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ABSTRACT

The Brown Coal Research Institute j.s.c. is currently conducting long-term research
on the development of the Czech Republic’s climate and its impacts on mining
activities. The research deals with the overall assessment of climate change in the Czech
Republic and the main attention is paid to the area of the Most Basin, which is
known as the largest Czech brown coal deposit. In addition, the basic air pollution
characteristics in this area are monitored for a long time and trends in relation to
climate change are compared. The trend of climate change in the Czech Republic is
taking place in the context of climate change in Europe. The Czech Republic is located
in Central Europe. The location of the European continent is the main cause of
significant regional climate variability. Due to the extremely dense network of long-
term measuring stations in Europe, analyzes of trend trends (perhaps with the
exception of North America) are significantly more accurate than anywhere else on
the planet. The presented results of monitoring climate change and air pollution
characteristics suggest that especially the development of air pollution
characteristics (concentration of suspended particles fraction PMjo and PMas,
concentrations of SO2, NO2, NO, NOx, O3) is strictly regional and the connection with
climate change affects practically O3 concentration only. The research was realised
with support of EU research program The impact of EXtreme weather events on
MINing operations, project No 847250-TEXMIN-RFCS-2018.
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INTRODUCTION

The main task of the international project TEXMIN is to identify and analyse the
impacts of climate change on mining activities. It is important to identify and analyse
the impact of climatic parameters on different mines. This can be studied under
significant changes (e.g. wet - dry, hot - cold, high - low pressure, etc.) under
normal meteorological conditions or under what can be called extreme climatic events
affecting the mining industry. The purpose of this task is to identify significant
climate-related events that have already affected mining activities (coal and non-
coal) in order to (i) identify the main impacts of events, (ii) document responses to
these events, and (iii) identify key lessons to be learned from this experience.

As part of the research project, data on the development of the main meteorological
indicators - temperature and precipitation - for the Most Basin in the north western part
of the Czech Republic were collected in the previous stage of the solution. In agreement
with other participants in the international TEXMIN project (United Kingdom,
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Germany, Poland, Greece, Spain), it was confirmed that there is a trend of increasing
average temperature in all monitored areas in the long term. In the Czech Republic, the
Most Basin is a monitored area. It is the largest brown coal deposit. This area is one of
the most burdened by poor air quality. As part of the research, basic meteorological data
(temperature, precipitation, pressure) have been processed since 1960 [1].

The development of temperature and precipitation for the area of interest of the Czech
Republic is shown in Figure 1 [2]
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Figure 1: The development of temperature and precipitation in the North Western
Bohemia

AIR POLLUTANTS - TIME DEVELOPMENT

Another part of the project was to draw up development of air quality characteristics.
These were mainly air pollutants parameters of concentration of suspended particles
fraction PMi9 and PM: 5, concentrations of SO2, NO2, NO, NOx, Os.

The whole area of the Most Basin was divided into the western and eastern parts. The
western part occupies the districts of Chomutov, Most and Louny, the eastern part
contains the districts of Teplice, Usti nad Labem, Decin and Litométice (see Figure 2).

Figure 2: Most Coal Basin in the North Western Bohemia
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In the western part of the basin there are brown coal open pit mines DNT, VrSany and
CSA., in the eastern part there is a open pit mine Bilina and other industrial companies.
At the same time, there are 7 main large energy sources (power plants and heating
plants) burning brown coal in the whole area.

Air quality in this area is monitored by a network of air pollutants monitoring measuring
stations. For the analysis of the development of air pollutants characteristics in a long-
term time series, measured data from the following air pollutants monitoring stations
were used. In the western part it was the stations Chomutov, Médénec, Most, Rudolice
and TuSimice, in the eastern part it was the stations Krupka, Lom, Litométice, Teplice,
Usti nad Labem - town and Usti nad Labem - Kockov.

The time period from 2000 to 2019 was processed. The measured data for the relevant
years were processed into annual average concentrations. Table and graphic outputs
were compiled from individual air pollutants monitoring stations to evaluate the
development of air pollutants characteristics. For the development of concentrations of
suspended PM; 5 particles, little measured data is available, as measurements are only
gradually being introduced at individual stations [3].

Table 1: Suspended particles of fraction PM g - western part (ug.m™)

o ~ N o oy [Ye) «© N~ [se] (=23 o ~ N o el w0 o N~ O (=2}
o o o I o 9 9o g 9 3 = = = = = = = = = =
S| o o o o o S S S o o ol o o o o o
N N N N N N N N N N N N N N N N N N N N
Chomutov 316 (43,2 | 475|419 (308 | 320 | 321|252 | 244|259 |30,7|299 (259|248 302|239 225|224 259|193
Médénec 205 (122|179 | 213|165 | 196 | 17,4 | 159 | 188 | 186 | 18,0 | 19,8 | 16,0 | 139 | 133 | 133 [ 121 | 11,5 | 152 | 11,0
Most 238 23,7 226|369 390|430 409 308|292 |315 38,0 1329|314 (325|281 |263|258|313]|236
Rudolice v Horach | 15,9 | 12,5 | 19,4 | 22,2 | 16,1 15,7 |1 14,0 | 12,8 | 13,5 | 15,0 | 14,0 | 152 | 153 | 14,9 | 12,7 | 10,6 | 10,5 | 14,6 | 10,6
TusSimice 19,2 1 24,2 | 27,3 | 44,8 | 32,6 | 36,5 | 30,7 | 24,5 | 23,5 | 25,8 | 28,8 | 28,2 | 23,9 | 23,3 | 26,8 | 25,8 | 22,3 | 20,5 | 26,1 | 19,4
Annual average 222|231 270|334 (270|328 274|221 218|231 |231|260 228|218 235|208 188 18,1226 |168
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Figure 2: Annual average concentration of PMo - western part
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Table 2: Suspended particles of fraction PM - eastern part (ug.m™)
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Krupka 19,7 | 24,6 | 248 | 24,9 | 19,8 | 226 | 22,2 [ 19,7 | 20,0 | 20,7 | 29,8 | 26,9 | 24,4 | 25,4 | 27,5 | 17,9 | 18,7 | 19,2 | 195 | 15,1
Lom 357|405 | 316|349 | 356 | 356 | 33,6 | 299 | 30,0 | 34,6 | 207 | 285 | 285 | 339 | 26,5
Litoméfice 31,3 (341|384 269 | 27,6288 | 306 | 31,9 | 281|270 289 | 254 25,0 | 24,9 | 255 | 20,7
Teplice 274 328 | 28,4 (262 | 308 | 257 | 244 | 250 | 254 | 203
Usti n.L.-Kockov | 30,5 | 30,6 | 51,8 | 37,1 | 319 | 27,7 | 28,6 | 22,6 | 22,8 | 23,5 | 24,4 | 26,6 | 224 | 225 | 250 | 24,0 | 18,7 | 194 | 20,6 | 16,1
Usti n.L.-mésto 42,0 | 439|324 332 (317|329 360|296 | 291 318|267 |283 | 27,1288 | 229
Annual average | 25,1 | 27,6 (383 | 31,0 | 27,7 | 324 | 34,7 | 266 | 27,7 | 27,9 | 30,7 | 313 | 27,1 | 26,7 | 29,8 | 24,9 | 239 | 24,0 | 25,6 | 20,3
Annual average concentration of PM, - east
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Figure 3: Annual average concentration of PM ¢ - eastern part

The measured data of the concentration of suspended particles fraction PMas were
combined for both monitored areas of the Most Basin (west and east).

Table 3: Suspended particles of fraction PM o - west and east (ug.m™)

g Yo} © N~ (<=} D o ~ N o < 0 «© N~ O D

8 g8 8 8 8 8 g s 3 35 35 3 35 3 3 3

N N N N N N N N N N N N N N N N
Most 243 | 240 | 256 | 168 | 173 | 180 247 | 232 | 218 | 224 | 187 | 184 | 183 | 217 | 15,1
Tusimice 155 | 146 | 187 | 128
Lom 191 [ 188 | 207 | 156
Teplice 189 237 | 194 [ 192 | 21,1 | 194 | 187 | 186 | 192 | 143
UstinL-Koskov | 210 | 225 | 230 | 154 | 155 | 175 | 193 | 181 | 182 | 181 | 187 | 154 | 147 | 157 | 159 | 114
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Annual average concentration of PM, 5 - west end east
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Figure 4: Annual average concentration of PMz s - west and east

In the following view of the text will only include miniture graphical outputs of
individual indicators monitored air quality to save space.
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Figure 5: Annual average concentration of SO2, NOx, NO; - west and east
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Table 4: Air pollutants characteristics - O3 concentration - western part (ug.m™)
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Tusimice 445|511 (509 | 57,1 | 56,7 | 57,1 | 55,6 | 53,7 | 50,3 | 47,8 | 49,0 | 52,0 | 52,5 | 53,1 | 47,8 | 54,3 [ 53,9 | 55,3 | 60,0 | 58,5
Most 454 | 41,6 | 46,2 | 45,9 [ 50,0 | 48,0 | 48,0 | 47,8 | 44,6 | 43,8 | 46,3 | 44,0 | 45,6 | 42,5 | 39,4 | 48,1 [ 449 | 47,5 | 52,8 | 52,0
RudolicevH. | 445|511 509 | 57,1 | 56,7 | 57,1 | 55,6 | 53,7 | 50,3 | 47,8 | 49,0 | 52,0 | 52,5 | 53,1 | 47,8 | 54,3 | 53,9 | 55,3 | 60,0 | 58,5
Annual average concentration of O - west
E
~
B0
2
fid
B
2
g
c
8 20
0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
TuSimice Most Rudolice v H. — = avarege
Linedrni (Tugimice) «eereees Linedrni (Most) Linedrni (Rudolice v H.)
Figure 6: Annual average concentration of O3 - west and east
Table 5: Air pollutants characteristics - O3 concentration - eastern part (ug.m™)
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Litoméfice - - | 56,4 | 475|532 52,0 | 50,9 | 45,7 | 45,8 | 48,7 | 452 | 47,8 | 47,1 | 43,4 | 50,4 | 47,4 | 50,0 | 58,2 | 52,7
Lom - - 51,1 | 51,4 [ 49,1 | 44,1 | 42,3 [ 445 | 419 | 46,1 | 46,3 | 40,5 | 47,7 | 43,2 | 46,3 | 52,1 | 49,8
Usti n.L. - mésto - - 38,3 1396|383 |363|34,7 |38,6|365|404 | 358|354 (406 | 37,0 | 40,1 | 48,6 | 483
Teplice 40,6 | 34,0 [ 408 [ 435|423 (417 (418 418 47,6 | 50,4 | 47,2 | 49,7 | 49,9 | 46,9 | 53,8 | 48,2 | 52,2 | 59,0 | 56,0
Ustin. I. - Kogkov | 56,4 | 50,6 | 56,0 | 62,0 | 62,0 | 67,8 | 62,2 | 57,5 | 52,0 | 50,4 | 53,1 | 51,7 | 57,8 | 57,5 | 54,5 | 60,6 | 57,1 | 58,4 | 70,4 | 67,3
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Figure 7: Annual average concentration of O3 - west and east
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BRIEF EVALUATION OF AIR POLLUTANTS TRENDS AT SELECTED
STATIONS

The following text is a brief assessment of trends captured for individual pollution
indicators.

PMio

The trend is decreasing, at stations in the eastern region it is more than at stations in the
western region. Here, a large effect of long-distance transmission is evident (very
similar to the course of annual concentrations). At the same time, significant local
emission sources can also affect the resulting concentration. Their activities create high
short-term concentrations. If these high concentrations do not occur frequently, they are
not visible in the annual course and appear only in the daily course of the concentration.
Climatic influences also have a great influence on the value of PM10 concentration.

PM2s
Declining trend, but there is still a small number of stations, or short data series.
SO2

Declining trend was observed, very similar to the course of SO concentrations at
individual stations. Air pollution concentrations are mainly caused by long-distance
transmission (the main source - power plants) and also affected by other influences
(mainly climatic).

NO

Slightly decreasing trend was observed. Higher concentrations at the Usti n. L. station -
town, Teplice and Most the city are probably influenced by roads with higher traffic.
Other selected stations are located outside the direct influence of nearby sources of
pollution.

NO«x

A slightly decreasing tendency is observed at all selected stations in both areas (West
and East). The displayed average concentration at stations in the western area after 2012
is affected by a small number of stations with very different concentration levels.

NO:2

At stations in the eastern region, a very similar course is evident, the trend of which is
decreasing. There is a very slight increase at stations in the western area after 2014
(mainly at the TuSimice station). Due to low concentrations and variance of values (15 +
3 ng.m-3), we do not consider this increase to be significant.

O3

After a short downward trend in 2005-2010, annual ground-level ozone concentrations

are increasing. This trend is observed at all stations, it has been more pronounced since
2016.
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CONCLUSION

The Most Basin is one of the most polluted areas in the Czech Republic in terms of air
quality. This area was affected by significant smog events especially at the end of the
20th century. In connection with the confirmed trend of climate change (especially the
increase in average temperature), the development of air pollution characteristics in a
long-term time series was processed. The trend of increasing average temperature could
also predict certain changes in air quality. According to the evaluated data, the
concentration of most air pollutants is gradually decreasing. The main reason for the
decrease in concentration is the implemented ecological measures in the industrial area.
Power plants and heating plants in the region have undergone significant modernization,
"green" technologies have been implemented (cleaning combustion products,
desulphurisation, denitrification). These measures have a clear effect on the gradual
reduction of SO, NOx, PMip and PMa25 concentrations. Anti-dust measures were
gradually implemented in surface mines, which have the largest share in reducing PM g
concentrations. The implementation of these measures seems to overlap with climate
change. An exception is the ozone concentration, which has been rising in recent years.
In this case, the main cause is a gradual increase in the average temperature, a greater
proportion of warm and sunny days a year.
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