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Abstract: Variations in immission fields resulting from esigns and pollutant dispersion in the atmosphere we
investigated. The analysis was based on data tenfour-year period covering the years 2012-20tbBeated in
two automatic atmospheric air monitoring statiase located in Germany in Magdeburg which is thatahof
Saxony-Anhalt and the other in Poland in Lodz, fh& seat of Lodz Region authorities. Selected ssion
monitoring stations in both cities are locatedhia areas with similar urban development and areactexized by
high levels of pedestrian and car traffic. In botbasuring stations the following atmospheric altlutants were
measured: PM10, sulfur dioxide, nitrogen oxide aitcbgen dioxide, and ozone (carbon monoxide wadyaad
only for the station located in Lodz). On the basfishe measured data the periodic exceedance gb#ution
limit values measured at both monitoring statioeserobserved, as well as the levels of particubdlugants and
changes in immission fields were analyzed. It setrasthis information may be useful not only te tompetent
authorities of the country but also to the userthee areas.
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I ntroduction

As a result of emission processes and subsequsperdion in the atmosphere,
a specific distribution of pollutant concentrations formed on the earth surface.
The immission level is estimated at a given poimd atime, and all immission
measurements are reported as pollutant concemsatewveraged over appropriate time
periods, and are used to determine the qualityrobspheric air. Therefore, any analysis of
changes in the field of pollutant immission in &eggi area may be useful in monitoring the
atmosphere and should be periodically or continyousrried out and continually
improved. Monitoring of the atmosphere is basedhenrecording of physical and chemical
characteristics of the atmosphere, significant ftbe health and economic point of view,
and should be implemented on a regular and conimbasis [1-4].

YFaculty of Architecture, Civii and Environmental ndineering, Lodz University of Technology,
al. Politechniki 6, 90-924 td&] Poland, phone +48 42 631 20 20, fax +48 42 631 185 email:
robert.cichowicz@p.lodz.pl

2 Faculty of Process and Environmental Engineerirafz University of Technology, ul. Woélcaska 175,
90-924 t.6d, Poland, phone +48 42 631 37 95, fax +48 42 6383%Email: grzegorz.wielgosinski@p.lodz.pl

" Corresponding author: robert.cichowicz@p.lodz.pl



21¢ Robert Cichowicz and Grzegorz Wielgski

It should be remembered that the monitoring of patscharacteristics of the
atmosphere was developed only in th& t8ntury and was based on the measurement of
pressure, temperature, humidity, wind speed arettiin. Its aim was to track the weather
and predict its changes [5, 6]. On the other hamzhitoring of atmospheric pollution with
harmful substances has developed only in the sebaticof the 28 century and is now
called air quality monitoring. This monitoring helgo plan rational measures of air
pollution prevention and to assess the impacte#ittions taken [7-10].

This is particularly important because of the higipact of energy industry impact,
which emits enormous amounts of pollutants as altre$ burning fossil fuels [11-13] and
due to the ever-increasing number of motor vehjclgish limited road infrastructure.
In addition, the variability of air pollution inrtie and space is especially visible in large
cities and traffic junctions [14-16]. According f&7], this variability is determined by
changes in the amount of pollutant emissions ameh@és in the conditions in which these
pollutants are dispersed in the atmosphere, andlifpersion dynamics is shaped by the
variability of meteorological conditions, atmospikearirculation and the vertical gradient of
air temperature. At the same time, it should benéan mind that the level of air pollutants
depends both on the variable economic activity al as on the daily, weekly, monthly
and seasonal changes in emissions to the atmogil3e?e].

The scale of the problem is best illustrated byrémorts published by the European
Environment Agency (EEA), which show that both Gany and Poland (together with
England) generate the highest Nénissions from large combustion plants. The enissi
from Germany are largely in line with IED ELV, withe minimum emission limit values
in accordance with the 2010/75/EU Directive [21J @e other hand, according to IED
ELV Poland, next to Greece, Spain and Great Britsiil has the highest absolute NO
differences calculated in Mg (tonnes), and in thsecof sulfur dioxide and particulate
matter Poland is among countries emitting the hégheounts of these pollutants [22].

In addition, in large cities, traffic is a majorwsoe of atmospheric pollution, which
may cause an increase in emissions in some arehs oity, e.g. CO by 70-90 %, and NO
by 23 %. This is due to the ever-increasing volurhéraffic that results in traffic jams
which increase vehicle emissions (carbon monoxid&jc oxide, hydrocarbons, lead
compounds and soot). This is especially dangenoukd areas where building conditions
prevent the spread of pollutants [23].

According to a report of the European Environmeme#dcy (EEA) [24] of 2013,
emissions of major pollutants in Europe between228@d 2011 have decreased, resulting
in improved air quality throughout the Union. Inrtaén sectors, there is some increase in
emissions, for instance suspended particulate matfeiel combustion in the commercial,
institutional and household sectors, which incrddseabout 7 %. On the other hand, in the
case of SQ CO and Pb emissions, a significant reduction wedserved which
unfortunately did not translate into a decreasthénconcentration of these pollutants in the
atmosphere as well as PM angl O

Characteristic of thetested area

As each of the environmental monitoring system @glaRd and Germany depends
primarily on the degree of pollution of the areal gropulation density, it is important to
first analyze this type of information. For example central Poland, there are about
2.5 million inhabitants in the Lodz Region on theaof about 18 220 Kmand population



Analysis of variation of air pollution fields inleeted cities in Poland and Germany 21¢

density of 136.6 inhabitants/km while in central Germany in Sachsen-Anhalt
2.3 million inhabitants on the area of about 20 k&0 and at population density of about
111 inhabitants per km2. Although the main citi€dath regions/lands, i.e. Lodz (with the
area of 293 kM population of about 695 thousand, population ignsf about

2 350 inhabitants/kM and Magdeburg (the area of 201%npopulation of about
240 thousand, population density of about 1 20@bitants/krf), vary in size and number
of inhabitants, they are exposed to similar phen@reffecting the quality of atmospheric
air (both cities are important junctions for roadiaail transport).

This analysis was based on data from the four-yseiod covering the years
2012-2015, obtained from two automatic atmosphaiicmonitoring stations located in
Lodz, Poland (Fig. 1) which is the seat of Lodz iBegauthorities, and in Magdeburg,
Germany (Fig. 2) which is the capital of Saxony-Alth

In Poland air quality is controlled within the regal air quality assessment systems,
which are supervised by the Regional Inspectordtes Environmental Protection.
In Germany, the air monitoring network is run armhtcolled by the German Federal
Environment Agency which collects information froeach network in the respective
federal states.
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Fig. 1. Air quality monitoring network in Lodz Reyi in 2013 [25]
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Fig. 2. Location of measuring stations in Sachsahgl in Germany [26]

The measuring station in Lodz, Poland is located&GtGdanska Str. (Fig. 3). It is
equipped with analyzers for continuous measuremiestich pollutants as PM10, IO,
NO,, O; and CO and benzene, N@nd PM2.5 (the last three are not subject to the
following analysis). All measurements are basedeafarence methods recognized by the
European Commission [27]:

- for PM10 this is the weakening of beta radiatiohe(tmethod equivalent to the
reference method);
- for SQG, this is ultraviolet fluorescence conforming toetPN-EN 14212:2013-02

(EN 14212:2012) method [28];

- for NO and NQ this is chemiluminescence, according to the PN4&811:2013-02

(EN 14211:2012) method [29];

- for O this is ultraviolet photometry, according to theéN-EN 14625:2013-02

(EN 14625:2012) method [30];

- for CO this is non-dispersive infrared spectroscopgcording to the PN-EN

14626:2013-02 (EN 14626:2012) method [31].
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In Magdeburg, Germany, the measuring station iatkat at Hans-Loscher-Strasse 30
(Fig. 4) and similarly as in Lodz, the analyzersasw@e (based on the same reference
methods) the following pollutants: PM10, SONO and NQ, O; (due to the low CO
concentration its level has not been measuredpandene, toluene, xylene and PM2.5 (the
last four are not subject to the following analysis

Arndstrasse

A A
o Ml )

Fig. 4. Location of Magdeburg-West monitoring siat[32]
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Results and discussion

Selected monitoring stations in both cities areated in the areas with similar urban
development and are characterized by high levelpedfiestrian and car traffic. At both
measuring stations, the following atmospheric altytants were measured: PM10 (Fig. 5),
O; (Fig. 6), SQ (Fig. 7), NO (Fig. 8) and N(Fig. 9), and additionally CO was analyzed
only for the station located in Lodz (Fig. 10).
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Fig. 5. PM10 concentrations in Lodz and Magdeburg

Based on data from the Lodz station, average PMh@entration was calculated as
34.4pg/m® and year-on-year decrease by 3.19, 0.69 and 6.88a8sobserved, while in
Magdeburg the mean concentration was 2@/27 (which constituted 58.72 % of the
concentration in Lodz), with a decrease in 2013 20#5 and an increase of 8.25 % in
2014.
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Fig. 6. Q concentrations in Lodz and Magdeburg
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In the analyzed period the mean €ncentration in both Lodz and Magdeburg was
47.5ug/n?, whereas in Lodz in 2013 and in 2015 it increabgd0.82 and 19.14 %,
respectively, and by 17.50 % in 2014. In contrastylagdeburg it decreased by 7.10 and
5.42 % in 2013 and 2014, respectively, and by %7 2015.
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Fig. 7. SQ concentrations in Lodz and Magdeburg

In contrast, mean concentration of Si@ Lodz was 12.;ig/n? and a year-on-year
decrease by 4.63, 15.63 and 37.52 % was obsenrveitt Wy Magdeburg the average
concentration was 1,7g/n* (which was 13.6 % concentration in Lodz) and i2#13 and
2015 it decreased by 19.86 and 13.34 %, respegtiveR014 it increased by 8.35 %.
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Fig. 8. NO concentrations in Lodz and Magdeburg
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The average level of NO in Lodz was 8.1 py/amnd in 2012-2014 it decreased
year-on-year by 5.70 and 2.37%, respectively, winil2015 the concentration increased by
1.84 %. In Magdeburg the mean concentration was.topg/m (which constituted
66.67 % of the concentration in Lodz) and if in 20fLdecreased by 4.75 %, in the years

2014-2015 it increased by 9.51 and 1.55 %, respaigti
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Fig. 9. NQ concentrations in Lodz and Magdeburg

In the analyzed period the average concentratidi@fin Lodz was 26.3 pg/frand
in the years 2012-2014 it increased by 2.10 an® 4l respectively, and in 2015 it
decreased by 6.05 %,while in Magdeburg the meaceararation was 19.8 pg/nfwhich
was 75.28 % of the concentration in Lodz) and &aryon-year decrease was 7.87, 3.77 and

8.36 %, respectively.
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Fig. 10. CO concentrations in Lodz and Magdeburg
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In addition, based on data from the Lodz statidve, mean CO concentration was
calculated to be 5770/ and its year-on-year decrease by 6.33, 0.92 &821%, was
reported, while in Magdeburg due to the low levipollution in the analyzed period, its
monitoring was abandoned.

Conclusions

On the basis of the measurements, periodic exceedanatmospheric air pollutants
measured at both stations was detected, and tieritle levels of particular pollutants as
well as changes in imission fields were observedeems that this information may be
useful not only to the competent authorities, s #0 users of those areas.

In both cities the permissible values were excedilsidof all in the case of PM10 and
occasionally for @ The level of particulate matter was more ofteceexied in Lodz
(71 times in 2012, 62 times in 2013 and 2014, adirbes in 2015) than in Magdeburg
(8 times in 2012, 10 times in 2013, 17 times in2@hd 9 times in 2015). Ozone values in
the analyzed period were exceeded only once in [(md2015) and twice in Magdeburg
(in 2012 and 2015). There were also days in whimhcentrations were approaching the
permissible level.

At the same time it should be emphasized that dwmrapserved in the average
concentration levels of particular pollutants aret rsignificantly different from the
country-specific trend observed for European aiality [33]. Comparing the levels of
particular pollutants it can be found that in theasuring station in Lodz the concentrations
are higher than in Magdeburg, and thus: PM10 (9)1.SQ (by 7.34), NO (by 1.5), and
NO, (by 1.33). The average level ot @ the analyzed period is the same for both gities
i.e. 47.5 pg/m Additionally, the average CO concentration eqaa77.0 ug/mwas also
analyzed in Lodz. It systematically decreased eyegry by 4.69 % on average.

Despite the many similarities between the analyztés, their geographical location
and, above all, climatic conditions are differdviagdeburg is located in the North German
Lowland (average height 40.6-123.8 m above sed)|evhkile Lodz is located in the center
of the Highlands of Lodz (average height 163.6-28#. above sea level). Although the
wind rose for both cities is very similar, there aonsiderable differences in the average air
temperature in individual months of the year andhaimidity, despite similar average
annual values. In Magdeburg, winters are definitalider than in Lodz, while the period
of high temperatures lasts longer in the summee 3im of atmospheric precipitation is
definitely (by approx. 100 mm) higher in Lodz than Magdeburg with the observed
maximum in the month of July. This, of course, fiavthe self-cleaning of air from gaseous
and dust pollutants. Climate differences may alsalbe to the location of Magdeburg on
one of the largest European rivers - the Elbe, iandodz, despite the inventory of the
presence of 19 rivers and smaller watercourses,ithpact (due to their size) on the city’s
climate is negligible. In contrast, insolation, kvi similar number of sunny days per year,
is more evenly distributed in Magdeburg betweemithths of the year. In Lodz, there is
a clear accumulation in summer, with much lesstsnesin the winter.

However, it is worth emphasizing that the trendsedsonal changes in air pollution in
both cities described in this paper are similarilevimdividual differences are most likely
the result of differences in geographical locatiand in prevailing meteorological
conditions.
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Changes observed in air quality can be related tmthe development of local and

global industry and to services and trade, to charig the heat supply system, and to
changes in the so-called ‘urban fabric of the cityhich in recent years has changed for
a variety of reasons in both analyzed cities.

In addition, such analyzes may also be useful fodeting the spread of pollutants in

the air as they help to identify future sourcepalfutant emissions, minimize the impact of
pollutants on the environment, and may be helpfuplanning urban development and
protection zones.
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