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Abstract: Over the last Christmas — New Year period, PM10 air pollution measured on most of the automatic measuring stations in Slovenia
reached extreme values up to 300 micrograms per cubic metre. As most stations were operating in on-line mode, it is possible to give half
hour averaged data detail evaluation of the events. Closer analysis shows a very close correlation with the timings of the fireworks in the
areas. Fireworks are only allowed in this period and are very popular among people as a means of celebration and for visual enjoyment.
Fireworks are used by the local inhabitants but also many of the local municipalities organize displays especially in the first minutes of the
New Year. The poster will show the other side of this cultural enjoyment — the effect on PM10 air pollution. As the correlation with extreme
values is so drastic all over Slovenia the question arises if these events do need some further regulation to prevent harmful health effects. Can
the locations for fireworks be selected according to the knowledge about air pollution mechanisms in the area in order to at least decrease the
pollution level if not prevent it at all? Some practical examples and analyses of the situations will be given for the Zasavje region in Slovenia,
where two automatic stations measured extreme peaks of PM10 pollution during the Christmas — New Year period 2010-2011. The Zasavje
region is located along the Sava river's steep canyon and amongst the surrounding hills and valleys with towns and rural areas. In the area a
research prognostic and diagnostic air pollution modelling system is in operation based on meteorological measurements, prognostic
meteorological data obtained by WRF and a local scale modelling system based on a Swift and numerical Lagrangian particle model Spray
(by Arianet, Italy). The modelling system's results for the period examined will be presented and related to the measured PM10 pollution in
the area in order to present the part of pollution coming from industry and domestic heating and the remaining part caused by fireworks.
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INTRODUCTION

Over the last Christmas — New Year period, PM10 air pollution measured on most of the automatic measuring stations in
Slovenia reached extreme values up to 300 micrograms per cubic metre. As most stations were operating in on-line mode, it
is possible to give half hour averaged data detail evaluation of the events. Closer analysis shows a very close correlation with
the timings of the fireworks in the areas. The purpose of this paper is to present the issue of air pollution due to the use of
fireworks in the wider context of all air pollution.

Figure 1. Left: fireworks display over Ljubljana, the capital of Slovenia, right: fireworks devices (http://www.solarfireworks.co.uk)

Slovenia is a country with a complex terrain. Most of the surface is covered with hills and mountains, basins, valleys and
canyons. Due to emissions into the atmosphere at unfavourable locations and due to the unfavourable conditions for lowering
the concentration of these emissions, we are facing great problems with air pollution. The most important of the unfavourable
conditions is calm, which is largely characteristic of almost all regions of Slovenia during all seasons. Wind roses show an
abundance of calm. Another large problem are winter temperature inversions, which, mainly in larger and smaller basins,
retain the pollutants in the atmosphere for longer periods and prevent their concentration from being efficiently lowered. In
the past, we have had great problems with SO2 emissions from large thermal power plants and local domestic heating; for the
purpose of quick help with managing production during the toughest episodes of pollution, we have developed forecasting
methods on the basis of neural networks (Boznar, M., M. Lesjak and P. Mlakar, 1993). We overcame these problems using
desulphurization plants. Today, ozone air pollution is one of the larger problems. We have also successfully forecast the
concentrations of ozone at measurement locations using a model based on artificial neural networks (Grasi¢, B. et al., 2008),;
other researchers (Petelin, D., J. Kocijan, and A. Grancharova, 2011).have also adopted a similar approach. In the last few
years, the most prominent problem has been PM10 pollution, which occurs at a large part of the measuring stations, scattered
across Slovenia.
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Figure 2. Wind rose with relatively high percentage of calm for the January 2011
(left: Veliki Lo¢nik, Notranjska region, right: Nozice, south of Gorenjska region)
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Figure 3. Wind rose with relatively high percentage of calm for the January 2011
(left: Pustice, Dolenjska region, right: Jesenice, north of Gorenjska region)
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PM 10 POLLUTION IN SLOVENIA

PM10 pollution is monitored by a national network of automatic measurement stations for air quality control and at some
measurement stations within the operational monitoring of large industrial plants. The annual report of the SEA for year 2010
(Slovenian Environment Agency, 2011) states that the number of days with an excess of the daily limit value for the
measurement locations is the following (allowed limit of daily exceedances is 35):

Table 4. List of PM10 measuring sites in Slovenia with number of limit value exceedances in days and annual average concentration for year
2010.

Measuring site name (region, place) No. of limit value Annual average
exceedances [days] concentration [pg/m’]
Ljubljan BeZigrad (Ljubljan valley) 43 30
Maribor (Stajerska) 47 33
Kranj (Gorenjska) 37 32
Novo mesto (Dolenjska) 60 31
Celje (Stajerska) 58 32
Trbovlje (Zasavje) 64 34
Hrastnik (Zasavje) 30 27
Zagorje (Zasavje) 68 36
Murska Sobota - Rakigan (Prekmurje) 52 30
Nova Gorica (Primorska) 27 29
Koper (Primorska) 15 25
Zerjav (Zgornja MeZiska valley) 29 26
Iskrba (Notranjska, Kocevje) 5 14

The data for the average yearly value of PM10 pollution are somewhat more encouraging. There are not as many violations
with this estimator. This state can be attributed to many causes. These are private domestic heating, traffic, industrial sources,
burning waste and biomass outdoors, quarries, rubbish depots, etc. We wish to point out in this article one additional unusual
cause — the use of fireworks for firework displays during the period of Christmas and the New Year holidays.

EXAMPLES OF PM10 POLLUTION END OF 2010

Extreme values were measured at the Zagorje and Trbovlje stations during the evening hours of the Christmas days in 2010.
Only some part of this can be attributed to local heating systems (they are mostly located in the vicinity of the Trbovlje
station). The remainder was partly caused by the use of fireworks. The effect of the use of fireworks is even more obvious on
New Year’s Eve. The stations “get” at least one day of excess of the daily limit value in this way.
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Figure 4. Measured PM10 concentrations during the Christmas and New Year holidays
in three regions in Slovenia: Zasavje, SaleSka and Celje (data taken from public portal okolje.info, 2011)
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Figure 5. PM10 concentrations during the New Year holidays when highest concentrations had been measured
in three regions in Slovenia: Zasavje, SaleSka and Celje (data taken from public portal okolje.info, 2011)

MODELLING OF ZAGORJE FIREWORKS

Zagorje is a small town located in a valley in Zasavje region. It had the highest peak at the last New Year among all above
enumerated stations in Slovenia. We choose this station for fireworks modelling because of our regional modelling system
operating in the area. The area and the modelling system are explained in details in another articles at this conference
(Mlakar, P. et al., 2011, Boznar, M. Z., P. Mlakar, and B. Grasi¢, 2011). The aim of the modelling case study was to
determine approximate emissions due to local fireworks that has as a consequence the peak measured at the Zagorje station.
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Figure 6: Ground locations of the main fireworks in the Zagorje municipality in the centre of Zagorje town

For that purpose we have determined that overall level of 100 pg/m® are due to other sources (accumulated from local
heating, roads re-suspension and local industry) and the peak over this value is due to fireworks. This is speculation, but it is
very probable, because there was one main fireworks organised by municipality and it is unfortunately a habit that almost
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each family is making a local fireworks at the midnight for the New Year. The Figure 6 shows the ground location of the
main fireworks in the town (with relatively higher professional skyrockets being used). As the meteorological situations (see
Figure 9) is clearly showing that the air pollution due to these fireworks is moving more SE of the emission location and only
slightly touching the ground at the location of urban air pollution station Zagorje, we have added four additional fireworks
emission locations representing private houses family fireworks in the vicinity of the air pollution station. Each of this five
emissions was modelled using Lagrangian particle model Spray to have as accurate as possible location in horizontal and
vertical. Each firework was modelled as having PM10 emission divided into four equal sources, the first one on 2m above the
ground, then in vertical at 200m, 200m and 300m above the ground — all of this representing the skyrocket going up and then
exploding at the final height. This model clearly has weaknesses, but this was our first attempt to model the situation. The
timing of emission was set to be constant from 00:00 to 00:30 for main municipality’s fireworks and from 00:00 to 01:30 for
additional fireworks from private houses which is very realistic approximation. As the air pollution from main municipality
fireworks is polluting the other areas where we do not have PM10 measuring station, we could not estimate its emission rate
correctly. But for the four other “local” sources in the vicinity of the measuring station Zagorje, measuring also resulting
ambient PM10 concentration, we have adjusted their emissions so that the resulting ambient pollution was covering the peak
minus the 100 pg/m® that we suspect that is coming from other sources. Pictures on Figures 7 and 8 are showing the time
evolution of the simulation. It is also clear that the air pollution effect at ground level is increased also after the emission
period when the pollution is dispersed all the way to the ground level in rather calm situation (see Figure 9). The emission of
the four local sources was set to 1 kg/h from each one on each level and it was active only for one and a half an hour
and the emission of main municipality’s fireworks was set to 10 kg/h on each level and it was active for half an hour.
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Figure 7: Comparison of measured (green) and modelled (blue) PM10 concentrations at the location of station Prapretno for selected episode
(measured data from public portal of municipality of Trbovlje, 2011)
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Figure 8: Picture of time evolution of dust dispersion from fireworks (modelled 2D ground PM10 concentrations for two ¥z hour interval)
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Figure 9: Wind measurements at most relevant meteorological stations Zagorje (blue) and Ravenska vas (red) for selected episode
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FIREWORKS - ENJOYMENT OR HARMFULL EFFECT ON HEALTH

Firework displays have always been a means for giving a visual emphasis to celebrations. But we must also ask ourselves
whether their use in some really unfavourable weather conditions is excessive and even harmful to health. We have shown in
the article how the use of fireworks in many Slovenian towns during the period of Christmas and New Year holidays greatly
contributes to the significant pollution of the air with PM10. In addition to the excess of the limit values for the daily average
of PM10, it is necessary to examine the chemical composition of the particles emitted by fireworks. Wikipedia states the
following (Wikipedia, 2011): “Many of the chemicals used in the manufacture of fireworks are non-toxic, while many more
have some degree of toxicity, can cause skin sensitivity, or exist in dust form and are thereby inhalation hazards. Still others
are poisons if directly ingested or inhaled.” The website also features a list of many basic ingredients, chemical compounds
and elements alike, which are found in firework displays.

STATE REGULATION

In Slovenia, the use of fireworks is only permitted for private purposes from 26th of December to 2nd of January (Republic
of Slovenia, 2008). For the purpose of preventing PM10 pollution in regions with considerable excesses of the limit values
for PM10, a decree is being prepared at the national level, which will prohibit the use of fireworks for firework displays in
the Central Sava Valley (Trbovlje, Zagorje in Hrastnik) during the winter time (decree being prepared by (Ministry of the
environment and spatial planning, Republic of Slovenia, 2011)). This is undoubtedly a sensible first step. It would also be
worth considering the regulation of this issue on a national scale. It is a fact that we are greatly limited in terms of the
consequences of fireworks’ displays (air pollution) by common sense in the use of fireworks and by the natural conditions
which, during the winter time, prevent us from lowering the concentration of PM10 in the air.

CONCLUSIONS

The goal of the paper is to bring attention to the issue of the pollution of air with PM10 due to the use of fireworks in the
winter time. We shed light on numerous aspects and reinforced our thinking with publicly accessible measurement data on
PM10 pollution in Slovenia during the Christmas and New Year period. We have presented a detail modelling of the air
pollution in the town of Zagorje where a significant peak due to fireworks was measured. We have used inverse
modelling technique to estimate the emission rate due to fireworks. We have also presented the first step in regulating the
pollution thus caused — a national decree for one of the heavily polluted regions, where PM10 pollution is significantly
excessive. We wish that this issue is given more attention and that on a national level there would be attempts to find a
compromise solution which would enable visual pleasure as well as ensure clean air.
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