2005] has been developed to simulate primary and secondary PM 
concentrations. Its results have been assessed against observations and during 
European model intercomparison exercises [Cuvelier, 2006]. Provided that the 
emissions are reliable, confidence is built in model results especially for inorganic 
compounds. Thus, CHIMERE is able to correctly detect ammonium nitrate 
episodes . This capacity is used in the PREVôAIR system (www.prevair.org) , 
which is the french air quality forecasting platform (Figure 7.16).  
 

 
 

Figure 7.16: PREVôAIR PM10 forecast. 

http://www.prevair.org/
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An example of ammonium nitrate episode simulated by CHIMERE is given in 
Figure 7.17. Such episodes occurs several times a year, especially in spring 
because of favourable meteorological conditions and higher emissions of 
ammonium in the northern part of Europe.  
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Figure 7.17: Ammonium nitrate episode simulated with the CHIMERE model 

(March 2006). 
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