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Abstract: Directive 2008-50/EC allows for the postponemehattainment deadlines and an exemption from tilgation to apply limit
values of PM10. Member states must notify the C@sion about the postponement. Exemption can betegain case of adverse
dispersion characteristics, climatic conditiongransboundary contributions. In any case, a detaiteirce apportionment must be provided
for each limit value exceedance case.

The presentation covers the method used for thesapportionment in 16 air quality management g@mel 2 agglomerations in Slovakia.
In order to get the transboundary contributionghte concentrations measured at monitoring sitesyumeEMEP model with Slovak
emissions subtracted from the input. The problert Wdcal PM, emissions is that only part of them can be redsdgnguantified with
sufficient resolution: large and medium point steckissions and traffic emissions. Their contribngiovere modelled using high resolution
CEMOD model. The remaining parts of measured cdanatons needed to be apportioned to so-called rionk” sources — local
household heating systems fuelled by wood and cealuspended dust from roads, construction sitesyvered soil, surface mines, waste
dumps, industrial sites, etc. In order to do sanethod was used which, at each monitoring sitemhioed the results of EMEP and
CEMOD models with statistical analysis of the clatien of hourly concentrations with local meteagital conditions (wind speed, wind
direction) and spatial distribution of all potehtM10 sources around each particular monitoridist. In order to determine a spatial
impact extent of different types of “unknown” soes¢ a series of modeling tests were performed Herconditions of each relevant
geographical siting and respective meteorologioatiions. This method gave reasonable resultscésity for the sites with mean annual
wind speed higher than 1.5 m/s. For the sites Vatter winds and large percentage of calms thespension plays minor role and
concentration exceedances can be attributed tbdacdaregional stack, chimney and exhaust emissions
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INTRODUCTION

EU in the Directive 2008-50/EC and respective immatation documents states firm conditions undeckviain exception
from the obligation to apply limit values of RMuntil 2011 can be granted to a member state. Bhsieamember state
asking for the exception is required to demonsti@teach of the concerned non-attainment areas tha

» one of the three conditions (adverse climatic cto$, adverse dispersion characteristics, or tramsdary
contributions) apply,

« the proper measures, based on detailed sourcetmmpoent, has been taken to decrease the,Rbhcentrations
before the initial deadline,

« adequate measures, based on detailed source appuetit, are being applied in order to achieve tmptiance
by the new deadline (i.e., 2011),

*  PMyqconcentrations will comply with the limit valueg the new deadline.

In order to demonstrate that, a detailed inforrmati@eds to be provided by filling out extensive &xforms for each
exceedance situation, including detailed sourcedigmment, quantitative impact of each measurertak each particular
relevant source, future quantitative projectionsnefasures currently under implementation and fumgasures in the form
of numerical contributions to particular mean arroamcentrations and/or number of exceedancesilyfldait values.

In the reference year of 2005 there were 17 nairatient areas exceeding the allowed daily limitgaéxceedances, a few
of which also exceeded annual limit value. Mosttefm can demonstrate adverse climatic conditioasatterized by low
annual wind speeds (less than 1.5 m/s), otherebegntilated are subject to transboundary trarspioPMy,. In order to
satisfy the requirement of EU legislation, the mawures summarized above needed to be carried eadd particular non-
attainment area, including a detailed source afgrortent of PMy concentrations measured at the monitoring sta(ibie 3

in each non-attainment area). Clearly, such anteféguires in each case extensive high-resolutiathematical modeling
with the assumption of having input emission ddtadequate quality. As we did not dispose of neitiree nor money for
an additional emission data refinement, we hadakemwse of what was routinely available at thaetim

SUBTRACTION OF TRANSBOUNDARY CONTRIBUTION

As everybody knows, Pl is a pollutant subject to rather efficient longiga transport, especially the fine particulate
portion of the spectra. Another unpleasant propefti?M,o is the multitude and variety of its emission sesfcmost of
which is of fugitive nature and their quantificaties complicated and associated with huge uncéytaihpossible at all.
However, many of the sources are possible to assesarger scales, such as district and natiorshguvarious activity
statistics and emission factors. These data ane tised in long-range chemical transport models @as;he.g., EMEP.
According to EMEP publication Nyiri and kol (20@Q08, 2009), only about 10% of RMse.and 15% of PMs measured in
Slovakia is contributed by sources on the territoirighe country. Fig. 1 shows the mean annualfddncentrations (red)
and transboundary contributions (blue) at modelgpints as computed by EMEP model at the refergaaeof 2005.



Figure 1

EMEP model gridpoints (yellow circles) over geodrmpmap of Slovakia, with the total mean annualPddncentrations (red values, in
ug/nt) and mean annual transboundary contributions (pdliges, in pug/f). Positions of EMEP monitoring stations are martesti (no
adjustment to the negative biases has been made).

Unfortunately, the EMEP model underestimates thgRidncentrations by about 45% (according to EMERuUSt&eport
4/2008, EMEP station in lllmitz, AT, which may bearest representative station in our geographi iauded in model
validation). The underestimation is probably causgdhe nature and uncertainties in gridded emisdi@ta, and cannot be
used directly for the estimation of the transbouma@ntribution at each particular AMS station. Hoxer, using EMEP —
derived data with caution, it can be used for awiteition of relative importance of the transboundes. local/regional
origin of PMg concentrations.

Transboudary contributions do not play a major ioléhe valley-situated non-attainment areas with mean annual wind
speeds. However, it is important in lowland andemi@lley non-attainment areas.

There are two issues needed to be solved in oodsulitract the transboundary portion of the comaéinh from measured
concentration:

1. prove that the PM measured at the day of an exceedance originatsitiedhe territory of Slovakia
2. determine the portion of Pjdlconcentration which is to be extracted from thesoeed concentration

The first issue was solved using Hysplit modeldbtaining ensemble backward trajectories calcul&dedhe period of 48
hours for each of the AMS station in question. Ber cases of high variability in ensemble membealsp the EMEP
trajectory model was run for a closest EMEP station

The transboundary portion of Rjiconcentration to be extracted from the measuredterdration was determined in the
following way:

EMEP model was run for the whole year of 2005 in twodes: first the complete set of emission dat wed, and second
the Slovak emissions were set to zero. The ratighef resulting concentrations computed from the twos can be
considered as the the ratio of regional and tramsti@ry concentration contributions on the territofySlovakia. However,
for the abovementioned purposes, an absolute ltransboundary contribution is needed. As it washtioned earlier in
this chapter, EMEP model has rather large negdiias, which we need to eliminate. This was donedmyparing EMEP
model concentrations to the concentrations measatr&MEP station in Togaiky. Model errors obtained this way were
used for the correction of the EMEP-computed trandhary contributions in each concerned AMS stasiod each relevant
exceedance day. The corrected transboundary cotibriis were then subtracted from the concentratineasured at the
AMS stations, which reduced the number of exceesnader the limit value of 35, as is shown in Big.
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Figure 2
Number of P\ LV exceedances before and after substractioneofrimsboudary contributions

PM 3, SOURCE APPORTIONMENT - ANNUAL

The following paragraph describes a method usédriQuality Assessmentarbooks for the source apportionment of mean
annual concentrations measured at the automatigtoniog stations:

The method is based on the fact, that the only,JPdrission sources which are quantified in detaffigant for an
application of local air quality model are largelanedium pollution sources from national NEIS data) and traffic-related
exhaust and non-exhaust emissions based on traasporstatistics data, road network and known simisfactors. These
known emissions were input into CEMOD model (Szatif)3) to obtain an annual RMconcentration contribution from
these sources. Afterwards, concentration measurtsrfrem EMEP background stations were used folaisessment of the
regional contribution to mean annual RMoncentrations. As the four EMEP stations repredéferent terrain elevations
from lowlands to mountains (up to 2000 m), an efogirprofile has been calculated and used to refaeregional
concentration to particular elevations of differ&MS stations in AQMA. Finally, the modeled contrtibns from the large
and medium stationary sources and traffic, andEM&P-based regional contributions were subtraatme the mean annual
concentrations measured at AMS stations; resuttorigentration residuals were assigned to the rengpather sources of
PMo, which are numerous and as such they are resperisitabout 30 to 70% of annual R§toncentrations. Thesgher
sources include individual local heating systemsiimg coal and wood, dust from roads including efrganding material,
construction sites, resuspension of dusty matéaah open surfaces, agricultural soil, seasonahifag activities (harvest,
dry plowing, autumn burning of plant remnants), andbably more. The presence of these sourcesoiarkin most cases,
but their quantification is problematic due to theansient character. However, some of them calodsted using detailed
photomap of a site.

PM 1, SOURCE APPORTIONMENT - DAILY

The method described above cannot be used footitees apportionment during the daily exceedancescasthe reference
year of 2005 — the reason is that the gravimetethaod used for the measurement of pbbncentrations at EMEP stations
used 7-day PM collection period at that time. However, it ish@t useful for the first approximation on the BMalance at
each particular AMS station.

To obtain more detail on the reasons of daily edaaees, another complementary method was usedh vaoimbines
correlated hourly wind and concentration statistiod spatial distribution of potential Rjsources around each monitoring
station. It also allows for the determination o thelative importance of thether sources and so provides the local
authorities with the information necessary for mefficient application of the abatement strategiad measures for the
improvement of the air quality in their territories

Although the PM, limit values apply to daily means, it was found that a consistent statistical analysis of howilyd and
concentration data is more useful for the kind wélgsis required. The wind and respective conctatralata has been
divided into 6 statistical bins based on the dioeal sector, and these bins were further dividecbeding the wind speed
into 15 bins each, in order to reflect not only ttependence of the concentration on the wind dinediut also the wind
speed. This distinction is particularly importantdase of Pl in order to distinguish between 2 important seuyooups:
local heating and transportation — causing highceatrations during low wind speeds, and local sea@f re-suspended
dust which occurs during higher wind speeds. Tauihe sufficient number of higher wind speed casspgcially in the
mountainous zones, complete set of hourly datthftast 4 years (2005-2008) was used.



OTHER SOURCES — QUANTIFICATION OF EMISSIONS

The semi-qualitative method of daily R{source apportionment described in the previouagraph is a basic solution. It
identifies local heating systems as an importateq@l emission source. It is in accordance wiih total national emission
assessments for different sectors as illustratétign3. It shows the increasing trend in the sioiss of small sources since
2002 associated with the increasing prices of ahgas and switching to wood fuel. This is esgbctaue in mountainous
regions with adverse climatic conditions, whereagheood is readily available substitute for clednets.
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Figure 3
PM,, emissions in Slovakia: a) according to individsettors, b) small sources according to type of fuel
Note: Included are stack emissions from small, omadind large sources, exhaust and abrasive enmssfs@n mobile sources

Therefore, we focused on determination of pkmissions from domestic heating in best posségelution in order to use it
as input into CALPUFF air dispersion model in tewharea sources.

After thorough analysis of base data availableStmvakia, it was found out that the best achievadd®lution is the spatial
resolution of CORINE landuse data (100m).
Following is the list of data we used for the congpion of emission fluxes from domestic heating:
«  statistical data available down to smallest adrmative units — municipalities:
o number and habitable area of individual family $esi-N;, A,

o number and habitable area of apartments in apatthwises N, A,
0 population P

o number households connected to natural gas supfjy -

o number of households equipped with a bathrodip -

0 annual consumption of natural gas in householtig¢

- statistical data aggregated on district levels:
o total amounts of coal and coal products sold ithehstrict area (there are 77 districts in Slovpki@,,
0 population- Py
- statistical data aggregated on national scale:
o total electrical energy used for heating of hous#heE,,
0 population- P,
e climatologic data related to each individual mupddity (from the nearest climatologic station):
0 duration of heating period in winter season (speéifr each year) d (days)
0 average temperature of heating period (specifiefmh year) F.s(° C)
0o minimum of the minimum temperatures of three coutee days in winter season (as required by
technical standards in construction industryJ<{(° C)

e GIS data
0 vector map of municipalities
o0 raster map of CORINE landuse data

As no data are available on the amount of wood asddel for household heating, a method has bsed biased on balance
between the amounts of energy necessary for priotiuoh heat in individual households in a given mipality and the
amount of energy produced using known amounts wirabgas and coal. The difference between thesemyas is supposed
to be supplied by combustion of wood. The followasgumptions are made:

*  blocks of apartment housing use central heatingesy§ in cities, or natural gas if situated inlages

< all households having a natural gas connectiomliest use it also for cooking

< all households having a natural gas connectionaaacequipped with a bathroom use natural gas fatirige of
water

The energy needed for heating the househQ|d&, Tes Te, Ay, Ay ) and for heating wate®,, (N, N,, P) is computed for
each municipality using formulas from technicalnstards in construction industry; Production of gyefor heating of
households and water using g@g (Cyas Ngad, C0al Qg (Ceo, Py), and electricityQee (Eco Pn) are then subtracted. The
standard efficiencies of different fuel-to-energpneersions (gas, coal, wood, electricity) are oadex@d during



computations, and the resulting mass of wood nacg$s supply the energy deficit is multiplied bR emission factor for
wood, as stated in MZP SR (2008).
Resulting PM, seasonal emissions are then imported to GIS syéiamare using GRASShttp://grass.osgeo.ojgand

attached to vector layer of municipalities. Theteedayer is then converted to raster with requiresolution, with pixel
values set to PM emission. Using mask created from CORINE rasteretscsed classes (1.1.1 and 1.1.2, i.e., continuous
and discontinuous residential area) we get geograblocations of residential area sources witlacted PM, emissions.
Fig. 4 shows the distribution of Plannual emissions per’rof household in order to normalize the resultsshbws clear
correlation of usage of wood fuel with the geogiephlocation in the vicinity of woods in the moants.
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Figure 4.
Map of PMy annual emissions from wood burning (kg péraithousehold)

Although the resulting geographical distributionvadod combustion gives reasonable picture, theestlt some problems
which bring increased uncertainties to the resdlssan example, you can see some of the munidgmigrayed. One of
them is the area of TANAP national park with spgyeamanent population; other two are non-inhahitddary areas. The

remaining grey municipalities are mostly citiesthvBratislava and KoSice being the largest of th&he application of the
method to larger cities brings negative values rdrgy deficit. There are multiple reasons for tHast that the wood

combustion is actually very low there compared &8 peating. Second, the municipal gas consumptdures which are

currently available from the SPP gas vending comppadude not only households, but also the coneiaéconsumption

(small businesses, offices, schools, shops, etbigh, in case of cities, can be quite numeroustiey are not taken into
account when computing the “energy needed” sida@balance equation. Although this fact is taken account globally

by multiplying the gas consumption and connectiopsn arbitrary factor (0.95), evidently, this istmapplicable for large
municipalities. The same is true for the numbegad connections used for subtracting the gas fasexmoking, leading to

the overestimation of this factor. This is a spigiaf some cities and towns, actually 40 out 0229municipalities, which

are affected in such a way. Although they repreagmtpulation of almost 1.9 million, they are nepgosed to contribute to
wood combustion too significantly. In any caseadie all cities and towns must be treated individuahen it comes to a
modeling of PM, emissions especially on local scales.

CONCLUSION AND FUTURE WORK

The paper described a method used for source ampoent of PM;g as a response to the Air Quality Directive
requirements for the Notification. It is a comptea task when many non-attainment areas are irtiqneend good detailed
emission data are not available, while resultsladen with huge uncertainties. Therefore, matherakthodeling was only
partially used for the emissions which are rougirgiantified. The analysis showed that domesticdvammbustion is one of
the most important seasonal sources hugely cotitigpto the number of daily limit value exceedancasd the need for
quantification of these emissions was identifiectivbd used for the emission quantification wasgiesi. The first results
are promising, but there still issues to be solwednely:

* Introduce regionally and population-varying builgithermal loss factor,

* Research the physical basis of the technical forsnuged in civil engineering with the aim of deterimg their

potential bias in a scale of situations,



* Investigate the most appropriate value for the Jdission factor for wood combustion (the one ueeSlovakia
is relatively high compared to factors used ined#ht countries,

e Obtain newer housing and household-associated (@&a population census in 2011) (number and age of
apartments in family houses vs. apartment bloodsséhold equipment statistics),

e Obtain more disaggregated data on the gas consumptid the number of gas connections (household vs.
commercial), especially in cities,

e Search the options for better disaggregation ofieeof electricity and fossil fuels for heating.

After refinement, the spatial emission data on wooohbustion will be ready as input into mathematioedels on local to
regional scale and will shed more light into thenpticated task of P source apportionment in Slovakia.

REFERENCES

Directive 2008/50/EC of the European Parliament@frittie Council of 21 May 2008 on ambient air quadihd cleaner air
for Europe

Communication from The Commission on natificationpo$tponements of attainment deadlines and exengpfiom the
obligation to apply certain limit values pursuamtirticle 22 of Directive 2008/50/EC on ambient girality and
cleaner air for Europe {SEC92008)2132}

Slovak Law 478/2002 on the Air Quality

Air Pollution in the Slovak Republipublished annually (Slovak, English versionsMiwistry of the Environment and
Slovak Hydrometeorological Institute, Bratislava

Air Quality Assessment in the Slovak Repulpliblished annually by Slovak Hydrometeorologioatitute, Bratislava

Agnes Nyiri, Michael Gauss and Heiko Klein, 200008, 2009: Transboundary data by main pollutants (S, N, 03) and
PM. EMEP/MSC-W Data Note 1/07, 1/08, 1/09

NEIS database of large and medium air pollution searhttp://www.air.sk/en/index.php

Gabriel Szab6, 2003ir quality modelling in zones and agglomerationgccordance with the EU Framework Directive.
Meteorological Journal, Vol. 6, No. 1

EMEP status report 4/2008

Judak Jan, Balajka Juraj, Peschl Jozef, PrincovértdeP003: Bilancia emisii malych zdrojov &iséenia ovzduSia v SR.
Report. PROFING, s.r.o0., Bratislava

Acknowledgment

The authors gratefully acknowledge the EMEP/MSC-ktHe provision of the Unified EMEP model and therwegian
Meteorological Institute, Oslo for provision of raetological input data for model.

The authors gratefully acknowledge the NOAA Air Ressulaboratory (ARL) for the provision of the HY.8Ptransport
and dispersion model and/or READY website (http://www@aa.gov/ready.php) used in this publication.



