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MAIN ARGUMENTS PROPOSED

The study of Estonian monitoring data reveals thpaétial
coverage and the list of air pollutants monitoreelquires
enhancement.

Air quality on Estonia satisfied the Estonian andrdpean
standards with few exceptions during 1994 - 200lostM
remarkable exception was high level of ozone cotmagaon in
remote areas.

A simplified CORINAIR scheme developed for the cdddion of
emissions from mobile sources can be used for andrased
correction of official emissions in the past caéted without the
splitting of vehicles into classes.

Atmospheric electric field enhances the dry depmsiof fine
particles on the top branches of trees. Gammaigseopic
determination of radon daughters attached on fan¢igbes or on
cluster ions settled on the needles/leaves ofrées twas developed
as a method for quantitative proof of the effedto®g effect of
electrical deposition was found on the trees uriderHV power
lines.

Simple measures like passive monitoring, GaussSiame
modelling of pollution dispersion, traffic countand additional
inventories of pollution sources form a gentle bder air quality
assessment in medium-sized cities like Tartu.

The optimisation of Air Quality Assessment requisesolistic
analysis of all aspects associated with polluticgation-transport-
deposition. These aspects can be covered by emissientories,
the modelling of meteorological fields and pollutidistribution
and the analysis of the data of monitoring andrgifie studies.



INTRODUCTION

Air quality assessment with all its aspects israpdrtant way to understand
the status of the environment. Warning of peoptel the forced reduction of
traffic and business activity in case of violati@mienvironmental standards are
becoming a reality in many cities. Progress inmn&gic systems, computer
software and communication technology have madé@nwmental data more
readily available for everyone. The integrated apph towards environmental
management implemented in the developed countiegell in line with the
concept of sustainable development. However, keethie advanced systems
operational requires a holistic analysis of alewaint data to determine why,
what and how to monitor.

Air quality is one of the most critical environmehtissues in urban
settlements, influencing people’s health and acatig degradation of
materials. Therefore, international agreements tmeen laid down in many
documents like European Union Directives (COM, 19889), and the WHO
quality guidelines (WHO, 1987, 2000). These pajperge been based on the
results of scientific research and are to be supghted with new knowledge.

The growing flux of raw information about the leseif air pollution and the
emissions of pollutants increases the amount ofkwtbat is required to
comprehend and appreciate the environmental datdraghtens the decision
makers — the planners and the authorities. Thus, dévelopment of the
methods of data analysis and the simplificationde€ision-making process
appear as the essential tasks in the progressvobemental monitoring and
management.

General methods of air quality assessment are

1)  monitoring of concentrations of air pollutants &e tsites where
polluted air affects people, plants and materials;

2) monitoring of emission and deposition of pollugnt

3) modelling of emission, distribution and depositminair pollutants,
and estimating of pollutant levels according to #missions and the
relations between pollutants.

The selection and/or development of a certain niethecessary for air
quality assessment depends on the air pollutionatstn and economic
opportunities on site. Thus, every country, reg@md city can perform
assessment according to their own methods consgléne objectiveness and
completeness of the process. The aim of the cumenk is to evaluate the
already used methods of air quality assessment,famecessary, to develop
new ones for application in a small developing ¢oun



The basics of air pollutant concentration monitgrithe description of the
realization of the monitoring system, and the asialpf monitoring results in
Estonia are the subject of Chapter 1 of the Thesis.

The basics of the calculation of air pollutant esigas and the situation of
pollutant emissions observable in Estonia are giwe@hapter 2. The analysis
is based on an international standard CORINAIRbdistzed for inventorying
pollution sources. Chapter 2 presents a simpliigfliteme for the calculation of
emissions from mobile sources in the conditiondiroited information about
the properties of vehicle classes. The resultshef gimplified scheme are
compared with the results of more sophisticate@ses and a good agreement
is found. An evaluation of the shares of differentission sources of Estonia is
given in the last section of the chapter.

Air pollution modelling - the third general methoflair quality assessment
is the subject of Chapter 3. The main factors dfufion fields are local
emissions, the transport of pollution from remoteirses and meteorological
parameters. In the thesis, the validation of mduggltesults is made in two
areas - air quality modelling and the predictionsonulation of atmospheric
deposition. The predictions of air quality by thedal AEROPOL are checked
by passive monitoring of NCand SQ levels in Tartu and North-East Estonia.
Agreement between the modeled and measured valued.i Up to now the
theory of the deposition of pollution has not cepended well with the
observed phenomenon that prevalently, the top bemof trees are damaged
by air pollution. It has been found that this phmeaon could be explained by
the electrostatic deposition of air pollutants be tips of needles and leaves
where the atmospheric electric field is efficierthncentrated.

The methods for the assessment of air quality (A@# described and
practical examples (including optimisation of AQ#e presented in Chapter 4.
The scheme developed for AQA in Tartu is a low-cestsion of complex
assessment programs running on-line in developadtdes. Chapter proposes
also ways to use developed methods in optimizaifosmir quality assessment.
The chapter summarises the results of the predbapters.

The thesis deals with classical pollutants — sulplamd nitrogen oxides,
particulate matter, ozone and carbon monoxide. Wewehe ideology worked
out is easily applicable also for the assessmewt monitoring of other
pollutants, such as heavy metals, hydrocarbons, etc

The thesis includes references, acknowledgements satmmaries in
English and Estonian. The attached publicationsudis some aspects of the
study in detail: the influence of electric field ainy deposition of particles
(Tammet, Kimmel, lIsraelsson, 2001), urban air pimlu modelling and
validation of modelling results (Kaasik, Kimmel, &k, 2001), the analysis of
the data of Estonian air pollution (Kimmel, Tamme&tuuts, 2002), and the
study of air quality assessment by simple meas(ifgamel, Kaasik, 2002).
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1. AIR QUALITY MONITORING

1.1 Aimsof Air Quality Monitoring

The aims of modern Air Quality Monitoring (AQM) athe prevention of
human health and ecological systems, particuldmty Earth as a whole, from
harms caused by air pollution, and the creatiodadbases describing the state
of environment. There are also many other scientifihealth-related purposes
for performing monitoring activities in the atmosplt air. The tools for
achieving these aim(s) are: 1) monitoring of atiss in the frame of integrated
environmental monitoring, 2) air pollution predati and control, 3)
inventorying of pollution sources, 4) addressing tbonsequences of air
pollution by the estimation of percentages of pepmcosystems, cultural
objects etc. suffering from air pollution, and B¢ treporting of data-findings in
easily readable form.

The air quality monitoring is a part of the envinmental management
system and therefore closely connected to otherches of the management
system. The AQM is connected with everyday econantivities by their air
pollution production characteristics. Emission oétions and measurements'
results are included into the same frame for piolfutevel predictions in a
modern AQM system. The restrictions or limiting sorhuman activities
should follow in case of high pollution level(s).

The AQM is the only way to get information aboue thctual levels of
pollutants in an acceptable, reliable and propermaa Thus, a set of rules has
been agreed upon internationally to carry it outaimomparable and good-
quality way.

1.2 Monitoring methods, standards, quality

The modern Air Quality Monitoring System consistsoa-line measuring
devices; a data management system including datafer and quality control
systems, and databases; models for predicting tpallulevels; data
presentation tools - GIS, the Internet, and thdst@mt support system. The
output of the system -- reliable data, is at thmesdaime a tool for decision-
makers or planners.

The list of exact methods used in AQM depends ersfiecified objectives
and available resources. The main classes of methogkd concern
measurement, modelling and reporting. The selectibrmethods depends
rather on the availability of finances and the leskinstitutions involved in
monitoring. The characteristics of various measemnmethod types used in
AQM have been discussed by Sivertsen (1997) and W2000) - see Table
1.1 At the same time the measurement methods deterralso the
opportunities for validation the model's and préisgrthe data.
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The time and space scale of the monitored proceksesmine the type of
measurement instrumentation. For example, in dé&posmonitoring it is
sufficient to use daily average concentrations. sTlequential, or even
sometimes passive monitoring sufficiently fulfiteetrequirements.

Table 1.1 List of instrument types for air qualityonitoring and their
characteristics.

Instrument Type of data Data Typical Typical
type collected availability averaging price
time (US $)
Passive Manual, in situ After lab 1-30 days 10
sampler analyses
Sequential Manual/ semi- After lab 24 h 1 000
sampler automatic, in situ analyses
Monitors Automatic. Directly, on- 1h > 10 000
Continuous, in situ line
Remote Automatic. Directly, on- <1 min > 100
monitoring Continuous, path line 000
integrated (space)

The development of passive samplers in the lasidiechas given a cheap
and reliable measurement tool which can be usedndmitoring. Good
examples of passive monitors implementations haen lwescribed by Bower
et al. (1991), Svanbergt al. (1998). Recommendations for using passive
samplers in monitoring activities have been givenmany reports of global
authorities (GAW, 1997; WHO, 2000). Such methods especially important
in the developing countries with limited resourcas;h as Estonia.

The compatibility of recorded environmental dataaishieved by using
standard methodologies and requirements. For measumts it is achieved by
using internationally approved methods and proesi{CEC, 1999, 2000),
and Quality Assurance (QA) procedures (Lalas arety&a 1998). The list of
standard methods and limit values are presentethbie 1.2. The target of
data quality requirements is the time coverageautdiracy of measurements.
The time coverage of continuous measurements shexdded 90%, and,
consequently, of indicative measurements 14% (gvdidtributed over the
year). The accuracy of measurements required depangollutants - for SO2
and nitrogen oxides 15% and 25% are applicablepé&sticulate matter and
lead, 25% and 50%, respectively for continuousiaditative measurements.

The obligations of countries to report and publisformation obtained
through monitoring are in Europe fixed by Direcivand decisions (COM,
1996, 1997, 1999, 2000, 2001). The collected infdiom is often readily
available also on the Internet. The developmentashputers and associated
software and the implementation of the Internet gadgraphical information
systems (GIS) in reporting have made the infornmagasily accessible and
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well understandable. Thus, the decision makers thadpublic have better

opportunities to use information collected in moriitg.

Table 1.2 Standard methods of monitoring and thé kralues of

ollutants.
Pollutant | standard methqdstandard methodlimit values (ug M)
in urban areas | in remote areas | - averaging time
sulphur UV-fluorescence| impregnated filte 350 - 1 hour
dioxide - 1SO 10498 + lon | 125 - 24 hours
Chromatography | 20 - 1 year
nitrogen Chemi- impregnated filten 200 - 1 hour
oxides luminescence + photo-| 40 - 1 year
ISO 7996 colorimeter 30 - 1 year
carbon IR absorption - 10 mg ™ 8 hour
monoxide
PM10 weighing 50 - 24 hour
EN 12341 40 - 1 year
ozone - Q@ | UV  absorption| UV absorption| 200 - 1 hour
ISO 13964 ISO 13964 110 - 8 hour
65 - 24 hour

Sources: COM (1992, 1999, 2000), EMEP (1996)

1.3 Air Quality Monitoring in Estonia

1.3.1 Aims and structure

The air quality monitoring system in Estonia wasated in the Soviet time
and some parts of it are still in operation. Thialglsshed air pollutants limit
values have been stricter than in the western desnbut nobody cared when
pollution levels exceeded the limit values. Moriitgr stations in cities were
usually located for urban background measuremeRt® monitoring was
performed mainly by manual sequential sampling odshand only few
continuous monitors of Russian origins for CO measients were running. In
the remote areas, two stations were measuring witté EMEP network. No
inter-calibration activities were held between latiories and the overall
quality of the data is usually unknown.

The aims of Estonian AQM, which have been definétiinthe framework
of overall environmental monitoring, are to ideytiind fix trends in air
pollution and pollution load levels. Locations gfepational stations, the traffic
network and the biggest polluters are presentdélgare 1. The most polluted
region is North Estonia, where locate the biggéiesiand heavier polluters,
such as power plants, the Kunda cement factonghazile mining and chemical
industries.
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Today the Air Quality Monitoring of Estonia has tations in remote areas,
3 stations in Tallinn, and 16 precipitation statiersee Figure 1. A background
research station is situated at Tahkuse, whereiafsand UV radiation are
measured as described by Horetlal. (1998), and lichenoindication sites in
about 100 places where the deposition of heavylmitaneasured every fifth
year. Air pollution measurements are accompanied rbgteorological
measurements at EMEP stations at Vilsandi, Lahemddl ahkuse.

Figure 1.1 Map of Estonia with continuous air moriitg stations,
monitored parameters in 2001, main cities and ny@ptiution sources

An aspect hindering the work of air quality monitgr is the lack of
monitors of particulate matter - see discussiorKimmel, Tammet, Truuts
(2002). Fortunately, PM10 monitors operate at @tatiy stations since autumn
2000, and county centers are visited by a mobile gguipped with all
instruments under contracts to carry out tempomasasurements. Results
obtained at county centers are, due to a short tioverage, suitable only for
objective estimation.

A weakness of the monitoring program establishe@inote areas is clearly
visible in Table 1.3. The measured parameters doalow to calculate the
total deposition of acidifying N- and S-compoundsiich is one of the main
aims of EMEP program. Thus, the data of collectetha stations cannot be
fully exploited for further studies.

Table 1.3 EMEP measurement program 2000 (Estohiare $n bold)

Component Measurement| Measurement
period frequency
Gas SO, NO, 24 h (al daily
Vilsandi 1 h)
Os hourly  valuegcontinuously
stored
Light hydrocarbons £C, 10-15m twice a week
Ketons and aldehyds (VOC) 8h twice a week
Hg 24 h weekly
Particles [SO,” (only at Lahemaa) 24 h daily
Cd, Pb (1. priority), Cu, Zn, As, Cr, |week weekly
(2. priority)
Gas (g)+ [HNO;(g)+NOs(a), NH(g)+NHs(a) |24 h daily
Particles (d)
POPs (PAH, PCB, HCB, chlordajto be decided | to be decided
lindane, A-HCH, DDT/DDE)
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PrecipitatidAmount, SO,#,NO5. pH, NH,", Na'[24 hiweekly  |daily or weekly
n Mg?*, Ca®*, K, conductivity
Hg, Cd, Pb (1st priority), Cu, Zn, As\weekly weekly
Cr, Ni (2. priority)
POPs (PAH, PCB, HCB, chlordafto be decided to be decided
lindane, A-HCH, DDT/DDE)
Measurements of VOC, heavy metals and POP are ordgat few sites.

Source: EMEP, http

1.3.2 Monitoring development in 1990-2000

At the end of the 1980s, the Estonian AQM consistietl7 urban stations
Tallinn (8), Kohtla-Jarve (4), Narva (2), Narva-daa (1), Kivi6li (1) and J6hvi
(1). Manual collection was carried out 4 to 6 tineeslay and wet chemical
methods were used at all stations. The pollutardgsitered include mainly
classical pollutants with some specific hydrocashas tracers of production
typical to specific sites. In the mid-1990s airalijty monitoring was started
also in the second largest city Tartu, as welhaBarnu, using the same routine.
Continuous monitors were installed at one statioiallinn only in 1994 and
later in other stations see Table Il in the supplementary publication 4.

Two remote area stations included in the EMEP netwperated from the
end of the 1970s in Lahemaa and Soérve. The Soéat®rstwas transferred to
Vilsandi in 1994; one additional integrated moriitgr site with air quality
monitors started operating at Saarejarve in 1997.

Round-year precipitation samples were collectedb dacations mainly in
the northern part of the country in the early 199®99 saw an expansion and
samples were collected on 16 sites. Pollution ldadsurface were determined
from the chemical composition of snow all over B$ioin winters with good
snow coverage. The number of samples taken vamea 40 to 220 in different
years and enabled to create a pollution load mapddous pollutants (Roots
et al., 1998). Thus the spatial coverage of the momitpdf pollution load was
significantly enhanced.

The list of pollutants monitored saw the same lkihénhancement: when in
1994 only 6 continuous monitors were in operatadready 12 operate in 1997,
and 22 in 2001. The last significant expansion oeclidue to the help of the
Phare Air Accession Program which gave the comptete of 6 stations
(monitors of S@, NOx, G, CO, PM10), a van with a rack for monitors and a
meteorological mast, and advanced software for toprgalibrations, data
transfer, storage and validation.

Some changes were made in the list of stationsjalkdastation was closed
in 1999 and a new QOismée station was opened ilNtrth-West residential
area of Tallinn in the beginning of 2001. All stats are now equipped with
continuous monitors of nitrogen oxides, S®M10, CO, @ Suspended
particulate matter (SPM) is measured additionallyVéru traffic station.
Continuous monitors are now operational also in tkebarve (since May

13



2002), and Narva. There are plans to restart mangdn Tartu, which was
stopped in the end of 2000, the main constrairgdiaancial.

1.3.3 Main trends in pollution levels in the 1990s

The description of main trends is divided into tparts according to the
availability of data and, thus, the applicabilifytibe analysis to all Estonia.

1.3.3.1 Gaseous pollutants

The detailed analysis of data for different polhita measured at
EUROAIRNET stations of Viru, Rahu, Majaka, Lahemddsandi, Saarejarve
is given by Kimmel et al (2002). Here, the timeipdrconsidered is extended
by two years until the end of 2001.

In general, the study reveals that the short-tasrcentrations of pollutants
in the capital city of Tallinn are low due to modex climate and the location of
stations near the sea, causing windy weather. €keld of ozone, often
exceeding the limit values, are the most dangeaspscts - see Figure 1.2. The
exceeding of the limit values is mostly associatéth vegetation protection
limits. However, health related limits are also @ded in suburban stations
and in remote areas.

The levels of sulphur dioxide and carbon monoxiderauch lower than the
limit values. The levels of nitrogen oxides aretestable despite increasing
traffic loads. This phenomenon can reflect the fhat the replacement of old
cars with high emission rates by newer cars with énission rates has been
most intensive in capital. The trends mentionedKbymel et al. (2002) are
almost same, but even more pronounced fop Bl CO - see Figure 1.3. In
the recent years a clear annual cycle with maximuanggring is observable for
NO..
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Figure 1.2 Number of violations of limit values otone in remote area
(upper) and urban area (lower) figure.

The analysis of pollution levels at background istet shows that these
levels have been elevated in Vilsandi that is ledafoser to bigger polluters in
Central and Eastern Europe and to internationgipsig.

The average concentration of nitrogen dioxide cdaddclose to the yearly
limit value also in other South Estonian countytees Tartu (about 100, 000
inhabitants) and Viljandi (about 22, 000 inhabigrKimmel, 1998). In these
towns the levels of pollutants were elevated du limited spread of pollution
because of a river valley (Tartu) or narrow stré¥i§andi). The evaluation of
hourly maximums from two-week average concentratioreasured by passive
monitors is given in subchapter 4.2.2.1. Air gyafitonitoring is thus seen to
be important also in other cities of Estonia.
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Figure 1.3 Variation of pollutant concentrations uaban station Viru
1994-2001.

The analysis of North East Estonian monitoring datpports the outlines
drawn earlier. According EERC (1999) and Tihanezda (2002) in case for
NO, the limit values were exceeded in 3 cities — Kol#ave, Kivibli and
Narva, and for some specific hydrocarbons suchdehgds and phenols, and
hydrogen sulphide near chemical enterprises anifigaiion plants from 1994
-2002. Since wet chemical methods were used wittrnmittent sampling 4-6
times a day for half an hour each, and the qualftgata is unknown, the
collected data are suitable only for objectiveraation.

The analysis of Tartu monitoring data given in supplementary article 3
(Kimmel, Kaasik, 2002) shows that pollution leviisreased in the most parts
of the town during the 1990s.

1.3.3.2 Particulate matter

The values of particulate matter monitored fromMhay 1995 to 31.
December 2001 at the Viru traffic station exceettesl Estonian limit value
(150 pg i as 24-hour average) 134 times in 19.9 % of c&Biese the time
coverage of monitoring was too short for propeeassient the outline given is
only indicative.

Seasonal variation of the concentrations of pddteumatter at the Viru
station in center of Tallinn is expressed on Figlird. The highest spring
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values mentioned in the supplementary article 4sditethere and the limit
values are frequently violated.

Viru SPM

2.4

20477

161-m"7

1.24-7°

0.8+°"

ratio of season/total
averages

0.4

summer

Figure 1.4 Seasonal variation of particulate mattercentrations at Viru
station in 1995-2001.

The particulate matter levels monitored at 3 sie®sind the Kunda cement
factory showed a significant drop from 1994 to 208@&ximum dropped 2.5
times and yearly averages 2.6 - 7.9 times.

Monitoring of particulate matter (SPM) by interraitt sampling in North -
East Estonia in the 1990s shows that the limitsewetceeded in 4 towns -
Sillamée, Kiviéli, Narva and Narva-Joesuu. In tlastltwo, the violation of
standards was probably associated with polluti@mfipower plants — see
Figure 1.

Monitoring of lead concentrations since 1998 shdhet the levels are
considerably below the limit values -maximum corication is 0.15 pg M
verifying the low usage of leaded gasoline in tpams

One of the aims of AQM is to prevent or alert tond@e to human health.
Little is known about direct health risk of totalspended particulate matter
SPM, but there is plenty of information about healisks associated with
smaller particles with diameters less than 10 pud®Ness than 2.5 pg PM2.5,
or even smaller. Thus, | try to estimate from tlolected SPM values the
figures of the concentrations of smaller particieatmospheric air.

Estimation of PM10 values
Evaluation of PM10 concentration from the monito&®M values is made
using relationships found in parallel measuremehtSPM and PM10 by beta-
attenuation (EERC, 2001). The analysis of dataalsvéhat the ratio of PM10
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to SPM decreases significantly when the SPM valeged several hundred
micrograms per cubic meter. The analysis shows Hisd the best fit is
obtained when we distinguish the heating-periothfather periods of time that
express the different origin of particulate mattedifferent seasons discussed
by Kimmel, Tammet and Truuts (2002).

Thus, the estimation of the PM10 levels was madh thie fitting function
PM10 = SPMx (0.0004x SPM - 0.038) +26.578 for the heating period ared th
function PM10 = SPMx (-0.0006x SPM - 0.3414) +1.418 for non-heating
period, which represents the measured values withcauracy expressed by a
standard deviation of 0.755 in the heating periad af 0.496 in the non-
heating period. The average value of the estimBd0 - 27.3 pg M was
close to the EU upper assessment threshold of 307figrhe obtained 98%
percentile was 73.6 pg inthus the potential to exceed the limit value is
estimated to be high.

The estimation is in good agreement with the figdinn Central and
Eastern Europe expressed by Houtheljsal. (2001) that PM10 and PM2.5
values are much higher in the named region thdnSdror Canada and form a
severe potential danger to human health. The agmtenwith real
measurements is also quite good - in 2001 the geeralue of PM10
monitored at Viru was 30 pg fand 98% percentile equals to 94 pg m
(EERC, 2002).

Thus, the chapter points out some pollutants r@guienhancement of
monitoring and gives some ideas where is reasorabfgerform air quality
measurements.
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2. EMISSIONS OF AIR POLLUTION

The exact amount of air emissions is impossiblméasure, and therefore,
some calculations must be used (Milford and Rusk@di3). The commonest
approach is to divide the sources into groups, etifeer measure one
characteristic source in a group and assume that sburces in the group emit
the same amount of pollutants. The grouping of ;esirand the commonest
emission rates within the groups are internatignstihndardised. The standard
is named CORINAIR (Co-ordination INformation Enumoental and AIR
Emission Inventory) and if filled correctly, givesn enhanced summary of
pollution in a compatible form. For many areas #tandardisation is not
completed and thus different calculation schemesiaed.

2.1 International standard CORINAIR

CORINAIR splits emission sources into 11 main sex{gee Table 2.1), 76
sub-sectors and 375 activities.

Table 2.1. Main sectors in CORINAIR94 with exampdesl their relation to
economic sectors as defined in the Fifth Envirortaesction Programme

Category Examples Target sectorg
| Combustion in Energy Power stations, fuel (coke, gdskEnergy
and Transformation nuclear town gas) production.
industries
Il Non-industrial | Agricultural, domestig Energy and
Combustion plants combustion, public  services,Consumers
railway stationary sources
i Combustion in| Cement, glass, metals and liméndustry
manufacturing Industry production.
IV Production Processes Chemical, food, asphaditilé | Industry
industries.
\% Extraction and| Pipes, petrol distribution. Energy
Distribution of fossil fuels
VI Solvent and other Aerosols, tyre manufacturing. Several
product Use
VIl Road transport. Buses, cars, other road vebicle| Transport
VIII Other Mobile sourceq Agricultural power units, aircraff, Transport
and Machinery railway, shipping, fishing
domestic machinery.
IX Waste Treatment angLandfills, lightning, incineration| Several
Disposal batteries, sewage sludge disposdl.
X Agriculture Agricultural  soils, pesticides,Agriculture.
livestock, field burning.
X| Other Forests, Natural Fires. -

19



The emission load from stationary sources can bekdd by measurements.
In case of mobile sources, there is only an indirgay for checking the
emission calculation results - by measuring thenfat deposition loads and
pollution fields.

The summing of the emissions of a country, regioracettlement is a
compilation work, since it uses results of reseagrbups dealing with
calculations of emissions from the sources har@éwvaluate, such as forests
(Isidorov, 1999), agricultural areas, and humanliifgs (NAEI, 2002).

The quality of emission data is characterised bymgertainty factor giving
an estimation of the deviation of the calculateldiea from real emissions. The
dependence of the figures of uncertainty factors tba quality of the
calculation schemes used, omitted from Aalst e{18199), are given in Table
2.2.

Table 2.2 Correspondence of uncertainty factorspmodedures used for the
calculation of air emissions.

rating  definition typical error
ranges

A an estimate based on a large number of measutemmeme + 10 to 30 %
at a large number of facilities that fully repreisére sector;

B an estimate based on a large number of measutemaade + 20 to 60 %
at a large number of facilities that representrgdapart of
the sector;

C an estimate based on a number of measurements ahad + 50 to 150 %

small number of representative facilities, or agieeering
judgement based on a number of relevant facts;

D an estimate based on a single measurements, or+alD0 to 300
engineering calculation derived from a number dévant %
facts and some assumptions;

E an estimate based on an engineering calculagéigwedl from * order of
assumptions only; magnitude

Source: EMEP/CORINAIR Guidebook

2.2 The schemefor calculating emissions from mobile sources

The author developed a simplified CORINAIR scheme dalculating the
emissions from mobile sources. Below, the calcofaichemes for emissions
from mobile sources are described in more detail.

Two schemes are available for calculating emissfoo® mobile sources.
One of them is based on fuel consumption data laaather on traffic activity
data — see equations 2 and 3. The selection obotlee other scheme depends
on the availability and the quality of data andtbe pollutant considered. The
emission of sulphur dioxide, carbon dioxide anddlé@m vehicles does not
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depend on driving mode. Thus, an assumption is rtfzateall sulphur, carbon
and lead in gasoline are combusted (oxidised) amittedl into the atmosphere.
So, only fuel consumption data can be used for @oniscalculations. The
amount of other pollutants emitted by traffic, n&maitrogen oxides, carbon
monoxide, hydrocarbons and particulate matter dépdeavily on the driving
mode. Therefore, the selection of an exact modpkn@s rather on the time
and space scale of the issue under investigation.
t;l,

Qi =m; Py —— (2)
ML

t
Q=T qi_J 3
Zal

where
i indicates the pollutant,
Q the total emission of the considered pollutant
pij the emission factor of the considered pollutaasedl on fuel

consumption for the j-th vehicle class and drivingde (kg per ton)
gij the emission factor of the i-th pollutant basedtfee driven distance

for the j-th vehicle class and driving mode (kg ke

| the specific fuel consumption, averaged ovéwnahicle classes and
driving modes (I per km)

lj the specific fuel consumption for the j-th vehidkass and driving
mode (litres per km)

T the total traffic activity (vehicle-km/a)

tj the traffic activity for the j-th vehicle clasaddriving mode (km/)

On the local scale, the calculation is normallydoben the traffic intensity
data. On the regional or global level, when thaltemission of a country or
some region of a country is considered, both scheghe satisfactory results.
The selection of one or the other scheme depehdsefore, more on the
accuracy of the basic data. According to Larss&89), for diesel-powered
engines, the fuel-based emission factors are ceraddty more stable, that is,
they vary much less according to vehicle class diiding mode, than the
activity-based emission factors. The same seers toe also for the accuracy
of statistical data for fuel consumption, which amally more accurate than
traffic activity data.

2.2.1 International standard CORINAIR

The calculation of emissions from mobile sourcebased on CORINAIR
standard for driven kilometres. Accordingly, vebilare divided into different
classes, such as passenger cars, trucks, bikesTetéceafter, the driven
kilometres of a certain vehicle type and drivingdmacare multiplied by the
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emission rates (grams of emitted pollutant perrkétre of drive) and the
amount of emissions from a certain vehicle clas§@und.

2.2.2 Methods used in Estonia

In Estonia the methodology for the calculation afigsions from mobile
sources has not yet been well established. Theid&ussethodology without
splitting vehicles into classes, methodologies lo¢ tNordic countries and
combined methodologies have all been used. Sewtalies have been
performed relying on the established European CQ@EN methodology
(Méakela and Salo 1994; Kimmel, 1998a; COWI, 2000), but officially
published data about emissions from mobile soucasarse. Table 2.4 gives
the main characteristics of used methodologies.

2.2.3 Simplified CORINAIR scheme developed

Due to the fact that some data required for catmria by CORINAIR
scheme are absent in the official statistics ofolst a slightly different
scheme was developed by the author (Kimmel, 1998 deviation from
standard is a basis for the emission calculationguel consumption data, not
for driven kilometres as required by the origin@®RINAIR scheme.

There are two reasons for such deviation - theracguand availability of
statistical data, and the including of agricultuvahicles into calculations.
Until the end of the 1990s no statistics was ab#laabout the driven
kilometres of different vehicle classes in Estofiiae accuracy of the assumed
driven kilometres by different vehicles is believedoe much more inaccurate
than the figures of fuel consumption of differenéhicle classes. This
assumption is supported by two facts. First, theists dealing with finding the
number of kilometres driven by different vehiclasdes in Estonia in the mid-
1990s were made only in city conditions and theeefio not cover the whole
of the country. Second, the data of annual total ftonsumption are easily
available. Third, the emission factors per fuelstoned depend much less on
the vehicle and environmental conditions, suchhasage of the vehicle or air
temperature than the emission factors given peredrikilometre (Larssen,
1989).

The values of emission rates used in the develgpkdmes for calculating
emissions from mobile sources are given in Tal8e Phe figures are based on
papers by Larssen (1989, 1993), Makela and Sa@4)1®ehme et al. (1991),
Alexepoulos and Assimapoulos (1993) and Giess (L9%Bcalculate the given
factor it was assumed that the driving mode feib inrban (30%) and rural
(70%) divisions. Since there were only a few higisven Estonia in the middle
of the 1990s, their role was evaluated to be nddgigand therefore not taken
into account. This aspect must be taken into adowben using the scheme for

22



calculating the emissions of a later period. Ormiigys the emission rates for
NOx should increase and for CO and VOC decrease

Table 2.3 Pollutant emission factors (g/kg of bdrnfeiel) for motor
vehicles.

Passengerl Trains | Tractors| Trucks Buses| Motor-
Pollutant | cars cycles
NOy 30 20 50 50 60 5.5
VOC 25 40 100 70 20 50
PMyq 1.6 5 3.5 3.5 2.5 2
CcO 200 50 300 150 45 30C

The next Table 2.4 gives the figures for emissitmesn mobile sources
calculated by different methodologies from 19901897. The values in the
first column for years 1993 and 1996 differ fronaghk in paper Kimmel (1998)
due to corrections in the official amounts of cansd fuel.

The table shows that a simple scheme developedaloulating emissions
from mobile sources gives reasonable results in peoison with more
advanced schemes the results of which are givethanthird column. The
official figures seems to be overestimated for CO.

Table 2.4 Comparison of methodologies for calcotatir emissions from
mobile sources of Estonia (kilotons per annum).

[Methodology| Kimmel (1998) Official values Other studies

Basis o fuel consimption | fuel consimption |driven  kilometres
calculation

Splitting of
vehicles intg yes no yes
classes

NOx| CO | VOC| NOx| CO | VOC| NOx CO | VvVOC
1990 53.1] 187 79 45.1 374 704
1992 28.7] 103 46 24.5 175 344 17|876.5| 23.5
1993 30.6| 107 44 27.4 189 37.9
1996 279 95.1 | 39.2| 29.2 238| 44.4
1997 29.1 97.7| 409 28.1 256 47.6 31|374.6 | 20.6

Sources: Kimmel (1998), Mékela, Salo (1994), CO®IQD)

The accuracy of values in Table 2.4 depends saifly on the accuracy of
the values they are based on — COWI (2000) sthtdsthie uncertainty of fuel
consumption data could be as high as 50% in soraesy®bviously, the

23



uncertainty of the calculated emission figures sahbe much lower. Another

important factor influencing uncertainty is thalt enission factors were taken
from the studies made in other countries and ndiessuvere made to reveal the
applicability of the found emission rates in Estonihus, the uncertainty of all

given figures is quite high.

2.3 Data of air emissions of Estonia.

2.3.1 Economy changes in the 1990s

Air pollution is mainly determined by human actwiand depends on
economic development. Estonia is a small countrga(f 45227 kfmand
population of about 1.5 millions), which was ocagiby the Soviet Union
until 1991. Restoration of the independent statdated rapid economic
changes resulting in the onset or disappearancdiftdrent air pollution
problems. The growing number of cars (increase fi&®0 to 1999 of almost
90% (SOE, 2000)) and the drop in agricultural atés to almost one half
influence the patterns of air emissions and cormetly) the air pollution
levels.

GDP at basic prices —=e—— No of private cars
= =a= = Supply of primary energy
3.7 500

3.4

GDP - 1 EUR
Energy -
No of cars - 103

90 91 92 93 94 y@3, 9% 97 98 99
Figure 2.1 Characteristics of economic developroégstonia in
1990-2000.

The main outlines of economic changes are givethé supplementary
article 4 and presented in Figure 2.1 and Table Rusing the period from
1993 to 1999 Estonian GDP grew 23%, export grewti;i@s and import 4.3
times, expressing the restructuring of state-oweeshomy into private one,
and renewal of production equipment.
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Reconstruction of economy and reduction of eleityriexport to Russia and
Latvia by several times resulted in a drop in eleity production from 17181
GWh in 1990 to 8521 GWh in 1998 (SOE, 1999). The reonomical system
forced energy conservation. As a result, heat ptioln decreased 2.3 times
during the same period of 1990-1998 (SOE, 1999).

Table 2.5 Basic economy data of Estonia in the 4990

Export  Import Production of Sown area of

Year meat kilotons of field crops
10° DEM 10° DEM slaughter weight  (km?
1990 182.5 11163
1991 177.1 11143
1992 0.69 0.64 131.6 11066
1993 1.33 1.48 83.7 10570
1994 2.12 2.69 69.4 9350
1995 2.38 341 67.7 8507
1996 2.66 4.37 58.6 8591
1997 3.65 6.12 53.4 8642
1998 4.41 6.90 60.0 8611
1999 4.43 6.31 61.1 8187
2000 6.73 9.03 52.7 8098

Sources: SOE (2000)

2.3.2 Official published data of air emissions

The availability of data on air emissions in Estodepends on source types.
Emissions from stationary sources are calculatedterly on routine basis and
reported in yearbooks published since 1993. Thesson data is collected in
two stages. First, the county environmental offiG@sogether 20) collect the
initial data. Subsequently the Environmental Infation Centre of the Estonian
Ministry of Environment checks the primary datalcoates the totals and
produces yearly public reports.

The official data about air emissions during thet [ED years is presented in
Table 2.6. The variations shown in the Table araeniyacaused by the
reduction of many industrial activities, including shale mining (compared
with the figures for 1990, mining had been reduaédost by half by 1999),
and decrease in electricity and heat productiostad in previous sections.
The Kunda cement factory and two big power plarifsrgood examples of
progress in reducing air emissions from big locallyters. The amount of
particulate matter emitted from the Kunda cementoiy dropped from 61.1
kilotons in 1993 to 31.4 kilotons in 1995 and Oistons in 1999 (Roots, 1996;
Kohv and Kirjanen, 2000). Similar drop can be oledralso in the emissions
from two power plant 129 and 54 kilotons of particulate matter weretesdi
in 1990, only 34 and 34 kilotons in 1995 and 241d 85.8 kilotons in 1999
(Kohv and Kirjanen, 2000). This is a result of emanc changes, transition to
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EU regulations of air emissions and a dramaticease in pollution fines
controlled by government.

The quality of emission data depends on the fegell- county collection.
The data collection is supported by the regulatibpermissions for emission
in the counties. The emission amounts are calaildtg the enterprises
according to the officially determined rules anégented with an application
for the permission to local authorities. The apgtiien is carefully checked and
approved either without remarks or with some oldtiga conditions to the
enterprise. The current results are presented afbatty the enterprises and
verified by the county authorities. Thus, an estanaf total emissions
accordingly to the permissions given to the entsegris available before the
commencement every year, and the data of actuasens is available in the
end of quarter. In this way, the emission inventofystationary sources is
administered satisfactorily.

Table 2.6 Official figures of air emissions frontlampogenic sources of
Estonia (kilotons per annum)

Year CO CcoO NOx NOy SO, SO, VOC VOC Particul
Statio- mobile gtatio- Mobile  Statio- mobile  Statio- mobile ates

nary nary nary nary Statio-

nary
1990 59.9 374.2 22.6 45.1 238.8 13.1 18.0 70.4 268.5
1991 56.8 342.4 20.9 42.4 232.7 12.7 17.0 64.9 277.8
1992 325 175.3 14.9 24.5 179.2 8.2 11.0 344 240.8
1993 27.8 182.4 12 26 145.0 8.7 5.7 35.9 189.0
1994 31.8 209.3 14.6 26.5 141.1 8.1 4.7 39,9 1615
1995 27.2 215.1 14.8 27.2 110.3 8.3 6.5 41 113.1
1996 29.4 238.3 16.3 28.1 117.2 8 5.7 446  98.9
1997 26.7 256.1 15.6 29.2 111.0 8 6.3 476 783
1998 26.4 254.3 14.9 311 100.9 9.2 5.7 48 69.8
1999 20.9 194.4 14.4 25.2 94.6 7.9 5.0 37.3 705

2000 19 15 92 8 59

Sources: Roots et al. (1996), Kohv and Kirjanerd(®0

The weakness of such administration is the lackmoission measurements.
Thus, the calculations of emissions are mainly thage assumptions and
engineering calculations. The uncertainty of theegifigures, although not
published officially, could be close to 100% - Sedble 2.2.

2.3.3 Results of scientific studies

Academic research reveals that the official emisdigures of nitrogen
oxides, carbon monoxide and particulate matter rcomty about one half of all
the emissions on the local level in Tartu (Kaasi&l., 2001). In smaller towns
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the role of official figures is even smaller - irailla, according to GAIAA
(2000), they account for less than one third odltemissions. The mentioned
studies, representing medium and small towns, endbl evaluate total
emissions from domestic heating in Estonia. The ofldomestic heating was
evaluated by multiplying the figures of the coufgrgtationary emission by
factors given for Tartu and Kardla. The biggestrees (power plants, chemical
factors), which are not characteristic for resitintareas were priorly
subtracted from the total emissions of the counfiywe can see, the biggest
contribution of domestic heating is observable @® and particulate matter,
reflecting the fact that combustion in smaller eafurnaces is less efficient.

Table 2.7 Emissions from domestic heating of Est@mil998 (percentage
from stationary sources' emissions)

pollutant Tartu Kardla Estonia
ton/annum % ton/annum % kton/annum %
NOXx 121 31.3 5.9 114 1.7 11.3
SO2 103 24.9 1.2 33 8.4 8.3
CO 554 29.4 63 61.5 5.8 22.2
PM 1336 209 54 860 23.8 33

Most recently are published also first results fhic@l values of emissions
from domestic heating. The values given for ther €00 are (in kilotons per
annum) SO2 — 1.31; NOx — 1.85; CO - 80.62; PM 471§Kohv et. al 2002).
Thus, a good agreement for NOx and particulate enast observable. The
reason for difference could be shortages in stegistnot all firewood is
accounted) or difference in consumption of fueldifferent years.

2.3.4 Estimation of the share of emission souré&stonia.

The previous pages present the results of studie®rmed for emission
calculations in Estonia. We can see that thereoislata of emissions from
biogenic sources nature and agriculture. Since, according to liteg their
role in volatile organic compounds and particulatatter emissions is big, |
shall attempt to estimate their emissions in Estolm such a way, we get more
realistic picture of the shares of different enuassources.

Literature estimates of world-wide emissions of NOI are 60-140 million
tons from anthropogenic, and 1150 tons (of carliamh biogenic sources per
year (Atkinson, 2000). The share of biogenic sosiroe the emissions of
different countries depends on a climate zone, te¢iga cover of the territory
and the structure of economy.

In a warm climate, and of lively economy area -foatiia the share of
biogenic sources in hydrocarbon emissions does exaeed ten percent
(Benjaminet al, 1997). In Poland, forests produce 186-763 kilstohVVOCs
depending on weather and forming one third to omerth of all country
emissions according to Isidorov (1999). Isidoroediempirical equations and
the data of age structure of different trees fos halculations. Separate
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calculations were made for the emissions of isgprand non-isoprene for
every common tree species.

The share of biogenic sources in Estonia is estichéd be bigger than in
Poland since the anthropogenic emissions of orgamigpounds are only 40 -
60 kilotons a year, and the standing store of teresonly 3.5 times less. The
age of forests determining foliage biomass emittmgirocarbons is also
younger (in the last 60 years forest area has gfow®.4 and during the recent
40 years for 1.6 times) than in Poland. The stmectf Estonian forest differs
from that in Poland; coniferous trees account foow half of all forests
(instead 78% in Poland). Instead of pine (65.7%2459%), birch (5.2% vs.
13.4%) and alder (4.5% vs. 7.6%) are common in ri&stolhe role of oak,
beech and silver fir forests (together coveringg%.of the standing store in
Poland) is negligible in Estonia.

The exact evaluation of VOC emissions from biogesiuarces of Estonia
was made by using the ratios of the standing stbriorests in Poland and
Estonia. The Estonian climate is colder, but themfdas contain absolute
temperature, so the difference in results is evathaot to exceed ten percent.
In addition to that, a large amount of organic comus should originate from
mired areas covering about 20% of Estonia land. infleence of the colder
climate and other biogenic sources are evaluatetinonate each other. Thus,
an estimation of biogenic emissions of VOC in Estowas made using the
forests scheme described above. The estimatiors gisean average of 100
kilotons of VOC per annum. The uncertainty of thgeg figure could be
several-fold, since it is based only on the assionptmade in another country
and no supporting measurement results exist.

There has published already first results of dat@mn of emissions of
organic compounds from forest using emission factdound from
(EMEP/CORINAIR, 2001). The result of calculatiorr fgear 2000 equaled to
34.982 kilotons (Kohv, Mandel, Ljamtsev, 2002). $ha fine agreement with
estimation made by similarity scheme is observable.

The calculation of natural NMVOC emissions is ditfit for most of
European countries - in the EMEP database (EMEB1)2®nly 17 countries
out of 34 report natural emissions of volatile arigacompounds. The biggest
values are observable for Russia (5500 kilotons0% 6of total NMVOC
emissions), France (427 kilotons - 30% of total) &me United Kingdom (178
kiloton - 10% of total).

There is also a difference between the officiaultssand other studies -
Poland reports less than 1 kiloton, while Isido(®998) showed that emissions
only from forests exceed 100 kiloton. The officidlues may need some
correction also in other countries.

The importance of the emissions of bioorganic Vielatompounds is even
growing when we consider the potential of orgamimpounds to form ozone.
In England the role of bioorganic sources growanfrabout 10% in total
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emissions of organic compounds to almost 15.4%émpbtential to form ozone
(NAEI, 2002).

Similarly, one important source of particulate reais nature: according to
Seinfeld and Pandis (1998) nature formed up to 9ffi%otal particulate
emissions in the 1980s. The results of the padteumatter monitoring in
Estonia in Chapter 1.3.3.2 show that the conceatratrise significantly in
spring, which could be a result of natural procedediowing the melting of
snow coverage and anticipating the formation ofifptanopy. Thus, the role of
natural sources of Estonia is evaluated to be dfalhe stationary sources'
emissions after subtracting the biggest sourcesdpplants, cement factory).

The summary of official figures and estimated valoéemissions are given
in Figure 2.2. Figures are presented only for NOKQC and PM, since,
according to the previous Chapter, they form thenmaisance in Estonia.
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Figure 2.2 The share of different sources in thésgions of
pollutants in Estonia (Stat- stationary sources,bMwbile
sources, DH - domestic heating).

Columns express official or estimated amounts,Zoitial line -
uncertainty, vertical line - range of confidence.

The Figure expresses firmly that nature seems @ $&ctor responsible for
most of VOC and a large amount of particulate matteissions. It also reflects
the facts that the emissions of particulate mdttean road paving and volatile
organic compounds from domestic heating have net lsudied in Estonia.
The uncertainties of emission amounts are hightdueo few measurements
and/or forgetting some important sources as digcugsarlier. In comparison
with the uncertainties in the UK emission inventdhat not exceed 50%,
Estonia has still a long way to go.
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Thus, to summarise the findings given in Chapteh@ database of Estonian
sources of air emission requires enhancement.
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3. AIR POLLUTION MODELLING

Air pollution is a 3-dimensional phenomenon in maturhus, modelling is
the only way to obtain knowledge about the spatiatribution of pollution.
The accuracy of air pollution modelling dependstbe knowledge of input
data (meteorology, air emission sources, limitibgtacles) and the processes
running in the atmosphere and influencing pollutaistribution, deposition,
and chemical transformation.

The modelling of air pollution distribution is doed into two big groups —
the receptor-oriented and source-oriented modéls.réceptor-oriented models
require the results of pollution levels. Analysisresults called also ‘source
apportionment study’ made in regional (Swietlicd®89) or local (urban) scale
(Swietlicki et al., 1996) enables to estimate thars of different sources in
measured values. The source-oriented models rethéreata of sources, and
the knowledge of processes running in the atmospand they allow predict
pollution levels at a site. The author work in miidg was related to the
validation of results of both types of models.

The accuracy of modelling is set by COM (1999) tiyto the margins of
differences with measurements. The exact valuethefallowed differences
depend on the time period and pollutant considered.

3.1 Parameters affecting pollution field

When air pollution has been created, it startgdadfer in the atmosphere.
Obviously, the atmospheric processes affect polutilistribution. Created
pollution field is mainly determined by local enimss, pollution transport
from remote sources and distribution patterns —eoretogical conditions
(WHO, 2000). Since all the named aspects deterthiméormation of pollution
fields in almost separate ways, the influence theight have is also
characterised separately in the following subcthrapte

3.1.1 Local emissions

The description of patterns of air emission hasmbgigen in the previous
chapter. As we have also seen in developed coantmmany gaps exist in
determining the amounts of emissions from differesoiurces. Mainly it
concerns area sources, small enterprises and sduscder to evaluate, such as
domestic heating.

Pollution distribution in the atmosphere is deterada by the parameters of
emission source. The height of the source is ortbeokey factors determining
the formation of elevated pollution levels. Theltegis the source located, the
lower are the formed pollution levels on the graufe pollution level in an
urban area is mainly determined by traffic emittpaglution at the height of
less than one meter - close to the human breattong. The importance of
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domestic heating in the formation of elevated gallu levels also comes
clearer when we consider that the chimneys of ro@seit pollution at the
height of about 10 meters - much closer to the mglothan the chimneys of
boiler houses. Therefore, domestic heating is afsof the coded reasons for
the exceedance of the limit values of air polluté@nlegislated in COM (2002).

3.1.2 Pollution transport from remote sources

An important factor determining the pollution fiespecially in remote
areas is the transport of pollution. Due to chemicansformation in the
atmosphere pollution from remote sources is usuallgre oxidized and
therefore differs from the chemical compositiondafect emissions. Pollution
transport from remote sources has been rather stetlied regarding big
sources, such as power plants emitting pollutionth@t height of several
hundred meters (Kaasik, Liblik, Kaasik, 1999). Botin transport has also
been well studied with respect to the transporpollution between bigger
areas, such as the whole countries. Such processesalled transboundary
fluxes and they have been well studied in EMEP nsgtwhrough the net of
modelling -monitoring exercises.

We can take Estonia as an example of changesnshivandary fluxes. The
description of the reported figures have been gmeKimmel, Tammet, Truuts
(2002) - see the emission part of the supplemeraergle 4. The drop in the
emissions of pollutants mentioned at the end of 1880s is even more
remarkable for the whole decade. In 1998, the eomssof the countries
responsible for most of pollution import to Estofeam only 24.3-56.8 % for
SO, 45-84% for nitrogen oxides, and 44-88% for NMV@®Q:omparison with
the values for 1990. Thus, if throughout the 199@spatterns of the transport
of air masses were similar to what they had beeri988, the import of
pollution to Estonia reduced significantly duritngtdecade.

3.1.3 Meteorological conditions on site

Although the emissions of pollutants determine tuwncentrations of
pollutants, meteorology also plays a substantid.rdhe most important
meteorological conditions are wind direction aneexp in both vertical and
horizontal directions, and temperature.

The meteorology is usually included into air pabat models. Pielke and
Uliasz (1998) and Plate (1999) summarise and disthesir use and influence
on air pollution. Authors conclude that modern dllution models are not
using all the power of weather forecast models geimg 3-dimensional field
of meteorological parameters. Rotach (1999) eveawshhow different
physical description of wind field can result invesl-fold differences in the
formed pollution field. The main conclusion of memed papers is that the
accuracy of air pollution models is rather detemdinby shortcomings in
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simulation of meteorological parameters, and nomsah influenced from the
description of pollution transformation in atmosphe

The direct effect of temperature is well seenhi@ ¢onditions of inversion
when warmer air masses are higher than colderyéintical distribution of
pollution has stopped and pollution stays in ong e same layer for a long
period, forming a health hazard. In urban condgitime buildings, roads and
parks form a gentle basis for temperature flucturegtiand rise and thus increase
the turbulence, which accelerates the distributibpollution.

3.2 Deposition mechanisms of pollution

When pollution has once been created, it remowas the atmosphere by
deposition on the surface or obstacles, and chétaresformation. Deposition
process is commonly divided into two parts: dry amet deposition. Wet
deposition means the deposition of pollutants edriy precipitation. Dry
deposition means the deposition of pollutants wherprecipitation event is
observable. In many occasions it is rather diffital distinguish between wet
and dry deposition.

3.2.1 Dry and wet deposition patterns

Wet deposition can be divided into the scavengihgases or particles by
precipitation, cloud interception, fog depositiodanow deposition (Seinfeld,
Pandis, 1998). In all the named processes thrges stee necessary for wet
removal of material — 1) species removal into tlendensed water, 2)
scavenging by hydrometeors and 3) delivering td&aeh’s surface.

Dry deposition is usually characterised by the ésrimvolved in the process.
The common processes considered are gravitatiasabdynamic (impaction
and interception) and Brownian diffusion (Weselag &licks, 2000).

3.2.2 Electric field influence on dry depositionpzrticles

The previous subchapter shows that electric figldsually neglected in dry
deposition mechanisms. However, already in 197 7ké&vihg showed that in
thunderstorm strongly influenced the concentratiohsadon daughters. Study
by Henshaw et al (1996) showed that an enhancedsdem of radon
daughters occurs near the indoor electric powetesab Measurements by
(Tammet, Kimmel 1998) outdoors support this effedt. the named papers
explain the enhanced deposition of radon daugliigrthe effect of charged
clusters. Later investigations, explained in detailsupplementary article 1,
show that electric field influences also the depasiof charged particles.

The main outcomes of theory developed by (Tammetl.et2001) shows
that for most of particles the influence of electfield on the deposition of
particles is stronger than gravitational forces. domparison with other
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deposition mechanisms electric field is especiatiportant for particles with
the diameter of 10-200 nm in the conditions of lwind speed (< 2m'Y.

3.3 Validation of modelling results

A model is a simplified description of reality. Eyesimulation result must
be compared with a real situation. The comparis@tgss according to pre-
determined rules is called validation and ‘modelidagion kits’ consisting
from data bases of spatial and temporal variatidn pollutants and
meteorological parameters created are describedOBsen(1994). The
following pages describe the activities performgdie Author in this field.

3.3.1 Validation of modelling results in urban datkground areas

The validation of results of air pollution modellirby Gaussian plume
model AEROPOL (Kaasik et al., 1999, 2002), sucagdlysialidated against
international validation kit (Kaasik, 2000) is bdsm the concept of measuring
the pollution field. Mainly N@ and SQ were considered. Passive monitors
were used to reveal long-term average concentmatifhpollutants in the
atmospheric air. The description of monitors aneirtivalidation for NQ is
given in supplemented article 3, for S@escription of samplers is given in
Ferm and Svanberg (1998).

The main aim of modelling in a remote area wastudysdeposition. Thus,
passive monitoring and snow samples were selectedilidate results. The
description of the structure of validation has $lgdseen given by Gronskei et
al. (1998), results have been given in article Kaamd Sbéukand (2000).
Generally, the measurements show slightly highsulte than predicted by
model, which is explainable by absence in modetenferal source types like
transport and smaller point sources, and overestimaf measuring method
(see Heal et al., 1999, and supplemented articl&litionally, AEROPOL
does not include chemical transformation of pohitgan atmosphere. Thus, the
lower values of N@ by modelling are expectable, since Ni® a secondary
pollutant formed in the atmosphere from the maimtgitted NO through the
oxidation.

The structure of validation in an urban area iscdbed in the
supplementary article Kimmel, Kaasik (2002). Th#edence in the modelled
and measured values of pollution was mostly astmtiawith the
underestimation of emission rates of pollution sesror the underestimation of
the role of chemical transformation of emitted ptahts during transport to the
measuring point. The overall accuracy of preditiovas smaller than 50%,
thus it satisfied perfectly the quality requirengeptesented by COM (1999).

3.3.2 Validation of the results of simulation opdsition

The validation of the results of the simulationdoy deposition of aerosol
particles performed by the author of the thesigestiain spring 1997. All work
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was performed within the Laboratory of Nuclear Spmsropy, which is a
division of the Institute of Physics in Tartu. Twamma detectors were used
for the studies: HPGe detector GEM-35200 made by&&Ortec (later
referred to as GEM) and BSI detector BDRG-3235%(l8SI). GEM was
supplied with the analyser 92x-W3 Spectrum Mastet hoth detectors with
the software package Maestro enabling the ideatific and quantification of
the measured lines of radiation spectra.

The first activities performed for validating thémslation results were
associated with the measuring of Pb210 in the sssnpll plants. The half-life
of the named lead isotope (see Table 3.1) enalaleghle preparation and the
collected samples were dried and measured withdB&ictor. During this and
the later campaigns, the samples of materials teken at 3 sites in a suburb
of Tartu: a remote area, under and near high vel{bly) power lines 330 kV.
Natural radioactivity, determined mainly by radoaugdhters, is low in the
region— the concentration 6fRa in soil does not exceed 30 Bq'kdpeing
several times less than in North Estonia and teediless than in the Nordic
countries. Plants used for sampling were spruceiddeus trees and grass.
Samples from trees were taken at two heights b@tta2 m and at about 6 m.
Samples of tree foliage were taken both insidetridne crown and at the top (or
singular branch) of the tree.

The first results of*%Pb measurements and the later measuremert®of
in the deposits of different soil layers from theare places did not show any
significant difference in the patterns of depositiaf >*°Pb, which could have
been initiated by the effect of electric field omyddeposition of radon
daughters. Such a deviation of simulation predigifrom the measured values
could be explained by the fact tHdtPb had originated from other sources,
such as fuel combustion in boiler houses.

Table 3.1 Characteristics of radon daughter elesneetasured by author.

Isotope Half-life Identification energies (keV)sit Origin  of
probability (%) decay chain

21%pp 22.3 years 465 ; “Rn

“1Pp 10.6 hours  238.6; 43.3 “Rn

“Pp 26.8 min 351.6; 35.8 “Rn

“Bi 19.7 min 609.5; 44.8 “Rn

Thereafter, head of the Laboratory Mr. Realo suggkthat radon daughter
elements with shorter half-life, such &&b,***Pb, ?*Bi should be measured.
Thus, attention was transferred to the preparaifdamples that would enable
to measure the named isotopes. Since these isoampesar in the pilot and
study samples, their characteristics are giveraibld 3.1.

Several sampling strategies were analysed and grdvee total number of
samples in 1997 included 30 samples of plants ahdainples of soil. The
developed sampling strategy consists of the folhgwiain points - 1) samples
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of different plants were taken at one and the ssitreas close to each other as
possible; 2) samples at one and the same site takea repeatedly to enable
the elimination of causal variation; 3) samples eviaken during dry season
thus minimising the disturbing influence of pretipion; 4) samples at
different height horizons were taken from one ahd same tree; 5) the
sampling of grass was performed by taking samptas torners and the centre
of a quadrate of about 2x2 m size; 6) in needlepdesnthe share of older and
younger needles was almost equal; 7) the colleqgtiedit samples were
weighted to establish whether the amount was seffidor measurements; 8)
the contamination of samples was minimised by upiagtic bags and closing
them tightly after sampling.

The developed methodology for sample preparatiolabioratory include -
1) the sample preparation in the laboratory wadopmed within one small
room that was cleaned after every preparationn 2hé laboratory the samples
of foliage were quickly cut and inserted into theasuring container; 3) the
size of the measuring container was optimised @bkenmeasurements of low
concentrations of radioisotopes and also to enableeasonable sample
preparation period. The short time of half-lifenoéasured isotopes required the
multiply registration of spectra usually after evbour.

The obtained peaks in the registered spectra @dtiad were identified and
quantified by standard methodology. In Table 3€m@esented the main results
of a study in 1997. Note, that sometimes, espgcfall #%Pb, the results are
given with uncertainties, which even exceed theguesal values. Sometimes,
the element was not measurable or the found coratemt did not exceed the
background concentration.

Table 3.2 Average concentrations (Bg'kgf radon daughters in plant
samples in different conditions.

1997 1998
Isotope Grass| Spruce 2mSpruce 6m| Spruce 2m Spruce 6m
“I%h Remote area| 12.4 7.8 18.3
Under HV lines 40.5 11.3
“2Ph Remote area 22 42 13 35
Near HV lines
Under HV lines 155 54 66 10 300
““Ph Remote area 105 60 240
Near HV lines
Under HV lines 84 345 510 45 510
2IBj Remote area 70 225 215 480
Near HV lines
Under HV lines 140 140 420 120 1350

The analysis of results reveals that the biggd&trénce in radioactivities
of vegetation was observable for spruce. Consetyéntlater measurements
in 1998 only spruce samples were taken. The maximalmes measured in
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1997 were equal to several hundred decays per riitogof sample — in
radiation units Bg per kg in spruce needles und®f lies. It was also
observed that in the remote area the radioactifitpeedles on a jutting off
branch was close to the values observed under plovest Thus, the effect of
electric field on the deposition of charged ionstiples was measurable even
in natural conditions.

The obtained experience in sampling and in the gregmn of samples
allowed to repeat measurements in a slightly medifivay in 1998. The most
significant change was that sampling was carriddguwo people, enabling to
cut needles into the measurement container alrgathe car during the drive
to the laboratory. Thus, the time-gap between #epling and measurements
was reduced from one hour to ten minutes.

The dynamic equilibrium of radon daughters in tle depends on their
generation rates from natural sources and it isiipdor each region. Thus, a
wire experiment was performed to reveal correchig tnitial activities of
radioactive element&“Bi and***Pb in the sample. An 11.5 m long wire was
connected to 6 volt electricity source and it ottbel charged ions and particles
during 6 hours. Thereafter, wire was wrapped arcarstiitable piece of pipe
and the radioactivity spectra were registered. T#mporal behaviour of the
registered spectra allows to calculate the in#@lvities of the named elements
in plants correctly. The results are presentedaibld 3.2.

Thus, as a result of above-described work methgiedowere created,
which enable to check the results of the modellwthen the validation of
results of air pollution modelling was a repetitioh studies elsewhere, the
validation of results of modelling of pollutant degition due to electric field
influence on dry deposition of particles-ion clustis a novel work.
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4. ASSESSMENT OF AIR QUALITY

Monitoring plays a central role in environmentalmagement enabling to
get data about real world. Assessment forms tisedtep in the management of
air quality. Management also includes measuresdducing pollution levels,
therefore the recommendations of international @itibs to decision-makers
are dealing mainly with management of air quality.

Monitoring is not able to quantify the patternsaf pollution both in space
and time. Consequently, other methods must be usecbnjunction with
monitoring. The overall term for all the methodedido estimate objectively
air quality is ‘assessment’. The exact definitioh imternational agreement
legislated in Article 2 of framework directive (COML996) states that
‘assessment’ is ‘any method used to measure, edd;ypredict or estimate the
level of a pollutant in ambient air'. The followinghapter gives a brief
description of different assessment methods anctipsh experience of
assessment.

4.1 Waysto assess air quality

The ways to assess air quality are well definedhiwitinternational
agreement laid down in COM (1996), involving objeetestimation, modelling
and monitoring. When the content of the last twanisre-or-less understood
from the term, the term ‘objective estimation’ re@s some explanation. The
process of assessment and its application for ggdtion of monitoring is in
more detail described by WHO (2000).

The description of air quality assessment (AQA) arpymities starts with a
less financial, but most expert judgement requirofgjective estimation; it
continues with modelling, enabling to correlaterses and receivers, pollution
levels and health effects, and cost-benefits; awd @vith monitoring which is a
core element in air quality management.

4.1.1 Objective estimation - the simplest and tlsthcost-efficient
way

The meaning of the term ‘objective estimation’ deg® on the experts
performing this process. The main idea of the teyraxpressed by the word
‘objective’ - thus, we need some set of objectiedues on which to base the
estimation. The objective estimation involves ulsuamission measurements
and inventories since the creation of elevatedupoh levels is mostly
determined by the sources. Since emission invesgdrave become a routine
procedure in the developed countries during thenmedecades (see chapter 2),
objective estimation usually requires only a brains of a group of experts of
an area.
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One of the widely used tools for objective estimiatis passive monitoring.
There may arise a question why passive monitorgigconsidered under
estimation of pollution levels. The answer is teaposure period of passive
monitors starts with day (in polluted areas) andsemith month (remote areas).
Thus, the comparison with limits of shorter timeipeé is only possible through
the estimation of ratios of short and long-termrage concentrations (UBA,
1997; or determined from local measurements). éndther hand the passive
monitoring is cheap and therefore widely used @wesning of pollution levels
and thus revealing of areas-pollutants requirimthr research.

It is possible to use also other methods, sucheasbdelling of air masses
distribution patterns (Seaman, 2000), or the imtlepon of monitoring and
measurements results to another location (Scapetdsle, 1999).

Some activities of routine monitoring also fall @ndbjective estimation.
For example, monitoring stations are characteribgdthe term ‘area of
representativeness’, expressing how much of theosading pollution levels
could be explained by the data of monitoring. Gelya modelling helps to
reveal the exact value of this term, but the fie@hluation requires objective
estimation by experts. Thus, the described way ssessment is inherently
included into the planning, running and advanciracpsses of monitoring.

4.1.2 Modelling - the finest and the only way fkrassessment

Air pollution is a 3-dimensional phenomenon. Thus,cannot expect that it
would be possible to measure the values of poliutields or exposure levels
everywhere and for everyone. The modelling is tloeeethe only way to
answer some basic questions arising during planamniydeveloping economic
activities, such as — ‘what is the cost of air padn?’ or ‘how many people are
living in the areas with pollution levels exceedihg limit values?’ Certainly,
modelling simplifies the processes, but it stilegg us an enormous amount of
information impossible to obtain otherwise.

An overview of applications of modelling in the assment of urban air
quality is given by Tegnnesen, Leeuw and Moussiopou(1998). Paper
concludes that since all processes running in gtheye have a complex and
stochastic nature, often very sharp temporal adiadpgradients of pollution
are produced. The selection of model for assessdep#nds on the time and
spatial scale of issue under consideration, acguhmput data (meteorology,
obstacles, sources), requirements on reliability neddelling results, and
chemical-physical processes influencing modellextigs.

An important aspect of AQA is risk assessment deteng priorities of
further activities. The bigger is the risk to hunfeealth, the more measures are
required to evaluate and minimise it. Simple riskessment is based only on
measurement results and assumes that all peopéxposed to the same level
of pollution as has been monitored.
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4.1.3 Monitoring - the most expensive way

Monitoring is the only way to compare our predioBaand estimations with
the real world. For the process, a set of monit®nsositioned at the selected
sites to give information about pollution fieldshé requirements on methods
and data quality are expressed in Chapter 1, a mietaled description of
monitoring has been summarised in WHO (2000) amdr&en (1997).

A relation in statistical physics allows to repla@eeraging in space with
averaging in time in homogenous fields, enabling estimate from the
measured time series of pollution levels the lewdspollution around the
monitoring site. It is properly correct for an ‘aref representativeness (AOR)’,
mentioned in 4.1.1. The AOR could certainly be etént for different
pollutants, and it could also be different in diffet meteorological conditions.

In developed countries monitoring can be classified several groups: 1)
indicative monitoring - required time coverage eadt 14%; 2) continuous
monitoring - required time coverage at least 90P@ 3) special investigations
performed for revealing of reasons of pollutionJ®e@ apportionments or other
mostly scientific purposes. The accuracy of measargs must in every class
of monitoring correspond to the specified value©KG 1999).

Monitoring requires large investments into instrase people, computers,
etc. Therefore, in the developed countries, momi¢pactivities are as much as
possible replaced by less consuming methods. The subchapter shows in
which conditions monitoring is absolutely necessary

Risk assessment has to precede monitoring acsiviliee usual objects of
monitoring are pollutants with high health-risksdéor exposure levels.
Pollutants with low health-risks and/or exposureels are often assessed by
cheaper ways described above. The discussion arfitgrsetting has well been
explained in chapter Priority Setting in Air QugliManagement of WHO
guidelines (2000) and will not be discussed in itleere.

4.2 Practice of air quality assessment

4.2.1 International experience

The acceleration of urbanisation and rapid incre@aseumber of cars
initiated in all countries air quality issues. leased mortality and illness of
people lead to a significant development in airlyimn assessment and
reduction strategies. As a result in developed tt@msa significant drop in
sulphur dioxide and soot levels has taken placavayer, increasing car fleet
has initiated new air quality issues associateth witrogen oxides and ozone
(Fenger, 1999; Mayer, 1999; Colvile et al., 2001).

The standardisation and simplification of assessmercess is a target of
international agreement set by COM (1996), whickegin addition to limit
values, also the concept of upper and lower assggsthresholds. When
pollution level exceeds the upper threshold, maimtpis mandatory. In case of
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exceeding the lower threshold — modelling is mamgatThus, pollution levels
determine which kind of activities must be carreed for the assessment of air
quality — see Table 4.1. Usually, some data abolltifon levels have already
been drawn from modelling or monitoring and thue ttetermining of
mandatory activities and zones is easier.

It is important to note that the dimensions of Zondere certain assessment
activities are mandatory could be as small as @weed a busy street.

Table 4.1 Upper and lower assessment thresholgs(enthesis the number
of violations of limit allowed in any calendar ygaf concentrations (ng ™
of pollutants set by COM (1999, 2000).

pollutant Averaging | Upper assessment Lower assessmen
period threshold threshold
health vegetation | health vegetation
Sulphur 24-hour 75 (3) 50 (3)
dioxide 1 year 12 8
Nitrogen 1-hour 140 (18) 100 (18)
dioxide 1 year 32 26
nitrogen 1 year 24 19.5
oxides
PM10 24-hour 30 (7) 20 (7)
1 year 14 10
lead 1 year 0.35 0.25
Carbon 8-hour 7 mg i 5 mg nt
monoxide

A logical order of assessment methods in zonesowitlany data of air
quality is: first, objective estimation; second, emhthe levels of pollutants
exceed the lower assessment threshold — mode#imdythird, when the levels
of pollutants exceed the higher assessment thrésholonitoring. To simplify
the assessment, it has specially been stated thaitaring is mandatory in
cities with population over 250, 000. Against tleckground of usual patterns
of human activities, traffic creates pollution l&/eequiring monitoring of air
quality in such agglomerations.

In the developed countries special schemes have dsablished to assess
air quality an easier way, still maintaining thgthiquality level. The developed
approaches can be summarised by the following stgpsbjective estimation
of pollution fields by total inventorying of poliain sources; thereafter, if
reasonable 2) screening of pollution fields eithgr modelling or passive
monitoring, and thereafter if violations of limialues occur - 3) pilot studies.
When all steps show a high potential to exceed lithé values at some
locations, a set of actions must be undertakerbtai new information about
the possible exposure of people or ecosystemsfametessary, a monitoring
network should be advanced.
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According to an international agreement, the nunatb@nonitoring sites and
the requirements regarding the locations of moimigpstations also depend on
the size of city. Thus, decision-making is madsiagle as possible.

A good example of the simplification of assessnyaatcess for decision-
makers is England. The United Kingdom National Aspiteric Emission
Inventory (NAEI, 2002) published on the Internetieles the local authorities
to assess air quality in a proper way, but easier.

The cost-efficient way to assess air quality isspesmonitoring. In England
such network for NQwas established already in 1987 (Bower et al.1198d
is operating until today. A similar approach, imihg also S@ and
hydrocarbons is used in Sweden (Svanberg et &8)19

The selection of model for applications is madepsémby development of
special Model Documentation System (MDS, availableat
http://www.etcag.rivm.nl/databases/mds.himMDS describes in the database
model parameters and its application area, thuslem@otential user to choose
between tens of models available on the marketlyAisaof users shows that
they are mostly scientists, thus the target grduadministrators did not have
yet recognised the usefulness of modelling (Moymsitos et al., 2000).

A powerful example of modelling for AQA is describby Heldstab et al.
(1999). Study performed and considering both dieseissions of particles and
their formation from precursors shows that 61% bitaents of Switzerland live
in areas with excessive PM10 pollution levels. $tadows also that traffic is
responsible for about half of emissions of paricterough emissions from
tailpipe, tires, brakes, and abrasion - resusparfsion road surface.

There have developed schemes to use for assessrmatiive monitoring
of some pollutants (VOC-s, heavy metals named ifMCQ996)) requiring
otherwise too many resources. In that case the exasonable distribution
within a year is very important.

Thus, international experience shows that all @ssests methods are used
and developed in conjunction to each other to asa@squality in a more
proper way.

4.2.2 Estonian experience

The legislative framework of Estonia for the asse=® of air quality is not
so well established as internationally. The resjoity to perform the
assessment is given to local governments with fgpasrting guidelines, which
are copied mainly from EU directives mentionediearlTherefore, the level of
performed assessments varies significantly and mabshem consider only
some pollution influencing factors.

4.2.2.1 Current practice

The usual practice of air quality assessment ioriatrelies on the data of
monitoring, casual measurements, which usually it have enough time
coverage and/or quality, and the modelling of pallu caused by enterprises.
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Monitoring data were taken as representing the evhaty (background
stations) or the highest pollution levels (trafftations in city centre). The term
‘area of representativeness’ required for inteorati EUROAIRNET stations
is declared, but not used in assessing air pofiuitiocities. Since the above-
mentioned stations operate only in the capitalaritiree sites in remote areas,
the basis for assessing the situation in other scavrdl areas is weaker.

In recent years some effort has been made in usouelling for air quality
assessment. In the towns of Kuressaare, KardlauPdiartu, Narva, Tallinn
and Viljandi pollution levels for the worst and aage cases were calculated
for urban planning purposes (Kaasik et al. 2001434 2001). The model
AEROPOL mentioned in Chapter 3 was used for thatpgae. Studies
performed reveal that dangerous pollution levels aygpear when slow wind is
blowing along the busy street and thus the effécpallution accumulation
appear. Studies show also that modelling of pdeteumatter distribution
cannot be carried on due to lack of data of pahutsources (traffic and area
sources are not considered in inventories). Thienatbn of violation of the
required assessment thresholds (see Table 4 Advgever, difficult due to the
structure of the program. Thus, the modelling tssdb not allow to perform
the full assessment procedure.

Chapter 2 shows that the assessment of air qualigmission inventories,
cannot be carried out very well in Estonia due apgin these inventories.
Another factor that prevents objective estimatian ®e the lack of qualified
people having interest in performing proper assessnThe above reason is
supported by the fact that no risk assessment arsdforce apportionment
studies, enabling to evaluate the seriousnessffareit sources and thus to
establish a more realistic background for propenitooing structure have been
performed.

There are appearing first signs of special stuslieh as heavy metal (HM)
investigation performed in autumn-winter 1998-199ERC, 1999).
Unfortunately, drawbacks in methodology (non-evistrithution within a year,
high and variable HM levels in collection media iktef, and measuring of
elements of only anthropogenic origin) did not allto use results for source
apportionment.

4.2.2.2 Sientific studies

Although the official interest to reveal reasonsraiitored phenomena and
predict the future trends is low, several grougbcstrry out scientific research.
On the following pages | try to explain the mairsuks of the studies
performed, which are suitable for AQA.

Air quality measurement studies were performed fa tnstitute of
Environmental Physics in Tartu. The main area eéaech has long-time been
aerosol, recently also pollution modelling due ¢ming with meteorologists
from Observatory of Téravere.

Assessment of atmospheric aerosol concentratioowsskthat in a remote
area the data of particles of the diameter less thiarometer represent an area
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with radius of up to several hundred kilometresvind direction and between
50 and 100 km in case of crosswise winds. Similatlye area of
representativeness of bigger particles is only stantéhs of kilometres, being
almost linearly proportional to particle size (Vaiamm, 2002).

Assessment of black carbon (soot) concentrationssared by individual
aethalometers at 14 sites in the capital, othensoand villages in 1995 (Kikas
et al. 1996) showed that the elevated levels amglynassociated with domestic
heating. Higher concentrations of black carbon vadrtained in smaller towns,
most probably expressing the smaller height ofkstaxd boiler houses and the
bigger role of residential areas with individual atieg. Although
concentrations did not exceed 10 pg and, thus, the measurements of soot
concentrations are not urgently required, it gimasopportunity to estimate the
influence of heating activities and diesel soot @n quality at low cost.
Additionally, soot concentrations enable to estantte levels of PM10 or
PM2.5 (COM, 1996; Vallius et al., 2000) or some amig compounds
associated with the creation of elemental carborcdmbustion processes.
Thus, black carbon measurements are suitable ijumction with passive
monitors for getting information for objective astition of air quality.

The scientific analysis of the data of air qualitgnitoring has been given
by Kdrvits (2000) and Kimmel et al. (2002). In themed studies an analysis of
the most important air pollution issues in Estomias been made. The
description of results is given in Chapter 1 andsiupplementary article 4.
Accordingly, the most critical air pollution issue$ Estonia are dangerous
levels of ozone and particulate matter. The Chafteshows that for both
pollutants the overview of sources is too fragment&upplemented article 4
proposes that dangerous levels of particulate matseticularly in spring, are
associated with traffic. The reason may well be aalting and sanding of
streets, natural emissions or other processesl list€OM (1999, 2001). The
source apportionment study is the only way to epedcslations, to reveal
reasons of harmful level of pollution, and thudital measures necessary for
reduction of pollution.

The existing studies and experience of other castshow that the
applicability of monitoring data of Estonia to tlwuntry as a whole is
doubtful. For instance, for one and the same tiradod NQ levels were
falling in Tallinn (see Figure 1.2), but in Tartifhmel, Kaasik, 2002) an
increase occured almost in the whole city.

In Estonia, air quality assessment by modellingniginly based on the
models of Russian origin, and models developetdeaQtbservatory in Téravere
and it has been described earlier (Kaasik, Kimn2€I00). Modelling by
program AIRVIRO, developed by the Indic group asédiin England, Sweden
and other countries, ha intensively been perforine@iallinn, but the results
have unfortunately not been published neither arallonor on international
levels.
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The practice of air quality assessment by objeastémation is very rare in
Estonia. It is possible to use the results of passionitoring for the objective
estimation of air quality — see Table 4.2. In E&opassive monitoring is
carried out in Tallinn by Swedish programs, in dyurenters of South Estonia
as described by Kimmel (1998) and Kimmel, KaasiB0@), and at the remote
station in Karula (see http://www.seiremonitor.éeft menu ghuseire). In
Tallinn, NG,, SO and selected VOC-s were measured, in other towes t
measurements included mainly only NQhe evaluation of hourly maximums
and yearly averages (the time coverage was more thto and the
measurements were evenly distributed within a yshgws that air quality
requires some research in Tartu and Viljandi, sitlee upper assessment
threshold is exceeded — see Table 4.2.

Table 4.2 Estimated concentrations of NO2 in Sdidtenian county
centers.

Estimated concentration Hg°m
Location Yearly average| 24 hour maximym 1 hour maxn
City center of Tartu 47 150 252
City center of 39 125 210
Viljandi
Crossings of main 39 135 230
streets of Tartu

Sources: Kimmel (1998), Kimmel and Kaasik (2002)

The study performed for evaluating the influenceetdctric field on dry
deposition of aerosol particles described in Chaptenables to correct the
assessment of deposition loads of air pollutiomifet et al. (2002) shows that
electric forces must be considered for particled whe diameter of 10-200 nm
in conditions of low wind speed (< 2nm)s Thus, for the correction of the
estimation of pollutant deposition on plants weuieg data of: 1) repeatability
of wind speed at the height of the target planth2)ratio of dry/wet deposition
and the chemical composition of different size fiats of aerosols at the site,
3) the deposition loads of pollutants in an opesaalPreliminary assessment
shows that 1) low wind is most common in South @auhtral Estonia (Kull,
1996), 2) no data exists about the chemical contipasof different aerosol
size fractions, 3) the analysis of critical loadsoidifying components by Oja,
Kull (1998) and Oja (2000) shows that the critilcelds are exceeded in South-
East Estonia. Thus, concluding from the findingshef preliminary assessment,
the pollution loads are most critical to ecosyster@entral and South Estonia.
Consequently, the further research is reasonable.

Another opportunity used for the assessment ofifoh levels is wind field
modelling. The repeatability of wind speed and dimn in Tartu was
calculated by WASP program (Mortensen et al. 1983)escribed by Kull
(1995) and Karu (1996). The modelling of wind fisldpported by a round the
clock measurement campaign of characteristics aidwield shows that in
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Tartu, the almost stable atmosphere with no movémernir masses is often
formed in the valley of the River Suur-Emajdgi fiogy through the centre of
city. Thus, a good opportunity for pollution accuation is created.

4.2.2.3 Smple scheme devel oped for a medium-sized town

The unsatisfactory overview of air quality in Tattiggers the development
of a simple scheme for the assessment of air gualiall the territory of city.
The detailed description of the scheme developgd/en in the supplementary
article 1ll. The scheme consists of: 1) wind figttbdelling for prediction of
zones with favourable conditions for pollution acedation, 2) passive
monitoring of pollution fields prevalently in reved zones, 3) updated
overview of air pollution sources (mainly domesieating and traffic counts),
4) modelling of pollution distribution by simple Gssian-plume model
AEROPOL.

The scheme enables to measure long-term averagediafints at the same
time in number of places, and simulate yearly ayesaand maximum
concentrations of pollutants. Thus, a methodolaggvaluate the influence of
economic projects on air quality, and predict clesng future was created.

The first good result of scheme was a relocatibrmonitoring station
closer to area with the highest pollution levelawgver, since the relocation
occurred in 1998, and changes in traffic schemeseanissions patterns were
happened also later (see supplemented articletii$), current location may
need already some corrections.

4.2.2.4 Summary of Estonian experience

Examples given in last pages could be a little gsinfy for readers.
Therefore, the following Table 4.3 and scheme érpléhe overall situation of
air quality assessment in Estonia in a more readaipm.

Table 4.3 Qualitative overview of aspects of clealsiair pollution in
Estonia (*¥' - mostly OK, requires some improvement; -+’ equires improvement,
some part OK; ‘-' requires significant improvement

Completeness of | Estimation of risks
information available associated
Emissions of particles -+ -
gases| + +
Distribution of particles -+ -+
gases| + +
Pollution levels of  particles -+
gases -+ +

Table summarises that we do not have enough intiwmaf pollution in
Estonia. The most critical seems to be lack of rimftion about particulate
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matter, which is according chapter 1 one of thetndamgerous pollutant in
Estonia.

Scheme 4.1 Situation of air quality assessmenstoria.

People involved
Experienced staff

Information about pollutants
Monitored in some cities.

Other places - casug [monitoring.
measurements. Too few modellers.

Modelling activities in towr]: | Weak links between scientig
rare. and officials.

Overview of emission sourg | Responsibilities of local sta
requires improvement (re fauthorities not clear|
emissions rarely measurf |regulated- legislated.
uncertainties of official valug
unknown).

List of pollutants monitored dok

not correspond to the associa
risk and/or the requirements
international network

4.3 Selection of rational approach for air quality assessment in
Estonia

The use of term ‘rational’ in the present Thesiguiges some clarification.
The target of rational approach can be cost-efiiye(i.e. more information
with the same cost), comfort of people (i.e. ldsanges) or institutions (i.e. the
larger the turnover the better) involved, etc.He turrent paper the target of
rational approach (optimisation in practical meagpiis cost-efficiency.

Table.4.4 Qualitative overview of AQA methods irtdtsa

(‘+' — OK; ‘& - mostly OK, requires some improvement; -+ equires

improvement, some part OK; ‘- - requires sigrafitt improvement)

Estimation Modelling | Monitoring

Screening Emissions continuous indicative

inventory

Stage of - -+ +- + -
development
Financing - +- -+ + -
Recent - + +- + _+
development
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The most expensive general method of air qualisgssment is monitoring.
Thus, the main subject of the subchapter is theud&on of measures
balancing AQA methods.

Table 4.4 shows why the special subchapter is edeatd shows where the
investment is most reasonable.

Optimisation of air quality assessment is a quastb political concern.
However, scientific methods enable to evaluate dineent situation and the
future trends more precisely.

4.3.1 Measures required for sound optimisationirod@ality
assessment

Since spatial coverage of measurements in Estert@oi scarce (see Figure
1.1), passive monitoring in conjunction with theaserements of black carbon
as described by Kikas et al. (1996) can providecauge of pollution levels. In
such a way we can get also spatially relevant médion enabling to estimate
PM10 and PM2.5 levels.

Analysis of direction of air masses carrying potat shows that
transboundary fluxes are mostly influencing Souttl ®/est Estonia. Since in
South does not have any advanced monitoring statimh AOR of remote
stations does not exceed usually 100 km, it maydasonable to put one
remote station in Karula. The proposed location aggroved by coordinators
of EMEP — NILU already in 1996, and supported adlsoAQMEU (2001),
which states that in South and Central Estoniaditiadal air quality stations
must be installed in remote areas.

One important factor in the optimisation of AQAte qualified analysis of
all collected data of monitoring, modelling and etijve estimation. A
significant improvement in analysis of data (arguiof statements, back-
trajectories for pollution origin estimation, etdyring recent years shows that
the quality of analysis is coming better. Ther#l skist some strange claims in
reports, such as ‘there exist no sources of ozongkian area’ (EERC, 2002),
but they are rare. Ozone is formed in photochemieattions from nitrogen
oxides and hydrocarbons — both pollutants can bedon abundance in urban
air. The reason for lower levels of ozone in urlzaeas is determined by
existence of many sinks, not available in remoteagror less available in
suburbs, which destroy the formed ozone quickly.

The analysis of air pollution sources in Chaptestibwed that many
important source classes, especially for the masinful pollutants such as
particulate matter and volatile organic compoungsie until recent years not
considered in inventories. Analysis of work perfednn the area shows that
together with inventorying of enterprises, estimatiof pollution sources
producing much more pollution than enterprises significantly improve our
overview of emissions. Fortunately, in the lastrgethe staff of inventorying
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has increased and thus many important pollutiorrcesusuch as domestic
heating and biogenic emissions of hydrocarbonsatmeady considered (see
Chapter 2). We hope that such improvement occuw alsh emissions of
particles from surface due to wind and traffic.

It is possible to use also mathematical modellihgallution fields for the
optimisation of air quality monitoring. When theffdrence between the
estimated and measured values of the simulatedngéea gets too large, it is
reasonable to start monitoring.

An example of a theoretical approach has been diyemrujillo-Ventura
and Ellis (1991), showing how multi-objective awllption monitoring can be
carried out with the help of mathematical approxiores and trade-offs
between various parameters. However, theoretigaloxpmation requires very
clear definitions of the initial situation, restitms and targets, which can be
difficult to obtain.

The easier and more practical way for smaller ademtis to use the
experience of the developed countries.

4.3.2 Possible use of methods developed for opdiiois of air quality
assessment

The methods developed in the present thesis canudmsl for the
optimisation of air quality assessment. To simplifgir application in everyday
activities the thesis gives a description of thpmitential use. The introduction
of the methods is followed by the explanation ditipotential use, which is
not associated with their importance.

The advanced analysis of monitoring results enaltesevaluate the
completeness and necessity of the lists of poltatafithen the analysis shows a
high potential of some pollutants (like ozone aadtipulate matter in Estonia)
to exceed the limit values it is reasonable torayeaa special investigation to
reveal the extent of the problem. When a pollusal@vels are much lower than
the limits, some other techniques could be useditfoassessment, such as
modelling, temporary monitoring or estimation.

The analysis of the data of emissions enables atuate the magnitude of
risks associated with air pollution. The revealofgarget areas, where efforts
in reducing the amounts of pollution and/or incregsthe accuracy of the
values of the emissions are the most cost-efficiergn important achievement.
The analysis has shown how sources not includedficial statistics (such as
natural emissions of organic compounds and padieulmatter; domestic
heating) can significantly contribute to the eleeapollution levels, and must
be considered and targeted also in the emissiotermeat and reduction
schemes.

The method of calculating the influence of the tlecfield on dry
deposition of particles on the top branches ofstrerables to evaluate the
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areas, where the risks to enhanced depositionlbftaots and thus the risks to
damage to ecosystems is higher. Such informatiogoimunction with the
actual deposition loads monitored in open areasbeansed for locating the
sites where the monitoring of deposition is moasomable and necessary.

The simple scheme developed for the assessmeiit gfiaity in medium-
sized towns can simplify the assessment of airityual most towns of Estonia
and can thus, significantly enhance our understandf the seriousness and
extent of air pollution issues at a low-cost.

The analysis of scientific research performed ito&s has shown that
many of these activities can help to organise gsssment of air quality in a
more proper way.

Summarising the results of the chapter we can dwt balanced
development of air quality assessment methods séerne the most rational
approach for developing countries helping to margigejuality in accessible
way.
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SUMMARY

The aim of the present thesis is to test and ingubfferent methods of air
pollution analysis with respect to their application environmental
management in a small and rapidly developing cquthe analysis should
provide ideas for the optimisation of air qualitgsassment under strongly
limited resources.

The dynamic system of Air Quality Monitoring of Bata is described and
analysed in Chapter 1. The following conclusionseh@een drawn: 1) the
continuous AQM system of Estonia is spatially tparse, it has been started
only in 1994 and it does not allow to assess aalitjuin the whole territory of
Estonia; 2) intermittent monitoring data did notrrespond to the quality
criteria set by (Lalas and Saeger, 1998) and theynat sufficient for proper
assessment of air quality in Estonia; 3) duringléist decade the development
of monitoring has been hindered by the shortagBnahcial resources and it
has rather been controlled by occasional suppom fnternational sources.

Chapter 2 describes the categorisation of air polusources and the
calculation of emissions from the categorised semiraccording to the
internationally established CORINAIR scheme. Sdfentesearch (Kaasik et
al., 2001) has shown that the official data cowesslthan a half of all
anthropogenic emissions on the local level. Onéhefdiscrepancies between
the Estonian practice and the CORINAIR scheme i dalculation of
emissions from mobile sources. A simplified CORIIRAdcheme developed by
the author for the calculation of emissions frombite@sources is a response to
that demand (Kimmel, 1998). The simple scheme gadie fuel consumption
data and the splitting of vehicles into classese $hheme gives satisfactory
results in comparison with the later full CORINAIlgalculations (COWI,
2000). Thus, the scheme can be used for the cmmedtf the previous
emissions data. Additionally it is shown that natuemission of particles and
volatile organic compounds are significantly resgpble for the dangerous
pollution levels of particulate matter and ozonen Astimation of natural
emissions performed by the author shows that teegssions are comparable
to the anthropogenic sources of pollution in Estoitihus, natural emissions of
pollutants must be seriously considered in the ssssent of air pollution in
Estonia.

Air pollution models and the validation of modedlinesults are discussed in
Chapter 3. The chapter consists of two sectionthd spatial validation of the
predictions of pollution fields and 2) the validatiof the predictions of electric
field influence on dry deposition of fine particlés the first part at the chapter
a system of passive monitoring in Estonia is predosnd tested using the air
pollution dispersion model AEROPOL. A fair agreemeras found both in
urban and background areas. In the second partdelnod dry deposition of
airborne particles is developed including the dftdcelectrostatic precipitation
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of pollutants on the sharp needles that concentteeatmospheric electric
field. Radon daughters were selected as the markershe validation
experiments. The scheme consists of the selectforsatopes, the quick
preparation of plant samples, the measuring of gamspectra and the analysis
of obtained data. The concentrations of radioisegopn the needles of the top
branches appeared several times higher than wiki@ntree, confirming the
theoretical predictions described in the suppleegatticle I.

Chapter 4 describes the strategies for the aintguedsessment (AQA) and
their application in practice. The author’'s conitibn to the area is associated
with the analysis of monitoring data (see Chapjethke developing of methods
for the calculation of emissions (see Chapter 2) fam the validation of the
results of the air pollution model (see Chapter &)d the estimation of
pollution levels (see PM10 estimation in Chaptemtl Chapter 4). The simple
scheme developed for the assessment of air qualidyapplied in Tartu is a
cost-effective opportunity for proper assessmentiofquality in the whole
territory of medium-sized towns with limited resoes (Kimmel, Kaasik,
2002). The analysis of the findings of the previchapters shows that despite
the monitored dangerous levels of ozone and pdateEumatter in Estonia
(similarly to Europe, COM, 2001), no studies haeer performed to reveal
the area of concern and the reasons of the probldra. last subchapter
describes the opportunities for optimisation of AQAEstonia and finds that
balanced development of different AQA methods s itost reasonable way.
The analysis of the factors limiting the developimeiha sound, cost-effective
and efficient AQA system in Estonia shows that ¢hiesx a lack of objective
information about emissions and pollution levelsd aof interest of the
authorities. The last page describes the possillswef use of the methods
developed for the optimisation of AQA.
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®HU KVALITEEDI HINDAMISMEETODITE
ANALUUS. MEETODITE RAKENDUSED EESTIS
(KOKKUVOTE)

Kéesolev t66 esitab kokkuvotte autori poolt viima8eaasta jooksul
teostatud 6husaaste uuringutest.

Ohusaaste on pideva linnastumise tingimustes mudtiiheks enim inimesi
mojutavaks keskkonna aspektiks. Seetdttu on katetéis teemat kasitlevate
rahvusvaheliste kokkulepete (COM, 1996, 1999,200Qyringute (vt.
ulevaaadet WHO, 1987, 2000) kasvav hulk. Kbigi mreddkumentide aluseks
on teadusuuringud ning neid taiendatakse vastaugdtuuringute tulemustele.

Samas on nii riikkide kui linnade tasemel piirkorerx@ngu otsustajate t6o
muutunud jarjest keerulisemaks. Kasvav informatsidmilk saastetasemeist ja
saastajatest, Uha keerulisemaks muutuvad seosemsi@ tervise ja Ohku
paisatud heitkoguste vahel ei véimalda enam adé¢setatajuda otsustest
tekkivaid muutusi ning planeerida elukeskkonda niéiitti rahuldaval kombel.
Seega on Oigete otsuste tegemisel eluliselt vaidlikiuringud kohalikul
tasandil olulistest faktoritest ja nende arvestamiimalustest.

Ohu kvaliteedi — vastavuse kehtestatud normidétedamiseks on kasutusel
3 Uldisemat metoodikat:

1) 6husaaste seire kohtades, kus saastetasemet@vadjwluliselt inimeste
tervist, 6koslsteeme, materjale;

2) 6husaaste allikate ja sadenemisvoogude seire;

3) 6husaaste tekke, leviku ja sadenemise modellegimng saastetasemete
hindamine emissioonide ja saasteainete vahelistesalusel.

Nende uldisemate metoodikate taitmine kohalikukamaile olulise sisuga
on juba iga riigi valik ja kohalike keskkonnauutgaegevus.

Ohusaaste seire alused, Eesti seiresiisteemi kisjejd seiretulemuste
anallis on esitatud dissertatsiooni 1. osas. Agalidiitab, et ohtlikuimad
saasteained on tahked osakesed ja osoon. Samds seietulemused kas
ruumilise kaetuse vOi kvaliteedist tingituna piiahv esinduslikud 6hu
saastetasemete hindamiseks kogu Eestis.

Ohusaaste heitkoguste arvutamine ja ilevaade cétesaltikatest Eestis on
2. osa teemad. Saasteallikate analits baseerubskainelisel saateallikatest
ulevaate saamise standardil CORINAIR. Teises osdsrieldatud autori poolt
loodud liikuvvahendeist heitkoguste arvutamise méika liikuvvahendite
l&bis6idu andmete puudumisel (Kimmel, 1998). Pdletakituste kogustest
lahtuv metoodika jaotab liikkuvvahendid klassidesfge annab vorreldes
taiuslikuma CORINAIR standardiga (COWI, 2000) pish tapse tulemuse.
Seega vbib metoodikat edukalt kasutada varaseniat@ahendeist heitmete
arvutustulemuste, mis on saadud Vene metoodikah ilitkuvvahendeid
klassidesse jaotamata, korrigeerimiseks.Samas les#s kajastamist samuti
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looduslike allikate kui oluliste tahkete osakesteogooni tekkimisel osalevate
lenduvate orgaaniliste Uhendite heitmete arvutusitod poolt teostatud
looduslike allikate 6huheitmete arvutus naitabestdhon vahemalt vorreldavad
inimtekkeliste heitkogustega ja seega vajavad Ristillkajastamist 6husaaste
hindamisel Eestis.

Ohusaaste modelleerimine ja mudelite tulemuste riintmetoodikate
valjatootamine on kasitletud 3. osas. Osa jagunehastevaljade
modelleerimistulemuste ja elektrivdlja mbéju ioonidetud aerosooliosakeste
kuivsadenemisele kontrolliks. Saastevéljade modksi®n pakutud passiivseid
kogujaid ja kasutatud neid AEROPOL abil saadud éahst
modelleerimistulemuste kontrolliks. Tulemused dhieas kooskdlas nii linna-
kui foonialadel méddetud NJa SQ kontsentratsioonidega. Aerosooliosakeste
kuivsadenemise uurimiseks arendati mudel, mis tajaselektrostaatilist
saasteainete sadenemist tervatele okastele kuisktamo elektrivdlja suure
gradiendiga aladele. Mudeli tulemuste kontrollikdity radooni titarelemendid
nende fllsikaliste omaduste ja hea méddetavuse tétendatud metoodika
koosnes isotoopide valikust, taimestiku prooviderekt ettevalmistusest,
proovide gammaspektrite moé6tmisest ja mbotetuleenastallitisist. Uuringute
tulemusena selgus, et raadioisotoopide kontseittoaisl vorast valjaulatuvatel
okstel on mitmeid kordi suuremad kui véras, misnkiab juurdelisatud artiklis
| detailsemalt esitatud mudeli ennustusi.

Ohusaaste hindamise strateegiaid ja nende rakesidpraktikas kirjeldab
4. osa. Autori t66 antud valdkonnas hdlmab seiestuiste analtitsi (tapsemalt
1. osas ), b6huheitmete arvutusmetoodikate arentiafd@ipsemalt 2. osas),
modelleerimise tulemuste kontrolli metoodikate aammist (tapsemalt 3. osas)
ja saastetasemete hindamist (PM10 saastetasemei@nbil. osas ja 4. 0sa).
Eelmiste osade tulemuste anallils naitab, et howlirehkete osakeste ja
osooni ohtlikest saastetasemeist (analoogselt pagay COM, 2001) ei ole
veel soovitud korraldada uuringuid, mis selgitakaidud probleemi ulatust ja
pbhjusi. Artiklis (Kimmel, Kaasik, 2002) tapsemkitjeldatud lihtne 6husaaste
hindamise skeem on efektiivne oOhusaaste hindami@enalus keskmise
suurusega linnades piiratud ressursside korraljadlelsa kirjeldab ka kuidas
on teadusuuringute tulemused rakendatavad 6huéedlihindamiseks.

Ohu kvalteedi hindamise optimeerimine on 5. osamtee Efektiivse,
pbhjendatud ja majanduslikult otstarbeka hindansigstimi arengut Eestis
limiteerivate tegurite anallilis néitab, et peamistdktsaskohtadeks on
objektiivse informatsiooni nappus heitkogustest gaastetasemeist ning
otsustajate huvipuudus. Huvipuuduse heaks valjekdusn hindamissisteemi
efektiivsemaks muutmist kajastavate uuringute pautfiimane alaosa kasitleb
vbimalusi autori poolt arendatud meetodite kasutaks Ohu kvaliteedi
hindamise optimeerimiseks.

Peamised t606 tulemused on:

1) Eesti 6huseire jaamade ruumiline asetus ja seatdaparameetrite

valik vajab taiendamist,
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2)

3)

4)

5)

6)

Eesti atmosfaaridhu kvaliteet 1994-2001 vastabaxadtl nii Eesti kui
Euroopa standardeile. Suurim normide Uletaja oomsaustaaladel,
Autori  poolt loodud liikuvwahendite emissioonide vatamise
lintsustatud CORINAIR skeemi saab kasutada varagema
emissioonitulemuste, mis saadud ilma liiklusvah&hddassidesse
jagamata, korrigeerimiseks.

Atmosfaari  elektrivdli  aktiveerib  peenete  aerosusdikeste
sadenemist puude ladvaokstele. Efekti kvantitagkes kontrolliks
arendati gamma-spektroskoopiline radooni tltarefdite, mis
sadestatud peenete aerosooliosakeste vOi klastatema lehtedele-
okastele, maaramismetoodika. Elektrilise sadenerogee ilmnes
eriti selgelt kérgepingeliinide aluste puude ladkstel.

Lintsad vahendid nagu seire passiivsete kogujatdijajsaaste
hajumise modelleerimine Gaussi-jaotusega, saagsall tdiendav
inventuur ja liiklustiheduste loendused moodustas@itiva aluse 6hu
kvaliteedi hindamiseks keskmise suurusega linnadgs Tartu.

Ohu kvaliteedi hindamise optimeerimine nduab kéakidaaste
tekkimise-leviku-sadenemise aspektide arvestamistd aspekte saab
arvesse votta saasteallikate inventuuride, metao-sgastevéaljade
modelleerimise, seire ning teadusuuringute andeeadidsiga.

Juurdelisatud publikatsioonid kasitlevad uuringupekde detailsemalt:
elektrivdlja mOju peenete aerosooliosakeste kuisanhisele (Tammet,
Kimmel, Israelsson, 2001), 6husaaste modelleeriniingulemuste kontroll
linnatingimustes (Kaasik, Kimmel, Kaasik, 2001),skEeéhusaaste 1994-1999
tulemuste analiitis (Kimmel, Tammet, Truuts, 2002, Ghu kvaliteedi
hindamine lihtsate vahenditega (Kimmel, Kaasik,200
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