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Executive Summary

Thereportpresens the status othe activities undertaken under EMEP in relation

to particulate matter in the European rural environm@mt assessment is made

on the observed chemical and physmalperties at monitoring sites, an update is
provided with respect to emissions of primary particles and further a model
assessment of the concentration levels are given. The report also includes a
special section on the importance of agricultural findgch had a significant
impact on ambient particulate matter concentrations during 2006. Finally, two
chapters present the comparison between model results and the comprehensive
data series available from the intensive monitoring campaigns, and a compariso
between satellite remote sensing data with EMEP monitoring and modelling
results.

In total 49 sites have provided particulate mass observations from 2006 (47 for
PM;ip and 25 for PMs) and this is an increase of 11 sites compared to 2005. There
were 4 ountries reporting PM mass concentration data for the first time. Still, the
site density is poor in large regions of the EMEP domain, and in particular in the
eastern areas and in the Mediterranean region. The lowest concenthffivig

are observed ithe northern and nortWestern parts of Europ#hile the highest
levels are seen in Centialrope. Nearly half of the sites experienced levels
significantly higher than during 2005 (Scandinavia and parts of Germany), while
about 43% of the sites had lemconcentrations (Spain, Denmark and SW parts of
Germany). The spatial trends of RPipenerally resemble PM10 trends, and with
the highest levels measured at Ispra in ltaly. Also the increase from 2005 in
Scandinavia and a decrease in SW Europe and Ggrisaapparent. The EU
annual mean limit value of P (40 pg m®) was not exceeded for any of the
sites, however, about 40% of the sites (18 sites) experienced annual mean
concentrations exceeding the Air Quality Guideline (AQG) for,{dfl 20 pg .
Violation of the AQG was observed all across Europe, inclugiags of
Scandinavial(Denmark)but was most pronounced for central Europeuthern
Europe, and western Europkhe Austrian site Illimitz was the only site violating

the 24 hour mean limit valueif PMy, of 35 days exceeding 35 pghin 2006,
reporting 37 daydspra was the only site exceeding the EU annual target value of
PMos( 25 9 bermalid from 2010 with an annual mean RMoncentration

of 28.5 pg n, which is approximately 15% above the limit valldore than

50% of the sites were in exceedance of the WHO AQG for 1110 ug m. No

part of Europe experiencévB s levels below the targets set in the guidelines, and
even Scandinavian sites, which typically report the lowest PM levels in Europe,
are found to exceed the guideline. The seasonal pattern of exceedances of the
WHO 24-hour air quality guideline for Pp4 is similar to that of P and the EU

limit value; i.e. the majority of the exceedances take place during spring and
summer in the Mediterranean region and during winter for the rest of Europe.

While PM mass concentrations allow for comparing ambiententrations with

air quality limit values, it is only through the understanding the chemical
composition of particles that the relationship between emissions, transport and
transformations can be assessed, EMEP has thus its major focus on the chemical
speciation and mass closure of PM. Historicdtigus has been on the secondary
inorganic constituents SO, NO; and NH," and more recently has basations,
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sea salts and carbonaceous content become parts of the monitoring requirements.
Still however, ony few countries report a sufficient number of parameters to fully
understand the regional particulate matter distribution and its origin. There were
in total 31 sites measuring both PMind SQ* in 2006,25 measuring both PM
while the number foPM;o ard NOs” and only 12 measuring both Rj&ind NH;".

SO and NQ contributed about equally to R accounting for 2% and 6

19% of PM,, respectively. The relative contribution of lfHo PMy ranged
between 8%. SlAthus constitutes in the order of-25% of the aerosol mass

and reductions in their precursor emissions remain essential to abate PM
concentrations. In some regions, mineral dust has a significant contribution
(mainly associated with dust events) but due to the low level of sites performing
measurements of its constituents, further assessment is strongly impeded. It is
only in coastal areas that sealts make a significant contribution to the aerosol
mass concentrations, with levels normally not exceeding a few percent at
continental sitesPotassium is associated with biomass burning, and its seasonal
variation provides helpful insight to the relative contribution of different sources
to ambient PM concentration$rends in PM mass concentrations are difficult to
assess due to short timeissrand significant inteennual variations caused by
meteorological conditions.

There is still a general lack of comparable EC/OC data in Europe, which makes it
difficult to address the spatial and temporal variation of these parameters on the
regional sale. During 2006, measurements were made at in total 3 sites, and only
two of those have time series extending back in time. The three sites represents
very different conditions with one being located in Southern Norway (Birkenes)
one in Italy (Ispra) andow also in Germany at MelpitZhe reldive contribution

of elemental carbo(EC) to total carbon(TC) in PMyo was 144 at Birkenes and

42% at Melpitz, while similar numbers for P\ was 186 and 48%. At Ispra
there are no measurements of EC/OC ingid the relative contribution of EC

to TC was 23%. Total carbon mass in RBMit the sites Birkenes, Melpitz and
Ispra were about 1, 4 and 11 pg nespectively.

Emissions on precursor gases and primary PM were reported for the first time this
year to thenewly established EMEP Center on Emission Inventories and
Projections (CEIP). This implied some changes in the emission data used for
modelling, that generally this year followed more closely what was reported by
the Parties.This is particularly relevdot EECCA countriesfor which emission
expert estimatesused last yearsvere from Cofola et al. (2006) anthose
emissions werenuch higher than those used this year, as reported by the Parties.
Changes in the total emissions within the EMEP area fronb 2002006 are
generally small, with averaged reductions-bi6% for SQ, -1.3% for NQ and

-5.9% for NH. In the case of particulate matter, there are averaged reductions of
-2.9% for PM sand-1% for PM..arseif We consider only those countries and area
where PM emissions were available both in 2006 and 2005. The individual
country emissions change more significantly from 2005 to 2006. These changes
are different from country to country and region to region. For Asian areas expert
estimates of PM emigsis were not provided in 2005, while such data are
accessible in 2006. Therefore, with the Asian areas included an increase of 0.4%
is present for PMs over the EMEP area. For RMssthe increase is 8.1%
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Our current knowledge about Primary Biologiéadrosol Particles (PBAP), their
atmospheric concentrations and emissions are rather limited, in particular for size
fractions such as PMand PM s for which regulations and limit values exist. The
recent advances within the use of source specific tr&eses made it possible to
address various sub classes of PBAP. In Chapter 2o Edcentrations of the

two most common PBAP sub fractions, i.e. fungal spores and plant debris, have
been quantified and presented based on the work by Winiwarter et al).(2008
Annual emissions of 233 Gg (as P have been derived for Europe. When
scaling European emissions by land area, a global estimate of a few Tg annually
are obtained, which is considerably less than the global predictions made by
Penner et al. (2001) §5Tg) and Jaenicke (2005) (1000 Tg). Even when
considering the large uncertainty involved, the assessment by Winiwarter et al.
(2008) tends to support the lower of the literature values available. The OC
content of PBAP is found to contribute considergelyg. with40% in Sweden) to

the total OC emissions for selected European countries. These are countries with a
low population density and where the anthropogenic emissions per area are small
(e.g. the Scandinavian countries). Measurement data from a dlamate (Yttri

et al., 2007a) confirms the emission estimate of 30% OC from PBAP presented
here for Norway. Considerable progress in estimating PBAP emissions is still to
be made. More specific tracers may contribute to obtain more precise emission
factars. This can ultimately lead to an understanding where PBAP actually derive
from, a prerequisite to investigate the release mechanism and to develop a source
term of emissions.

From thecombinedEMEP model resulteand observationg¢Chapter 3), anual
meanconcentrations of regional background gManged from 5 to 2Qg mi®,
whereas the corresponding range for.RMas from 2 to 15 pg min 2005 over

most of Europe. The regions characterized by the enhanced &6 PM s
pollution, with concentrationsxeeeding 20 pg M and 15 pg i respectively,

were the Benelux countries, central and northern Italy, south of Spain, central
Europe (the Czech Republic, Slovakia, Hungary) and the southern part of the
Russian FederatiotModel results show that SO is the main SIA component,
contribue to PMyp betweenl0-15% in western Europand betweer25-30% in
southern European countries and Russia. The contribution §ftdi®Mg is 15

25% in central and western Europe, exceeding 30% in the Benelux countries and
Germany, and varies between 5 and 15% in the rest of Europe. The contribution
of NH;" to PMy is fairly flat, lying around 1€14% over central and eastern
Europe, while it goes down teB% in northern Europe, Spain and Rus$ize
concentrations of PM and PM, s are lower by 5 to 20% in the Alps, in Finland,

in the Russian Federation and in several EECCA countries, especially Ukraine
and Moldova, in the year 2006 compared to 2005. Elsewherg; &M PM s
concentrations are higher by 5 to 15% in 2006 tina2005 over the rest of EMEP
area.The changes in PM concentrations are due to both emission changes and
meteorological variabilityn 2006 compared to 2005. It is noted that the changes
in emissions and meteorological conditions appear to make oppedgEtts on

PM concentrations. The changes in primary,Bkbncentrations vary from below
-40% in Belarus and Moldova (and in Sweden for primary coarse PM) to 15% in
southern Kazakhstafand in Spain for coarse PPM). One of the main reasons for
thedifferences in primary PMoncentrations is th&ixpert estimated emissions in
2006 in Turkmenistan and Uzbekistan were taken into aceouheé model runs
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this year compared to 200bhe overall levels of SIA concentrations are lower in
2006 than in 2008ue b the minor decreases in total emissions of, ;O and

NHs. The most pronounced decrease in SIA concentrations p%bare found

in Ukraine, which is due to much smaller Ny 49%) and NH (by 41%)
emissions and despite lower by 4%,Smissions in @06 compared to 2005IA
concentrations are about 2 to 5% highefFimandandFranceas a result of larger

SO and NQ emissions in 2006 than in 2005The meteorological variability
explains somewhat 180% lower annual mean concentrations of,RindPM;,

(and individually primary PM and SIA) over Russia and 5 to 15% higher
concentrations in the countries of southern and eastern Europe for 2006 compared
to 2005.Higher PM concentrations over Spain and Italy are also due to the higher
concentrations ofvind blown dust in 2006 than in 2005, as predicted by the
model. The model underestimates annual meandRdncentrations by 28% and
PM, s concentrations by 23% compared to the observed values in 2006. The
spatial correlations between calculated and nredswconcentrations, which
characterise model ability of reproducing mean regional gradients, are 0.70 for
PM;o and 0.72 for PMs. Model calculated the annual mean concentrations of the
individual PM components lie mostly within 15% of the measured values;
however, bias for N@is larger, being 33%. The coefficients of spatial correlation
between calculated and observed concentrations of PM components vary between
0.74 and 0.97 on the annual ba3ike temporal correlation coefficients between
calculated ad measured daily P) and PMs concentrations vary mostly
between 0.4 and 0.6, averaging to 0.48 and 0.49 respectively.

Model calculations show that the regional backgroundoRidncentrations were
below the EU annual limit value of 40 pghin all of Europe in 2006, with the
exception of the outmost southern areas of the model doifiagnannual mean

PMyo exceeded the WHO AQG of 20 pghin some parts of the Benelux
countries and in the Po Valley in northern Italy. These exceedances were mainly
due toanthropogenic emissions, whereas in the south of Spain and the Russian
Federation, eastern parts of Ukraine, Kazakhstan and in the Caucasus, PM
exceedances were also due to a large influence of windblownTthestalculated
annual mean background coneatibns of PM s exceeding 1Qug m* were found

in most of central and eastern Europe, the Po Valley, the south of the Russian
Federation and the EECCA (eastern Europe, Caucasus, central Asia) countries. In
the southern regions of the modelled domain, Wion dust contributed
considerably to the PM exceedances in 2008lodel results show that in 2006,
there were several places in Europe where the EU daily limit value of 50%ug m
was exceeded by regional background;PMore than 35 days. Those are the
Milan region, the Moscow region, in Belgium, in eastern Ukraine and southern
parts of the Russian Federation and EECCA countvledel calculations suggest

that the emissions from anthropogenic sources were responsible to a large degree
for the exceedams of the WHO AQGs for PN and especially for Pk in most

parts of central and eastern Europe, whereas natural dust pollution is responsible
for the impairment the air quality in the south of Europe and especially in the
southern parts of Russia and EEA countries.

PM emissions from wild fires can have significant impact on ambient air quality

on the European regional scale. During spring 2006, large parts of Europe
experienced reduced air quality for a prolonged period of time caused by
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emissions frm agricultural waste burning in eastern Europe; i.e. the Baltic States,
western Russia, Belarus, and the Ukraine. Of particular interest was that this
episode also affected the European Arctic. The episode was initiated by the late
onset of spring in easte Europe, forcing the farmers to await burning of
agricultural waste until the snow was melted in late April. These initially
prescribed fires, which spread to the natural vegetation, lead to concurrent fires
over a large area and caused huge PM and gassuoissions to the atmosphere.
During this event record high levels of several pollutants were recorded in the
European Arctic. E.g. the hourlys@oncentration reached 166 pgnat the
Zeppelin observatory on Spitzbergen, whereas at Storhofdi (Icetapdjienced
hourly concentration of 176 pgfnThe previous highest level of;@ecorded at
Zeppelin was 122 ug th(1989) which illustrates to magnitude of this event. Also
PM levels were extreme during the evdfarest fires can also have a significant
impact on the pollution levels in more populated areas including in the urban
environment. An evaluation of the 2006 episode and the performance of the
EMEP model during the event is given in chapter 4.

Chapter 5 provides a first analysis of the obseyma and model performance
during the EMEP intensive campaigns. These campaigns provide an opportunity
to extend on a temporary basis the monitoring capacity towards the requirements
set by the monitoring strategy and the first two sampling periods weferslune

2006 and January 2007. In total 9 sites offered an extended dataset with additional
chemical or physical parameters throughout the campaigns. The data is shown to
represent a very valuable material for model evaluation with respect to differen
PM components and to distribution of such constituents between the fine and the
coarse mode. Thigst results of theeomparison between calculated and measured
concentrations of PM and PM s componentsdid howevershown somewhat
mixed results for di#rent stationsThe main findings concerning the model
performance with respect to reproducing the intensive measurements are
presented; however, a furtherdepth analysis of the results is envisaged.

Chapter 6 describes ongoing attemptause satellg for the assessment of air
quality levels in EuropeThe first part presents the incorporation of a module to
derive aerosol optical depth (AOD) in the EMEP modelalso presents a
comparison between th&OD retrievalsfrom MODIS measurementavailable

from satellite remote sensing with the EMEP model estimates and the results are
further compared with EMEP in situ observations. Wiil®ng limitations and
significant differences are evident between the three datasets, results are still
encouraging casidering the expected futudevelopment expected in the remote
sensing capacitieor the whole of EMEP grid, the model underestimates AOD
by about 53% for summer and spring months and by 11% for late awtunter.

The temporal correlation between mddéland MODIS AQOD is better over land
(lying between 0.4 and 0.65 in summer months) than over oBedher mixed
correlation between observed surface,Rihd MODIS AOD is found for EMEP
stations. In general, the correlation between measureg &M ACD is better for
southern European sites, lying mostly between 0.45 and 0.7, while it is lower for
central and northern Europe (between 0.2 and 0.5). The interesting result is that
for many sites, the correlation between modelled and MODIS AQOD is higher tha
the correlation between calculated and measuregsAMaddition, the utilization

of a particular satellite data product,-caled SYNAER, for monitoring of
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aerosols in Europe has been studied. The main advantage of this product is its
ability to calwlate besidesaerosol optical depthaerosol composition and
concentrations of particulate matter. It is quite clear that information obtained
from satellites can contribute to our understanding of PM distribution in Europe,
in particular in regions witta low or lacking coverage of EMEP stations. First
evaluation results show that the overall quality of the AOD and PM data products
looks very promising, but further validation needs to be performed to assess the
product in depth.
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1 Measurement of pariculate matter in the European rural
environment: Status in 2006

By Karl Espen Yttri and Wenche Aas

1.1 Concentrations, exceedancesnd trends
1.1.1 Introduction

Ambient particulate matter constitutes a complex mixture of various chemical
compounds, which originagdrom a wide variety of sources, and their size varies
over several orders of magnitude. The physical and chemical properties of PM
vary with respect to time and place and they often inhibit a seasonal variability.

Particulate matter can cause a varietynegative effects on our environment.
Currently, particulate matter isonsideredthe most severe air contaminant
encountered in Europe, causing about B00 excess deaths in Europe on an
annual basis. The recent Air Quality Guidelines from WHO underlime
importance of PM as a severe air pollutant, calling for a significant decrease in the
ambi ent PM | evel. PM also affects the
solar radiation and absorption of solar and terrestrial radiation. In addition,
aersols influence the radiative balance indirectly by affecting the optical
properties, frequencies and lifetimes of clouds.

In Europe, PM measurements are mainly performed in urban areas in order to
monitor human exposure to PM, while PM measurements al aweass less
extensivearound 50 sitesRural measurements are important, as it has been
demonstrated that the concentration gap between rural and urban areas can be
quite marginal for certain regions in Europe. The atmospheric lifetime of aerosols
is of a magnitude allowing significant trasmundary fluxes. Thus, measurement

of particulate matter was specifically added to the EMEP work programme in
1998 in order to monitor loAgange transport of PM in Europe and its ldagn
trends. It is a steadydreasdn the number of sites measurirgarticulatemass
concentration in EMEP, howevex further extension eastwardsstdl requiredto

obtain a more comprehensive geographical overview of the rackiground®M

levels in Europe.

In last year stasireport (EMEP report 4/2007), we urged the countries that are
reporting ruralbackground®M data to the European Unidnit not to EMEP to
coordinate their reporting better to ensure that these data are also submitted to
EMEP. The situation has improvedfleeted by datsubmission from Great
Britain and The Netherlands. However there are additional countries that should
look into their reporting routines. When looking into AirBase for 2006, there are
PM;, data from EMEP sites in Finland (FI17 Virolahti)elBium (BE13 Houle);
Bulgaria (BG39 Rojen Peak), Portugal (PT0O4 Monte Velho) and Macedonia
(MKO7 Lazaropole) which are not reflected in the EMEP database.
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1.1.2 PM mass concentrations

The annual mean concentrations of gMPM, 5, and PM for 2006 are preséed
in Tablel1.1, whereas the spatial coveragesités monitoring®M;o and PM s are
shownin Figurel.1.

For 2006, mass concentrations are reported for 49 site®1(4M,o and 25 for

PM,.s), which arell more than for 20059(more for PMg and 3 more for Pl).

For the sites CHOl1l (Jungfraujoch), DE44 (Melpitz), GRO1 (Aliartos), GR02
(Finnokalia), GB36 (Harwell), IEO031 (Mace Head)06 was the first time mass
concentrationshave been reported to EMEP. In addifiodata from the
Netherlands and Great Britainuenow been reported both to AirBase and EMEP
which was not the case in 2005. 17 countries reported mass concentrations to
EMEP for 2006, which is an increabg four countries. Despite the significant
increase in number of sites reporting B 2006 compared to 2005, large parts

of the EMEP domain are still not coverethis is prticularly true for eastern
Europe. Though, the inclusion of the two Greek sites makesmaortant
extension to theastern Mediterranean region. Furthermane inclusion of data

from the Netherlands, UK and Ireland improves the geographical coverage in the
northwestern parts of Europehich previously have been poorly represented.

The bwest concentrations of Pllwere observed in the northern and nerth
western parts of Europe, i.e. the Scandinavian PeninsulacatiérnIreland, and

for high altitude siteg> 800 masl) on the European mainlan&igure 1.1 and

Table 1.1). This spatial distribution of RMin 2006 corresponds with that
reported for previous years and reflects both population density and major
anthropogenic sources. While vehicular traffic and industry are important sources
for the enire European mainland, mineral dust from local sources and Saharan
dust events are likely to grow more important for the countiresthe
Mediterranean region. The lowest annual mean concentration qf Risk
observed at the Jungfraujot®HO01) (3.3 ug ) site situated in the Swiss Alps,
whereas the highest was recorded atGlpriote site (CY02) (33.8 ug M. For
previous years the highest annual mean has always been reported for the Italian
site Ispra (IT04), however this site did not report levéBM,, for 2006.

46% of the sites which reported levels of BMoth for 2005 and 2006
experienced higher annual mean concentrations in 2006 compared to 2005. For
the majority of these sites the increase was above 10%. The most significant
increase was dalerved at the Swedish site Aspvreten (SE12), reporting a
substantial 22% increase from 2005. In fact, the four sites situated on the
Scandinavian Peninsula all reported an increase in the annual mean PM
concentration exceeding 10%, averaging 16 = 5%.ikarease in the PN
concentration exceeding 10% was also observed for two Swiss sites, i.e. CHO2
(17%) and CHO3 (20%), two German sjtes. DE02 (17%) and DEOQ7 (12%) and

the Cypriote site CY02 (17%). The increase inP®kperienced by the majority

of the sites going from 2005 to 2006 was mainly attributed te §2K&lthough at

the Norwegian site (NOO1) also M s contributed substantially.

43% of the sites which reported levels of BMoth for 2005 and 2006

experienced lower annual mean conceitnatin 2006 compared to 2005. For six
of the 16 sites the observed decrease was higher than 10%. The most significant
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decrease was observed for the Spanish site ES11, observing a decrease of 18%
compared to 2005. A reduction of 14% and 11% was observeithdoSpanish

sites ES13 and ES15, respectively. The three Spanish sites are all located in
western Spain, close to the Portuguese border. A decrease in the annual mean
PMjo concentration corresponding to 14% was observed for the two German sites
DEO3 andDEO08, whereas a decrease of 13% was observed for the Danish site
DKO5.

For four of the sites no change in the annual mean was observed.

Tablel.1: Annual mean concentrations of RMPM, s and PM at EMEPSsites

for2006 (concemflrations in eg
Code PMioc  PMas PM; Code PMio  PMzs PM;
ATO002R 256 208 147 ES0013R 111 6.9
ATO005R 10.0 ES0014R 169 104
AT0048R 10.0 ES0015R 135 8.7
CHO001G 3.3 ES0016R 132 87
CHOOO2R 231 171 119 'GROO0IR 317
CHOO03R  22.1 'GROO02R  25.9
CHOO04R 108 82 62 GBOOO6R 115
CHOO05R  11.3 GBO036R 217 123
CYO002R  33.8 GBO043R  17.6
CZO0001R 236 IE0031R 8.8
CZ0003R 197 174 ITO00IR 292 173
DEOOOIR 19.6 ITO004R 285
DEOOO2R 207 164 8.8 NLOOO7R  27.0
DEOOO3R 8.3 5.6 'NLOOO9R ~ 26.8
DEO0O7TR  15.6 'NLOOIOR  26.5
DEOOOSR 105 NOOOOIR 81 50 37
DEOOO9R 18.4 PLOOOSR  20.6
DE0044R 236 187 SE0011R  17.3  13.0
DKOOOSR  21.4 SE0012R 116 82
ES0007R 202 101 SE0035R 8.6
ES0008R 184 9.0 SI0008R 159  13.1
ES0009R 119 76 SKO004R  15.0
ES0010R 190 101 SKOOOSR  21.9
ES0011R 155 86 'SKOOOBR ~ 18.8
ESO012R 141 84 '
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