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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 heenko 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 poleyaking within he 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 unterate total PMy

and PM s 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 observatiarfor satisfactory model verification.

There is a high degree of confidence that, SOurces can be linked to the
observed levels of particulate sulphate. Over the years, most of the important
uncertainties in S@emission inventories have been tackled 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. Losrignning time series are available to dhec
model calculated trends with observed trends over the last two decades.

There is a reasonable level of confidence thai B&irces can be linked to the
observed levels of particulate nitrate. Too few measurements for particulate nitrate
have been madaising techniques that are arteffiele 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.rdlaee 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 &spon
ammonia and NQemission reductions.

Uncertainties in European models for particulate sulphate are currently judged to
be of the order of + 15 20%, on an annual average basis. The corresponding
uncertainties in model particulate nitrate are sonawarger 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 feraB@® NQ 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 difficuéis 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 eldaderarbon 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 org&hit 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 remaincrucial 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. Improveants 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 theimegl 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 orgamisoh

was so low that it had not been included in the EMEP model, leading to
underestimates for P and PMs There are major problems with emission
inventories and with the representation of the main atmospheric processes that
control the distributiorof 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 $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 ohe 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 highvé of confidence that the PM models currently
used for policy development can address the regional scale impacts ah&0O
NO, emission reductions on PM mass concentrations, for the purposes of
integrated assessment modelling. However, there are undcedarith ammonia
emissions that when taken together with the -imwgar chemical production
pathways to form ammonium nitrate, could limit our confidence in the
representation of ammonia and N@mission reductions on PM mass.
Nevertheless, it should beted 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 sitation of carbonaceous PM compounds.
Consequently, when they are used for policy development to describe the urban
and traffic increments in PM that are required for integrated assessment
modelling and for policy assessments of urban health effecisrelalts 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 consdleadequate 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 andby 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 bringcheased 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 Pas to the Longange 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 wuderstanding 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 é&dlisn

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 Forcen Measurement and Modelling TFMM recognised
that striking this balance is important for polimaking 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 affidence 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 29Session in September 2005. THtSession of the Task
Force on Measurement and Modelling hosted by thenigih 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 EMERKide issues and a Part B composed of nationa
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
guestions:

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

2. To what extent is PM mansboundary 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 assesstmanhealth 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 it8 88ssion in September 2006.

The drafting of Part A was begun at a Workshop in Paris host&DEME and
INERIS during November 2006. The workshop participants split into three groups
with Chairpersons: MsSonjaVidic, Ms Laurence Rouil and Mr Jedthilippe
Putaud and with Rapporteurs: Ms Nathalie Poisson, Mr-Esplen Yttri and Mr

Peter Bruckrann. 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 contributionsn Part B came from the
presentations at the™7TFMM meeting by Mr Andres Alastuey (Spain), Mr
Robert Gehrig (Switzerland), Mr Risto Hillamo (Finland), Ms Cinzia Perrino
(Italy) and Mr JeatPhilippe 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 (ltaly), Mr
HansChristen Hansson (Sweden), Mr Ronald Hoogerbrugge (The Netherlands),
Mr Savva Kleanthous (Cyprus), Mr StamlLarsen (Norway, ETC/ACQ, Mr
Frank de Leeuw (The NetherlandSTC/ACQ), Mr Stephan Leinert (Ireland), Ms
Marta Mitosinkova (Slovak Republic), Mr Finn Palmgren (Denmark), Mr Ulrich
Quass (Germany), Ms Laurence Rouil (France), Mr Xavier Querol (Spamn), M
Gerald Spindler (Germany), Mr Milan Vana (Czech Republic), 3dsjaVidic
(Croatia), Mr Markus Wallasch (Germany) and Mr Kadpen Yttri (Norway).
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2 Questions and answers concerning particulate matter in
Europe

Q1. Are there significant differencesin 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 distributiochandcal
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 PMlimates 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 stratifiedrdimg to site
types such as rural background, suburban, urban background, indumstdal
traffic-influenced. At remote, rural (EMEP) monitoring sites during 2004, annual
mean PM;s concentrations ranged from 3.3 pg*rim Norway to 28.3 pg i in

Italy, whereas for PN} the concentrations ranged from 5.3 to 34.7 (g (vittri

and Aas, 2006). At traffinfluenced locations, annual mean Poncentrations

for 2004 ranged from 8 g tfor the average of three sites in Finland to 56 g
m for two sitesin Bulgaria (Larssen et al., 2006).

8. There is a general tendency for annual mean, fbbncentrations to
increase from west to east across Europe, reflecting the progressive addition of
manmade PM to Atlantic air masses and the different dispersiodlitcams
between the oceanic and continental regions. Putaud et al. (2004) describe a
European continental PM background of 7.0 + 4.1 ubPil, and 4.8 + 2.4 ug

m> PM,s, respectively, inferred from rural and nedtry background monitoring

site 5%percatile values. Urban and traffiofluenced 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 extion through the whole atmosphere, aerosol
optical depth AOD or of light baekcattering at ground level from sateHierne
LIDAR instruments. Satellite imagery has been particularly useful in the detection
and forecasting of Saharan dust outbreaks.

10. Among the factors controlling the regiorsdale variations in PM mass
concentrations and hence PM climate, the most important are:

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

e Primary PM emissionddcal scale) and those of the PM precursors (regional
scale),

e Longrange 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 Europeatlons along the
Atlantic Ocean sehoard 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
(Rodiguez 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 influerted 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-irdftienced levels

in Scandinavia (Larssen et @&006). 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 particlesare found below 0.1 pum 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 um diameter size range,
despite a small number of particles in tisae 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 nunmoeparticle 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
measurementsfoPM 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-iméitfenced

sites. During summertime, morning pamidize 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 aadheters, reflecting
reduced vertical dispersion and the condensation of-gelaiile species onto the
ambient particles, favoured by the colder temperatures.

14. For rural background sites in Scandinavia, higher particle number
concentrations are obsedveluring 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 freade sources, favouring the
formation of new particles from the nuclest 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,Fi4 s and

PMjo ratios by mass. Although limited in e, this information is highly
relevant to defining PM climates across Europe.

16. Generally speaking, PM and PM, mass concentrations are well correlated
at a given site whether rural or urban on an hourly and daily basis. However,
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PM.sand PMoarse= PMe 510 Mass concentrations are not always well correlated,
reflecting the different sources contributing to the different PM measures. Annual
mean PMs/PMy, ratios range from 0.5 to 0.8 and are significantly lower at sites
where specific sources abarse particles such as coarse mineral dust and sea
spray particles are important. Such locations may include the Mediterranean basin
(Saharan dust), the Atlantic Ocean-beard (sea salt) or those heavily influenced

by motor vehicle traffic (resuspensipor specific industrial or mining emissions
(Querol et al., 2004b).

17. Seaspray is unquestionably a natural PM source. Mineral dust may be a
natural PM source when its occurrence is driven by strong winds or bydogg
transport from, for exampléhe Saharan region. Mineral dusts may be classed as
humaninfluenced when mamade coarse particles are blown up and transported
by strong winds or when natural or marade particles are resuspended by human
activities such as agricultural activities oad traffic.

18. However, PMgPMy, ratios may show significant ddg-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
closel 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 BMe PM,sPM;q ratios can
change due to spéic 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). Suchedifies may
have important healtbffect consequences because the smallest particles are the
most numerous and have the largest contact surface area. Seasosrabed
PM,s mass concentrations at similar sites may be associated with particle
numbers diféring 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 cdron, the predominant PM constituents, are almost ubiquitous across
Europe, their relative contributions vary significantly both spatially and
temporally. These variations ar e suf fi
cli matesd acr os s chéemicalccipamcteriddtmnwa PM is rarelyf u | |
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 frastioaries 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 toitleefifaction 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 mechaniegdlgerated particles including
biological debris. Nitrate in the fine fraction is bound to ammonium and
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evaporates from particles under warm conditions in summer, whereas that in the
coarse fraction is bound tseasalt 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 thatgeigely
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
depogtion of the larger nitrate particles over the long transport time scales to the
Arctic. The contribution of mineral dust to Rpon an annual average basis
increases from 5 to 25% from north to south, showing the influence of drier
summertime conditionsni 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 thatrdtio of particulate organic
matter to secondary inorganic PM ranges from 0.5 in sae#t 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 $pain (Querol

et al., 2006). In the EMEP carbonaceous aerosol campaigr2®2Q& the ratios

of elemental carbon to total PM mass ranged frainb% and those of particulate
organic matter to total PM mass froni 37% (Yttri et al., 2006).

23. Becaus the regional background PM contributes significantly to the PM
observed at urban background and traffituenced sites, it follows that changes

in regional background composition will be manifested in changes in chemical
composition at urban sites. Riland 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 traffinfluencedsites 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 motorclehi These sources affect the
composition of both P and PM,.

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 completenessnd the impact of measurement artefacts.
Measurements of PM mass concentrations may not necessarily be comparable
across Europe because of a number of issues:

e The comparability of the different methods, including TEOM, FDIVESOM,
b-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.

e The classiftation 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 123#hich also serves as the reference method
under EU air quality directives may be biased by sampling artefacts (see below)

EMEP/CCGCReport 8/2007



23

and analytical artefacts, namely the amount of water remaining at 50% relative
humidity as required by EN 12341 (CEN, 1998). Thislyrtal 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 quBliitgctives
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 vater may range from about 10380%, depending on the location,
reflecting changes in PM composition.

26. Sampling artefacts, both positive and negative may affect most measure
ments of semvolatile 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 exce€.28oth
laboratory and field experiments showed that up to 100% of the ammonium
nitrate may be lost from filterdeading, for example, to an underestimation of up
to 15 pg m’ 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 measurememsuding:

e 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 thermajtical protocols (NIOSH and IMPROVE),

e 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 fronto1221
(Turpin and Lim, 2001).

e 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 longrange transport of PM is a transboundary problem that can have
significant impacts on PM and PM levels in remote, rural and urban areas.
National contributions in Part B of this report clearly identify a regiscale
background contrittion to urban PM levels and a further traffic contribution on
top of urban background levels at trafiifluenced sites. This regional
background may contribute between ©®0% of urban background Ryand
PM,s levels on an annual basis. The questiotdressed here are: what is the
extent of the contribution from loAgnge transboundary transport to the regional
background of Plyp and PM s and how may this contribution be quantified?

29. The contribution from longange transboundary transport to ambPM

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
washout through wet deposition vary with particle diameter. Ultrafine and coarse
particles are removed more readily than the larger particles within thedail

PM;, s 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 mordikely 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 distributioas seen in the Arctic haze.
Nevertheless, the coarse fraction of fMtill has a significant transboundary
component despite its shorter mean transport distance compared with PM

30. All PM fractions have the potential to be transported over the-lange
distance scale but there are situations where the contribution of local pollution to
PM, s levels can be large. Particle size is therefore not the sole determinant of the
extent of the longange transboundary transport of PM because of the influence
of local pollution sources and local pollution episodes. Any assessment of the
extent of PM longange transboundary transport at a particular location should
take into account weather conditions on the local and synoptic scales, seasonal
variations in m&orology 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 -lamge
transbomdary 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 thabuntry. 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 chexniaation of
OPM <cl i mat egdand PMR levebs Ishow & increasing trend across
Europe, lower in the west and higher in the east, reflecting the progressive
addition of marmade PM sources and the difference in atmospheric dispersion
conditions beween 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 longrange trasboundary transport when moving from west to east. The
spatial pattern of mamade 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 perceptiofghe importance of lorgange
transboundary transport.

33. Backtrack air mass trajectories are a useful tool in distinguishing between
regionatscale and longange PM transport. Pollution wifrdses also provide a
simple, visual means of charactenigicontributions from longange transport.
National contributions in Part B of this report show that lesgale pollution
episodes can be the result of both local PM sources and efdogg transport, in
response to variations in regional climate aedgyaphy. 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 anddngg
transport. For the specific case of Saharan dust outbreaks,tenahtools such

as satellite imagery, badkack 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 loagange transport contribution to rural and urleavi

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 longange transport may contribute differently to episodes compared

to the averagsituation.

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 Plk, sulphate, nitrate and elemental carbon. Saharan
dust isa clear indicator of longange transport in the Mediterranean basin and in
southern Europe. A large proportion of the exceedances of the Bl daMy

limit values in southern Europe may be attributed to d@rge transport and
Saharan dust outbreaks tims way, see Figure 1.

36. The extent of longange transport of the different PM components varies in
different regions of Europe. Ammonium nitrate is a good indicator for-tange
transport in north west Europe; sulphate is a good indicator irreastd central
Europe of longrange transport. A high contribution from mineral dust indicates
transport of Saharan desert dust to southern Europe and the Mediterranean basin.

37. Longrange 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 belsaracterised for Ppg but care must be
taken to recognise the influence of local contributions to, £Mvels when
quantifying the transboundary and lerange transport contributions to PM
levels.

38. Quantification of the extent of PM transbounda@ansport should take into
account different meteorological conditions, ba@dck air mass trajectories,
synoptic weather patterns, largeale phenomena, temperature inversions and
conditions of poor atmospheric dispersion. It should also take into actimun
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 bothy BMI PM s and

PM, s/PMj 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 canponents 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 measntem
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 discrepancyrbeoeeasing PM
emissions during the 2000s and observed, Plind PM, 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 renthinechanged 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 takenetogth its
nonlinear 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 pabpiclad water, for
example, ad 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 mamade and whether primary or secondary in origin.

On a research basis, usingvele 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 orgamatter 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 apportaccurately it into primary
versus secondary origins and to classify it according to whether it has been
derived from marmade versus natural biogenic sources. Analyses of“Be
content of organic matter will assist in the differentiation between cmugary,
largely natural biogenic, and fossil, largely maade, sources.

43. Singleparticle mass spectrometry is a novel but expensive method for the
identification of the type, composition and origins of ambient particles. Operating
these instrumentssia research activity as they are not suitable for unattended
operation in pollution monitoring networks. Singlarticle mass spectrometry has
been included in the recent EMEP intensive monitoring campaigns. When the
results from these campaigns becomailable, they will add significantly to our
understanding of the origins of particulate organic matter, in particular, and
ambient particles, in general.

44. Particle monitoring supesites, together with measurement programmes
analysing size distributian 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 mainne@b the European PM
climate. Harmonisation and standardisation of research monitoring methods is
essential if the results are to be comparable across Europe-sgapeshould also

be established in urban background locations for the identificatioheofPM
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, P&dhd PMo, but their
fractional contribution to total PM msignificantly greater for P compared with
PM,s since natural PM is mainly mineral dust and-spey. Nevertheless,
natural biogenic secondary organic aerosol is predominantly in thg; Bik
fraction. A number of natural sources of PM have beentiitkd at various sites
across Europe and these are described in the paragraphs below.

46. Longrange transport of Saharan dust can cause daily mean mineral dust
PMy levels in excess of 500 pgHin the Mediterranean basin, leading t0i385
exceedanes 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 PM
concentrations are up to 15 pgrim Cyprus, 2i 4 ug m° in the Mediterranean
basin and about 1 pg fmorth of the Pyrenees and Alps. In the Mediterranean
basin and the Canary Islands, daily 8nd PM s levels around 600 and 70 ug

m3, respectively, have been reported for African dust outbreaks (Querol et al.,
2004a), with PMsPMyo ratios close to 0.3 0.4. It is clear that Phk is
influenced by Saharan dust outbreaks though this is not always recognised in the
literature. In the specific case of Cyprus, hourly meangidncentrations of up

to 1500 pg it have been reported. Saharan dust events teem dbserved in the
British Isles leading to peak hourly RiMevel of up to 290 pg M during one
episode during March 2000. Hourly peak P\evels were generally 4060 ug

m3, and reached about one half of the;pMvels (AQEG, 2005).

47. Strong whds and storms at sea can lead to elevated daily mean sea salt
PMy levels at exposed coastal sites of up to 35 ffgpmthe Atlantic Ocean sea
board of Europe. Annual mean sea salt;PMvels are 10° 12 pg m® in the
Canary Islands as measured by Quetoal., (2004a) at a coastal site in Gran
Canaria, about 7 pg frat coastal sites in the Netherlands (Visser et al., 2001) and
less than 1 ug Mat inland continental sites. The seadt contribution to PMs is

clearly diminished relative to P)d with levels of the former usually less than

17 2 pg m® 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,
bacteriaand biological cell debris. Natural secondary organic matter may include
semtvolatile organic compounds resulting from the oxidation of biogenic organic
compounds such as isoprene, terpenes and sesquiterpenes. Secondary organic
particulate matter can alsbe formed from the oxidation of mamade VOCs,
particularly aromatic compounds, and so it is difficult to classify secondary
organic particulate matter as either natural or-maale.

49. There is no analytical method able to separate the ambient laeoosent

of natural organic carbon from that of mamrade origins. However, by using
stateof-the-art radiocarbon measurement and organic tracer analysis, the organic
carbon fraction that originates from fossil fuel combustion and biogenic sources
can be dtinguished from each other and quantified. In a recent study using the
4C-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 duringummer, 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 19% of the biogenic ganic 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 tor#’ug

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 ethod for gravimetric PM 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 tharficulate matter collected on the filters,
including sea salts and ammonium salts, mainly sulphates and-seaibte
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
guantification of the contribution of natural sources to;pPRhd PMs levels,
including:

e Mineral dust: chemical analyses are costly but cannot always distinguish
between windblown or desert dusts (natural) and dusts resuspended by
vehicular traffic (marmade),

e Particulate organic matter: requires sophisticatéd determination or
levoglucosan tracer measurements that are too expensive for routine
monitoring,

e Particlebound waer: 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-lamge tansport of desert dust and
biomass burning plumes from outside of Europe but it cannot provide quantitative
information. Chemistrtransport models can answer these questions by switching
off emissions from outside of Europe (Park et al., 2004), as lorgméssion
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 Eope 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 pg m* PM arrive from North America and reate Netherlands (Visser et al.,
2001). Putaud et al. (2003) estimate that just less than I3rgauh Izana in the
Canary Islands from North America. PM levels in Scandinavia, Finland, UK,
Germany and Poland have been affected by lacgée forest fire in Siberia.
Smoke particles from largecale 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 emissionsrewnot initially
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considered in the EU CAFE 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 gsa8@ of
primary PM (particularly elemental carbon) as labdsed emissions are reduced
by regional pollution control actions. There is also the special situation in
harbours where there are contributions to emissions from internationdtUon
ships.

55. The extent to whiclsources from outside of Europe contribute to European
PM is amenable to study through atmospheric modelling. Park et al. (2004) used
the GEOSCHEM 3-D coupled oxidant aerosol model to estimate traAtantic
influences on sulphaté nitratei ammonium arosol concentrations in Europe.
They reported an enhancement due to North American pollution sourcesiof 0.1
0.2 pug m° in particulate sulphate in Europe and close to zero for nitrate and
ammonium. The EMEP Task Force on the Hemispheric Transport &fofirtion

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 prrsors, atmospheric processes and chemigtngport
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 backund PM s and PM levels as typically

in the range from 60 90%. In some regions of southern Europe, this percentage
may be even lower, 3050%, when most PM pollution is produced in large urban
agglomerations. At traffic or industriallyinfluenced 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 Bidan
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 &Q01). 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 rothea rural location in the
surrounding regions. Urban and traffic increments should be expressed ifi ug m
and not as percentage increments. The local environments and monitoring heights
should be similar at the two stations.

58. Regional PM backgroundoncentrations arise from losignge 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. Quantificatiof 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 trafficinfluenced le at i on or fAhot spoto above
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 Europdesa 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, wia®ut 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 PNévels 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 totahoPduhd

PM. s and therefore do not achieve mass closure. There are s@asahs 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 canfidence 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 ounderstanding 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 withéurther 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 SG sources to observed levels of particulate
sulphate with atmospheric models?

61. We have a high degree of confidence that we can links®0rces to the
observed levels of particulate sulphate. Over the years, most of the important
uncertaiies in SQ 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 verificatiopurposes. Longunning 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 | evel of ayaarépresert the lroad spatial h e
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 improements 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 majorusme 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 isviaht also to investigate
dry deposition processes, such as theeposition of S@and NH.

Q7.2 How well can we link NO sources to observed levels of particulate
nitrate with atmospheric models?

64. We have a reasonable level of confidence that avelink NQ, sources to

the observed levels of particulate nitrate. As with, 8@issions, few outstanding
problems remain with NOemission inventories for ladolased sources and we
can be confident that they adequately represent the atmospheric souxsas of
There are major questions concerning the adequacy and completenesg of NH
emissions, particularly from agriculture, and the influence that they have on the
assessment of particulate nitrate model performance. The uncertainties in
ammonia emissions, ven taken with the nelnear 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 ugj 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 processsdriptions 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 particulat@teniare 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 gaparticle 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
(Tarseth and Hov, 2003) and intensive field campaigns have been organised. The
results concerning the gaarticle partitioning of ammonia and oxidised nitrogen
compounds will be of vital importance of particulate nitrate model development
when they becomavailable 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.
Howewer, 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 ancehe
increasing confidence in the model predictions will arise from the results of the
intensive monitoring campaigns on the -gasticle partitioning of ammonia and
oxidised nitrogen compounds. Such improvements are not considered as a priority
for modellng because model results are currently satisfactory but will
nevertheless be welcomed and will be important for building confidence in the
model predictions.
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Q7.3 How well can we link sources of elemental carbon and organic PM to
observed levels with anospheric 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
importarce of biomass burning, the importance of primary sources of both natural
and maAmade carbonaceous PM and because of their relatively large contribution
to PMy s and PMo 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 influendeby 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 ltesas elemental C and so
adjustments are required for the presence of other atoms (H,O,N etc.) to calculate
and report as Pp or PMyo. These adjustment factors generally range from 1.2 to
2.1 in published studies and have yet to be harmonised. Mogit@sults 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 PMs and PM, from primary and secondary organic matter
saurces and biogenic versus raaade 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 ofezhental 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. Rigalsize 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 accuracg\aardge

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 soureeeceptor modelling to quantify an important missing source
from the PM inventories. Agricultural waste burning and forest fires are also
important sources of elemehtaarbon 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 iemtories are also urgently required to
improve model descriptions of the formation of secondary organic PM. The
improvements need to address the speciation of bothnmadle and natural
biogenic VOC sources and the formation mechanisms of the\s#atile 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 EMBE® model,
leading to underestimations for Rjvind PM s. 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 paticle emissions and this will lead eventually to increased confidence in
the estimation of regional levels of primary particles emitted, thereby improving
the assessment of BMand PM,. However, the model is able to calculate the
regional component cfome 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 urgntly 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 3% of the total PM composition by
mass.

75. Whilst there is esme 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 y3 Bt are
required for integrated assessment medaid 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 carefullyr theitations 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 dat to observed levels with
atmospheric models?

76. There are major difficulties in the representation of mineral dust in PM
models. Mineral dust components of RMand PMs are often not directly
quantified by chemical analyses but are inferred from nieasents 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 -meae
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 infoation about soils and land use. Results of dust
measurements in large urban agglomerations show differences betwesgotsot

and urban background levels, demonstrating a high degree of variability. The
emission patterns are complex because of the infuehooad 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, theiduson 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 duyrrent
judged to be of the order af 15717 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 censttl acceptable for the
policy purpose of assessing the effect of different control measures foar8O

NOy on the regional component of particulate sulphate and nitrate as noted in the
Unified EMEP model review (TFMM, 2004).

78. Uncertainties in curremnodel 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 notiegh 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 problemsittv 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 Riemponents. 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 m¢gléo 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 PM,5 that are required for integrated assessment models and fowy polic
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:

eTo develop a standardised method to check the ability of modedpresent the
different chemical regimes in Europe. By chemical regimes, we mean NO
limited versus VOdimited regimes for ground level ozone formation or
NHs-limited versus N@ limited regimes for PM nitrate and ammonium
formation.

eTo employ the models tcompare 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 itapac regional
PM levels.

eTo 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. Deficienciesin the EU reference method for RMEN 12341) are well
recognised and include large, variable water content and sampling artefacts.
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OReferenced PM measurements have theref
nonreference methods such as TE®lsed combtuous 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, modeling 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 ands 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 @adsification of monitoring sites

to ensure maximum comparability in the definitions of rural, urban background
and trafficinfluenced sites. Common issues between the PM air quality, climate
change and human health impacts research communities havelyrdoeen
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 those source sectors and activities where there is a
paucity of specific emission factors, such as residential heating, wood combustion
and windblown dust.

85. PM models, like all other chemisttygansport models, require accurate
meteorological input@a 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 globaéwtistrytransport 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 compdn 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 duridlyl 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
satelite 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 RMoncentrations 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 fitor-purpose in the policy context. Flaer 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 modklagon

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
completenessf 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 wikie integrated assessment modelling. It has been
recognised that striking this balance is important for pataking within the
Working Group on Strategies and Review. The purpose of the report is to inform
the policy process about the state of curremtenstanding 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 trafficinfluenced. At remote, rural (EMEP)
monitoring sites during 2004, annual mean,BNoncentrations ranged from just
above 3 pg i in Norway to 28 pg ni in ltaly, whereas for PM the
concentrations ranged from 5 to close to 35 pg. Mt traffic-influenced
locations, annual mean BNconcentrations ranged from 8 pg’rfor the average

of three sites in Finland to above 55 pg for two sites in Bulgaria.

92. There is a general tendency for annual mean, £bbncentrations to
increase from west to eaatross Europe, reflecting the progressive addition of
manmade 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 soutlzrh 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 reaéar due to studded vele tyres

lead to elevated urban and traffidluenced levels in Scandinavia.

93. The longrange transport of PM is a transboundary problem that can have
significant impacts on PM and PM levels in remote, rural and urban areas.
National contributios in Part B of this report clearly identify a regiosahle
background contribution to urban PM levels and a further traffic contribution on
top of urban background levels at trafiifluenced sites. This regional
background typically contributes betwe&@ 1 90% of urban background R

and PM s levels on an annual basis. It may be lower58%0, in southern Europe
where most mamade PM pollution is generally caused by concentrated large
agglomerations.

94. Longrange transboundary transport candest 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 fors PMt care must be
taken to minimise the influence of episodes with large local contributions 1@ PM
levels when quantifying the transboundary and {oangge 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, Plind PM, levels that have
remained more or less unchanged dher 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. Né&igmal
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 modellingVleasurements 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
metlods 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
PMjoand PM s 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 simplifié 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 predictionth 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 obnfidence that S£Osources can be linked to the
observed levels of particulate sulphate. Over the years, most of the important
uncertainties in S@emission inventories have been tackled and a few outstanding
problems remain, such as domestic coal bigraind ship emissions. Observations

of particulate sulphate have the necessary reliability and spatial coverage for
model verification purposes. Losrignning time series are available to check
model calculated trends with observed trends over the lastdeanids.

99. There is a reasonable level of confidence thaj Blfdirces can be linked to

the observed levels of particulate nitrate. Too few measurements for particulate
nitrate have been made using techniques that are attefacand 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 @ taken together with the ndinearities in the
formation of ammonium nitrate limit our confidence in particulate nitrate
modelling and its response to ammonia and; Bission reductions.

100. Uncertainties in European models for particulate sulphege carrently
judged to be of the order of + 15 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
comparableto those in models. This situation is considered acceptable for the
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policy purpose of assessing the outcome of different control measures,fan&O
NOx on the regional component of particulate sulphate and nitrate.

101. Uncertainties in model resultsrfelemental 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 consistenayeleet 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 commaly 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 componets 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 needlsstantial 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 representationuwhdi, 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 ead®ed 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
undeestimates for P and PMs 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 artkdeir 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 arrent 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 delopment can address the regional scale impacts of
SO, 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 Aomear chemicalproduction pathways to

form ammonium nitrate, limit our confidence in the representation of ammonia
and NQ 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 ipsRhMit are required for
integrated assessment modelling and for policy assessments of urban health
effects. CurrenPM 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 agaiarget 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, carryimgtargeted 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 PMp 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 Bg PM
daily limit value at this rural site (modifiefrom Querol et al.,

2007).
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National contributions
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1 PMjyand PM,sconcentrations in Europe as assessed from
monitoring data reported to AirBase.
ETC/ACC contribution to the EMEP PM assessment report

Steinar Lassert and Frak de Leeu/

b Norwegian Institute for Air Research, P.O. Box 102027 Kjeller, Norway

2 Netherlands Environmental Assessment Agency, P.O. Box37/ ML Bilthoven BA,
The Netherlands

1.1 Summary

This contribution gives an assessment of PM concentgaiioriEurope, 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 theEEA, European Topic Centre on Air and Climate Change (EEA
ETC/ACC).

PMjo 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 froomly a few hundred stations in 1997. For 2005,RM
concentration data was reported from 268 stations in 18 countries, and very few
stations have Ppktime series for more than a few years.

Annual average PM concentrations in 2005 averaged to be 20gm® at
180rural stations, 26.0g/m® at 742 urban background stations, and iyan’at

477 street stations. Thus the rural background contribution to urban background
PMyglevels is on the average approximately 78%, and approximately 65% on the
avera@ for street stations. From analysis using station pairs, the average urban
increment was 5.6g/m° (based upon 101 rurakban station pairs in the data set

for 2002) and the average street increment over urban background was also
5.6ug/m® (based upor9 station pairs within a 20 km distance from each other
within the same city, in the 2002 data set).

The EU PMp limit value for annual average was exceeded in 2005 at 5, 89 and
107 rural, urban and street stations respectively. The-&rant(24hour) 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 th8outhern part of Spain. BeNeLux and Eastern Europe areas
were also affected.

The spatial coverage of RBM monitoring data is still sparse in Europe. Annual
average PMs concentrations in 2005 averaged to be 12¢9m® at 33 rural
stations, 16.9ug/m® at 72 urban background stations and 19g7m° at 55 street
stations. Thus the contribution of rural PMo the urban background and traffic
levels is similar as in the case of RM76% and 65%, respectively. The
correlation between elmcated PMs and Mo measurements is high and is, like

the PM sPM;o concentration ratio, similar for 2004 and 2005. Thes FRMig

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 wherecesuof coarse
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particles (PMp minus PM ) are important. Stations with an annual average
above the proposed cap value (8m°) can be found in many European regions,
many of them in the Czech Republic and Silesia.

The PMy time series from 1997 to 2B6pwhich is based upon a rather limited
data set, does not show an overall tendency upwards or downwards since 1997
(Figure1.9). In this period the reported primary Rd@missions decreased by 7%
while the emissions of the precurs@&6, and NQ; 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 period2@3% can to a large
extent be explained by intannual meteorological variabyitsee sectioi.2.5.

The shorter time series (20@D05) 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 rothesely, the rural background
concentration providing the dominating contribution to total urban background
PMi0, and about 2/3 of the Plyimeasured at street stations.

The development as well as the dominance of the rural contribution varies
considerale between countries, see examples from the Netherlands, UK and the
Czech Republic ifrigure1.10).

The ensemble of P} data in AirBase indicate two separate tendencies since
19992000:

- Increasing rural concentrations in centaktern European areas (extending
to Sweden, with an indication of additional increases in urban contributions).

- Decreasing or unchanging rural concentrations in the west to-wesh
(France, Belgium, Netherlands, UK); except an increase in all amems
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 concentratis near streets from suspension of road dust
has been investigated in the EEEAT C/ ACC 0 Str eet Emi ssion Cei l
project. Based upon the analyses carried out at 9 station pairs, the conclusion is
that for streets where no studded tyres are used¢cdlese 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 af@rage
winter or summer season. In Scandinavian streets where studded tyres are used in
the winter, the coarse fraction emission factor i$03times the fine fraction
emission factor, as winter average. The contribution from road dust suspension to
the fire 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 int@account when assessing concentrations across Europe. Correction
factors (CF) for PNMb 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 itygdly within 1.0-1.3, although some countries
have established even higher CFs.

1.2 PMjoconcentrations in Europe, 19972005

The number of stations reporting PMilata to AirBase has increased steadily for
many years. 1997 was the first year with a fairlpstantial number of stations
reporting PMo concentrations to AirBase (about 200 stations). In 2005, Riels
reported for more than 2200 stations in 32 countrfeble 1.2). 1880 of these
stations had annual data coverage highen tH206. 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 propealysdied.

In the following, summaries and overviews of the j;pMata 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
OAiT P mIEUrape 199/h0 0406 report (Larssen et
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 intorder
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 co@tiapterl.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 -sgaicfic

CFs, and for a few stations even seaspecific 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 PMg concentrations

Countrywise annual average Rblconcentrations measured at stations in 2004,
reported to AirBase, are shown kigure 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-wediern Europe
(Iceland, Norway, etc.), sweeping through the central and towhelsduth
eastern parts of Europe, and then towards the swesh (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 éesser extent in the Mediterranean countries). Concentrations at
street stations can be high in all countries.

The PM concentrations in Europe in 2004, averaged over all stations of a certain
category, were (number of stations with data in brackets)

! The EU has set an annual limit value for gMf 40e g # nThe limit value for daily mean concentarins is set at 50
¢ g P this levelmay be exceeded on 35 days per year. Thus, if thdi@Best daily mean is above 50g £ the limit
value is exceeded.
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- annual average: at rural stations: 20.2pg/m® (180)
at urban background: 26.0pug/m® (742)
at street stations: 31.2ug/m® (477)
- 36" highest day: at rural stations: 34.4ug/m® (176)
at urban background: 43.3pg/m® (717)
at street stations: 51.4ug/m® (459)

These numbers, as Wwels theFigure 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 &taébns.
Concentrations at the industrial stations did not deviate much from the typical
urban/traffic hot spot concentrations: they averaged dg/i®° (36" highest day),

with a maximum value of 128g/m® at one station.

The annual average concentratiat 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.ig/m® and the average set increment above the urban
background was 5.2g/m".

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 oke 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: Ruban station pairs have

been chosen if they are closer thzth km from each other, while stre@tban

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 ruraurban station pair combinations were founde Tdverage urban
increment for those station pairs was p@m’. For 16 streetirban pairs within

10 km distance from each other, the street increment wagghn®, while for

49 streeturban pairs within 20 km distance, the street increment wagdgre’
(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 namber
stations and average RMconcentrations for three station categories (rural
background, urban/suburban background and urban/suburban traffic/street).
Displayed are the annual average concentrations and thei@gest day values,
according to threeriteria: 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 vahepresented by the %5

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 thenstathe highest
measured concentrations werd 8mes the limit values.

The concentrations in 2005 were slightly higher than in 2004 but not as high as in
2003.
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1.2.2 Mapping of PMy across Europe, 2003 and 2004

Figure 1.3 and Figure 1.4 show assimilated maps of Rktoncentrations acss
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 (EEATC/ACC, 2005). Results are shown both for 2003 and 2004,
indicating the situation in gear with high concentrations (2003) and in a more
typical year (2004).Figure 1.3 shows annual average concentrations, and
Figure1.4 shows the 3B highest daily values.

Rural areas

Rural PMo concentratioa are generally higher in some central, eastern and
southern areas of Europe than in western parts of Europe (seigise1.1).

Spain and Portugal may experience elevated PM values due to dry conditions and
the influence of Sahamadust, while BeNeLux and East England are possibly
affected by air pollutant transport from central Europe in addition to emissions
from local sources.

The PMy limit value for annual average, 4@/m°, is exceeded in several larger
and small areas across Europeg(rel.3). The highest exceedances can be found

in Silesia, North Bohemia, the MilaPo Valley area and the southern tip of Spain.
For 2005, the measurement resufidicate that 5 rural stations in the Czech
Republic, Italy and Spain show annual average concentrations above the limit
value Figurel.6). At 15 stations concentrations were higher thap@s’.

The PM, short term limit value (rmax 35 days above 50y/m®) was exceeded to a
larger extent than the annual average limit vakigure 1.3 and Figure 1.4). In

2003, the year with very high pollution levels, large areas in the Benelux
countries,northern ltaly, 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, Figure1.4 andFigure 1.7 show that the PM 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 shesrm limit value.

The highest urban background concentrations weigsuared in cities in central,
eastern and southern European countries (such as Bulgaria, Romania, Poland,
Italy, Czech Republic, Slovakia; sEgurel.7).

Traffic hotspots

Figure 1.5 and Figure 1.8 show that concentrations at urban street stations are
exceeding the PM 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 excsded 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;
seeFigurel.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 iRigure1.9).

Similar to urban concentrations,etthighest 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 conditiomsre responsible for exceedances,
such as suspended dust in Spain and studded winter tyres in Nordic countries.

Particulate Matter (PM10)
Annual Average

PMio
annual average

Reference year: 2004
combined rural and urban map

Bl < 0ugm3
10-20 pgm”
20- 40 pgm”
B 40- 45 pgm”>Lv
- > 45 ;.lg.m'3

) rural background station
o urban background station

0 1000 15007Km

Figure1.3: Annual average PM concentrations in Europe 2003 and 2004
Figures construted from combining measurements and model
calculations (ETC/ACC, 2005)
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Particulate Matter (PM10)
Maximum 36th Daily Value

Refarsnca Year: 2003
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Figure1.4: PMjyo concentrations in Europe 2004 and 2003, showing tffe 36
highest daily value. Figes constructed from combining
measurements and model calculations (ETC/ACC, 2005).
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Figure 1.5. PMjoconcentrations at hegpot stations, 2004
36" highest daily value (EEA, 2007).
Limit value (LV): 50ug/nt.
Upper (UCL) / lower (ICL) classification levels: 30 / 20g/nT.
Margin of Tolerance (MT), 2004: Bg/nt.
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Figure1.6: PMpannual average concentrations, 2005. Rural stations with the
highest concentratimeasured, reported AirBase.

EMEP/CCCReport 8/2007



58

PM10 Annual average 2005, max urban stations
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Figure1.7. PMjpannual average concentrations, 2005. Urban/suburban
background stations with the highest concentrations measured,
reported to AirBase
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Figure1.8: PMjpannual average concentrations, 2005. Street stations with the
highest concentrations measured, reported to AirBase
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1.2.3 Changes 1992005
Europewide developments

Figure1.9 shows the tendencies in annual aggr PMo 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
(32stations), urban/suburban background (90 stations) and traffionstat

(57 stations); 23 others stations (industrial, -defined) are not included.
Figure 1.9 includes also the same information for the period 22045 only,

based upon a much larger data set (565 stations: 64 rural, 267 urbgrobadk

166 traffi cindlcdunttes). 6ot her 6

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, tiséreet 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 figuresdonotlify r epresent the Oreal 6
such locations in Europe. This has already been discussed for the 2005 data set in
section1.3 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 19972005 series, which is based upon a rather limited data set, does not
show an overall tendency upwards or downwards since 1997. BetweenrtP97 a
2005 the reported primary Rylemissions decreased by Avhile the emissions

of the precursors SOand NG decreased byl3% and 16% respectively.
Ammonia emissions were reduced by less than 5%. The development during the
period 19972004 can partly beexplained by intemannual meteorological
variability (seesectionl.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 prounced. Urban and rural background concentrations
trends follow each other closely. The rural background concentration provides the
main contribution to total urban background M and accounts for
approximately 2/3 of the P measured at street stat®rirhe urban increment
above the rural background, calculated by using the total-200% data set, is
about 6pg/m®, and the street increment over the urban background is about

5 pg/m°,
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Figure 1.9: Changes in PN air quality (based on annual mean concentrations)
over the period 1992005 (based on 202 stati®im 8 countries)
and over 2002005 (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 developtaerFigure 1.10 shows that its
contribution does vary between countries, both in absolute and relative terms.
Figurel.10 shows the development of Rjptoncentrations for selected cities with
long monitoring sess.

In some areas, e.g. the Netherlands (as seen alredtgure 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 backgrommades 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 Ry/are in general limited, however, in stieet

with high traffic intensity the contribution is more substantial. The street
contribution to PMp 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 theifferences in rural background concentrations include the
extent and scale of loagnge atmospheric transport of MO a country
(dependent upon location and neighbour country emissions), importance of
natural sources (e.g. sea salt, desert dust),ofizégies/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),
nati onal PM control, and t lithin@acotngynt of
by chemical reactions between emitted PM precursor gases.

The ensemble of P} data in AirBase indicate two separate tendencies since
19992000:

0 Increasing rural concentrations in centabktern areas (extending to Sweden,
with an indi@tion of additional increase in urban contributions). For instance,
the Czech Republic has had a very substantial increase in background rural
PMjo since 1999, a large urban contribution, and indications of an increase in
this urban contribution. Upward rtdencies are also seen in Germany,
Switzerland, Poland, and Sweden.

o Decreasing or unchanging rural concentrations in the west to-wesh
(France, Belgium, Netherlands, UK); except an increase in all areas from
2002 to 2003. Urban contributions vary & 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 dro@®4 Eigurel1.10).

Station numbers elsewhere in Europe are too small, and time series too short for
clear conclusions. Slight decreases in jpPMoncentrations at Spanish and
Slovakian stations can be observed, although limited datmtity 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 Rytoncentrations, 1997

2004 Example countries: Czech Republic, Netherlands, UK.
Vertical bars: 10th/90th percentiles
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Figure 1.11: PM;o annual average interannual variations, 192004, selected
cities. UrbanBackground. Cities with minimum 2 stations all years.

1.2.5 Analysis of effect of meteorological variability on annual average M
concentrations

Observed PN levels during 1992004 show decreases from 1997 towards 1999,
then an increasing tendency towa2f3 with very high concentrations in 2003,
and then a decreasing tendency again in 2004 and 2005 (see de2tipn
Concentrations depend both on emissions and atmospheric factors, with inter
annual variations in meteorology efting pollutant concentrations.

The effect of meteorological variability on PM concentrations can be estimated
through <computer model |l ing scenari os.
Pollution in Europe 1992 0046 r eport t he Ungedfored EME
such an analysis (Larssen et al., 2007). Emissions were held constant for the years
19972004, however, yearly changes in meteorological conditions included in the
model were considered. While such a comparative exercise can circumvent the
problemsof underestimation absolute concentration levels, difficulties remain in
representing urban/street concentrations below the 50 km spatial resolution of the
EMEP model.

Together with observed Py air concentrations, model estimates using both
actual repaed emissions and a scenario of constant emissions throughout the
period 19972004 are presented figure 1.12 for rural, urban background and
street sites. The model reproduces the main signals in observations: a decrease
towards £99-2000, 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 meteoratg 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 20@®03, in line with the emissiomstimates 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, RMels in 2002 and

2003 ae reduced precipitation with reduced washout of particulate material (thus
higher air concentrations), warmer eaylar temperatures in parts of Europe
encouraging greater formation of secondary particulates, and relatively stable
atmospheric conditionsleading to reduced deposition, thus higher PM
concentrations in the air.

The ratio between the maximum modelled yearly average concentrations in the
two periods 20022003 and 1992001 (assuming constant emissions) is also
mapped inFigure 1.12. The Figure indicates that in large areas of western and
southwestern Europe the PM levels have actually been reduced. AirBase
stations are often located in areas with rather high modelled &¥centrations

for 20022003. This suggests thabservations represent the areas which are
particularly influenced by meteorological conditions.
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Figure 1.12: Left panels: observed and modelled f8®bncentrations relative to
1999.
Right panels: rath of the max. modelled yearly concentrations for
20022003 to 19972001.
Dots indicate the measurement sites.
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1.3 PM,sconcentrations in Europe

The routine monitoring of Pl is still in an initial phase in most European
countries. Whereas in 2004 a tot&l1®5 stations reported Pl concentration to
AirBase, this number increased to 268 in 2005. However, thgsRkuipment
seems to be less reliable than 8Mstruments. The data coverage is much lower
than for PMg: in 2004 25% of the P stations fded having coverage of 75%
or more; in 2005 this number was even 35%. FoEA9% of all stations had a
data coverage of less than 75% in 2004 (in 208%%).

In Figure1.13 andFigure 1.14, PM, 5 concentrabns (annual average) are shown
for all stations with >75% data coverage in 2005. Stations with annual average
above the proposed cap value (2m®) exist in many regions, many of them in
the Czech Republic and Silesia. Annual mean;PNbncentrations in2005
averaged to be 12)8/m®at 33 rural stations, 16,8y/m>at 72 urban background
stations and 19.jg/m>at 55 street stations. The data suggest that the contribution
of rural PM s to the urban background and traffic levels is similar as fof,PM
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 5year period 200R005. These nine stations include one trasfiation
(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 thagure 1.14 is
representative for the PJ concentration development in Europe in general.
However, the figure bears some resemblanc&igore 1.9, indicating similar
results as for PM.
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Figure 1.13: PM, s concentrations (annual mean) all stations with a data
coverage of more than 75% are included.
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Figure 1.14: Measured PMjs concentrations, 200544/nt, annual average) for
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Figure 1.15: Annual variability of PM s annual mean concentrations.
Number of stations represented by each line:
- Traffic (T) stations: 1
- Urban (V) stations: 5
- Rural (R) stations: 3

1.4 PMssin relation to PMg

In 2004 and 2005 chocated PMs and PMo measurements were reported for
274 stations. However, data submission does not cover the fulyéap 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 areference measurement
method had been applied. Information on jpNheasurement methods and
correction factors is given in Chaptl.6, information on the applied PM
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
PM, s/ PMyg relations should be hdled 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 docated PMs and PMo measurements is generally
high: R=0.86 (2004kand 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 clgddwer 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 RMand PM,. 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 traffiastatio

For all available stations, the correlation at (sub)urban background stations
(R=0.89) and rural background stationsXR.89) is similar and better than at
traffic stations (R=0.81).

In Figure 1.16 the annual mean conceations of PMo and PM s are given as
function of the station classification. The figure indicates a wide spread i PM
PMjg ratios; the ratio clearly depends on the type of station.
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Figure 1.16: Anrual mean concentrations BM;oand PM s (period 20042005).

There are various options to calculate the,BM PMyg ratio. The simplest
approach (M1) is to calculate the ratio by using the annual mean values:

.= = . 1 1
ratio = Cemzs/Cemio O rat|o=nZCPMZE,/mZCP,\,IlO [M1]

where C is the annual mean value. The averaging is aveand m days,
respectively. The number of days is not necessarily the same fgRRMPM s.
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A second approach(M2) is to estimate e ratio as the slope of a linear
regression of daily concentrations:

Cons = ratioC,,,,+b

whereC is the daily mean value aris the intercept which could optionallyi
be forced to zero. In this case, the ratio is obtained from:

: 1 1
ratlo:EZCpMzs. CPMlO/kZCZPMlO [MZ]

where the averaging is over tkelayswith simultaneous measurements of M
and PMs.

In the third approach (M3) the ratio is calculated on a daily basis and next
averaged over the full year:

. 1 ~
I’atIO=EZ CPMZS/CPMlo, [M3]

During futher 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-amienal variations in
ratios are small. The resulté the two years were therefore combined in further
data processing.

Comparing the three methods generally results in similar ratios;igese 1.17.

The largest differences are found when in method M1 the data coverage of PM
and PMo show relatively large differences. Method M2 will result in the best fit
between PMsand PMg concentrations and should therefore be preferred.
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Figure 1.17: Comparison between method M1 and M2alculating thePM, 5/
PMyo 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 alcountries have reported valid paired PMand PM time

series. Countries not included in the analyses presented here are itadicked

1. Northern Europe: Norway, Sweden, Finland, Estohighuania, Latvia,
Denmark and Iceland

2. Northrwestern Europe: Uretl Kingdom, Irelandthe NetherlandsBelgium,
LuxembourgFrance north of the 45 degrees latitude

3. Central and Eastern Europe: Germany, Poland, Czech Republic, Slovakia,
Hungary, AustriaSwitzerlandLiechtenstein

4. Southern Europe: France south of thedé&grees latitude, Portugal, Spain,
Andorra, Monaco Italy, San Marino, Slovenia, Croatiareece,Cyprus,
Malta.

Results (method M2) are presented’ablel.1 andFigure1.18. The ratios are in

the range of 0.40 0.8. In the north and the centeslst 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 North-WesternEurope (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. @flow number of time series may play a
role.

The ratio at rural stations is much lowerNiorth-Westernand SouthernEurope
than in the northern and centedstern parts of Europe. A possible explanation is
the importance of sea spray particles (NW pejoand mineral (Sahara) dust (S
Europe).

Tablel.l: PM,s/ PMjgratios and available number of time series as function
of region and station type

PM, 5/ PMy, 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 depaederHowever, 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
usal for PM, s and PM;o monitoring are probably reflected in variations in the
ratios. Further, ratios show large statiorstation variability (see the standard
deviations plotted irFigure 1.18). For each station type the number aochtion

of stations differs widely within a region (and also within a country). For
example, in NortiNVestern 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 ug of aPM,s/ PMppr at i o t o g e RMgdata feom fhe widely d o O
available PMy measurements is not recommended.

1.00

0.80 [ T

J !

J- \. A ® urban

A traffic

ratio
— 00—

0.40 T

0.20

0.00

north north-west central-east SO

Figure 1.18: PM, s/ PMyg 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 O0Street Emi ssi orEIC/ACE,idita ng ( SEC) 0o
from selected street/urban background station pairs were analysed. One purpose

was to assesdhé contribution of street dust suspension to PM air pollution.

Station pairs were identified where annual (or several months) data serieg,of NO

NO,, PMy and PM s were available. Hourly PM concentration values together

with meteorological data as web #raffic counts were used. Such fairly complete

data sets were available for 9 station pairs, e.g. for Loilmylebone street,
StockholmHornsgatan, Berluwrankfurter Avenue, Osi®V4 road, Helsinki

Runeberg Street (Larssen et.al., 2007).

The streetlust 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 Kingbs College London), where studded tyr
in Stokholm (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;N@crements and NQincrements

(over wur ban badeklgtreo urnat)i, o scéa.l | Radt i6Gos ar e show
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. Theg Rilo above NQ is
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close to 2 times the PMratio, 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 PM concentrations reach values of approximately

30% above the nesuspension source (mainly exhaust particles), and are
approximately 3 times higher than tseammer PM, concentrations (the NO
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 conchasdhat

for streetavhere no studded tyres were usethe 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
betweea the street cases analysed. These results refer to an average for a winter or
summer season. In Scandinavian stredtsre studded tyres are used in winter

the coarse fraction emission factor isL@ times higher than the fine fraction
emission factor, @ average over a winter season. The fine fraction contribution
from road dust suspension is also significant, while in general still not well
qguantified. In Hornsgatan in Stockholm, this contribution is about 1/3 of the
exhaust particle contribution.

Basd 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 aalysis, 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 &sion factor is 3l0 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 bétexhaust 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 subsequeritef 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 automatistiumental 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 RVand PMs
monitoring respectively in the various countries reporting data to AirBase.

For both PMy and PMs, the gravimetric methods, for RMpresumably
conforming to the reference method, arged at about 20% of the stations
reporting data to AirBase. The beta attenuation method (BAM) is the most widely
used method for PN, used at 950 (42%) of the 2272 stations, while TEOM is
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most prominent at the PJ stations, used at 83 (31%) of the 2@a&tisns. For
some of the stations the method used has not been reported to AirBase.

Tablel.2: PM;omass 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
Sl 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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Tablel.3: PM,smass 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
Fl 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 factorsd@ise

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 conceation values to the database. Overviews of the CFs in
AirBase are summarised ifiable 1.4 and in EEAETC/ACC Technical papers

(see Buijsman and de Leeuw, 2004) and de Leeuw, 2005.) The CFs vary largely
between 1.0 and 1.3. Many coues have statiospecific 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 forsPdme countries have
reported CFs for some of their Bp/stations ® AirBase. This concerns Germany,
Spain, Hungary and Slovenia, and these countries are typically using the same
CFs for PM s as they use for PM.

The work to clarify the status of setting and implementing CFs for data in AirBase

is not yet completed. W on 6t have the full over vi

have not implemented CFs for all years for which data have been reported to
AirBase. This work is in progress.

ew of
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Tablel.4: Correction factors for Rl;o reported to AirBase.

Country BAM TEOM Unknown
AT 1.3 1.0-1.3
Seasonally variable at 7
stations
BE 1.37 1.47
1.08 at 1 station
DE 1.1-1.3 1.2-1.26
DK 1.23-1.36
EE 1.15
ES 0.84-1.2 1.0-1.3 1.0-1.56
~0.7*b at some stations
Fl 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 Austria

2.1 PM measurement in Austria
2.1.1 PM monitoring network

The ambient concentration of particulate matter was measured fosthietades
as Atspemtledguparticul atesin at about 140 sites
equipped with jauge instruments with Bausinlet.

The introduction ofPMy limit and target values by EC legislatior™(Daughter
Directive 1999/30/EC) indted the start dPM;o measurement in Austria in 1999.
In 2001, legal limit values foPM;o came into force in Austria and 6FMyg
monitoring sites were in operation. By 2005 the numbéd?Mf, monitaing sites
reached 111. At 41 of these sites the gravimenhethod (Digitel High Volume
Sampler, glass fibre filters) is being applied, 90 sites are equipped withumus
measurement (Bauge or TEOM), which include 20 sites with parallel measur
ment by gravimetry and continuous devices. The correctionrfémt continuous
PMyo 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.
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Figure2.1: PM;o 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 llimiEM.s and PM). As a legal requé

ment, in 2005PM, s measuement was started at background sites in the larger
cities.

PM,sand PM are measured by the gravimetric method only.
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2.2 PM pollution level in Austria
2.2.1 PMjpT Rural concentrations

Largescale rural background concentrations are measured by the background
monitoring network run by the Umweltbundesamt, which includes the three
EMEP sites. At all monitoring sites, gravimetidv;o data are used for asses
ment (the location of these sites can be fouri€ignre2.1).

The monitoringsites in the flat and hilly extralpine regions show a fairly
uniform and quite highlPM;o concentration level. In eastern Austria, the limit
value according to Dir 1999/30/EC for the daily mearxiseeded.

Rural PMyo concentrations show a distinct veal gradient. Mountainous sites at
an altitude around 10088 measure almost no daily mean values aboviega®s
and an average concentration between 40 an® 50 that observed in the
lowlands. At the mountainous sites exceedances @fgh@i® as daily man are
caused by Saharian dust events, up to four days per year.

Table2.1:  Annual mearPM;o concentrations at rural background sites in
Austria (ug/ms3). Gavimetric data.

Enzenkirchen | llimitz | Pillersdorf| St. Koloman | Vorhegg | Zébelboden

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 PMjgi urban concentrations

Urban backgroundPM;, levels cover a wide concentration range, depending on
the topographic andichatic situation of the town.

Distinctly highPM; levels are observed in the sowghstern pralpine lowlands

and hilly regions (Styria) and in the basins and valley south of the central Alpine
ridge; these regions are affected by adverseonabgical conditions, especially

in winter due to shading from oceanic air masses by the Alps.

In Graz, much highePM;o backgroud levels are observed in the central urban
area compared to sutiman locations, whereas in other cities and agglomerations
with more favourable dispersion conditioiisbackground concentrations are
spaially more uniform.

Urban hot spot sites usually lerb side locations observe only moderately

higher annual averageéM;o, concentrations compared to the background sites.
Nevertheless, it has to be noted that B, monitoring network does not
necssarily cover the highemenpol bt edel a
mean, compared to beground sites, is between 2 and aboveign3.
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Table2.2:  Annual mearPM;, concentrations at urban background sites in
large Austrian cities, 2008 2006, pg/ms.

2003 2004 2005 2006
Wien 337 35 257 28 307 32 297 32
Graz 3771 48 31i 41 331 43 351 40
Linz 307 38 25-30 27171 32 2971 34
Salzburg 26 23 25 26
Innsbruck 29 27 29 32
Klagenfurt 27 26 29
St. Pélten 34 26 29 28

The urban and kerb side incremeof the annual meaRM;, concentration is
estimated inFigure2.2 for Graz, Wien, Linz and Salzburg for different years and,
depending on availability dPM;, data, for different combinations of monitoring
stations. The results angossibly not completely representative due to the location
of Abackgroundo sites. Traffic sites
cannot be assessed if they represent an average or maximum traffic iFigace.

2.2 not only shavs different urban and traffic impacts, which might depend on the
specific location of the monitoring sites, but also k#enual vamtions.

A major conclusion of the investigation is, in any case, that the specific location
of the urban monitoring siseused 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 fAbackgroundo.

badground concentrations may vary witharcity.
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Figure2.2: Estimation of urban incremeRiM;o concentration (annual means)
in Graz, Wien, Linz and Salzburg.
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A complete documentation &M;o concentrations and trends in Austria can be
found in the annual reports on air quality in  Austria:

2.2.3 Diurnal, seasonal and intelannual variations

At urban sitesPM;o concentrations show a distiraaily variation which is due to

the daily variation of emissiorismainly triggered by road traffic, but also from
domestic heating and the dispersion conditionSigure 2.3 shows the average
daily variation ofPMo concentrations tathe two rural background sites Ilimitz
(117m) and Zobelboden (90@), two sites in Wien (Belgradplatz, urban
badground, and Rinnbdcktral3e, traffic influence) and two sites in Graz (Graz
Mitte, central urban background, and Graz Don Bosco, high traffience).

High emissions from road traffic during the morning induce gelsl, levels at

this time, coinciding with adverse dispersion conditions, especially in winter.
Figure 2.3 clearly shows much higher mornifiM,, levels in Gaz compared to
Wien, which is due to the much more unfasathle dispersion conditions in Graz,
situated in a basin at the sowthstern fringe of the Alpés usually the ground
inversion is lifted only during short period around noon in winter. This effect
different local dispersion conditions also triggers the high eve?ivig levels in
Graz, whereas there is only a slight increasédPMy, levels in Wien in the
evening. A further reason for highd?M;, levels in Graz in the evening is the
comparably higer contribution of domestic heating esions in Graz.

Rural sites show almost no daily variation. In llimitz (flat terrain), a very slight
decrease during the afternoon is caused by more favourable dispersion conditions.
At elevated sites (e.g. Zobelbmd 900m) the PM;o concentrationincreases
slightly in the morning, which is caused by advection of polluted air from below
when the naturnal inversion layer is lifted.
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Figure 2.3: Average diurnal variion of PM;o concentrations at rural
background sites andlected sites in Wien and Graz, 2005.
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The extraalpine sites and those in alpine valleys and basins observe distinct
annual variations inPMyo levels. During winter,PM;o concentrations are 2 to
3times higher compared to summeéigure 2.4 shows the monthly mea@M;,
concentrations at the two rural background sites Ilimitz and Vorhegg (@20
two sites in Wien (Belgradplatz and Rinnbockstral3e) and two sites in Graz (Graz
Mitte and Graz Don Bosco) for the years 2003 to 2005. The highest alPMage

concentrations are most frequently observed during late winter at these sites,
which can be attributed to the following reasons:

o higher emissions of primarf?M;o from domestic hdang (including
district heating and electric power generation) and resuspension of winter
sanding;

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

0 adverse dispersion conditis, especially during long lasting high pressure
situations;

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

In contrast, the background site Vorhegg at about 1®8Bows no clear seasonal
variation. Tlese altitudes usually are situated above the ground inversion layer

during winter and therefore only slightly affected by emissions in the lowlands
and vdleys.
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Figure2.4: PM;jomonthly mean values at rirbackground sites and selected
sites in Wien and Graz, 20032005.

Figure 2.4 also gives a glance at the intmnual variations ofPMg
concentations. High annual averages BM;o in 2003, compared to other years,
were caused bwxtraordinarily high concentrations especially in February and
March. Longlasting highpressure situations with very low temperatures
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characterised these months, triggering both local and regidtalaccumulation
as well as frequent regional to lerange transport from etesn central Europe.

The meteorological conditions seem to be the key factor for theantaral
variations and any mediusterm trends oPM;, concentrations.

2.3 Sources ofPM1g
2.3.1 PMjgemissions in Austria

Total PM;o emissions in Ausia are calculated to be 46,70 2004 and have not
changed significantly in the past 15 yedds(vELTBUNDESAMT 2001, 2006b). It

has to be noted that estimates for fugitive emissiomgusiry), mining,
resuspension (road traffic) and agriculture aleaffected by large uncertainties.

The sectoral distribution is depicted Figure 2.5. Emissions from road traffic
exhaust, abrasion and resuspens$idrave increased by 3@ since 1990, caused
mainly by a general increase in fiafvolume 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 1% since 1990.

Energy
3%

Agriculture Domestic
20% 16%

Off-Road (excl.
construction,
industry)
5%

Road traffic
20%

Industry (incl.
construction,
mining)

Figure2.5: PMjoemissions in Austria by sector, 2004.

2.3.2 Source attribution for Austrian monitoring stations

The attribution of elevate®M;, levels to sources oPM;o (and to sources of
precursors of secondary particleg)¢cluding their sectoral and spatial allocation,
was subject of several studies, most of which have been conducted to investigate
exceedances of limit values (primarily cormgeg daily means > 50g/m3).
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These studies focussed on days or periods Watrated concentrations, not on the
annual mean; since exceedances ofu®®n3 as daily mean mainly occur in
winter, the sectoral distribution of emissions differs from the annual sum
presented in chapt&.3.1 Since the sectoralistribution of PM;o 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 domastheating, district heating and electric
power generation are distinctly higher than in the annual average, and
resuspension emissions amcreased by winter sanding. On the other hand,
emissions from agriculture are low during winter, and mining enmss&nd
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 elevatetl;o conceirations in winter is much
higher than the average percentages to @&, emissions Figure 2.5), due to

low emission heights and high emission densitiestiasci

Industrial emissions and construction (including resuspension &ioty roads)
can contribute a large share at specdaations.

Figure 2.6 gives examples for a source attribution for different sites with high
PMyo levels. Wolfsberg (left) is located in a broad Alpine valley with distinctly
high PM;p and SQ emissions from industry, and high emissions from wood
buming 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 inusion situatios.

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 thislocation, which influence@®M;, levels mainly by dirt dispersed on adjacent
roads by lorries and machinery and then resuspended by regfflar tra

Industry Secondary
secondary (mainly traffic) Road Traffic
ulphate Inn valley
(Sulphate) Il
Domestic
Industry heating Construction
primary
] Domestic
Road traffic heating local Road Traffic
seNcpndary Domestic local
itrate .
( ) Road traffic heating Inn
primary valley

Figure 2.6: Source attribution for elevatdeM,, concentrations in Wolfsberg
(province of Carinthia), left, and Imst (proce of Tyrol), right.

Agriculture, mining and natural soil erosion could not be identified as significant
sources of evatedPM;, concentrations.
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Longrange transport of Sahara tusausesPM;o daily mean values above
50 ug/ms3 on one day per year on average in Austria.

2.3.3 Regional and longrange transport and accumulation

As already mentioned abové&M;o levels and their temporal variation are
influenced by the combination of emisssoand meteorological circumstances,
which trigger accumulation as well as transport. Due to the long atmospheric life
time of PMyo of several daysPM;o can be advected over distances of several
hundreds of kilometres, and can be accumulated over sewmalddring stable
high pressure situations.

Regional transport and accumulation BM;, and longrange transport were
investigated for the eastern and northern parts of Austria using backward
trajecories UMWELTBUNDESAMT 2004, 2005, 2006a)Figure 2.7 depicts
examples of typical situations with lomgnge transport from higémission
regions in southern Poland and northern Moravia (Czech Republic) (Febfyary 5
2005) and in sohiern Romania and northern Serbia (Februafy; 9005)
coinciding with highPM;o concentrations in northastern Austria.

Q_JF__JT

Figure2.7: Backward trajectories for typical situations with elevakd;o
levels in Wien. Longange transport from southern Romairaiad
northern Serbia (left, February™®2005) and southern Poland and
northern Moravia (Czech Republic) (right, Februafy;, 2005) The
colour indicates the altitude of the air masses (blue <®@0@msl,
yellow > 1600m).

Figure 2.8 gives an example of a source analysi®bfo data from Wien (urban
background) 2003 (documentation of method and details in Umweltbundesamt
2005) based on concentratiareighted trajectory residence time statistics.
Advection of highly polluted air mass from the soutbast and nortleast can be
clearly identified.

The Asource regionfii of highly polluted air over the easte
when the tgectories are not representative for the highly polluted ground layer.
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Figure 2.8: Trajectory statistics based on concentration weighted residence
time, PM; background concentration in Wien, 2003 (red: adov
average concendtions, blue: below average concentrations).

To achieve a sengjuantitative attribution of highly polluted air masses to certain
source regions, the backward trajectories for days with daily rR&&p values
above 5Qug/m?3 were classifié and combined with the EMEP emission inventory
for primary PMyy and SQ (as precursos for sulphate). Results for the rural
badkground sites of Enzenkirchen, Ilimitz and Pillersdorf (data 2003, Ilimitz
also 1999/2000) are presented Rigure 2.9. Rural background®M;o concen
trations in eastern Austria are influenced by regional and-fange transport
from Serbia, Romania, Hungary and Slovakia to a major extent. In-western
Austria, the contribution from the north (Polar@zech Republic) is higher, but
also from egional emissions. Longange transport from highmission regions in
northwestern central Europe give comparably low contribution, aspoainfrom
these regions is mostly associated with favourable dispersioditions in
oceanic air masses. In contrast, regional to4@mge transport from the east and
north concides with the advection of continental air masses with adverse
dispersion conidions.

Figure 2.10 gives the assessment of thentributions of different source regions
(primary and precursors of seconddig) to the urban background coneen
tration in Wien. With respect to the high regional background, the contribution of
emissions in Wien is relatively low (about 26). Neverheless, it has to be noted
that kerbside locations in Wien measure much higké,o levels with local
contributions of 30% or more.
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Figure 2.9: Contributions of different source regionsRM;, concentations
(above 5Qug/m3) at the rural background sites Enzenkirchen (North
western Austria), lllmitz(Eastern Austria) and Pillersdorf (Northern
Austria), data 1999/2000, 208205.
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Figure 2.10: Contributions of different source regions B, concentrations

(above 5Qug/m3) to the urban background in Wien (data 1999/2000,
20032005).
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2.4 PM2_5 and PM1

Measurements of PM fractions other tHa;o were conducted at selected sites
only in the last years; the Igast measurement series BM,s and PM is
avaiable at the EMEP site llimitz. UrbdPM, s measurements started on a legal
basis in 2005 in the larger cities.

Table2.3 lists all available®?M, s and PM monitoring data in Austria.

Both at rural and urban background sited/,s annual mean concentrations
between 19 and 2fg/m3 were observed in recent years. The highest annual
means were observed at urban traffic locations with up tpgB8&3 (temporal
traffic site in Vienna).

PM,s/PMjo ratios cover a quite narrow range between 0.64 and 0.85. Lower
PM,sPMj, ratios are observed at urban sites compared to rural locations
(UMWELTBUNDESAMT 2006).

PM,sPM;o and PM/PMy, ratios seem to be rather constant over time (on the
basis of annual means); the PMPMj ratio in lllmitz varies between 0.77 and
0.80 during the last years.

Table2.3: PM,sand PM concentrations and PM/PM;o and PM/PM; ratios

at Austrian monitoring sites.

- . . PMo PM;s PM_s/ PM, PM,/
Monitoring site Period (g/m?) | (ug/m3 | PMis | (ug/m3) | PMio
Graz Sud (suburban) Oct. 007 Sept. 01 33 22 0.68
llimitz (rural) Oct. 997 Oct. 00 26 20 0.77
llimitz 2001 (since 1.3.) 24 19 0.77
llimitz 2002 30 23 0.79
llimitz 2003 31 25 0.77 14° 0.55
llimitz 2004 25 19 0.78 14 0.59
llimitz 2005 27 22 0.80 16 0.60
llimitz 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. 007 Sept. 01 34 22 0.64 19 0.60
Salzburg (urban traffic) 2005 (since 4.2.) 33 26 0.78
Streithofen (rural) June 99i May 00 24 18 0.73
Wien Erdberg (urban traffic) May 017 May 02 43 29 0.68
Wien Spittelau (urban traffic) Oct. 997 Oct. 00 53 38 0.72
Wien Wahringer Gurtel (urban "
background) June 99i May 00 30 22 0.69
Wien Wahringer Glrtel 2005 30 24 0.76
ZBbelboden (rural) 2004 (since 14.2.) 11 9 0.78
Zobelboden 2005 11 9 0.85

¥ PM1 since April 2004PMy, average over Plyimeasurement period: 254g/ms2.
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2.5 Chemical composition of PM in Austria

Measurement campaigns including chemical analyseBMyb and PM,s 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 compositionRdl,o in Austria,
covering the major constituents elemental carbon (EC), organic fné@st),
suphate, nitrate, ammonium, and (soluble) metals for most sites. Only the
AQUELLA measurement programme (26B305) covers also silicates and
cabonates.

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 totalPM;p, mass. But also the AQUELLA analyses cover only 80 to

90 % of the totaPM;o mass.

Table2.4: Major PM;o constituents at measurement campaigns in Austria.
PM;jo concentrations in pg/ms3, chemicalroposition in %.

. . . Sul- A Ammo- A Carbo-
Site Site type Period PM;o EC OM phate Nitrate . Metals | Silicates vt
Sampling approx.

12 months
Anthering®®  |Rural 2004+ 14 7% | 26% | 13% | 9% | 15% 3% 6%
Armnoldstein®® irr‘]‘(;i'étr:i‘;d'”m 'h:/l:k;cggg i 22 6% | 31% | 18% | 8% | 8% 3%
Bockberg®®  |Rural Dec. o % | 8% | 31% | 14% | 8% | 12% 5% 2%
Graz Don Central urban |Dec. 037 o o o o o o o
oz 8 o s o 45 | 14% | 39% | 8% | 4% | 7% 4% 7%
suburban, .
Graz Sid*’  |medium 3‘:90010 ' 33 | 14% | 24% | 13% | 7% | 5% 3%
commercial y
Graz Sud*® fgm:zfgél JD:rfb%i ! 38 12% | 42% | 9% 4% 7% 7% 6%
Mimitz+ L‘;’g‘(groun dor Oogt' 99T Nov.| 545 | 8o | 23% | 18% | 11% | 8% | 4%
. central urban, .
Linz ORES | medium 3‘:;0010 ' 34 | 11% | 16% | 15% | 11% | 7% | 3%
industrial
ESLZebn‘irsg S;EE;?;U”H g [2004+ 18 | 12% | 20% | 10% | 6% | 11% 9% 5%
gi'jgllf‘srgl o5 tcraefrf‘fcra' urban | 5404+ 28 | 23% | 322% | 7% | 3% | 7% 9% 6%
Streithofen*”  |rural ﬁ:fogog ' 237 | 8% | 25% | 16% | 17% | 11% | 3%
Unterloibach*® |rural 'h:/l:gcgogg i 20 5% | 27% | 18% | 9% | 10% | 2%
Wien AKH* gzrc‘lt(rgr'ouljr?g” 3‘:;0909 i 304 | 12% | 26% | 15% | 13% | 8% 5%
mﬁglerstr Y5 g;g‘;gr ound 2004+ 28 | 10% | 28% | 12% | 7% | 1% 16 % 9%

* Calculated from organic carbon with a factor of 1.7 for the AQUELLA analyses and a factor of 1.4 for earlier analyses.
® AQUELLA (BAUER 2005,PUXBAUM 2004, 2006)

® LAVRIC (2001)

" AUPHEP (2004)

8 Umweltbundsamt (2002)
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Site Site type Period PMo EC oM pilglt-e Nitrate Ar?i]L:nrr?- Metals | Silicates ?]aartgg'
Wien Liesing*® Sganlri:t:gél Nov-0LTOCtl 497 | 109 | 249% | 129 | 11% | 7% | 8%
Wien Lobau*® fSol:ggtrban 2004+ 22 8% | 20% | 17% | 8% | 12% 3%
\é\ffn”b sckstr *5 i‘é%‘i‘sﬁfgaﬁi o 2004+ 33 | 11% | 28% | 12% | 6% | 12% 16% 7%
Wien .
Schafbergbad S:glgf’;?n p g‘g"' 0170ct| 257 | 100 | 23% | 17% | 14% | 10% | 4%
*
Wien
Schafbergbad S;‘g;‘g’f’;?n 4 [2004+ 21 8% | 28% | 15% | 8% | 12% 13 % 3%
*
Wien .
Spittelaer gerral yrban | Oct. 99T NOV-1 534 | 209 | 209 | 9% | 8% | 4% | 9%
Lande**
Episode sampling
'Z”é‘rft%‘r’]% ;’rg’ﬁfg medium §em'03’ NovOl 56 | 200 | 32% | 8% | 5% | 3% | 5%
Klagengurt Dec
Volkermarkter [urban traffic 02/Jan.03 64 17 % 29 % 8 % 9% 5% 4%
str. :
Lienz*? frg“f‘;‘l'cl own, pec. 02 49 25% | 34% | 6% 6% 2% 4%

) Feb./March
\é‘gg‘r adplatz’® gg'c‘ggr' urban Jos, JanFeb. | 93 | 9% | 20% | 16% | 17% | 8% | 4%

04

Wolfsberg™ frg“f‘;‘l'cl town, ?ec'o“”a”'o 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" day.

As an exampleFigure 2.11 shows the average chemical compositioiPbfy, at

two sites in Graz (Graz Don Bosco, traffic, Graz Sud, background), llimitz (rural
background ineastern Austria, representative for Wien), Wien AKH (urban
background) and Wien Spittelau (traffic) andZBarg Rudolfsplatz (traffic).

The quantitatively most i mportant fAchemical
in alpinei rural as well as urban locations. OM can account for 30 to %®©of

the PMyo 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.

Elementalcarbon, the major source of which is road traffic (exhaust), account for
up to more than 2% of PMyo at traffic related sites, but aboutds at rural
locations.

The absolute concentrations of sulphate vary largely, the highest values are
observed in eastn Austria and can be attributed to leagge transport from
central eastern and southastern Europe. Sulphate concentrations are quite

° BAUER (2002)

1 Umweltbundesamt (2004a)
" Umweltbundesamt (2003)
2 Umweltbundesamt (2003a)
2 Umweltbundesamt (2004)
* Umweltbundesamt (2005b)
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uniform in the noralpine regions, but low in most alpine valleys and basins due
to the dsence of major S£sources.

High nitrate concentrations are observed especially in Wien and the surrounding
region and can be attributed to high Némissions in this region. Loagnge
transport of nitrate seems to be afor importance. In alpine valleys and basins,
nitrate comentrations are lower than in the ralpine regions, but cover a larger
share of the inorganic secondary aerosols, compared to sulphate.

The contribution of mineral dust (silicate, carbonate) is arouné Xbr most

sites; higher concgrations are obseed 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 othenot yet idenitied i
sources.
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Figure 2.11: Chemical composition &#Myg at sites in Graz, Wien, lllmitz and
Salzburg.
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3 Atmospheric particulate matter in Belgium
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Email: Willy.Maenhaut@UGent.be

3.1 Introduction

This text deals with atmospheric particulate matter (PM, moBti§io) in
Belgium. Belgium consists of 3 gens (Brussels, Flanders, and the Walloon
region). The PM concentration data presented here originate from the Belgian
Interregional Environmental Agency (IRCELCELINE; http://www.irceline.be),
which compiles the results of the monitoring networks ef3tregional agencies.

The 3agenci es ar e ABrux-ellleed miBEnwiuroBmewmsmreti O
(http:// www.ibgebim. be), t he AVI aamse Mi
http:// www. vmm. be) , and t he AMIi ni st re d

(http://mrw.wallonie.be/dgrne/eew). The &®yencies perform the PM measur
ments on a continuous basis using automated instruments with high time
resobt i on, i ncluding E S Mbsampton,i regalar sSTEOMa s e d on b
monitors with the filter kept at 50°C, TEQGNWDMS 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, |
relied heavily on report¢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 campaigasne 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 20°C) and the samples
wereanalysed (using a thermaptical transmission method, ion chromatography,
and particlenduced Xray emission spectrometry) for organic and elemental
carbon, major anionic and oaiiic species, and a suite of elements [Maenhaut et
al., 2002]. The chemitalata 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 addew tipe gravimetric PM
mass).

3.2 PMjpconcentrations in Belgium and relation with limit values of the EU
directives

The networks have (as of 1 February 2007) 47 stations meafing(5 in

Brussels, 32 in Flanders, and 10 in the Walloon region) and 1@nstatieasuring

PM_s (4 in Brussels and 8 in Flanders). Using &M;o data from the various

stations, maps of the yearly averag&l,o concentration over the entire country

are produced using an fAlnverse Distance Weic
[Ircel, 2005]. The maps for the years 2004 and 2005 are showigune 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 Liége. It should be noted that the maps are
influenced by thdocations 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 southstern part of West Flanders are impacted by
nearby indgtries.

Figure 3.1: Annual mearPM;o 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 FlemisakBnt
(around Brussels), and irburg. The Walloon region is in the south
and its provinces are from left to right: Hainaut, Walloon Brabant
(top) and Namur (bottom), and Liége (top) ancémburg (bottom).
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Number of days with daily mean PM10 concentration higher than 50 pg/m3 as a function of site
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Figure3.2: Compliance with the EU directive of less than 35 days with daily
meanPMj;o concentration higher than 50 pghrfor the stations in
the networks. The data for 2006 are not validated.

With regard to compliance with the limit values of the Ekkctive: That there
should be no more than 35 exceedances of the daily Ridanconcentration of

50 pg/nT was not observed for about half of the stations in 2005, and for 2006 the
situation was even worse (Seigure3.2).
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Figure3.3: Annual mearPM;o concentration for different types obsons in the
Flemish networks; the EU limit of 40 pugfivalid since 2005) is
also indicated.

There are clearly less problems with observirggEtu directive of not exceeding

the annual meaRMjyo concentration of 40 pg/mThis is illustrated irFigure 3.3,

which presents the annual mean PM10 data for Flanders as a function of year
(since 1996) for different types of sitéss 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) tgedyg based on the Summary
of the VMM report fAZwevend stof in VI aa
2005].

Episodes with elevateldM,g levels (pollution episodes) coincide mainly with dry
weather. Important precipitation is only noted at the end oh sjmisodes.
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 lowPM;jq levels coincide mostly wit 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.

ElevatedPM;, levels are mostly noted for low wind speeds. This is even more
pronounced foPM,s. The levels of coarse PMPi02.5) decrease slightly with
wind speed or remain rather constant. The mass ratio 0fsPMj is
congquently largest at lower wind speeds. At higher wind speeds a larger fraction
of PMyo therefore consts 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 oPM;, and ozone smog, the wind speed is also lower than
avaage. Possiblyhere is an impact from the wind speed also then.

The pollution roses folPM;po and PM, s 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 @iide with winds from that
direction. When comparing the pollution roses of 2003 and 2004, there is for
nearly all sétions in 2003 a NNW component, which is not seen in 2004. During
the pollution episode of the first half of August 2003, NNW winds wegufat.

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 PM, 5 lower levels are noted in the summer months than in the winter months.
For PM;o the same was true in 2004, but the 2003 summer levels were for many
stations higher or equal to the winter 23 and/or winter 2003004 levels.

The levels of coarse aerosol show less variation with season.

The mass ratio PpHYPMy is in winter mostly larger than in summer.
Consquently, in winterPM, s makes up for a larger fraction BM;.

During most of thd®M, pollution episodes, the mass ratio PfPMyo is larger

than the average PIMPM;o mass ratio of either winter or summer. Timass
ratio PM, s/PMyg 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 &M;o, PM,5 and coarse PM are observed i

the weekend than during workdays. When comparing the 2 weekend days with
each other, the lowest levels are noted on Sundays. The SeNdalevels were

in 2003 and 2004, on average, 9 and 5 pg/m3 lower than the average weekday
levels. For Saturday, theM;, levels were, in 2003 and 2004, 6 and 3 pg/ms lower
than the average weekday levels. In all stations, the contribution from coarse PM
to PMypis larger on workdays than in the weekend and larger on Saturday than on
Sunday.

The diurnal pattern foPM;o andPM, s is mostly as follows: the levels rise in the
morning, subsequently they decrease to exhibit a second maximum iretinegev

At nearly all stations higher night levels (during 1 or a few hours) are noted in the
weekend than during the workdayle levels of coarse PM are highest during
the day and/or in the late evening. The same applies to the relativioebotr of
coarse PM td®Mgo.

3.5 Correlation between PM concentrations of different sites in Flanders in
the years 2003 and 2004

Figuur 3.1: Meetplaatsen van PM10 in Vlaanderen (2003-2004) Q
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Figure 3.4: Location of the®M;o monitoring sites in Flanders.
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Table3.1: Correlation (R values) between the daily average,, data of the monitoring sites in Flaegs in 2004; Rvalues larger or
equal than 0.60 are highlighted in yellow.

NO16 NO35 NO045 NO054 R020 R801 R811 R815 R832 R841 M705 NO012 NO029 R701 R710 R731 R740 R750 ABOl1 ALO1 HB23 HRO1 KOO1 MLO1 MNO1 M802 OBOl1 SzZ02 WZ01|Code Location

1 090 085 076 081 0.76 085 081 0.77 0.83 056 0.71 050 0.74 0.77 0.76 0.67 059 055 0.74 056 053 058 0.72 045 056 0.27 0.66 NO16 |Dessel
1 086 085 085 076 083 0.77 085 0.88 0.62 069 052 079 081 079 069 058 056 0.76 0.61 059 064 0.76 049 058 0.29 0.69 NO35 |Aarschot
1 081 076 0.74 081 0.76 0.77 0.79 050 0.62 042 069 074 0.71 0.64 053 050 0.69 061 053 055 0.69 045 056 0.26 0.64 NO45  |Hasselt
1 069 061 066 061 074 0.79 053 058 050 0.69 0.66 0.67 062 046 041 062 049 052 055 058 041 046 0.24 0.58 NO54  |Walshoutem
1 083 086 083 086 088 062 069 050 079 085 0.79 069 0.62 064 083 0.69 062 069 085 056 067 036 0.79 R020 |Vilvoorde
1 088 085 081 076 058 0.71 046 0.77 081 0.76 067 064 072 085 0.69 056 064 081 059 0.76 041 0.74 R801 |Borgerhout
1 090 081 0.83 056 0.76 048 0.76 0.86 0.79 0.67 0.66 0.67 0.83 067 055 064 0.83 053 072 0.36 0.71 0.01|R811 |Schoten
1 079 0.76 056 0.72 041 0.77 085 0.77 0.66 0.66 0.64 0.79 058 049 0.64 0.76 050 0.67 0.35 0.66 R815 |Zwijndrecht
1 086 066 069 055 085 0.79 0.79 0.74 0.62 062 079 0.62 053 066 0.77 056 0.62 0.34 0.66 R832  |Ruisbroek
1 0.62 067 055 0.77 081 0.77 0.71 058 052 0.79 059 056 064 077 049 056 030 0.71 R841 |Mechelen-Techn.
1 0.69 069 0.74 067 0.76 058 049 055 0.61 037 049 0.76 055 055 046 0.35 0.46 M705 |Roeselare
1 072 074 079 0.77 066 0.67 0.64 067 052 044 062 0.66 055 050 031 0.52 NO012  |Moerkerke
1 059 053 058 050 044 049 049 037 037 050 045 044 035 0.24 0.36 NO29  |Houtem
1 086 085 0.79 066 059 0.77 056 059 0.77 072 059 0.61 041 0.64 R701 |Gent
1 085 081 076 061 079 059 055 0.77 0.74 055 0.62 045 0.64 R710 |Destelbergen
1 072 064 064 0.79 056 056 0.77 072 062 0.62 041 0.67 R731  |Evergem
1 066 052 0.71 066 046 059 0.62 053 052 041 055 0.03|R740 |St.-Kruis-Winkel
1 059 061 058 034 055 066 055 045 0.36 0.44 0|R750 |Zelzate
1 076 064 040 056 0.74 058 059 0.38 061 0.01|/ABO1 |Antwerpen-Boud.
1 072 058 072 085 059 071 0.44 0.79 0|ALO1  |Antwerpen-LO
1 053 046 071 052 059 059 0.69 0.04/HB23 |Hoboken
1 059 058 046 0.64 038 0.67 0.04|HRO1 |Herne
1 066 0.72 059 053 0.64 0|KOO1 |Kortrijk
1 059 066 042 0.79 0|MLO1  |Mechelen-Zuid

1 049 052 058 0.01|MNO1 [Menen

Antwerpen-
Lucht.

1 0.44 0.03|OB01 |Oostrozebeke
1 0.01|Sz02 Steenokkerzeel
1|wz01 ([Lommel

0
0
0
0
0
0

O O O O 0O o o o o

1 038 0.69 0.01|M802
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For bothPM;p and PM, 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 ttan for 2004. The correlations between the differfeh, 5 stations are
mostly larger than those between tA®;, stations. In interpreting the latter
observation, one has to be cautious, though, as there are man? kgretations

than PM, 5 stations. Thecorrelations between the coarse PM data are lower than
those between theM;o or PM, 5 data.

To illustrate the good coherence between the PM dahble 3.1 shows the
correlation matrix (R values) between the differeRiViyo sites n Flanders during
the year 2004. The location of the sites is showfigure3.4.

The total absence of correlation for the site WZ01 (LommeTginle3.1 is due to
soil sanitation works, which converted thersundings of this site into a bare
sand area, which has influenced the measurements at that location in 2004.

Also the correlations betwedtM;o andPM, s are large. The correlationgtiveen
PMy and coarse PM and those betwédW, s and coarse PM are Isstantially
lower. There is virtually no correlation betweeN, s and coarse PM.

The correlations betwed?M;, andPM; s 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 PNevels are assumed to be made up by various
contibutions. 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 (f¢) 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 coutries (including Wallonia), followed by Flanders @8 the
contribution from écal 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 emittegl the sources in the particulate form,
and secondary PM, which is formed within the atmosphere from gaseous
precusors (mainly S@ NO, NH; and volatile organic compounds (VOCS)).

The emissions of primary PM from anthropogenic sources in Flanders, e bas
on emission inventories, are shown kigure 3.5. Since 2001 there is no
significant decrease anymore in the emissions. In 2005, agriculture is still the
major anthopogenic emitter of primari?M, followed by transport and indugt
whereas for primar?M, s the major anthropogenic emitter is transport, followed
by industry and agriculture.
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Figure 3.5: Emission of primary?M;o andPM, s in Flanders. Note that the data
for 2005 ae 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 shownHigure3.6.

not modelled
17%

not modelled
14%

Flanders
26% Flanders
non-assigned 29%

5%

non-assigned

other countries
11%

+ Wallonia
10%

other countries
+ Wallonia
10%

Germany
8% France
17% France
14%
Germany
6%
Great Britain Netherlands Great Britain
12% 6% 8%

Netherlands
8%

Figure 3.6: Modelled contributions to theM, s and PMyq levels for Flanders in
2002.

The large contributions from France (17% and 14% Rdi,s and PMy,
respetively) are due to the prevailing SW winds and the relatibhéjh 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 coutries to Flanders and Belgium, but also of the latter to other countries.
Using belEUROS with emission and meteorological data of 2002, it was
estmated what the decrease in annual nfelsla s concentration would be if there
would be no Flemish emissionshd 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 decreasa the annual meaRM s level of typically between

0.76 and 2 pg/th For far away countries, such as the Baltic states and the

soutern parts of the Scandinavian countries, the Flemish emissions still make a
difference of 0.11 to 0.25 pgfn

Daling PM2,5-concentraties
(ng/m?)

- 0.01-0.10
0.11-0.25
0.26 - 0.50
0.51-0.75
0.76-1.00
1.01-2.00

- 2.01-5.00
- 5.01 - 10.00

Figure3.7: Modelled decrease of th&M, 5 concentrations in Flanders and
Europe when the emissions in Flanders are shut off (clonk for
the year 2002).

3.7 Chemical composition and mass closure for PM and source$ 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
compnents (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
meaured components adds up to the gravimetric PM mass). Within the
3 agencies that take care of mtoming networks in Belgium, chemical analysis of

the PM on a routine basis is only done for selected compounds, such as heavy
metals and pdgaromatic hydrocarbons (PAHs). More detailed analyses are
performed by the agencies within special studies. The Viidds the latter
typically with cooperation of the VITO and Flemish universities, including the
University of Artwerp and Ghent University. On the other hand, within the latter
two universities, research groups are involved in studies on atmospheridsaeroso
and their comgsition, and these groups have their own research projects
(independently of the &gencies).
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Here, | present recent chemical composition and mass closure data for PM that
were obtained by my own research group, whereby some of the tprajece

done in ceoperation 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 campgnhs 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 twiesiin 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; Chl.e2007]. 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 aJ 2006a]. From the chemical composition data, the concentrations
of the folloving 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 ¢can (EC), (3) ammonium, (4) nitrate, (5) reea

salt sulphate, (6) sea salt, (7) crustal matter, and (8) otheseamalt/noncrustal
elements [Maenhaut et al., 2002]. Note that only one of these 8 components (i.e.,
sea salt) is purely natural; EC, anmnam, nitrate, norseasalt 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 dustl agyriculture). 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 diffence is then referred to as unexplained mass. The results
for PMyp in 7 sampling campaigns are shown Higure 3.8. Note that the

7 campaigns were not conductethsltaneously.

‘PMlO: Aerosol types‘

=
% 35 +
€

30 + 9.2 .
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§ 15T e 48 56 = — - B Nitrate
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Figure 3.8: Average concentrations of 8 aerosol typeB My and ofthe
unexplained gravimetrid®®M;o mass during 7 sampling campaigns
[GO4win, GO4sum, and GO5win stand for Ghent 2004 winter, Ghent
2004 summer, and Ghent 2005ter, resp., and the samplings took
place at INW; UO6wi_sp and UO6su_fa stand for Uccle 2006ewint
spring and Uccle 2006 summfall, resp., with samplings at RMI;
AMO5win stands for Antwerp 2005 winter (with samplings at the
Mechelse steenweg) and ABO5sum for Antwerp 2005 summer (with
samplings in Borgdout)].
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Noteworthy is that the unexplaineeM;; 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 lewolume quartz fibre filters fothese 2 campaigns

and from lowvolume Pall Gelman Teflo and/or Nuclepore polycarbonate filters
in the other 5 campaigns and substantially higher PM data fevddume quartz

fibre filters than for the other filter types have been observed before [Maesthau
al., 2002; Hitzenberger et al., 2004]. It is thought that there may be a substantial
pogtive artefact for the PM data of the low lex@lume quartz fibre filters, and
therefore the PM data from these filters are considered less reliable.

In agreementvith what was indicated in section 4 above, there is a tendency for
higherPMjg levels in winter than in summer. Particularly for nitrate, much higher
concentrations are observed in winter than in summer. This finding is in
agrement with the findings otthe 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 (Mldation of nitrate from the
aerosol ctected on the filter may also play a role).

’PMlO: Average % mass closure‘

EOM

mEC

O Ammonium
M Nitrate
Onss-Sulphate
W Sea Salt

M Crustal

W Elements

% of experimental PM

G04win  GO4sum  GO5win UO6wi_sp UO6su_fa AMO5win ABO5sum

Figure3.9: Average percentages of 8 aerosol types as % of the mean
gravimeric PM;o mass (and for the two sites in #atrp as % of the
sum of the components); for additional explanation, see caption of
Figure 3.8.

In order to better examine the differencePM, aerosol composition between
the various sites and seasons, the data fFogure 3.8 were expressed as
percemage of the gravimetri®M;o mass (and for the two campaigns in Antwerp
as pecentage of the sum of the components). The results of this calculation are
shown inFigure3.9. Even expresseds % 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 avedPifig aerosol
composition is fairly similar for the 4 winter campaigns.eTimost noteworthy
difference is observed for the seat component, with a percentage as high as
18% for Ghent 2005 witer. In Figure 3.8, it can be seen that also the absolute
concentration of the sesalt component was high duritiggs campaign, and that,

on the other hand, the aagePM;, level was on the low side. Examination of the
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data for the individual samples of this campaign indicated that the percentage
contribution of sea salt to tH&M;o mass was especially high for sdagpwith low

PM;p mass concentration and was low for samples with Hho 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 dgilPM;; EU limit value of 50 pg/m When such
exceedances occur, both the absolute concentrations of sea salt and the
percentages of sea salt in tP#l;o aerosol are quite low.

Figure 3.9 further indicates that there is a large cdnition of secondary aerosol

to thePM;p mass. Ammonium, nitrate and nenasalt sulphate are all secondary
inorganic aerosol (SIA) components. In winter, the sum of these 3 components
accounts, on average, for 40% or more of R, mass. FolPM, s evenlarger
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% n all seasons.

The SIA components in the PM in Belgium are undoubtedly predominantly from
anthropogenic origin, whereby the precursor gases;, (NI, and SQ) 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 N4d NO, originates mainly from combustion processes
as®ciated with trafic, electricity production and industry (which contributed with
47%, 14%, and 21%, resp., of the total ,Nénission in 2005); and $Qs
predominantly due to the combustion of fossil fuels (oil and coal), with 78% of
the total S@ emissions in 2005 origating 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
partiaulate organiccompounds within the PM are quite useful for identifying
certain sources or source types (or even the formation of SOA) and in assessing
their cantribution. In a ceoperation between the research group of Magda Claeys
of the University of Antwerp and my awteam, work has been (and is being)
done on these topics [Kubatova et al., 2002; Zdrahal 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% opé#raculate OC in

PMjo in Ghent during winter 1998 [Zdrahal et al., 2002]. By measuring other
saccharidic cmpounds, including arabitol, mannitol, fructose and sucrose, in
PMi, samples from winter and summer campaigns at Ghent [Pashynska et al.,
2002], itwas 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 ofrpaulatephase photmxidation products of biogenic
VOCs, in particular isoprene [Claeys et al., 2004] and monoterpenes [Claeys et
al., 2007], to estimate the mmibution of biogenic SOA to the OM.
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4 PM trends in the Czech Republic

M. V&8Ra, J. Macoun, J. PekS8rek, J. Lech, J.
CzechHydrometeorological Institute

4.1 Abstract

The aim of this study is the assessment of 12®@ 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 oftriadlyzroduction and
reduction in electricity generation in conventional thermal power statioribe
beginning of new millennium the decreasing trend was interrupted and the
emissions slightly increasedecreasing trend of PM concentration was
regisered in the period 1996999 at all types of stations (traffic, urban, suburban,
rural and egional), but this trend was stopped in the beginning of this century and
the cancentrations slightly increased and the differences between types of stations
becamesmaller. The most serious situation is in the Mora@dasian 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 processy). Regional transfer from Poland (heavily
industrialized Katwice region) is also very significanfhe PMg concentrations

in winter are higher than in the summer, the most significant annual variation was
found at traffic stations. In 2005 measuremeasft$M, s began at 25 localities.

The results show significant contribution of PMfractions to air pollution
situation in the Czech Republic. The proposed annual air pollution limit would be
exceeded in more than 10 sites, mainly inNMwravianSilesianregion The ratio
between PMs and PMo shows certain seasonal course that is connected with the
seasonal character of several emission sources. Emissions from combustion
sources show higher shares of RjNtactions than emissions from agriculture and
reemission during dry and windy weather. The fraction ratio ranged between 0,69
and 0,85 in 2005The highestPM;, concentrations at the background station
Kogetice ( EMEP, GAW) ar e measur ed when t he
directions predominate and the lest 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 anithus contribute to climate change. The preliminary
assessment by WHE&MEP indicated a significant association between the long
range component of partiate matter, measured as the total mass ofpPahd a

wide range of health damaginffexts. The mostecent review based on a number

of more recent panel studies has concluded that fine particless(Rke more
hazardous in terms of mortality and cardientdar and respiratory endpoints.

The particles contained in the ambient air can be divided intoapy and
secodary particles. The primary particles are emitted directly into the
atmosphere, both from natural and anthropogenic sources. Secondary particles are
mostly of athropogenic origin and are creating by oxidation and consequent
reactions of gseous 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 sourcesnclude: transport, power stations, combustion sources, fugitive
emissions from industry, loading/unloagd, mining and building actities.

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
contiruously upgraded in @ordance 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 gf FPattion was started in
1996. The PMp monitoring network in 2005 is presentedHigure4.1.

Measuring
programme

m AMS
@ combined
@ manual

Figure4.1: PM;o station network in the Czech Republic, 2005.

In 2005 measurements of the fine fraction of susied particles (Pp4) began in
25 localities Figure4.2).

Measuring
programme

m AMS
® manual

Figure4.2: PM, sstations 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 beteay 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 througbntinuous filtration of ambient air on

selected filtering materi al (Mi Il I'i pore filte
for detecting PMp and PM ). The difference between the weight of the filter

prior to and after thexposure is determined gravitneally.

Selected metalsare 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
chenical analysis. The analysis is carried out on the inductively coupled plasma
mass spectrometry system. For requirements of QA/QC is along the analysis also
measured (by the same way mineralized) certified reference material NISTi1648
Urban Particulate Mattérand 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 ifisté at two manual stations for quality
control purposes of agling, weighting and analysis.

4.4 Emissions

Based on the total annual emissions data of the principal pollutants between 1980
and 2004,TSPswas (together with sulphur dioxide) obviously the ptaht 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 n conventional thermal power stations and increasing electricity
generation in oclear power plantsBetween 1990 and 1999, total suspended
particles emissions dropped by nearly@&ince 2001 Czech emission inventory
contains tyre and brake wear emissi@nd road abrasion emissions. Due to this
fact emissions have been slightly increasing since in the period-ZTEL
(Figure4.3).

1400

1200 -

1000 - M

TSP [Mg]

400

Figure4.3: Trend of TSP emissions in The Czeepublic 19862005.
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4.5 PM trends in the Czech Republic

Decreasing trend of P)Mconcentration was registered in the period 19989 at

all types of stationsHigure4.4). This trend was stopped in the beginning of this
century and the ewentrations slightly increased and the differences between
types of stations became smaller (with an exception of regional stations). The
increaseof PM;o concentrations at rural stations was caused mainly due to
combustion practices of inhabitants in shavillages. Hand in hand with
increasing prices of oil and natural gas, the people in villages and small towns
tend to return back to trénal cool and wood burning.

60
% \\
40 .\ -‘\./.
- %\‘%ﬁé_
20 .\W,o———t\\./:
10
0 T T T T T T T T T
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
|+traffb —=&— urban suburban —s—rural —e— regional |

Figure4.4: Trend of PMo concentations in the Czech Republic (192605) at
diffrent types 0. stations (eg. m

The most serious air pollution situation caused by suspended particles is in the
MoravianSilesian region (Ostravidarvina agglomeration). This is caused by the
fact that inthis area, in addition to transport and local sources of PM significant
contribution is made by further emission sources (metallurgy, dredessing).

Air pollution of this area is also influenced by regional transfer from Poland
(heavily industrializedatowice region). Th&Mjg trend in this region was quite
different in comparison with other industrial regions in the Czech Republic
(Figure4.5). The Moravian Silesian region on the Cze¢tolish bader belongs

to the most pollutedegions by PM in Europe.
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Figure4.5: Trend of PM, concentrations in agglomerations (g 3)m
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The PMy concentrations in winter are higher than in the warm period (in average

about

2)0 Thes mostnignificant annual variation was found at traffic

stations; on the other hand almost no annual variation was found at regional

stations Figure4.6).
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Figure4.6: PMyoannual variationin the Czech Republic (192®05) at

different types ofat i ons®).( e g .

m

Summer level of air pollution caused by RMis similar in all main
agglomesdtions, the difference between Moraw8&ilesian region, where critical
levels are exceeded in winter season, and the other agglomerations, is significant

(Figure4.7.).
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Figure4.7. PMpannu al vari at.i

on

P).n

aggl omerati ons

The PMy concentrations at urban sites show a distinct diurnal variation with
peaks in rush hours in the morgiand 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
condtions, but diurnal variation is not so sigo#nt. Only minimal daily variation

was found at the regional scaldure4.8). Figure4.9 clearly shows much higher
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morning and eveninBM; concentrations in OstraMgarvina region compared to
other agglomet#ons.
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Figure4.8: PMjy Diurnal variation at different types of statiorss § =)m
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Figure49: PMydi urnal variation®in agglomerat:i

In 2005, pursuant to EU recommendations ensuing from 199/30/EC Directive, the
monitoring of the fine fraction of suspended particles {gMbegan in
25localities. The prevailing source of BMfractions are combustion processes,
prodwing secondary particée originating as a result of chemical reactions
between the gaseous compounds and condensation of hot gases and vapour. The
results show significant contribution of BMfractions to air pollution situation in

the territory of the Czech Republic. When @aring 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. Annualorari

at different types of stations is more significant that in the aHsé&Mg
(Figure4.10).
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Figure 4.10: PM, s annual variation in the Czech Republic (2005) at different

types of stations(g *)m

The seasonal course of the ratio between, £8hd PM, (Figure 4.11) shows

certain seasonal course that is connected with the seasonal character of several
emission sources. Emissions from combustion sources show highexssbh

PM; s 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 Plk. The fraction ratio ranges between 0185 in 2005. The

stati

20042005r ati o at the EMEP
1,00
0,90
0,80 +—
0.70 "\\ o
. e e
0,50
0,40 : . T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12
|+ urban —=— traffic suburban |

on

Kogetice

Figure4.11: The seasonal course of the ratio between Pdhd PM, in 2005 at

different types of stations.

PM s diurnal variation displays the same paiteas by PN, (Figure4.12). The
difference between the situation in Ostrddavina region and agglomerations is

even higher than in the case of RFigure4.13).
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Figure 4.12: PM, s diurnal variation at different types of statiorss ¢ *)m
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4.6 Critical levels

variation®in

aggl omer at |

Air pollution caused by PM fraction exceeded limit values in the whole period
20002005. In 2005 the limit vaks for 24hour PMg concentrations were
exceeded in 35% of the territoryFigure 4.14). The limit value for annual
concentation was exceeded in 1,5% of territofigure4.15). In the areas, where
the PMyo concentrations exceed the air pollution limit values, live more than 65%

of the popilation.

EMEP/CCGReport 8/2007



118

toaton of siaons concentration [ug.m-<)

¢ suburban bgckground L 1=20 < LAT 0%

A rural [ 120-30 (LATUAT> 4.6%

@ traffic 0 30-50 (UATLV> 60.5%

* industrial B 50-60 (LV,60> 29.8 %
- 60 >60 5.1%

— regions
—— agglomerations

Figure 4.14: Field of the 38 highest 24hour concentration of PAdin 2005.

classification of stations
W urban background

¢ suburban background
A rural
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Figure 4.15: Field of annual average concentrations of Bh 2005.

4.7 Meteorological aspects

2D trajectories (NILU, 2002006) were used for sector analysis of jpkfata

from EMEP and GAW st at The mighdstacgneentiatise Obser vat
are measured when the air masses from eastern directions predominate and the

lowest values are msared when they come from the weigure4.16)
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Figure 4.16: Sectogr distributioof PMipc oncent r at i onr2004,( Kogetic
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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 reviewF{gure 4.17). The increase after 2000 corresponds
with the rising trend iMoravianSilesian regioriocated in this direction.
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Figure 4.17: Sector distribution trend d®?M;o concentrationsK o g et i-ce 1995
2004,%.eg. m

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 summenaeentrations throughout the
period under review, especially when in the air masses with origin in eastern
sectors (Figure4.19).
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Figure 4.18: Sector distribution trend d?M;o corncentrationsi warm period
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Figure 4.19: Sector distribution trend d®?M;o concentrations$ cold period
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Figure4.20 andFigure4.21, based of the Kpet i ce dat a, show the rel
data and meteorological conditions. The highest concentrations are measured in
calm and dry periods.
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4.8 Chemical composition

13.8+

rel ati on20@50 wi nd

Selected metals are analyzed from tR#;, samples (arsenic, cadmium,
mangne®, copper, nickel and leadjigure 4.22 shows the generally decreasing
trend of lead concentrations #M;g 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 leadRM, o in the ambient air
1996-2005.

The heaviest load of cadmium concentrations is recorded in Northern Bohemia
(Liberec region), where the mean aahconcentrations reach high levels in the
long term Figure4.23). This situation is caused first of all due to the emissions
from local glassworks.

LV annual average

Liberec- o
Vratislavice

insufficient data
for annual assessment

> LV

ctbsllot Ustin.L-z0- KrasBiezao
Rudolice Pasteurove———

I
Ll F
Kladno- 1 .\
Rozdélov

. Po
> .
Pizefi-Roudna HrKral.-
- Sukovy sad; =
— I l] y sady .
3 . Sl = Olomouc-

Privoz ZU

Ostrava-

Pizefi- Smeralovas
Husovo nam.

HaviBrod-  Olmemn

Smetan.ndm.  y4s- . s

Kdgetice

Kroméfiz-
Na Kopegku

Jihlava-
Pnojemsk

Krasova ul

P1-Narodni
muzeum
\(

P5-Reporyje & !

Ces. Budgjovice-
Tresnova

Hodonin

P10-Uhfinéves

it
P10-Srobarova
P4-Libus

Figure 4.23. Mean annual cong#rations of cadmium iRPM;g in the ambient air
19962005.

In 2005, heavymetals were analyzed also from tR&l, s samplesat a limited
number of sites. The first results show that the lead concentratioR$/1i1
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sanples at the regional level, represehte by EMEP and GAW st at
(6-7 ng.m ) is only slightly lower than at suburban background of Prague
(8-10ng.m>). The highest values are measured in Ostraarvina agglomes

tion (4055 ng.n?). In the case of cadmium, the results from EMERIi@t and

suburb of Prague are on very similar level {0,2 ng.nt), the concentrations in

Ostraval Karvina exceed 1 ng. h

4.9 Comparison of measured data with model results
Following results were used for comparison:

1. 2004 PMjdata from air pollution mnitoring network in the Czech Rdpic.
Values were spatially interpolated using interpolation techniques including
dispeasion model.
2. 2004 SYMOS697 model outputs (only pri:H
3. 2000 EMEP model outputs

Model SYMOS 9(3ystem forModelling of StationarySources) is the reference
method for dispersion studies processing in the Czech Republic (Gauss model
modified for using in complex terrain).

Mean 2004 annual P)diconcentrationsKigure4.24) ranged from 20 to 3pg m3

in the majority of the Czech Republic area. Higher values (80 pug.m?) were

registered especially in the Moravi&ilesian region and also in other industrial
agglomerations (Northern Bohemia, Prague). SYNMQS7 model res
(Figure4.25) identify as the most polluted areas Central BohemiaMmidvian

Silesian region. Calculated concentrations in these regions regahrii®. In the

rest of the Czech Republic area the concentrations drop be

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

Figure 4.24: 2004 PM, concentrationsi{(g.m>) i monitoring network.
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Figure 4.25; 2004 PM, concentrationsi{g.m?>) - Model SYMOS 97.

Ratio between SYMO&9 7 model out puts and measur ement
Figure 4.26. Model concentrations (caused by primarily sources) represent only
units of measured concentrationstliire most of the area of the Czech Republic.
The rdion 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 edent, that SYMOS model is able to cover only a
small part of total PM emissions in the atmosphere. Secondary particles formation
by chenical reactions was not taken into account in the model, which caused
significant underestimation of real concentratiohs.rural areas, resuspended
particles from Earth's surface play an important role.

Figure 4.26: Model x measurement Riytoncentrations.
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Annual PMy concentrationsdsed on 2000 EMEP model outputs are presented in
Figure4.27. Model results reflect better the reality. Then@entrations amount to
one third of measured data (1015pg.m®). The model reflects the increased
concetrations in northand northeast of the Czech Republic. High concentrations
in agglomerations are not fit due to relatively rough scale of EMEP model
(50 km).

é??‘f e < c‘——\
; £

Figure 4.27: Model PM;, concentrations in 2000 EMEP mode{ug.ni®).

4.10 Conclusions

e Decreasing trend of PMconcentrationn the period 1994999 was found at
all types of stationsThis trend was stopped in the beginning of this century
and the concentrations slightly increased and the differences between types of
stations are smaller.

e Increase ofPMy 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.

e The most serious air pollain situation caused bsuspended particles is in
the MoravianSilesian regionln addition to transport and local sources of PM
significant contribution is made by further emission sources (laeig, fuel
processing)Regional transfer from Poland (helgvindustrialized Katowice
region) is significant.

e Certain seasonal coursaf the ratio betweerPM,s and PM, that is
connected with the seasonal character of several emission sources. Emissions
from combustion sources show higher sharedbk s 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.

e The fraction ratio ranges between 0;@%nd 85 in 2005. The 20005
raioatt he EMEP station Kogetice is 0, 87 .
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The highesPMyconcentrations at the background s
GAW) are measured when the air masses from eastern directions predominate

and the lowest values are measured when they come from the west.

The hghest 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 trenManavianSilesian

regionlocated 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, especiallyhen in the air masses with origin in eastern

sectors.

Di spersion model s that donot take i1 nto ac
atmosphere, underestimate the real;fPkbncentration level significantly.

Primarily particles emitted directly from the soas produce 1D 30 % total

emission load, secondary particles B050% and resuspended particles

207 40%. It is necessary to include all three mentioned processes into

models predicting creation and behaviour of fine particles in thesptrace.
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5 PM pollution in Denmark

Finn PalmgrenThomas Ellermann and Peter Wahlin
National Environmental Research Institute, P.O. Box 3584000 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 Denmafkgure 5.1. The
programme provides i.a air quality data from the four largest urban amndabe

rural background areas in DenmdiKERI, 2006and Kemp et al., 2006 The
monitoring B supplemented by data from a special particle research programme.
The objective ofthe 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 reducesthdverse health effects of maradeair pollution.

We focus on characterisation of particles and their sources.

M

Urban Netwofk (LMP)"
traffic

A urban background

@ rural

o Background Network

Figure5.1: Air quality monitoring in Denmark at streets, urban background,
rural and remae stations.

Air quality monitoring is carried out under the National Air Quality Monitoring
Network (NOVANA) in urban and rural areas in DenmaBigure 5.1. The
programme provides i.a air quality data from the four largest urleasamd the

rural background areas in DenmdiKERI, 2006and Kemp et al., 2006 The
monitoring is supplemented by data from a special particle research programme.
The objective ofthe Danish particle programme is to provide new and broader
knowledge onhe adverse health effects of atmospheric particles with the aim to
develop strategies to reduce the adverse health effects efmaraair pollution.
Wefocus on characterisation of particles and their sources.
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The trends off SP and PN, for traffic sites are shown in
120

Annual averages

100

Hom’
=}

0+——t—t—t—t—+——t+—+—t+—+—+—+—+—

—@— Coperhage 1259 —a— Arhus £159  —a— Alborgf8158  —e— Lille Valby /2000 —— Keds nor@05 5

120
Annual averages

100 4

30 v w \_\\/
g 60
e B
B ettt e e etse st e et et e ammenmn st g0 555 SUUSROODN. ) S
Q) oo sttt s s S I
TSP PMg
0+ttt

+—t
g2 a4 1] o an a2 a4 a5 ad mw oz 04

—m— Copenhage W1E7 —=— Copenhagent 102 —=— Arhuif163 —v— Odece/@S5 —— dalborg2151

Figure5.2. RegularPM;o monitoring was introduced in 2000, using a gravimetric
method, supplemented Ibyabsorption. The urban background level of g fand

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.
And er s en 6 s \ihiwhii$ aestreat with )dense traffic (67,000 vehicles per
day). The PMo! i mi t v a I3 uwil probably becegceaded in 2010 at the
most densely trafficked streets.

EMEP/CCGReport 8/2007



130

120

Annual averages

100

Hom’
=}

0+—tt—t+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—

82 53 84 B85 06 8T 88 899 90 91 92 53 94 95 96 87 @ 83 00 M 0Z 03 4 05

—@— Coperhage 1259 —a— Arhus £159  —a— Alborgf8158  —e— Lille Valby /2000 —— Keds nor@05 5

120
Annual averages

100 4

VANREENN

g 60
e B
B ettt e e etse st e et et e ammenmn st g0 555 SUUSROODN. ) S
Q) oo sttt s s S I
TSP PMg
0

e B e B
g2 a4 1] o an a2 a4 a5 ad mw oz 04

—m— Copenhage W1E7 —=— Copenhagent 102 —=— Arhuif163 —v— Odece/@S5 —— dalborg2151

Figure5.2: The trends of TSP and Rt rural and urban background (upper
graph) and traffic (lower graph) locations in Denmark.

PM, s has been measured at a few sites by TEOM, but the time series are still
rather shortfFigure 5.3. The correction of the TEOM data due to evapona
decomposition of i.a. ammonium nitrate, organics and perhaps water was
performed using simultaneous gravimetric #Mneasurements. The TEOM
losses for PMs at traffic sites are generally the same as at urban background
sites. The ratio between grawtric 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.

AVGOfPM25_HCAB

ngm*?
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Figure5.3: PM,s results (ug/m) 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 givermable5.1 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 PMg as well as for PMs.

Table5.1:  Summary of Danish P)data from 2005 (ug/f). The numbers in
red indicate exceedances of limit value. Gravimetric method.

Location Average 36. highest Max.
Traffic:

Copenhagen/1257 33 53 110
Arhus/6153 29 45 83
Odense/9155 34 55 140
Aalborg/8151 33 49 189
Urban background:

Copenhagen/1259 23 37 67
Arhus/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
Cimit value 40 50 -

Table5.2:  Summary of Danish PM data from 2005 (ug/f). TEOM method.
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Location Average 36. highest
Traffic:

Copenhagen/1103 15 22
Urban backagr.:

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 Damétonwideair quality
monitoring programme, with long time series of the main pollutants, including
PMyo at all stationsand other PM parameters (e.g. soot, ultrafine PMy£M
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 #pecial particle campaigns
permits establishment of relationships between sources and the properties of the
particles. The experimental studies Rifl,o, PM, s and ultrafine particles were
performed in busy street canyons, urban background and ruralolmaand
included chemical composition, e.g. the content of elemental carbon, PAHs and
other organic compounds and size distributions7Q0 nm).

Receptor modelling of Pp4 has been carried out based on all available data, i.e.
chemical composition anglzes of the particles and concentration data on gaseous
pollutants. An example opreliminary results is shown irFigure 5.4, which
include data from a very densely trafficked street in Copenhagen and the
corresponding urban backgmud site. At present lhe new PMs limit value,

25¢ g P, may be exceeded at the most densely trafficked streets in the largest
cities (hot spots), but we expect compliance with the limit value in Z048&.
dominating contribution to PM is secondary regional particles. The secondary
inorganic particlecomprise ammonium nitrate and ammonium sulphate formed
due to NQ and SQ emissions in Europand from international ship#\ large

part of the secondary particles include organic components and is to a certain
degree unknown, bothith respect tachemicalcomposition 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).

Longrange transported partislei.e. primary particles and secondary particles
formed by oxidation of S@and NQ emitted at the European continent are
dominating in urban background and comparable with the traffic contribution in
busy streets (mass concentrati®M;o/PM, ). Thelocal contributiors at urban
background sites in Danish urban areas less than 2% of the total P
pollution.
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PM2.5 in street and urban background

B Exhaust

O Brakes

B Road, tires etc.

-

organic+onknown
M Primary non-traffic

PMzs (ug/m3)
[
a

0O Secondary inorganic

Street Urban background B Natural (soil, sea etc)

Figure5.4: Schematic presentation of the main contributions tg fiMa busy
street andat an urban background site in Copenhagen.

The road traffic (Wahlin 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 lowass heights and in urban areas
where the population livegigure5.5 shows road traffic contribution separated in
fine (PMys) and coarse (PM-PM,s) particles fromexhawst, brakes, road and
road salt. The results may be dominatgdvinter data.

Traffic PM(pg/m
IS
IS
©
8

21 203%

Exhaust Brakes Road dust Road salt

Figure5.5: Road traffic contributions to fine and coarse particles in a street in
Copenlagen (67,000 vehicles/dalgased on two one week
campaigns.

Diesel vehicles are the dominatinguste of naneparticles 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 particlesd ultrafine particles. In addition to the
tailpipe, the norexhaust emissions from wear of road surfaces, tires, brakes etc
contributes significantly to thBMo pollution from diesel as well as from petrol
vehicles(Wabhlin 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 wag0DOnm.Figure 5.6 shows the
average weekly variation of the traffic contribution in a busy street. The
Afcondensates with sulphuro particles
from modern diesel cars with oxidizing catalysts. They are probably mainly
sulphu 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
200nm and secondary particles (longnge transport) centred around 500 nm.
The mass concentration corresponds approximatelyPky ;. Results are
published (Palmgren et al. 2005).
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Figure5.6: Average weekly variation of the traffic conution. The upper
graph is the number concentration and the lower graph is the
volume (approx. mass) concentration,
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6 Aerosol measurements andnodeling.
Some recent advances in Finland

Ari Karppinen
Finnish Meteorological Institute

Contributors:

Mikhail Sofiev, Pia Anttila, Tmo Salmi, Jaakko Kukkonen, Mari Kauhaniemi, Mia
Pohjola, Jari Harkonen, llkka Valkama, Leena Kangas, Erwin Jourden (FMI)
Anu Kousa, Paivi Aarnio, Tarja Koskentalo (YTV)

Niko Karvosenoja (SYKE)

Liisa Pirjola (STADIA)

Tareq Hussein, Larisa Sogacheva, Haviehkamaki, Jyrki Martikainen, Markku
Kulmala (UH)

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, Harkonen, 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. 189201.]

6.1.1 Measurements

Figure6.1 showsthe 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
(Toolo, Vallila and Kallio2), in suburban in the cities of Espoo and Vantaa
centres (Leppavaara and Tikkurila), and in a rural area in Espoo (Luukki). The
stations used in this study represent urban (T66l6 and Vallila) and suburban traffic
environments (Leppavaara), together witie turban background (Kallio 2).
Regional background concentrations were monitored in a rural environment in
Luukki, approximately 20 km to the nortiest of downtown Helsinki. Two urban
monitoring stations, T60l6 and Vallila, are located in the Helsinkirdown area.
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Figure6.1: 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 thecPAhd PMs
concentrations at the various monitoring stations during 1E8809. As an
example, we have presented the diurnal variation ofpRMINcentrationsat the
various stations ifrigure6.2ai c, averaged over each of the years 19989, and

PM,s concentrations at Vallila averaged over the same years and additionally at
Kallio 2 in 1999 inFigure 6.3ai b. Cleary, 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 (Moiféiagay) only. The
concentrations of PM show a clear diurnal variation. The concetibras
increase continuously during the morning rush hours, from approximately 6 to
8a.m.; as expected, this increase took place irrespective of the year (during the
period 19971999) and the season of the year. Subsequently the concentrations
decrease sloly 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 RMoncentrations, compared with the
traffic flows, could be causke 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 vegfear diurnal variation of local vehicular

traffic. Despite this, the Pp4 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 fles seems to have no substantial

correlation with the Pl concentrations. In 1999, the temporal variation oL, PM

concentrations at both monitoring stations was also very similar. This indicates

that the PM resuspended from street surfaces and otheesdwas only a minor
effect on the PMs concentrations, and that a large fraction of the,PM
concentrations most likely originates from regionalongrange scale sources.
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Figure 6.2: The diurnal vaiation of PM,o concentrations at the stations of

T60616, Vallila and Leppavaara during 1981099, and at the station
of Luukki, during 1999. Figures include data from working days
only.
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Figure 6.3: The durnal variation of PM s concentrations at the station of
Vallila during 1997 1998, 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 P} concentrations was @e 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 (B} concentrations washoderate. The
results provide indirect evidence indicating that thefPkbncentrations are
originated mainly from local vehicular traffic (direct emissions and resuspension),
while the PMs concentrations are mostly of regionally and loagge
transporéd 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 PM pollution episodes in the
Helsinki Metropolitan Area in 2002

[Péivi Aarnio, Jyrki Martikainen, Tareq Husseillkka Valkama, Hanna Vehkamé&ki, Larisa
Sogacheva, Jari Harkdnen, Ari Karppinen, Tarja Koskentalo, Jaakko Kukkonen, Markku Kulmala,
2007. Atm. Env.doi:10.1016/j.atmosenv.2007.02.J08

We developed methods to distinguish the loagge transport (LRT)pésodes

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 290 nm). The second method is based on a proxy variable
(interpolated iorsum) for longrange transported PM The iorsum 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 snhacktrajectories to support the
evaluation of these methods.

We selected nine time periods (i.e. episodes) with daily averages>PM5 0 ° ¢ g m
in the Helsinki Metropolitan Area during year 2002. We characterized the
episodes in terms of P and PMs concentrations and the fraction of fine
particles in PMp at an urban traffic and regional background air quality
monitoring sites. Thee of these episodes were clearly of local origin. They were
characterized by a low average fraction of J2M<0.2) in PM, at the urban
traffic monitoring site, low ratio between RMconcentrations at the regional
background site and at the urban ta8ite (<0.2), low average ion sums {1.5
2.5¢ g M and low accumulation to Aitken mode ratios (0.0.26). Four of the
episodes had distinct LRT characteristics: a high fraction of fine particles in PM
(0.5'0.6) at the urban traffic site, a high ratio betweenfddncentrations at the
regional bakground site and at the urban traffic site {0.8), high interpolated
values for the ion sum (6.6 1 . 9 ®),cagdrhigh accumulation to Aitken mode
ratios (0.750.85). During the remaining two episodes there was significant
contribution from both localsources and LRT. A detailed analysis of
meteorologial variables and air mass béc#jectories gave support to these
findings.

Table6.1: PM and NO concentration at the air quality monitoring sites in the
Helsinki Metropolitan Area in 2002.

Station Station PMyq PMg 24 h PMq > 50 PMa 5 PMas 24h PMa s /PM; g NO m;:diun

classification median max (pgm ) no median max median (pgm )
(pgm “'} (pgm ﬁ'} of days (pgm "} (pgm "} (pgm "}

Tadlo Urban traffic 1% 97 32 35

Vallila Urban traffic 18 137 19 8 52 0.48 11

Kallio Urban 14 &5 10 7 43 0.57 4
background

Leppivaara Suburban 17 144 27 10
traffic

Tikkurila Suburban 17 118 22 23
traffic

Luukki Regional 10 58 2 1

background

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. Thees a good correlation
between the 24 averages of Pp/PM;g 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 s, 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 shokigure6.4 , which
also show the grouping of the different types of episodes. Th#itaize 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 conditiobghaviourof the PM concentrains,
and airmass back trajectories for that specific city.
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Figure 6.4 (a)
The PM sPM;gratios at the
urban traffic monitoring site
vs. accumulation to Aitken
mode ratios measured at the
urban backgound site.

(b)
PM, s/PM;q ratios at the urban
traffic monitoring site vs. the
ion sums.

(c)
ion sums vs. the accunhtion
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6.3 Temporal and spatial patterns of PM mass in Finland

[Pia Anttila and Timo Salmi, 200&haracterizing temporal and spatial patterns of urban,PM
using six years of Finnish monitoring datBoreal Env. Resl1: 463 479]

Six years (1992003) of continuous PM mass concentration measurements

from 25 stations in 20 cities in different paotsFinland wereaused to examine the

temporal and spatial patterns of urbanipvh Finland Anttila and Salmi 2006)

PMpodata was extracted from the Finnish Meteo
Monitoring Data Manageent System (ILSE).PMj, was measure with

automatic analyzers based either on the tapered element oscillating microbalance

or the betaattenuation method

Long term means of P) at twenty fiveFinnish urban stations vary between
11-24 pg m?, the highly trafficked urban centers tending have higher
concentrations than the suburban stations or small t¢figsire 6.5). Year to
year variation at each station is very low, typically onl¥ @g m°. The national
background concentratiomas estimated to be about 5 ugmand there is some
indication that when traffic influence is eliminated a decreasing trend qf PM
from south/southeast to north emerges.
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Figure 6.5: Annual distribution of 24r average PM, concentrdions from 1998
to 2003 at 18 stations. Values for tH& 85", 50", 75" and 9%"
percentiles are shown. At the ntaffic stations the medians are
denoted with white horizontal lines.

The seasonal variation of RMat all stations is dominated khe maximum
during spring; in MarckApril the PM,o concentrations are about twice as high as
during the rest of the year. This spring peak ofifPddvers practically the whole
snowmelt period, which also is the driest period of the year.
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Figure6.6: Annual variation of the PM concentration (black lines, left axis)
and snow depth (grey dashed line, left axis) and precipitation (grey
line, right axis) averaged over years 192803 in southwestern
Finland (Lappeenranta and Imatral) and norhern Finland (Oulul
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%thanthe weekday concentrations which implies a strong
traffic influence on the PM concetrations. e spring time dry period with
increasing temperatures, radiation and evaporation enables the effective
suspension of the dust accumulated from multiple ssutcaoad surfaces and
shoulders and initiates the elevation of f8bncentrations. Howevgthe 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 formatgpriog
episodes.In March and April the exceedances of 50 pb#&s 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, mosbften in August, September and October, there are ato 1
irregular regional Plyp episodes, lasting from one day to six days and being most
likely originated from long range transported particles. During these regional
events the PM concentrations may &l reach the typical spring peak
concentration levels. Similar regional LId&¥ents are probable also in spring but
they get masked behind the overwhelming road influence

Long term fine particle RM,s) mass measurements are still scarce in Finland
Longest time series are from Helsinki metropolitan area and Gige 2002)

and from the FMI background station Virolahti (since 2004). Figure 3 shows the
monthly means of Pl from these stations during 20@P05 together with the
co-located PMp measurments. At the Virolahti rural background station the
distinctive spring maximum of the PMis missing and the ratio PMto PM
typically varies between 0.6 to 0.8 being highest in early spring February and
March. At the urban stations the ratio of PMMo PM, 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 iWirolahti is 7.3 pg/m® and in Oulu
8.5 pg/m”.
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Figure6.7: Monthly means of PN and PM s masses at different types of
monitoring stations in 2062005.

6.4 Modelling fine particle concentrations in Helsirki metropolitan area

[Kauhaniemi, M., Karppinen, A., Harkénen, J., Kousa, A ., Koskentalo, T., Aarnio, P. and
Kukkonen, J., 200Refinement And Statistical Evaluation Of A Modelling System For Predicting
Fine Particle Concentrations In Urban Areas. Ranjeet S. Sokhi and Marina Neophytou (eds):
Proceedings of the 6th International Conference on Urban Air Quality, Limassol, Cypt28, 27

March 2007, CEdisk: ISBN 9781-90531346-4, University of Hertfordshire and University of
Cyprus (pp. 6871)]

We present a combined modelling system that addresses particulate matter on an
urban scale and loaginge transported aerosols (LRT). We have evaluated the
advantages and limitations of the statistical model (Karppinen et al., 2004) for
comput i ng conlkrieutiobh ® PNMsendJ.K. and in Finland (Kukkonen et

al., 2007). We also aim to evaluate the performance of the combined modelling
system against measured PMata in Helsinki.

6.4.1 Meteorological and Air Quality Measurements

The relevant meteorologicaarameters for the models are evaluated using data
produced by a meteorological gpeocessing model (Karppinen et al., 1997,
1998). The location of the study area, the meteorological stations and the
background air quality measurement stations are piedan Figures la and b.

We used a combination of the data from the stations at Helarkiaa airport

and Helsinkilsosaari. The mixing height of the atmospheric boundary layer was
evaluated using the meteorological 4precessor, based on the sounding
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observations at Jokioinen (90 km northwest) and the routine meteorological
observations.

The EMEP s topetative pragranime @o monitoring and evaluating of
thelongr ange transmission of air pollutant s
Helsnki are shown inFigure 6.8a; these are Ut0, Ahtari and Virolahti. The
following concentrations are measured daily at the EMEP stations: @ SO
(sulphate), (ii) the sum of NO(nitrate) and HN® (nitrogen acid), and (iii) the
sum of NH;" (ammonium) and Nk (ammonia). The fine particle (PM)
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 areasisown inFigure6.8b. Monitoring station

of Vallila represents urban roadside conditions. The Kallio station is an urban
background monitoring station.

¥ Emep stations

W Meteorological stations m Meteorological stations

o 8% 10 ® Air quality measurement stations
kilometres

HeIsinki—Va?ﬂaa airport

VANTAA

FINLAND HELSINKI

vAhtari

z

Jokioinen
-

vVirolahti
Uté i e Q 5 10
v Helsinki

I B Helsinki Isosaari
b) kilometres ]
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Figure6.8: The meteorolgical 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, CARMI (Harkdnen, 2002). The disgon 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 MNimikhov
length, the friction velocity and the mixing height. Traffiaginated turblence is
modelled with a sermempirical 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-exdraust vehicular
emissiors and particulate matter suspended from the street surfaces, using
empirical correlations.

The longrange transported contribution to urban particulate matter was evaluated
with a statistical model (Kukkonen et al., 2007) that utilises, as input vahees, t
daily sulphate, nitrate and ammonium ion concentrations measured at the EMEP
stations. Currently, there is also an option to use representative regional
background PWMs concentration measurements in the Helsinki Metropolitan area.
The regional backgraw PM s concentrations can also be determined using the
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Europearscale computations using the regional and continactle dispersion
model SILAM (Sofiev et al, 2006).

6.4.3 Results

The mean, the maximum and the standard deviation, together with thecstatist
parameters for the predicted and observed daily average series ofPM, s
concentrations in 2002, for Vallila and Kallio monitoring stations are presented in
Table6.2.

Table6.2:  The statistical analysis of the predicted and observed daily average
time series of Pl concentrations at the Vallila and Kallio
monitoring stations for 2002 (the days 01.01.02 and 31.12.02 are

omitted).

o Vallila Kallio

Statistical Parameter ) )
Predicted Observed Predicted Observed

Mean (ug/m®) 11.2 9.90 7.92 8.64
Maximum (ug/m®) 39.0 52.0 35.2 425
Standard deviation (ug/m®) 5.31 6.75 4.80 5.89
Index of agreement (1A) 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 predictedM, s 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
Figure6.9a and b.
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Figure6.9: The scatter plots and the correlation coefficient squaréji\(@&@ues
of the predicted and observed daily average,Bébncentrations in
2002, for the monitoring stations at Vallila (a) and Kallio (b).
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Predicted total annual average concentratio®M, s in the Helsinki metropolitan
area and Helsinki city centre are presenteligure6.10a and b, respectively. On
a yearly basis, the estimated contribution from regional and -riamge
transported origin to the observed PiWaries from 40 % at the most trafficked
areas in Helsinki to nearly 100 % in the outskirts of the metropolitan area.

Total PM2.5 concs (pg/m3)
in 2002
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Figure 6.10; Predicted total annual average BNMconcentra i o n s¥if € g/ m

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 PMs are also presented in the figure.

6.4.4 Conclusions

The comparison of the modelled daily awd values with the corresponding
measurements showed a fairly good agreement. The results show that the

statistical LRT model i's a wuseful
PM, s that is applicable within a fairly good accuracy. Clearly, the ehatso has

and

inherent limitations. The accuracy of the model presented depends on the
chemical composition of PM, especially the content of carbonaceous species;

however, measurements of these species at the EMEP stations have not been

published. The iosum parameter defined also contains in part the measurements

of two gaseous substances (HNONHs). If their concentrations were high,

compared to the concentrations of the corresponding compounds in particulate

form, there could be substantial inaccueadn the model predictions.
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6.5 Regional scale dipersion 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 EUPopesedings
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Leipzig, Germany]

6.5.1 Introduction

The results presented are based aneas ear ch pr oj ect AAn i ntegra
evaluating the emissions, atmospheric dispersion and risise@dy ambient air

fine particulate mattero (KOPRA) of Finnish
Innovation (TEKES). An overall goal of the projegss to evaluate the whole

cycle of aerosol air pollution in Finland including emission of particulate matte

and its precursors, 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

disperson 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 specand 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 perforni@d 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 & $plPM,s and
PM2s10), as well as of sulphur oxides, was adopted from the WebDab database of
European Monitoring and Evaluation Programme EMER\V.emep.ink. The
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information was available at annual level and with spatial resolution &m50
Temporaldisaggregating to hourly fluxes was made on a cotlngrgountry basis

using the results of EUROTRACGENEMIS project (Lennatt al, 1997).
Vertical distribution of emission followed the EMEP methodology based on
11 emission source categories and charatternnjection heights for each of them
(Simpsoret al, 2003). The European information was complemented with a high
resolution Finnish national emission inventory with detailed chemical and size
segregation splits: emission of primgrgrticles was awsdered for 5 size classes
(PMo1, PMy 1.1, PMi2os, PMes1o, PMigtem) @nd included separate estimates for
the following compounds: black carbon, organic carbon, dust, sulphates, and total
PM. Emission of preursors included SO NO,, NHs, and anthropogec 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 heightfor 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 infation and necessary geophysical and
land cover maps were taken from the HMIRLAM and ECMWF meteorological
models. All input data covered the period of 2@0M2 and the simulations were
also targeting this time interval. The main modelling tool useddgional and
mesascale simulations was the Finnish Emergency and Qir Quality Modelling
System SILAM (Sofiewet al, 2006). It is a lagrangian particle model with Mente
Carlo randomwalk mechanism representing the vertical and horizontal turbulent
diffusion. The system includes a sophisticated meteorologicapnoaessor for
evaluation of basic features of boundary layer and free troposphere using the
meteorological fields provided by NWP models. In implementation, SILAM
assumes welhnixed boundary layeand fixed turbulent diffusion coefficients in

free troposphere. Exchange between them is mainly driven by temporal variation
of the top of boundary layer. A physiochiemical module of SILAM covers up to

496 radioactive nuclides, sulphur oxides, primarytipi@s 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. Chertri@asformations of SO
follow the scheme of DMAT model (Sofiev, 2000). A losalale model CAR

FMI (Kukkonenet al, 2001a,b) was used for evaluation of Helsinki-sitale
pollution levels. Evaluation of the influence of aerosol dynamics is done using the
aerosol dynamics model MONO32 (Pirjola and Kulmala, 2000; Pigolal,

2003). MONO32 is a box model covering gasmse chemistry and aerosol
dynamics. The model uses monodisperse representation for particle size
distribution with an optional number efze 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, ammonitarate, 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 particlesy/inlass 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 tohighly episodic character of this phenomenon as well as its
strong interannual 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. @tefore, we utilised a simplified but cem
putationally efficient model DMAT (Sofiev, 2000), which was forced by- pre
processed NCAR 2fears long meteorological -analysis over the Northern
Hemisphere. More information on this study can be found in (Htm§isSofiev,
2004).

6.5.3 Results and discussion

Following the strategy outlines above, four sets of simulations have been
performed: at the Europe&calei for primary PM s, PMy 510, Sea sajtand SQ;

at regional scalé for primary PMy.1, PMy 1.1, PMi.2s5, PMe 510, PM-coarse (over
10em size), and SQ for Helsinki ared PM, s PMypand NQ; finally, the wind

blown dust was computed for the Northern Hemisphere. Euregmzde
resolution was 30 km with daily averaging, regional simulations providad 5
daily output fields while hemigmric runs were made with 1&h grid and
provided monthlymean values. The reference year was 2000; most of simulations
were also performed for 2001 and 2002; hemispheric simulations were made for
the period 1961988 in order to obtain a climatologicallgpresentative 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
presated in Figure 1 for primary PM, which characteristic level inOR0O was

about 1eg m® 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 resolutiorof 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 distribution$ both as upanvs. regional background (visible atidn map)

and over specific parts of the city (loeadale map). It should be pointed out that
the 5km map inFigure 6.11 is presented without the European background,
which would brirg the toal level of primary PMs concentrations over southern
Finland to the level of about-2 eg PM nm®. Direct comparison of primary
particles with observations was not performed because in 2000 there were
practically no representative observations resolviregadhemical 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 inorganiokeros
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EMEP_2000_PM2Z_5_att3_all
conc_PHZ_S, 'E’ugz}"M'!T. a-?n'ﬁif‘z'uuu ﬂ%'ﬂh 2000

An example of PM 2.5 multi-scale simulations for
European, Finnish and Helsinki region sources of
primary aerosol. Annual concentrations 2000/2002, 2N
unit = pg PM m-3 O

Figure 6.11: An example of threscale offline nested simulations for primary
PMa.s.

Comparison of sulphates and S@ith airborne measurements of e.g. EMEP
network as well as with other modetsquite straightforward. According to that,
the SILAM simulations have fistandardo
underestimate sulphates being otherwise within a factor of two from the most of
observations. Simulations for two more components ofatheospheric aerosol

are 1 sea salt and windblown du$t are shown inFigure 6.12a and 2b,
respectively. Neasurface concentrations of the wibtbwn dust do not make
much sense over Scandinavia because most of such aerosol flifsomsands 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. Mservations 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+, whit constitutes about 30% of the sea salt mass. Comparison with
Na+ observations at Mace Head showed that the model tends tecestideate

the overall level of concentrations by a factor e8,2closely capturing the
summer lowsalt periods and being sig@ntly lower than measurements over
winter periods when strong storms inflate the salt concentrations3otin3es.

This seasonality in the model is less pronounced. The present sea salt emission
module in SILAM is based on improved scheme of Monadizah. (1986). It is

known to somewhat und@roduce the sulmicron particles, which have the
longest transport distance. The other feature of the schiersgong over
producti on of particles smal l er t han
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implementation. Finally, IBAM emission module neglects the mechanism of
production of coarse particles (over 4M) as they have no impact on regional
and longrange transport. However, they can still significantly affect observations
at Mace Head.

All modes,JAN 2000
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Figure6.122.a)Mean Jan 2000 concentration of sea sal
PM mi*. b) Mean 19671988 vertically integrated wintlown dust
concentration in air column. Unit: mg PMmObs different scales!
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PM atmospheric concentrations in France analysis and key
findings
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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 PM was the priority, the assessment of the ;BM
concentrations hasot 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 centrations 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 constderas reasonably relevant are now
published.

In 2006, more than 300 Pl measurement stations and 65 RMtations

were implemented in France. This is the result of more than 15 years devoted
to the development of the PM monitoring strategy in Francet bfakem 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 reseah 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, allowéde 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 compilése 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 goattific 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 @ta related to PhM and PM s from 1990 to 2005, and recently updated,
are given below.

PM EMISSIONS IN AIR FOR METROPOLITAN FRANCE (units Gg = kt)

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

Emissions in air for metropolitan France

Source : CITEPA/CORALIE/Format SECTEN - Update : 15 February 2007
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In 2005,emissions of PMg in metropolitan France a8 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:

e Agriculture and forestry (29%), especially ploughing
e Manufacturing industry (28%), especially quarrying and building sites
¢ Residential/tertiary (28%), especially wood, coal, and fueltxgtion.

Emissions of PM s in metropolitan France a@29 Ggin 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, el combustion
¢ Manufacturing industry (26%), especially quarrying and building sites
e Agriculture and forestry (17%), especially ploughing.

Both PMio and PM,s emissions decreased in all sectors except in transport
activities (not including road transppriThis 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 measuremdrRld 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 follgpwhe 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 D@0) described by the norm CEN/TC264,
2005

7.3.1 Regulatory network implemented for monitoring purposes

Figure 7.1 presents the location d?M;o 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 walksated 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 Microbalaneeand 15% beta gauges 3 ray
attenuation monitgrwhich dlow high temporal resolution.

PM;jo 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%nduestrial
stations.

PM, 5 stations are mainly located at urban and suburban locations (79 %), 19% at
traffic sites and the difference concerns industrial sites

Localisation des

Figure7.1: PM;o measurement network in France (2006)
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7.3.2 Field campaigns

As far as air quality monitoring is concerned, the

up to now are listed below:

main field campaigns from 2002

161

Objectives material where When results Ref
Demonstration of Paris 2005
equivalence of the |Partisol 2025 | (Bobigny) TEOM-FDMS ok
TEOM-FDMS PM3p, | TEOM-FDMS Marseille 2006 for PMyo and [Le Bihan,
and PM2,5 PM2.5
Paris 2005]and
g 2006

Demonstration of Partisol 2025 g%%télgny), 2005 [Mathe,
equivalence of the MP101M- ' Marseilie MP101M-RST ok |2006)
Beta Gauge ’ 2006 for PM1o
MP101M-RST PMyo |RST 2006

10 Italy (b) 2003

Belgium (a) |2006
o High correlation
Preliminary test of .
A Partisol 2025, . between FDMS [Bessagnet,
g}\j TEOM-FDMS TEOM-FDMS Paris 2003, 2004 and the reference | 2004 ]
10 method for PMso
Confirmation of
PM31o chemical . Paris, the TEOM 50°C | [Blanchard,
composition Partisol 2025 Rouen 2002 under-estimation |2002]
of PMip mass

(a) : French participation to a program led by Belgium.
(b) : Intercomparison test performed by CMR (ltaly)

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 RMFigure7.2). The sampling method used is the
automatic system TEOM.

A l-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 methodith the réerence oneThe 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 oun the interpretation.

The Puy de D6me supersite is operated by the @dtsére de Physique du Globe

de Clermont~errand. 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 longrange transport of gas and particles from the fig@osphere and by

the more regional boundary layer air.
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Figure7.2: Location of EMEP supersites and Pdg¢Dome PM station

The site is equipped with complete instrumentation to characterizeoberos
properties:

¢ Aerosol Chemistry : low volume samplers for IC and OC/EC chemistry
(PM) since 2003

¢ Aerosol Chemistry : High volume sampler for IC and organic speciation

(PMyo- CARBOSOL program) since 2004

Aerosol Size segregated Chemistry since 2006

Size distribution since 2005

¢ Optical properties : scattering (nephelometer) since 2006 and absorption

(aethalometer) coefficients since 2000

Hygroscopic properties : HTDMA during research campaigns in 2006

¢ Aerosol Massi( RH-Controlled gravimetry on aerosailtérs PM;g) since
2006 and number concentrations (CN counter) since 2003

O 0

Ce)

Finally, it should be noted that puy de Dome is now a part of the EUSAAR
network. The objective of the project EUSAAR is the integration of measure
mens of atmospheric aerosol grerties performed in a distributed network of
20 high quality European groudshsed stations (Supersites). This integration
contributes to a sustainable and reliable operational service in support of policy
issues on air quality, loagange transport of plotants and climate change. The
project is coordinated by CNRS in Clermdtdrrand.

7.3.4 Issues related to the use of TEOM and beta gauge devices

The reference method for sampling and measurement gf &Mmentioned in the

1% Daughter Directive 99/30/EC idescribed in ENL2341:1999 standard. It is
based on 24 hours sampling of RMn filters followed by filters weighting under
controlled humidity and temperature conditions. However, this method is not
sufficiently operational for routine monitoring. Theam difficulties encountered
when using this method are:
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- delicacy of filter handling procedures;

- impossibility to provide realime data for public information (daily basis
prescribed in Directive)

- -high running costs (weighting room with controlled atptusre, whole
measurement process).

Automatic tools such as TEOM or beta gauges bring a solution to these
difficulties. Howevert h e ver€lod ef such devices doest measure correctly

the PM semiolatile compoundsConsequently, the use of these t@ghes leads

to an underestimation of PM levels compared with the reference method.

The main reason for that was clearly identified as the volatilisation of somg PM
compounds in the instrument. This is illustrated inRigure 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 metto

Comparaison TEOM et PARTISOL - PM10 -
- site de Quillebeuf du 2 au 26 mai 2001 -

70 - ® TEOM / Partisol

60 4 @ TEOM + NH4NO3 / Partisol

501 y = 0,9365x - 0,0416

40 1 R? = 0,9405 S .0

30 - [ ]
20 - L]

TEOM 1400 en pg/m 3

y = 0,4934x + 6,3615
10 + R?=0,775

0 10 20 30 40 50 60 70

PARTISOL en pg/m®

Figure7.3: Correlation between TEOM and reference method (blue), and
TEOM corrected with NENO; and reference method (pink), for
PM,;pmeasurements.

The first option examinedo 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.
Table7.1 show that this factor ranged leten 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, th&DMS (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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Table7.1: Relation between TEORNd reference method for RM
measurement for different sites and seasons. n is the number of daily

samples.
. . PARTISOL/TEOM  Mean Ratio
Site Typology Period n 3 ; [min -
PMio pg/m ratio
max]
. ' summer 30 43,6 /43,8 1,0 097111
Auteuil Traffic winter 30 40,5/ 36,4 1,1 0,9i 1,3
Gennevilliers Urban summer 23 24,0/22,0 1,1 1,07 1,3
background winter 30 245/18,7 1,3 0,81 1,7
. summer 34 239/219 1,1 0971 1,3
PA 18 Traffic winter 31 30,4 /21,9 1,4 0,9i 1,8
Vitry sur Seine Urban summer 29 20,6 /19,8 1,0 0971 1,3
y background winter 28 30,5/21,3 1,4 0,771 2,0
Quillebeuf Industrial summer 32 35,5/23,9 15 1,17 2,2
Urban .

Le Havre background summer 29 23,3/19,9 1,2 0971 1,7

To demonstrate the equivalence with the reference mellyothe 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 proposeBigure7.4. Table7.2 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,$ &hd
PM.s); and beta gauge MP10XRIST (for PMg). The equivalence criteria is
respected without the application of correction for slope and/or intercept.

100.0

90.0

80.0 9

3
70.0

CM
@
S
5

40.0 e y=095x-169 |
X R?=0.99

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
RM

Figure7.4: Correlation between PN 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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Table7.2:  Field campaigns devoted to the equivalence checking.

. L . . . Equivalence
Candidate method Trial site location Time period criteria met?
Bobigny (France) 25/01 to 17/04/2005
Thermo R&P TEOM-FDMS( )PMlo 21/12/2005 1 Yes
series 8500 version b ® i 0
Marseille (France 13/04/2006
Bobigny (France) 25/01 to 17/04/2005
Thermo R&P TEOM-FDMS( |)3M2,5 21/12/2005 1 Yes
series 8500 version b ® i 0
Marseille (France 13/04/2006
Bobigny (France) 25/01 to 17/04/2005
. 21/12/2005 to
. Marseille (France 13/04/2006
Environnement SA MP101M-RST - Y
PMyo ® Aarschot (Belgium) | 10/05 to 24/06/2006 es
24/06 to 19/08/2003 &
Mongﬁ;’t‘)’“do 10/12/2003 to
Y 11/01/2004

(a) 1hstep time measurement
(b) 24hstep time measurement

Due to the variability of test sites (in time and space) involutiferent
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 beerclgsine, 2006 spring has been
dedicated to define an implementation strategy all over the French territory, to
produce validated P\ measurements, including the volatile fraction of ;eM

The system calibrated to produce corrected data is based on arknetivo
reference sites, where Rj/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 areohyet installed.

By now, about 50 reference sites are producingtneed corrections.

7.4 Results and trends for PMand PM, sconcentrations

Note : the results presented below are issued from non corrected measurement
data (prior to 2006). The volatil&action of the particles should not been taken
into account.

7.4.1 Basic statistics

Figure 7.5 and Figure 7.6 show the trends oPM;o concentrations since 1998.
Since 2004, concentrations get the same level; a stiglgase 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. PMjo concentrations in France since 1996
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Figure 7.6: PMjo concentrations in the French cities

The annual averages &M,s and PM;o concentrations in different regions are

presented ifrigure7.7. Highest concentrations are mealat traffic stations for
both pollutants.

In urban areas, highest B¥concentrations (15 to 1Bg/m3) are found in the

SouthEast (Provencd | pes Cote d6Azur) , and in the EasHt
(Alsace, Rhon&\lpes). The western part is notrazerned by such concentration

levels. Areas near the Atlantic side get RMoncentrations 5 to ;Zg/m3 lower

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

well as Paris area get median concentrations levels (12jtg/fd#).

The East/West gradient noted for P¥ concentrations also holds for PM
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 PMy, concentrations, generally higher than those observed in Alsace and
RhoneAlpes regions.

Year 2005
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Figure7.7. PM,s and PMoannual means in French regians

It should be noted (not elwn) that PMs and PM, 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 obsetveshete sites (EMEP
sites) located at Peyrus¥éeille (FR13 EMEP site) in the South of France and
Revin in the North. In 2002007 the daily mean concentrations were respectively
15.3 pg/m® (Aug 06 to Feb 07, average daily data;@hTU)) with a maximum
daily valueat 60 pg/ni and13.8 pg/ni (Aug 06 to Feb 07, average daily data,
9h-9h TU) with a maximum value of 46 ug/rfFigure?7.9).
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Except for this period, analysis of seasonal variability demonstrates the following
statements:

¢ PMy5concentrations are higher in March/April and November/December than

the rest of the year;

They are the lowest in summer;

¢ Seasonal variability of urban Rldlis more or less sharpened depending on the
cities considered (sda@gure7.8 with a clear difference between summer and
winter at Grenoble and Strasbourg).

¢ No seasonal trend is observed for 8Rbncentrations. In some cases, they are
higher in winter than in summer, in other situations the contrary is true. In
most cases cwentrations averaged over both periods are rather comparable.
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Figure 7.8: PM,sconcentrations time series for féwenchcities
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Figure7.9:  PMjy concentrations (ug/fh daily value) measured at Peyrusse
Vieille (FRL3, EMEP station) from July 2006 to February 2007

7.4.2 PM characteristics

Characteristics of PM are thoroughly investigated at thed@yome supersite.

A large panel of indicators is evaluated helping in a better understanding of the
rural background compd®n. PM mass composition at urban and suburban sites
has been analyzed during the equivalence campaigns which held in Paris and in
the Normandy regions (s&ection7.3.2.

7.4.2.1 Puy-de-Dome situation

Concentrations measured at thte show that the site is typical of the natural
background. Averag®M;, mass is slightly lower than fg/m® (daily average)
with minimum values lower than 1 pginffree tropospheric background) and
maximum values close to 3@/m> (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 D6me for each month

N

The number concentration also shows high variability, mostly linked to sdason
variability (Figure7.10) with highest values in summer (4000 part-*cimhourly
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average) and lowest values in winter (1000 part ¢mhourly average). Such
variability is obviously linked to both change in boundkyer 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
Dbéme. The mode of thsize distribution lies around 5@m during background
periods regardless of seasons and the distribution is-mokl@l. During summer
months, an additional source of particle is present, due to mixing with boundary
layer air, leading to bimodal size disution with both Aitken (30nm) and
accumulation (80 nm) modebBigure 7.11 shows typical daily variation during
different seasons at Puy de Déme.

SMPS Puy de Dome mesn 2006 Mai Juin Juillet

SMPS Puy de Déme mean 2006 Février Mars Avril

SMPS Puy de Dime mean 2006 Février Mars Avril SMPS Puy de Dime mean 20067 Novembre Décembre Janvier
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Figure 7.11: Average daily size distribution of aerosol particles measured at Puy
de DAme for Spring (A), Summer (B) Autumn (C) and Winter (D)
periods.
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As mentioned earlier, the variability of the size distribution signal is also linked to
nucleation episodesh& occurrence of these episodes is higher during spring time
and early summer and usually takes place during -slkearconditions, at the
interface between freopospheric and boundary layer air masses.

The mechanisms of particle nucleation at Puy @n® 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 concentratighe

free troposphere over Europe.

The weekly averaged concentration is close to 3 fig®m average, the OC
fraction accounts for less than 1 ud/aithough weekly averages can be higher
than 1.5 ug/m

Average proportions of inorganic and organicmpounds are shown in
Figure7.12.
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oxalate
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Figure 7.12: Average fractions of inorganic and organic components of aerosol at
puy de D6me. Note that the pdaction.

7.4.2.2 Urban PM speciation

The field campaigns organised to assess the volatile part lost by automatic devices
allowed to described the Rlylmass composition in winter and in summer for
different types of siteszigure7.13 shows some of these results.
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Figure7.13: PM;o mass composition for different situations in winter (a and b)
and in summer (c to e)

7.4.3 Relationships between PMand PM, 5 concentrations
7.4.3.1 Correlation between P and PM, s mass concentratios

Correlation between PMand PM s mass concentrations is excellent everywhere,
higher than 75% (minimum in the Soutflest region)Figure7.14). The score of
85% is often exceeded, with better results in winter or in summer depeoia
the geographic are@orrelation ishigher in winter in Paris areas, in the North and
in the RhoneAlpes (CentreEast) regions.
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PM10 vs. PM25, Corrélation (%) PM10 vs. PM25, Corrélation (%)
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Figure 7.14: Correlation between PM and PM s concentrationsSuburban
stations (large circles) and urban (small circles) are drawn for the
20032005 period (top left); summers 2003 to 2005 (top right) and
winter 2003 to 2005 (bottom left).

7.4.3.2 RatioPM;gPMsg

Figure 7.15 shows ratios PMsPM;o 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 BMPM;, ratio variesfrom 64 to 71%. It is quite
homogeneous in the m&buth of France: from 63 to 69%. Ratios are lower at
sites located in the western and northern coasts (53% at Nantes-&86tb5&

Calais, Dunkerque).

PM, ¢PMyo ratio is almost higher in winter than imramer with a 5 to 10%
increase compared to the average mean.
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PM10 vs. PM25, Ratio (%) PM10 vs. PM25, Ratio (%)
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Figure 7.15: PM, §/PMjq ratios. Suburban stations (large circles) and urban
(small circles) are drawn for the 20305 period (top l&¥;
summers 2003 to 2005 (top right) and winter 2003 to 2005 (bottom
left).

7.5 PM climatology in France

The Puyde-Dome rural supersite helps to investigate the long range transport
contribution to PM concentrations. It is clearly detected during advecfion o
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 aesol (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 {jgimt is, at the most, a

few % of the total Plyp mass.
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On the contrary, Saharan dust episodes have potentially a higher impact on the
average PNp mass measured at Puy de Dome. During Saharan dust episodes, the
contribution of dust (mostly found onto large particles) reaches a few?|(@/@),

and contributesot a substantial fraction of PM. It should be noted that the dust is
mostly formed by Ca&ontaining material but also provides a surface for
condensing HN@ vapour that in turn will contribute to increasing PM. The
contribution of NQ condensed onto largegticles 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 frontvhen cyclonic conditions favour Northerly winds to

the site. However, a precise contribution of loagge transport from
anthropogenic activities is difficult to estimate due to the fact that the contribution

of boundary layer air is embedded in the biltker (and impactor measurements).

We can estimate that long range transport from Northern Europe increases the
aerosol mass at the Rdg-Dome supersite by a few pgimand is mostly
composed of nitrate, sulphate and organic material.

Model experimentallow 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 beenesssd 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 detectmamum nitrate

epi sodes . This capacitywwwspreusre),i n t he PRE

which is the french air quality forecasting platforrigure7.16).
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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 meteoraltay conditions and higher emissions of
ammonium in the northern part of Europe.
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Figure 7.17: Ammonium nitrate episode simulatgdh the CHIMERE model
(March 2006)
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