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Abstract: Ozone concentration in ground-level
air layer in north-western Poland — The role of
meteorological elements. The research aimed
at recognising time structure and variability of
tropospheric ozone as a function of daytime and
nocturnal meteorological conditions, particularly
in the spring season (March—-May), as well as
finding a weather cluster at which the highest
O3 concentration occurs. Ozone concentrations
recorded every hour during the two years and
data on five other meteorological elements:
total solar radiation, air temperature, relative air
humidity, atmospheric pressure, wind direction
and speed provided the input data for the analysis.
The data were collected at Widuchowa weather
station, north-western Poland, near the Polish-
-German border. The highest ozone concentration
was observed at daytime day, under conditions
of eastern wind, low relative air humidity
(about 35%), high values of total solar radiation
(about 209 W-m2), air temperature (17.0°C),
atmospheric pressure (1016 hPa) and high
wind speed (2.7 m-s™"). It is concluded that the
magnitude of tropospheric ozone concentration
recorded at Widuchowa is influenced by gaseous
pollutants originating not only from the territory
of Poland but also from Germany.

Key words: tropospheric ozone, time distribution,
air quality-monitoring network, wind direction,
cluster analysis.

INTRODUCTION

Tropospheric ozone is considered to be
one of the major air pollutants. Much
research proved a hazardous impact of

ground-level ozone on phytocoenosis
and human health, particularly in
children and elderly people (Bytnerowicz
et al. 2003; Manning et al. 2002;
Mankovska et al. 1999, 2002). Ozone
in the troposphere originates from
natural sources, mainly from lower
stratosphere ozone layer. Photochemical
reactions with nitrogen oxides (NO,) of
natural origin contributes to the ozone
production, as well as reactions from
natural non-metal hydrocarbons such as
isoprene and terpene. Apart from that,
small quantities are also formed from
atmospheric discharges at storms, as well
as from other anthropogenic sources,
where it is the result of 0zone producing
chemical processes through nitrogen
dioxide photolysis, at ambient presence
of carbon oxide and hydrocarbons, and
other substrates of usually anthropogenic
character. Tropospheric ozone origin
is closely related to meteorological
conditions such as air temperature,
insolation and radiation, relative air
humidity, wind speed and direction
(Davis et al. 1998; O$rodka and Swigch-
-Skiba 1997; Treffeisen and Halder
2000; Walczewski 2005). The level of
tropospheric ozone concentration varies
over daytime and over years, and depends
on latitude, site profile and prevailing
meteorological conditions, as well as
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the distance to air pollutants source
and the time of their propagation (Baur
et al. 2004; Davis et al. 1998; Elminir,
2005; Lehman et al. 2004; Mazzeo et
al. 2005). Higher ozone concentrations
are typically observed in rural areas
rather than in city centres, hence the
subject research has to be conducted
in such, preferably in the vicinity of
big urban agglomerations (Godtowska
2004; Godtowska, Tomaszewska 2006).
Higher ozone concentrations, above the
estimated threshold, have been observed
in north-western Poland, both within
urban areas and in the background ones
(Landsberg-Uczciwek et al. 2007).

Theresearch was aimed at recognising
the time structure and variability for
tropospheric ozone, as observed in
Widuchowa weather station (north-
-western Poland), in relation to daily and
nocturnal meteorological conditions,
particularly in a spring season. In
addition, a weather cluster of the highest
0zone concentration in spring season was
determined.

MATERIALS

Tropospheric  ozone concentrations
(O3, in pgrm™>) recorded every hour,
and data on other five meteorological
elements, namely total solar radiation
(RAD, in W-m™), average temperature
(TP, in °C), relative air humidity (RH, in
%), atmospheric pressure (PH, in hPa),
and direction (N, NE, E, SE, S, SW,
W, NW) and speed (WS, in ms ') of
wind provided the input data. Data
were collected over the period between
Ist November 2005 and 31st October
2007 at Widuchowa weather station

(14°23’E, 53°17°N, 2 m above the sea
level), which is a part of the Polish State
Monitoring for Environment network,
located at the Polish-German border in
the north-western Poland. Continuous
measurements of ozone concentration
were performed at two meters above
ground level with a MLU 400E analyser
by Monitor Labs at Widuchowa station.
Standard measurement was based on UV
radiation absorbed as the result of the
inner resonance of O3 molecules, whereas
the other meteorological elements were
performed according to standards set by
World Meteorological Organization.

METHODS

The dependence between O3 concen-
tration and wind directions was inves-
tigated by linear regression analysis,
though analysis covered only spring
season (from March till May), i.e. when
the highest average O3 concentration
over the whole calendar year was noted,
separately for days (from sunrise to sun-
set) and nights (from sunset till sunrise).
A determination coefficient (100R?,
in %) served as the parameter measuring
the regression function fitting to the em-
piric data. Parameters for the regression
function were determined with the least
squares method. A hypothesis on regres-
sion function significance, i.e. multiple
regression coefficient, was tested with
F-Snedecora test, while the significance
of regression coefficients with a t-Stu-
dent test (Sobczyk 1998).

Values for the wind speed, as
independent variables were parameteri-
sed with a distribution other than normal,
thus this variable was normalised with
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a function: f (WS) = In(WS), where
WS stands for wind speed (in m's™).
Independent variable WS conformity
with the normal distribution was tested
with a Chi—square method at the assumed
significance level P < 0.05.

To identify a weather cluster, which
favours highest O3 concentration in a
spring season, a general cluster analysis
was applied. Prior to the analysis, five
meteorological elements werenormalised
according to the following formula:

Z; = X;— Min(x;) / Max(x;) — Min(x;)
where: Max(xj) and Min(xj) stand for
maximum and minimum value of i-ele-
ment, respectively. Normalised as such,
all values of the meteorological elements
fell within the (0, 1) interval (Dobosz

2001).
All  the observations of the
meteorological elements under the

analysis were formed as clusters by
means of a non-hierarchical k-means
method, with an Euclidean distance,
i.e. the geometric distance in the
multidimensional space (Hartigan 1975;
Holden and Brereton 2004). Clustering
with the k-means consists in moving
observations from cluster to cluster to find
a maximised variance between particular
clusters, while keeping the minimum
variance within the analysed cluster. To
determine the number of clusters a v-
-fold cross-validation test was used. The
significance of differences between the
separated clusters was assessed with the
variance analysis by the Fisher’s test at
the level P < 0.05 was applied (Dobosz
2001).

RESULTS AND DISCUSSION

Time structure and variability of O3
concentration

Average annual ozone concentration in the
ground level of air was recorded as 61.5
ngm™ and it varied from 44.3 p-g m>
in the winter season to 82.5 ug-nf3 in the
spring season (Fig. 1). Bogucka (2006)
reported similar results for the quantity
and time distribution for O3 concentration
in other four weather stations, located in
various regions of Poland, and also found
the highest ozone concentration to occur
usually in spring.
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FIGURE 1. Average seasonal and annual ozone
concentration in the ground-level air layer

Within the studied period ozone
concentrations observed at daytime were
usually higher than at night and reached
66.0 and 55.1 pg'm™, respectively. The
minimum value at night is caused by
ceased photochemical mechanism of
converting primary NO to secondary
NO,, and also by superiority of the
oxidation fraction by ozone accumulated
during the day (Felzer at al. 2007). The
biggest differences between the ozone
concentration values at daytime and at
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night were recorded in summer (16.1
pg'm™), whereas the smallest in winter
(3.5 pg'm™).

In the spring season, namely between
Ist March and 31st May, the highest
average Oj concentration, at both days
and nights, were recorded in the period
from 21st to 30th April when it reached
96.8 and 88.8 pgm>, respectively,
whereas the lowest ones in the period from
11th to 20th May, with values reaching
72.6 and 61.8 pg'm, respectively (Fig.
2a). The biggest differences between
daily and nocturnal ozone concentrations
occurred in the period from 11th to 20th
May (10.8 pg'm™), and in the period

a)
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from 21st to 31st March (10.5 pgm™),
whereas the smaller ones in the period
from Ist to 10th April (6.2 pg'm™). In
the spring season the highest average
ozone concentration at day were noted
with the eastern (98.8 pg'm™), and north-
west wind (95.7 pg'm™), which were
respectively higher by 16.3 and 13.2
pg'm™ than the average concentration
for this season. The lowest values
were recorded for south-eastern wind
(71.5 pg'm™>), whereas concentrations at
night were the highest with north wind
(85.1 pg'm™), and lowest ones with
south wind (66.3 pg'm™) (Fig. 2b).
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FIGURE 2. Average hourly ozone concentration in

the ground-level air layer (a) and wind directions (b)
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The biggest differences in ozone
concentrations between day and night
with reference to the atmospheric
circulation were recorded for north—
western (21.3 pg'm~) and eastern winds
(16.7 pg'm™), while the smallest — for
winds from south—east direction (0.8 pg-
m>).

In the Figures 3, 4a and 4b selected
statistical characteristics of variability
in Oj concentration in the periods of
the spring season and the direction from
which the air masses were moving are
presented. Absolute maximum values
of the hourly ozone -concentrations
were recorded always at daytime,
regardless the atmospheric circulations
(Fig. 3). The highest absolute, ozone
concentration equal to 194.0 ug-m‘3,
was observed in the spring season with
the wind blowing from east, i.e. the
same direction for which the highest
average concentrations of Oz were
noted. Variability of O3 concentration,
as described by a standard deviation,
was greater for the measurements
performed at daytime than at night, and
it varied from 24.2 to 39.9 ug'm™ for
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FIGURE 3. Absolute maximal ground-level ozone
concentration values for wind directions

measurements at day, and between 17.7
and 30.1 pg'm™ at night; in both cases
the lowest variability was found for the
period from 1st to 10th April, while the
highest one for the period from 1st to
10th May (Fig. 4a). Standard deviations
for hourly average Os; concentrations,
when analysed with relation to the wind
directions, were ranging at daytime: from
25.0 pg'm ™ with south-western wind to
373 pg-rn*3 with eastern wind; at night it
was considerably lower and ranged from
20.7 pg'm~ with southern wind to 30.3
pg m— with eastern wind (Fig. 4b).
Ground-level concentration apart
from a significant seasonal variability
(Fig. 1), displays also daily variability,
determined by latitude, site layout and
meteorological conditions (particularly
within mean latitudes) and the distance
from the air pollutants emission source
and their propagation time (Brace and
Peterson 1998; Cooper and Peterson
2000; Treffeisen and Halder 2000).
Figure 5 shows a distinct daily variability
in the ozone concentration at Widuchowa
station. The highest values for average
concentrations, over 100 pgm™, were
recorded between 2 pm. and 6 pm., with
a maximum at 4 pm. (104.6 pg-m™); the
lowest values, below 66 pg'm ™, between
5 am. and 8 am., and minimum at 6 am.
(64.6 pg'm™). Similar daily distribution
in ozone concentration was found in the
Mount Rainier National Park Region
(U.S.A.) by Brace and Peterson (1998),
who reported the highest concentrations
in summer season to be recorded
between 3 pm. and 6 pm. The biggest
difference in the ozone concentration
between the absolute maximum and
absolute minimum values at daytime
was observed between 8 am. and 11 am.
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(typically over 155 pgrm™), while the
smallest one between 7 pm. and 8 pm.
(typically below 120 pgm™).
Adiagram for hourly frequencies in O3
concentration inthe assumed value ranges
showed that at Widuchowa station over
59% of all ozone concentration values
recorded at daytime, and more than 65%
recorded at night, fell within the range
from 50 to 100 pg'm™. A significantly
smaller number of the analysed pollutant
concentration values ranged from 100
to 150 pg-m%, namely 28 and 18%
at daytime and at night, respectively,
whereas in the first concerned range
< 50 pg'm™ it was found 11 and 16%,
respectively (Fig. 6). In the 2 first
concerned ranges, i.e. < 50 and 50-100
pg'm™ concentration values measured at
night were found to dominate, whereas
the trend was reversed in the ranges 100—
~150 and > 150 pg-m™>, for which most of
the obtained results were calculated from
daytime measurements. Values > 100
pg-rn’3 for ozone concentration were most
frequently recorded in daily measurements
with wind blowing from north (8.9%),
west (5.2%) and south directions (5.0%),
and at night measurements from the same
directions as at the day for the two first

wind directions, namely 7.1 and 3.5%,
respectively (Fig. 7).

Characteristic meteorological
conditions

As illustrated by 8-direction wind
rose for the Widuchowa region in the
spring season at daytime the winds
predominantly blew from south-western
direction and south directions (24.1%
and 21.9%, respectively), whereas the
least frequent were north winds (2.7%),
while at night east directions (24.9%)
and north-western directions (2.1%)
were found to be the most and least
frequent, respectively (Fig. 8). This has
led to the conclusion that the magnitude
of tropospheric ozone concentration
recorded at Widuchowa is influenced by
gaseous pollutants originating not only
from the territory of Poland but also
from Germany.

Within the concerned season hourly
average total solar radiation reached
1524 W-m™ and ranged from 91.2
W-m™2 in the period from Ist to 10th
March, to 192.0 W-m™ in the period
from 21st to 30th April, i.e. in the period
when ozone concentration reached the
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FIGURE 6. Occurrence frequency for hourly ozone concentration values in the ground-level air layer

within the assumed ranges
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FIGURE 7. Occurrence frequency for hourly
ozone concentration values > 100 mg'm™ in the
ground-level air layer as per wind direction
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highest value (Fig. 9a). According to
Kalbarczyk et al. (2006) in the north-
western Poland the highest insolation
occurs in spring, particularly in April and
May. The highest value for average solar
radiation, in the concerned years 2006
and 2007, coincided with western (185.0
W-m2), north-western (166,4 W-m™),
and eastern circulation (166.0 W-m™),
while the smallest one coincided with

northern circulation (107,6 W-m™) (Fig.
9b).

Average spring air temperature
reached 8.0°C, respectively 9.2°C
and 6.8°C at daytime and at night.
Temperature in the period from 1st
March to the 31st May kept regularly
growing from 1.9 to 16.1°C at daytime
and from 0.6 to 12.4°C at night (Fig.
10a). Definitely the highest temperature
at daytime (12.1°C) and at night (9.2°C)
were noted for eastern and north-western
winds, respectively (Fig. 10b).

In the spring season the average
daily relative air humidity at the region
of Widuchowa station reached 69.2%
and varied between 58.2% in the period
from 21st to 30th April, to 78.2% in the
period from 1st to 10th March. It is worth
noting that typically it was by 11% lower
at daytime than at night, and it oscillated
around the level of 64% (Fig. 11a). At
daytime the highest relative humidity
was recorded with south-eastern wind
(72.7%), the lowest (54.6%) for wind
from eastern direction, i.e. the direction
at which the highest average hourly
ozone concentration was recorded (Fig.
11b). At night, the scheme develop
another pattern — the highest humidity
was recorded with south (80.8%) and
south-western ~ (79.9%)  circulation,
whereas the lowest (69%), as for the day,
at eastern circulation. As Czarnecka et
al. (2004) claim the thermal and humid
air conditions in this part of Poland are
influenced mainly by polar-sea air masses
advection, at which the vicinity of Baltic
and Lower Odra Valley play the major
role. Apart from circulation factors,
greatly influential are also physiographic
conditions, site topographic profile, its
woodness and lakeness.
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FIGURE 9. Comparison of average hourly solar radiation (a) and wind directions (b)

Among all the meteorological
elements under analysis, average
hourly atmospheric pressure, proved
least variable with regards to day-night
difference, and in the period from 1st
March to 10th April slightly lower values
for atmospheric pressure were recorded
at daytime than at night (by 1.5 hPa),
whereas in the period from 11th April
to 31st May this trend was reversed and
pressure was higher at daytime than at
night (by 1 hPa) (Fig. 12a). The lowest
average atmospheric pressure, namely
1008.6 hPa at daytime and 1010.9 hPa
at night, was recorded in the period
from 21st to 31st March, while the

highest values of about 1017 hPa were
noted in the period from 11th to 20th
March and in the period from 21st to
30th April. With northern, north-eastern
and eastern circulations the highest
atmospheric pressure of about 1012 hPa
was registered, while the lowest one of
circa 1004 hPa was observed with the
south circulation (Fig. 12b).

Daily average wind speed for the

concerned station reached 1.7 m-s’l,

ranging at daytime from 1.4 m's™ in
the period from 11th to 20th May to 2.8
m's ' in the period from 21st to 30th
April, and at night from 1.1 to 2.1 m-s™

respectively (Fig. 13a). The highest wind
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FIGURE 10. Comparison of average hourly temperature (a) and wind directions (b)

speed was noted for winds blowing at
daytime from the following directions:
SW (2.6 ms™),W(22ms )andE (2.1
ms™') and SW (2.1 ms™!) and W (2.0
m-s~!) at night (Fig. 13b).

Figure 14 represents daily pattern
for tropospheric ozone concentration set
against distributions of the meteorologi-
cal elements under analysis. To identify
the proper relations between the
variables, and to keep the picture clear, all
the values are shown as %, to neutralise
the particular measurement unites.
As shown in the figure, ozone highest
concentrations coincided with highest

air temperatures, highest wind speed
and the lowest relative air humidity,
while the highest concentration of the
concerned gas was deferred by 4 hours
by the maximum of solar radiation that
occurred round noon. None dependence
between atmospheric pressure and ozone
concentration was detected.

Influence of meteorological conditions
upon O3 concentration

Regression analysis of the relation
betweentroposphericozoneconcentration
and meteorological eclements as a
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function of wind direction has proven
solar radiation with N, E, S and SW
circulations to have a significant impact
on O3 concentration (Tab. 1). Increased
solar radiation was found to increase
O3 concentration, and the determination
coefficient ranged from 2.3% for SW
circulation to 9.4% with N circulation;
for E circulation, for which the highest
level of average concentration, highest
absolute value and greatest variability
for the concerned gas were found, it
reached circa 6%. Solar radiation, and
the part of the spectrum of a wave length
smaller than 400 nm to be exact, while

interacting evokes photolysis and thus
dissociation of nitrogen dioxide, which
brings out ozone (O$rodka and Swiech-
-Skiba 1997; Wachowski et al. 2001).
An increase in the average air
temperature contributed to higher O;
concentration. Determination coefficients
for daytime were clearly higher than for
night, and they varied from 2% with
W direction to 21% with SE winds,
and from 2% with S direction to nearly
12% with SW winds, at daytime and
at night, respectively. The strongest
dependence was shown at daytime
with SE circulation (100R?> = 20.5%),
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FIGURE 12. Comparison of average hourly atmospheric pressure (a) and wind directions (b)

and with E circulation (100R* = 17.1%).
Strong tropospheric ozone concentration
— temperature dependence was also
confirmed by O$rédka and Swigch-Skiba
(1997), Treffeisen and Halder (2000), as
well as by Elminir (2005).

Regression analysis of O3 concentra-
tion and relative air humidity has shown
that this element plays a selectively posi-
tive role in the atmosphere purification
processes. Determination coefficients for
this dependence were high and ranged
from 17.7 to 64.8% at daytime, and from
2.7 to 41.8% at night; the highest values
were recorded for winds blowing from

south-eastern and eastern directions. As
reported by Elminir (2005) the highest
ozone concentration was found for small
relative humidity, i.e. < 40%. Osrodka
and Swiech-Skiba (1997) claim that in-
creased relative humidity can result in
eliminating ozone from the atmosphere
via ozone reactions with water.

At selected circulation directions,
namely E, SW and NW significant,
positive impact of atmospheric pressure
on O3 imission value was found, though
at daytime only. Similar results have
been reported by Godlowska (2004),
where increased ozone concentration
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FIGURE 13. Comparison of average hourly wind speed (a) and wind directions (b)

level contributed to an increase in the
atmospheric pressure over the warm half
of the year. Under anti-cyclone synoptic
conditions and stable air masses balance,
a photochemical smog frequently
occurs, usually accompanied by high
temperature, low relative humidity, sunny
weather and clear sky at daytime. Strong
relations between ozone concentration
and anti-cyclone weather were proved
by Davis et al. (1998), as well by as
Godtowska and Tomaszewska (2006).
Regression analysis between Oj
concentration and wind speed has shown
selectively negative role of this elements

in the region of Widuchowa station.
Increased average O3 concentration
with higher wind speed can be attributed
to the fact that recorded imission is
likely to be greatly impacted by other
pollutant sources located in a specific
distance from the measurement station
(Treffeisen and Halder 2000; Walczewski
2000). It is additionally supported by
analysis performed by Duenas’a et al.
(2002) and Godtowska (2004), where for
warmer half-year increased wind speed
determines higher O3 concentrations.
The highest ozone concentrations are
observed in the suburban areas and in
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even further distanced rural areas where
no local nitrogen emission sources
located by lee side of the major ozone
precursors emission sources can be
found. When the air is transported by
wind, NO, undergoes photolysis which
finally results in ozone (Godlowska
2004; Godtowska and Tomaszewska
2006). Determination coefficients for
such dependence ranged from 4.1 to
31.2% at daytime, and from 3.5 to 27.9%
at night, with the highest values obtained
with N and E circulation, respectively.
The final stage of the presented re-
search was to identify a weather cluster,
though only for daytime and eastern
circulation, i.e. for the highest noted
average troposphere ozone concentration
in the spring season at Widuchowa
station. By analysing the clusters, three
observation groups of meteorological
elements were selected with different
weather cluster characteristics for

daytime with eastern winds, which
favored various ozone concentrations in
the region of Widuchowa station (north-
-western Poland). From all the selected
clusters, only for cluster 1 the highest
values of total solar radiation, average
temperature,  atmospheric  pressure,
wind speed and lowest relative humidity
coincided. Cluster 2 was in a way a
reverse of cluster 1, apart from the value
for atmospheric pressure, while cluster
3 displayed average values for all the
concerned meteorological elements,
excluding atmospheric pressure (Fig. 15).

Asinduced by variance analysis, it can
seen that all the statistically significant
at the level P<0.01 meteorological
elements (solarradiation, air temperature,
relativeairhumidity,atmosphericpressure
and wind speed) make the selected cluster
different, hence significantly determine
various ozone concentrations analysed
at daytime with eastern circulation



TABLE 1. The value of determination coefficient (%), interaction direction (+/—) and statistical significance (***P < 0.01, **P < 0.05) for ozone

concentration — meteorological elements in relation to the wind direction
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RAD - mean total solar radiation, TP — mean air temperature, RH — mean air humidity, PH — mean air-pressure, WS — mean wind speed.

(Tab. 2), which is in line with the results
obtained by regression analysis (Tab. 1).
The highest values for Fisher’s test were
obtained for atmospheric pressure, and
relative humidity, whereas the lowest
ones for solar radiation. Single regression
analysis, on the contrary to the variance
analysis, proved the relative air humidity
(100R? = 44.4%) and wind speed (100R?
= 27.4%), impacts to be the strongest,
while atmospheric pressure (100R? =
= 3.9%) impacts the weakest. Observed
differences in the ranking for particular
meteorological elements as long as
ozone concentration is explained could
be most likely attributed to the fact that
the whole package of weather conditions
is tested in clustering analysis, while
single regression analysis concerns each
element separately.

As Table 3 illustrated it, Cluster
1 consisted of 210, cluster 2 of 126,
and cluster 3 of 130 observations. To
assess the impact of the whole set of
meteorological elements on the ozone
concentration in all observations grouped
within particular clusters, average ozone
concentrations and average values for
particular meteorological elements were
calculated separately. Additionally, to O5
concentration values standard deviations
were shown, and for the meteorological
elements their extreme values, namely
their minimal and maximal values plus
standard deviations were reported. The
highest average ozone concentration
equal to 122.6 pg'm™ at daytime with
eastern circulation were found for cluster
1, whereas the smallest 0f66.5 pg-m™ for
cluster 2. Cluster 1 (high concentration)
displayed a bit higher standard deviation
for ozone concentration than clusters 2
(low concentration) and 3 (average
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FIGURE 15. Standardized average values for meteorological elements for various O3 concentration at
daytime with south wind for each separated cluster. For explanations, see Table 1.

TABLE 2. Statistical assessment with variance analysis of the selected clusters as based on meteorological
elements for various O; concentrations at daytime with south wind direction

Variable SS Dfsg SSE Dfssg | F P

RAD 13289511.4 2 5187577.7 463 593.1 0.00
TP 80 646.2 2 14 408.0 463 1295.8 0.00
RH 15709443 2 582552 463 6242.8 0.00
PH 475 648 568.8 2 18 871.9 463 5834 746.9 0.00
WS 2222.7 2 400.6 463 1284.5 0.00

SS — sum square error of between-group variation,

Dfgg — number of degrees of freedom for sum square error SS,

SSE — sum square error of within-group variation,

Dfgsg — number of degrees of freedom for sum square error SSE,

F — Fisher’s test,
P — level of probability.
Other explanation, see Table 1.

concentration); it reached 29.2 pgm™.
Average ozone concentration observed
at daytime, with eastern wind (clusters
1-3), was found to be at the level similar
to cluster 3 (average concentration);
for which the value of 98.8 pg'm™ was
reported. High ozone concentrations, on
average of the value of 122.6 pgm™
(cluster 1) seem to be favored by the

following weather cluster: higher than
average total solar radiation, reaching
circa 209 W-m™2, higher than average
value, mean temperature of 17.0°C,
relativehumidity below theaverage value,
reaching circa 35%, atmospheric pressure
of 1016 hPa over the average value, and
last but not least higher than average,
ie. equal to 2.7 m-s !, average wind
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speed. As shown in Table 3 the highest
standard deviations tend to be placed
within cluster 3 (temperature, humidity,
pressure), while the lowest ones in cluster
2 (radiation, temperature, humidity).
Absolute maximal and absolute minimal
values for meteorological elements tend
to group in cluster 1, with the exception
of relative humidity for which a minimal
value was found in cluster 1.

RECAPITULATION

In the region of Widuchowa station
located in north-western Poland time
distribution for ozone concentration in
the ground-level air layer displayed a
distinct seasonal and daily structure.
In the spring season (March—May) O;
imission value was nearly twice higher
than in the winter season and it reached
82.5 pg'm™. In the spring higher ozone
concentration, on average by 9.3 pg'm=,
were observed at daytime than at night,
with the maximum of 98.8 pgrm™ for
eastern circulation, and the minimum of
72.3 pg'm™ for south-eastern circulation.
At daytime the highest, even higher than
100 pg'm™>, values for concentrations of
the concerned gas were noted between
2 pm. and 6 pm., while the lowest ones,
not higher than 66 pgrm™, between 5
am. and 8 am. Over 59% of all the ozone
concentration measurements recorded
at daytime and over 65% at night, fell
within the range 50-100 pg'm~. High
ozone concentration of values > 100
pg'm™ recorded at daytime were most
frequently observed with the wind
blowing from the northern (8.9%) or
western (5,2%) direction; a similar
effect was found at night, though the

frequency tended to lower to 7.1 and
3.5%. The highest number of significant
relations between O5 concentration and
meteorological elements were found
for relative air humidity and average
wind speed. Among all the concerned
meteorological elements a definite
adverse effect upon the clear atmosphere
were proven for increased total solar
radiation, air temperatures, atmospheric
pressure and wind speed, as well as
decreased relative air humidity; the effect
was observed regardless the circulation
pattern. The highest average tropospherie
ozone concentration noted at daytime
and with eastern circulation was favored
by the following weather cluster: values
higher than average: average total solar
radiation of about 209 W-m™>, average
air temperature equal to 17.0°C, pressure
atmosphere of about 1016 hPa, average
wind speed of 2.7 m's™', and lower than
average relative air humidity of about
35%.
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Streszczenie: SteZenie ozonu w przyziemnej war-
stwie powietrza w potnocno-zachodniej Polsce
— rola elementow meteorologicznych. Celem pra-
cy bylo poznanie struktury czasowej oraz zmien-
noSci ozonu troposferycznego w powigzaniu
z przebiegiem warunkéw meteorologicznych dnia
1 nocy, zwlaszcza w sezonie wiosennym (ma-
rzec-maj) oraz wydzielenie kompleksu pogodo-
wego, ktoremu towarzyszylo najwyzsze stgzenie
O;. Podstawg opracowania stanowily warto$ci
godzinne stgzenia O3 oraz godzinne dane pigciu
elementdow meteorologicznych (catkowite pro-
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mieniowanie stoneczne, temperatura powietrza,
wilgotnos$¢ wzgledna powietrza, ci$nienie atmos-
feryczne oraz kierunek i predko$¢ wiatru) w okre-
sie od 01.11.2005 r. do 31.10.2007 r., pochodzace
ze stacji Widuchowa zlokalizowanej przy grani-
cy polsko-niemieckiej w poétnocno-zachodniej
Polsce. Najwyzsze $rednie st¢zenie ozonu noto-
wano w dzien przy wietrze wiejacym z kierunku
wschodniego, w warunkach niskiej wilgotnosci
wzglednej powietrza (okoto 35%) oraz wysokich
warto$ci catkowitego promieniowania stonecz-
nego (okoto 209 W-m), temperatury powietrza
(17,00°C), cisnienia atmosferycznego (okoto 1016
hPa), predkosci wiatru (2,7 m's™!). Stwierdzono,

ze o wielkoSci stgzenia ozonu troposferycznego
rejestrowanego w stacji Widuchowa decyduja
zanieczyszczenia gazowe pochodzace nie tylko
z terytorium Polski, ale rowniez z Niemiec.
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