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STEZENIE OZONU PRZY POWIERZCHNI ZIEMI W ZALE  ZNOSCI
OD ZAWARTO SCI NO, | WARUNKOW METEOROLOGICZNYCH

Abstract: This study analyzed the temporal variation of dsgheric ozone (§in Poznan (midwestern Poland)
on the basis of data collected from a State Enmemtal Monitoring air quality assessment statidme @&im was
to investigate the distribution and variation of Il€vels and to assess the relationship with nittagedes (NQ)
and meteorological conditions. These relationshigse assessed by multiple regression analysis hrstec
analysis. The @levels showed a high annual, seasonal and daiffikty, and were significantly influenced by
meteorological conditions and N@vels. High Q levels were accompanied by above-average leveksdidtion
(Rad), air temperatureTg) and wind speedW(s), together with below-average values of N&hd humidity Ry).
Atmospheric pressuré®f) had an ambiguous effect on [Bvels.
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Introduction

Tropospheric ozone @is a secondary pollution produced not only bytiing but
mainly by complex photochemical reactions occurimghe polluted air, for example with
nitrogen oxides (NQ [1, 2]. In urban areas, these reactions are maiaksed on the
oxidation of nitrogen compounds derived from anplagenic sources, mainly road
transport [3-5]. At ground level, ozone is one dfe tmajor components of the
'photochemical smog’ observed mainly in summenmigé cities and industrial areas around
the world [6, 7].

Similar to other regions of Central Europe, eledatencentrations of £in Poland are
due to natural sources or natural phenomena uacdetathuman activity, to the influx of air
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pollution from other areas (including other cousd)i and to photochemical transformations
resulting from intensive solar radiation and adgexgather conditions [8-10].

Meteorological factors are very significant for thathering, scattering, flowing and
transport of gaseous pollutants, including ozorke1%]. G; can be transported over long
distances and its maximum levels are recorded lekafozone emission precursors [16].
In urban areas air flow may be disrupted and sdewels recorded at a given station may
not reflect the movement of air masses in a laspatial scale. ©flows into Poland with
air masses often coming from southern and souttewe&urope [17-19]; apart from the
wind, other meteorological conditions also sigrifidy influence @levels, especially solar
radiation, temperature and humidity [20]s @bncentration also depends on other factors,
such as terrain, altitude and geographic locatdn. [

O; has a significant effect on plants and animalgjuding humans [22-25]. Its
elevated concentrations can cause dysfunctioneofabpiratory system: coughing, a limited
ability to breathe deeply and absorb oxygen, detation of asthma symptoms and
pneumonia. Other symptoms include eye irritaticgadaches, and even depression among
the elderly [26-29]. In plants, {pollution causes damage to the surface of thenami
a reduction of biomass production by increasing dng matter content in leaves as
an internal reaction to the presence of ozone, alad damage to the cell membrane,
mitochondria and chloroplasts due to the inhibitidrphotosynthesis [22, 30, 31]. Finally,
the strong oxidizing properties of;@ause the destruction of various other matenatsst
notably rubber and textiles [32], hence the imparéaof research on the distribution and
variation of tropospheric Olevels in urban areas, their relation to the leva nitrogen
oxides and meteorological conditions. Therefore,dm of this paper was to determine the
distribution and the variation of the troposphe@g levels in the Poznan conurbation
(midwestern Poland), in relation to the N@vels and the evolution of meteorological
conditions.

Material and methods

The location of the measurement station and measurent conditions

Data was collected from a State Environmental Mwirigy (PMS) station located in
the north-western part of Poznan, a major Poligh with an area of 262 kimand
a population of about 550 thousand permanent netsi¢ieg. 1)

Wielkopolska
Voivodeship

; .
¢ Station PMS

{~Poznan/
Poland

Fig. 1. Location of the State Environmental Moriitgr(PMS) Station
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At the end of 2012, there were 554 registered Vehiger 1,000 inhabitants in the city
[33]. The measurement station is located in theaBiobl Garden A( = 16°52'38"E,
¢ = 52°25'13"N,Hs = 84 m above sea level) in close proximity to destial and
recreational areas. The measurement site was adagthat the air flow around the inlet
sampling probe and weather sensors was not linbiieény obstacles. In addition, the
arrangement of the sampling site was designedewept the suction of air discharged from
the measuring instrument and poorly mixed air frdme inside of the casing of the
instrument.

The G and NQ measuring instrument, and sensors used for theureaent of most
meteorological elements, were located at a heifjBtra above the ground, with sensors to
measure wind speeds at a height of 10-11 m abatendrievel.

Material

The study was based on the results of hourly measmts of tropospheric ;Gand
nitrogen oxides N@Q collected in consecutive years from 2005-2012. |€&vels were
measured using O342M analyzer (infrared absorptem) NQ levels by AC32M analyzer
(chemiluminescence in UV). Meteorological data weodlected at the same time as the
hourly measurements: total solar radiatiétad), air temperatureTg), relative humidity
(R,), atmospheric pressurB.j, and wind speedA(;).

Methods

The evolution of @and NQ levels was examined hourly, monthly, seasonayilfg:
March 1-May 31, summer: June 1-August 31, fall: tSeyber 1-November 30, winter:
December 1-February 28/29) and annually. On thdsbaef hourly data there were
established statistical indicators of &hd NQ: mean £), minimum Min), maximum Max)
and percentiles30, Q60, Q90). We also calculated the incidence of the aralygaseous
pollutants in the time intervals in both a multiyeperiod (2005-2012), as well as in the
selected years 2006 and 2009, namely the yearghetgreatest difference betweendnd
NO, levels. Daily data (calculated from at least 2lihpmeasurements from a given day)
were used to capture the relationship between ribospheric @ and NQ levels and
meteorological elementRad, T,, R,, P, andW.

The relationships between the analyzed variablesee ve®nfirmed by a Pearson
correlation coefficientr) at P < 0.01. Daily data was used to construct the maeltipl
regression equations used to extract a group diifisignt independent variables to
determine the size of the;@oncentration, and also to assess the effecteather and NQ
levels on Q levels [10, 14]. Due to the relatively large sétirmlependent variables, the
linear multiple regression model used a stepwisaimhtion of variables with statistically
insignificant effect.

Regression equations were calculated based onotféicient of determinationRp),
F-Snedecor test and mean absolute bias eM&BE). MABE was calculated according to
the formula:

1 n
MABE = = DIy )

wherey; is the actual value of {evel, andx; - O; concentrations predicted by the multiple
regression equations.
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In addition, to obtain the strictest dependencecrildiag the impact of independent
variables on @levels, we established four clusters of meteoiiokdgvalues and air NO
levels, occurring at diversesQevels, including high and low [18]. All measurente of
analyzed variables were divided into clusters lipgison-hierarchical k-means method in
which a Euclidean distance was used. To deterrhim@ptimal number of clusters, we used
a v-fold cross-validation. The significance of di#nces between clusters was estimated
using an analysis of variance, using Fisher'sai3t 0.01.

Before starting the analysis of regression andtetasn order to allow comparison of
the variables (regardless of their original disttibn and units in which they were
measured), they were subjected to standardizaticording to the following formula:

_YTYy
2= )

where:y; - non-standardized variabl&,- arithmetic mean$ - standard deviation.

Results

In the analyzed period 2005-2012, thg €ncentration curve course was almost
inversely proportional to the N@oncentration curve (Fig. 2a).
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Fig. 2. Variation of @ and NQ levels in 2005-2012: a) mean, b) extreme valldm,(Max) and
percentiles @30, Q60, Q90), c), d) average seasonal and annual

Long-term average for {% = 42.72 pg m>) was only about 0.8 pgnlower than
the average NO(x = 43.57 ug- m3), but between individual years it ranged from
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38.3 pg- m2in 2009 to 46.5 pg min 2006. Tropospheric Hhad a distinctly lower
temporal variation over a year than N@ig. 2b). Minimum Q levels ranged from
0.1 pg: m23in 2006 to 4.0 pg m> |n 2012, in all the years it was less than,Mt@nima
which ranged from 0.4 to 8.3 pg™.

Maximum G concentrations were approximately 2-3 times lothan maximums for
NO, and reached from 87.7 pgn™in 2012 to 121.1 ugn= in 2006. Over the years ;O
level percentilexQ30, Q60 andQ90 were in the following ranges: 26.6-33.6, 45.1053
63.5-82.0 pg m>, with NO, 22.8-28.4, 34.9-42.8, 73.7-97.2 pgn>. Over the years
2005-2012, the highest seasonal averagée@l was recorded in spring, then in summer,
and the lowest - in the fall or winter (Fig. 2cuch distinct seasonality was not observed in
the case of NQlevels (Fig. 2d).

Changes in the concentration of the analyzed poitatduring 24 h not only depended
on the time of day, but also on the month (Fig.)3&t the years 2005-2012, the largest
amplitude of daily @ concentrations occurred in April (59 - m™>), and then in the
summer months, in August (57.0 pgi>) and July (55.8 pg n), while the lowest - in
December (7.1 pg m) and January (11.0 pgm™). In the case of NQthe greatest
differences between the 24 h maxima and minima wereorded in September
(80.6 pug- m™) and October (79.2 ugm™), and then in March (62.0 pgn™) and April
(60.1 pg- m); the lowest were observed in July (35.5 pgn>) and February
(35.8 ug m).
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Fig. 4. Dynamics of changes in concentrations 986d NQ by hours in 2006 and 2009 and a multi-
year period 2005-2012: a) mean, b) standard dewiati

On average, the greatest troposphedc@nhcentrations, above 80.0 pgi >, occurred
over five consecutive months, from April to Augusgtween the hours of 11:00 and 17:00,
while the lowest, less than 20 pgm™>, were observed, among others, in the period
November-December between the hours of 6:00 and &@ 15:00 and 20:00 (Fig. 3c).
Temporal distribution of NQconcentration during 24 h was different betweemtims; the
highest levels, above 100.0 pg m> were recorded most often in the period
October-November at 17:00-19:00 hours (Fig. 3d), the lowest when £immission in the
air was the highest.
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Dynamics of changes inz&nd NQ, described by the means and standard deviations
for consecutive hours over 24 h, were similar i9@@&nd 2009, as well as in the entire
period 2005-2012, although concentrations wereidifit (Fig. 4ab). The biggest difference
in tropospheric @between the years 2006 and 2009 could be obsenvétkiafternoon
(12-15 h) and evening (19-20 h), while N@vels in the evening (19-22 h), which was
confirmed statistically. Distributions of the 24skructure of @ and NQ levels confirm
their different evolution in individual years (Fig).

In 2006 the highest concentration of Was recorded in the period May-July between
the hours of 12:00 and 17:00 (> 100 g ), while in 2009 - in the period of April-May
and August, between the hours of 13:00 and 17:08Q>ug- m~), which is slightly
different than in the entire multi-year period (F&). The concentration of NOn 2006
ranged from < 20 pgmin the period May-August - at 10:00-17:00 to > 329 min
October - at about 18:00. In 2009, the distributzord range of recorded values of NO
were similar to the distribution in 2006; howevtte highest concentration amounting to
> 140 pg m2was recorded in November between 17:00 and 19:00 h

In the years 2005-2012 about 73% of one-hour meammts of tropospheric;@vere
in the first three frequency ranges 0-20, 20-460 46-60 pg m~, in the next two classes,
approximately 15% in 60-80 pgn™ and about 7% in 80-100 ugn . Immission of Qin
the range >100 pugm™ occurred only in about 5% measurements (Fig 6a).
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Fig. 6. Incidence [%)] of hourly measurements af(®, c) and NQ (b, d) in 2005-2012 and the years
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Frequency of NQintervals differed from the distribution of trogateeric Q (Fig. 6b).
Most often, with a frequency of approximately 35B&), immission measurements fell
within the first two ranges of 0-20 ug m> and 20-40 pg m?> and then 15%
in 40-60 pg- m> 7% in 60-80 pg M, 4% in 80-100 pg m>, and about 6%
measurements were > 100 pgn>. The frequency distribution of the results of both
gaseous pollutants analyzed in 2006 and 2009 waitasito the distribution in the entire
period 2005-2012 (Fig. 6). Most measurements féhiw the first three frequency ranges,
about 67% in 2006 and 78% in 2009 - in the cag@;ammission and about 84% in 2006,
and 80% in 2009 for NOmmission.

The frequency intervals > 100 ugn™ for NO, were most frequent in 2009 (8.3%),
while for O; in 2006 (7.6%). High concentrations of;,dn the range from 100 to
180 pug- M3, were most often recorded between 10:00 and 12&108,NQ - at 5:00-8.00
and 18:00-22:00 hours (Fig. 7ab).
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The study also evaluated changes in the sharesaftseof measurements of; (and
NO, levels in the consecutive hours of the day, aimluding the ranges of > 10 pgn™
<10 ug- m?3 > 100 pg and< 100 pg- m (Fig. 7cd). Shares of measurements
showing Q levels< 100 ug m3 ranged on average from 85 to 100%, and were least
frequent in the afternoon, while > 100 pg™ - from 0.1 to 14.5%, and were least frequent
at night (Fig. 7c).

The share of @measurements 10 pg- m™ ranged from less than 5% at 11:00-14:00 -
to about 25% at about 5:00 and 21:00, while > 10- ig® - from about 74 to 95%
(Fig. 7d). Participation of NQimmission measurements in the range of > 10 pg°
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<10 pg- m> > 100 pg m?and< 100 ug > was almost inversely proportional to the
distribution of Q results. The share of immission measurements thf d&io pollutants in the
ranges< 10 pg- mand > 10 pg m was similar, but only at nighie 24:00-3:00 h.

Daily Os; levels can be significantly correlated with met#ogical elements and the
content of NQ in the years 2005 to 2012 (Table 1). A significaegative correlation
existed between the concentrations of &d NQ in all months, with the strictest
correlation ¢ > 0.4,P < 0.01) in the period from October to May. The imsios of G was
also negatively influenced by two meteorologicaneéntsR, andPy. R, index significantly
influenced Q@ throughout the year, except in December; it was dlrongest in May
(r>0.71,P <0.01) and Julyr(> 0.70,P < 0.01) P, significantly negatively influenced the
Os level in the fall-winter months (October, Novembend January), and positively in May
and July.

Table 1
Correlation coefficient for the linear relationshiptween daily levels of £and meteorological factors
and NQ immission in 2005-2012

Variable
Month NOy Rad Ta R Ph Ws

[Hg-m [h] [°C] [%] [hPa] | [m -s7]
1 —0.48* n.s. n.s. —0.25* —0.24F 0.75*
2 —0.53* n.s. n.s. —0.38* n.s. 0.42*
3 —0.52* n.s. n.s. —0.33* n.s. 0.34*
4 -0.48* 0.45* 0.32* —0.53* n.s. n.s.
5 —0.41* 0.57* 0.52* —0.71* 0.20* n.s.
6 -0.20* 0.58* 0.58* —0.66* n.s. n.s.
7 —0.23* 0.57* 0.72* —0.70* 0.26* n.s.
8 -0.22* 0.39* 0.54* —0.45* n.s. n.s.
9 —0.38* 0.45* 0.48* —0.60* n.s. 0.32*
10 —0.46* 0.28* n.s. -0.40* —0.207 0.63*
11 —0.60* n.s. n.s. —0.28* —0.28f 0.81*
12 -0.63* n.s. n.s. n.s. n.s. 0.68*

* significant withP < 0.01, NQ - nitrogen oxidesRad - total solar radiatiorl, - air temperaturey, - relative air
humidity, P, - atmospheric pressundj - wind speed, n.s. - non significaRt> 0.01

Rad, T, andW; had a positively significant effect on the; @vel. Rad significantly
determined the level of tropospherig i@ the air from April and October, most strongfy i
the May-July periodr(> 0.57,P < 0.01) A similar effect on @, in terms of strength,
direction and period, was exerted by air tempeeatdnother meteorological factows,
had a positive influence in fall-winter months, frd&september to March, the strongest in
November (> 0.81,P < 0.01)

Regression analysis showed that among the sixhlasafour had an effect on;O
immission; NQ, T, R, andW; (Table 2). The greatest standardized multiple aggjon
coefficients,ie the strongest effect onsOwere shown for NQfrom March to May,T, - in
July and AugustR, - in May, June and September, afg- in the period from October to
January.

NO, significantly determined the LOimmission in all monthsR, - in the period
January-November,T, - in the period April-September, ant\; - in the periods
January-March and September-December, therefagbtlglidifferent than shown by the
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analysis of correlation. The impact of the entireup of variables on £ described by the
determination coefficient, ranged from about 4394=(53.2,P < 0.01) in February to 75%
(F = 239.5,P < 0.01) in May. TheMABE calculated for individual regression equations
ranged from 4.8 pgm>in September to 9.1 pgn 2 in February.

Table 2
Combined effect of meteorological factors andyNif®@mission on daily @concentration in 2005-2012
Standardized multiple regression coefficients Stadiical evaluation of the equation
Month NOy Rad Ta Rn Ph Ws R? F MABE x
[wg-m3 [ [h] [*C] [%] | [hPa] | [m-s7] | [%] [bg-m [[ug-m]

1 —0.24* -0.11* 0.64* | 63.1 134.6 7.2 28.5
2 -0.37* —0.34* 0.24* | 43.1 53.2 9.1 37.0
3 —0.51* —0.46* 0.22* | 48.3 75.3 8.0 48.8
4 —0.52* 0.21* | —0.46% 614 120.2 6.6 60.3
5 —0.44* 0.19* | —0.66% 74.9 239.5 6.1 63.1
6 —0.31* 0.39* | —0.55% 68.1 151.9 6.6 61.3
7 —0.31* 0.48* | —0.46% 748 234.9 6.5 58.8
8 —0.41* 0.48* | —0.42% 53.3 89.3 6.3 48.8
9 —0.31* 0.26* | —0.51% 0.23* | 62.7 94.1 4.8 36.8
10 —0.21* —0.40* 0.47*| 55.3 89.0 5.4 25.1
11 —0.22* —0.13% 0.66* | 64.1 119.2 5.7 19.4
12 —0.37* 0.49* | 56.1 1465 6.5 21.5

R? - determination coefficientF - Snedocor's testMABE - mean absolute bias errot,- average. Other
explanations, see Table 1

The greatest difference betweBIABE and the @ long-term average was determined
for four months, from April to July, which may tégtto a better fit of regression lines to
empirical data than for other analyzed months.

Table 3
Statistical characteristics of clusters descriiimgQG level
. Fisher's
Variable SS Dt&s SSE D&se test P
Oz[ug- mJ 165.37 3 79.26 248 166.90 0.0t
NO[ug- m™J 145.43 3 97.56 248 119.24 0.0t
Ta[°C] 115.39 3 125.93 248 73.30 0.01
Rn [%0] 156.66 3 85.74 248 146.17 0.0

SS - sum square error of between-group variatdfzs - number of degrees of freedom for sum square &0
SSE - sum square error of within-group variati@fsg= - number of degrees of freedom for sum square 886y
P - level of probability. Other explanation, see Tabl

In addition, based on the cluster analysis for dtrieetest dependence betweep i@
May and the analyzed group of variables, there wstablished four clusters (Table 3). All
variables included in the analysis were significaitP < 0.01, we also confirmed
a significant difference between the determinedtels (Table 4).

Among 248 observations (8 years x 31 days), clusténcluded 30 observations,
cluster 2 - 106 observations, cluster 3 - 78 olseyns and cluster 4 - 34 observations.
Cluster 4 included the highest levels of troposjeh€k (90.8 + 11.7 ug m™>), which was
accompanied by below-average N@9.3 + 8.2ug - m>) and air humidity levels
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(48.6 £ 8.6%) and above-average air temperature (15.2 * 3.1°@)ly Bnaximum Q
levels ranged, depending on the cluster, from &5 m in cluster 1 to 121.8 ugm™

in cluster 4.

Table 4

Statistical characteristics of N@nd meteorological factors in May for each isaatkister describing £evel
(clusters 1, 2, 3, 4 andi1-4)

Cluster Number |Ozconcentration Independent describing the Qlevel variable
Month | = ° = | of observa-|  [ug- m NOX [ug - mJ] Ta[C] | Rn [%]
tions X S, Max X £ S, Max
1 30 48.6 £11.0, 63.p66.5 +16.7, 111.5 12.1 +4.1,19.9| 68.8 + 11.0, 98|0
2 106 53.3+9.3,75.6 26.6+9.9,47/0 10.2+2%8 | 83.5+9.7,98.0
May 3 78 71.2+7.8,86.9 29.7+10.3,50.5 17.4+23606 62.0+7.9, 83.4
4 34 90.8+11.7,121/{819.3+8.2,41.4| 152+3.1,219 48.6+8.6,70.3
2 1-4 248 63.1+16.6,121.81.4+17.3,111.5 13.4+4.6,26.6| 70.7 +15.5, 98]0

X - averageS - standard deviatioMax - maximum absolute. Other explanations, see Tahledl2

Discussion

Distribution of Q levels in Poznan, similar to other regions inwuweld, show a clear
annual, seasonal and daily variation [2, 8]. Anr@alevels in 2005-2012 were higher than,
for example, in Obinsk in Russia [14], and lowearthin other regions of Polang in the
south-east, in Carpathians [34], or the north-w@stWiduchowa [11] and Szczecin [35].

Contrary to other pollutants, whose highest leagéts generally recorded in the centers
of large cities, the highest immission ot @ usually found on the leeward edges of
conurbations [19, 30]. In the years 2005-2012 tlghdst level of @was observed in
spring, then in summer. The lowest could be foumdall and winter, similar to other
regions of Europe [36], but different than in Spi&].

Tropospheric @ apart from monthly variation, also shows dailyiagon, which is
confirmed by the results of many papers [14, 18,38) 37]. In this paper, we show thaf O
temporal variation was lower than NGimilar to Munir et al [4] and Adame et al [37].
In the years 2005-2012 percenti@30, Q60 andQ90 of G; levels were lower than in Saudi
Arabia [4], which can be attributed to differendeslimate.

In Poznan, NQhad a different temporal distribution thag Oits highest levels were
observed in the morning and afternoon; differeaintin the papers by Im et al [36] and
Yasuyuki et al [38]. In the period 2005-2012 theajest number of measurements gf O
and NQ ranged from 0 to 40 pgn™>, which was different than Nidzgorska-Lencewicz][35
showed for Szczecin, Poland. A large variatiorr@pospheric @ a secondary pollutant, is
associated mainly with the differences in weathmrditions in Poland in consecutive years
and the content of ozone precursegshitrogen oxides [1, 7].

A significant negative correlation between the Isvef O, and NQ, similar to our
paper, was shown by Silman [1], Im et al [36] arabd¥yuki et al [38], according to which
NO, had a large significance for the production ofnfifait tropospheric @ In this paper we
show significant correlations betweeny @vels and meteorological conditions, positive
with radiation, air temperature, wind velocity, Whinegative with air humidity, and
negative or positive with atmospheric pressurectviié similar to the findings of Liu et al
[10], Aref'ev et al [14], Stathopoulou et al [LAdame et al [37], Puc and Bosiacka [39].
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An increase in @with an increased wind velocity can be associatighl the sources of
pollution situated at a certain distance from tihdSPstation. Apart from N@ in the group
of meteorological factors, the strongest impactQgrair levels was exerted bl, R, and
W;, meteorological conditions explain about 40% terev0% of the variation [8, 10, 18].
The lack of confirmation of the significant effeat Rad in the group of meteorological
factors on Q levels may be caused by the co-linearity of théependent variables,
ie a strong correlation betwe@&ad andR,.

Conclusions

The Q& levels in Poznan had a distinct annual, seasamhbaily variation. Among the
8 analyzed years (2005-2012), the highest averadev®l (46.5 ug m>) was observed in
2006. It was always about two times higher in gpriihan in the autumn-winter season.
In May-July, above-average daily; @&vels were recorded mostly around noon and in the
afternoon.

In the years 2005-2012, the evolution of Névels was significantly different froms0O
the highest levels were observed in autumn or wiintearly morning and in the evening.
There was a significant negative correlation betw®gand NQ levels, the strongest in the
period March-May. Maximum NQlevels were as much as 2-3 times greater thaevels,
and ranged from 197.6 pgn™in 2010 to 327.7 ugmin 2011.

The high Q ranges> 100 pg- m were most frequent between 12:00 and 17:00 h,
while the same range of N®etween 18:00 and 22:00 h. The distribution gfd&pended
not only on the content of NOn the air, but also on meteorological conditiomsjinly T,

R, andW,,

The greatest determination coefficient for the rengroup of variables was calculated
for the regression equation for two months: M& £ 74.9%), and JulyRé = 74.5%).
Moreover, correlation analysis showed that the llefaropospheric @was significantly
influenced byRad andP,. These two factors were not taken into accounttdue strong
correlation betweeRad andR, andT,, and betweeR,, andW,.
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STEZENIE OZONU PRZY POWIERZCHNI ZIEMI W ZALE  ZNOSCI
OD ZAWARTO SCI NOy | WARUNKOW METEOROLOGICZNYCH

Instytut Architektury Krajobrazu, Wydziat dgmierii KsztattowanigSrodowiska i Geodeziji
Uniwersytet Przyrodniczy we Wroctawiu
2Zaktad Ekonometrii Przestrzennej, Wydziat Nauk Gafigznych i Geologicznych
Uniwersytet im. A. Mickiewicza, Pozha

Abstrakt: Analize czasowej zmienrigi ozonu troposferycznego w Poznaniiroflkowo-zachodnia Polska)
podjeto na podstawie danych zebranych ze stacji ocdmggapowietrza Pastwowego Monitoring$rodowiska.
Celem pracy bylo poznanie rozktadu i zmiefmostezenia Q oraz ocena zat@osci migdzy rozpatrywanym
zanieczyszczeniem a zawakta NOy i przebiegiem warunkow meteorologicznych. Do ocealgznosci migdzy
rozpatrywanymi zmiennymi postyy analiza regresji wielokrotnej i analiza skupi&tzenie Q odznaczalo si
duza zmienndcia roczry, sezonow i dobowg. Warunki meteorologiczne i zawa$toNOy istotnie determinowaty
wielkos¢ stzenia Q. Duzym skzeniom analizowanego zanieczyszczenia sprzyjaly m@vwponadprzeetne
wartdici: Rad, Ta i Ws oraz poniej przecgtne wartdci NOy i Ry Niejednoznaczny wplyw na wagtostezenia Q
miato P.

Stowa kluczowe:jakas¢ powietrza, zanieczyszczenia gazowe atmosfery, nkarmeteorologiczne, zmiengbd
czasowa



