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Abstract

Birch pollen grains are one of the most important groups of atmospheric biological particles that induce allergic processes.
The fluctuation pattern of birch pollen seasons in selected cities of Poland is presented. Measurements were performed
by the volumetric method (Burkard and Lanzoni 2000 pollen samplers). The distributions of the data were not normal
(Shapiro-Wilk test) and statistical error risk was estimated at a significance level ofa = 0.05. Pollen season was defined as
the period in which 95% of the annual total catch occurred. The linear trend for the selected features of the pollen season,
skewness, kurtosis and coefficient of variation (V%) were also analyzed. During the 12-14 years of study, the beginnings of
birch pollen seasons were observed 7-14 days earlier, the ends were noted 5-10 days earlier, and the days with maximum
values occurred 7-14 days earlier compared to the long-term data. The left-skewed distribution ofthe pollen season starts
in most sampling sites confirms the short-lasting occurrence of pollen in the air. The threat of birch pollen allergens was
high during the pollen seasons. Ifvegetation is highly diverse, flowering and pollen release are extended in time, spread
over different weeks and occur at different times of the day. Flowering time and pollen release are affected by insolation,
convection currents, wind, and turbulence. Therefore, pollen seasons are characterized by great inter-annual variability.

Keywords: Betula; pollen allergens; linear trend; pollen seasons; weather conditions; air pollution; Poland

Introduction [1,2]. Birch trees are widespread across Poland. The genus

Betula belongs to the Fagales order and the Betulaceae family

Birch pollen is the most common cause of allergy in
April and May in Northern and Central Europe. Betula
individuals produce profusely a large number of small oblate
pollen grains with smooth surface which can be carried for
hundreds or even thousands of kilometers by large air masses
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which also comprises Corylus, Alnus, and Carpinus. Most
species of birch grow in natural habitats. Betula pendula and
B. pubescens occur most frequently; B. pendula is most often
grown in gardens, parks, and streets as an ornamental tree; B.
pubescens grows in moist habitats like swamp birch forests.
The other species (B. humilis, B. nana, B. xoycoviensis) are
rare and occur in the south and east of Poland [3,4].

The genus Betula range is restricted to the Northern
Hemisphere, especially to the cooler parts of the temperate
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zone. Birch is essentially a pioneer taxon, light-demanding
and with a high tolerance to climatic and soil conditions.
Betula pendula is well adapted to continental conditions
and tolerates summer high temperatures and very cold
winters. Like B. pubescens, it is resistant to frost, develop-
ing buds that can tolerate down to -4°C. Due to their wide
ecological amplitude, birches are components of almost all
woodland communities from very dry dune pine forests to
mires and from poor to fertile ash-elm forests. All birches
are wind-pollinated and produce large amounts of light
pollen, which enables its wide dispersal. The production
ofa single catkin may amount from 5.5 to 6 million pollen
grains and its average weight is 6.1-10 g [5].

Consequently, birch pollen is abundant in the air in April
and May, and it is a well-known major tree allergen in Central
and Northern Europe [6]. It has an important impact on
human health; cross reactions are observed between birch
pollen allergens within one genus, between the genera,
and also between the antigens of the pollen of birch and
other plants within the families Corylaceae, Fagaceae, and
Betulaceae as well as between the antigens of herbal plants,
fruits, and vegetables [7-9]. About 20% of the population
of Northern and Central Europe are allergic to birch pollen
[6]. In the studies of Rapiejko et al. [10], patients sensitive
to birch pollen developed first disease symptoms when
subjected to more than 20 birch pollen grains in 1 m3 of
air. A concentration higher than 155 grains in 1 m3 evoked
dyspnea.

Although the relationships between birch pollen grains
and meteorological factors are well documented in the
references [9,11,12], there are significantly fewer papers
describing the most important parameters affecting the
presence of pollen in the air and seasonal trends of birch
airborne pollen in many pollen sampling sites.

The studies on the occurrence of birch pollen in the air
above a given area enable the determination of differences
in the intensity and time of pollination resulting from, inter
alia, the influence of climatic changes and air pollution on
plants [13].

The aim ofthe survey was to reveal the influence of me-
teorological factors and air pollution on the concentration
of Betula pollen grains in the atmosphere of Szczecin as well
as to determine seasonal long-term trends for the start and
end of seasons, duration of pollen seasons, maximum value,
date of occurrence of the seasonal maximum, and trends
in the seasonal pollen index (SPI) in eight cites in Poland.

Material and methods

An analysis was performed of daily average Betula pollen
counts. This taxon was chosen because of its allergic proper-
ties and the availability of data on clinical determination
of the pollen threshold values at which allergy symptoms
develop. The aerobiological monitoring was conducted in the
years 2001-2014 in Szczecin, Poznan, Krakéw, Sosnowiec,
Lublin, in the years 2003-2014 in Wroctaw and £6dZ, and
in the years 2001-2013 in Rzesz6w. The climate of Szczecin
isinfluenced by Atlantic air masses and the proximity of the
Baltic Sea - winters are mild, summers are not very hot, and

the weather often changes. Poznan and £.6dz are situated in
lowlands, while Wroctaw and Lublin in highlands. Krakéw,
Sosnowiec and Rzesz6w are located in southern Poland, and
their climate is influenced by the Carpathian Mountains.

In these studies, a volumetric spore trap of the Hirst
design was used [14] (Burkard and Lanzoni VPPS-2000).
The trap worked continuously taking samples of airborne
particles at a flow rate of 10 | per min. The particles adhered
to Melinex adhesive tape wrapped around a rotating drum.
Pollen grains were stained with alkaline fuchsin. Every week,
the Melinex tape was cut into seven segments corresponding
to 24 h periods. A microscope slide was made for each day
of sampling. Pollen grains were counted along 4 longitudinal
transects, which were divided into 2 mm (1 hour) intervals
or latitudinal transects; pollen grains were identified and
counted using a light microscope at a magnification x400;
the daily average pollen concentration was expressed as
grains/m3 per 24 h.

The pollen season in particular years was defined as
the period from which the sum of the daily mean pollen
concentration reached 2.5% ofthe total sum until the time
when the sum reached 97.5%, i.e., the time with 95% of the
whole pollen count (95% method) [15].

The SPI was calculated as a total of daily average pollen
counts in a given season [15].

The distributions of the data were not normal (Shap-
iro-Wilk test) and statistical error risk was estimated at a
significance level of P < 0.05, 0.01, and 0.001. Mean, mini-
mum and maximum values, standard deviation, variation
coefficient, skewness, and kurtosis were calculated (Tab. 1).
These analyses were conducted using Statistica ver. 11 [15].
The linear trend in the determination coefficient (R2) was
calculated using Excel (MS Office 2010). Spearman's cor-
relations between the linear trend and selected features
of the pollen season (start and end of seasons, duration of
pollen seasons, maximum value, date of occurrence ofthe
seasonal maximum, and trends in the SPI were calculated
using Statistica ver. 11 [16].

The degree of correlation between particular meteorologi-
cal parameters, air pollution and the concentration of Betula
in Szczecin was analyzed by non-parametric Spearman's
correlation test (Tab. 2).

Results

Characteristics of pollen seasons

The start of the birch pollen season in the analyzed period
occurred on average between the 10th and 14th of April,
whereas the end of the season was observed on average
between the 1st and 13th of May. The earliest birch pollen
season was noted on the 12th ofMarch in £6dz, where the
latest end of the extreme season was observed, as well as
on the 14th of June (a very high variation coefficient VV =
11.5%). The pollen seasons were relatively short; the duration
of the seasons ranged on average from 22 days in Wroctaw
and Rzesz6w to 33 days in Szczecin. The shortest seasons
of ca. 1.5 week were found in Wroctaw, £.6dzZ, and Rzesz6w.
The longest season, which lasted two months, was noted in
£ 6dz. The maximum difference in season length amounts
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Tab. 1 Characteristics of birch pollen seasons.

Data from the period 2001-2014

Maximum Date of Seasonal
Start of pollen  End of pollen Duration pollen count maximum pollen index
City Parameter season (95%)  season (95%) (days) (grains/m?) pollen count (SPI)

Szczecin Mean 101V 13V 33.36 2061.43 171V 10 122.79
Median 91V 13V 34.00 1437.00 201V 8677.50

Min. 31111 27 1V 19.00 455.00 81V 3070.00

Max. 24 1V 25V 51.00 5736.00 301V 22 987.00

SD 7.29 9.22 9.45 1524.29 6.36 5690.09

V (%) 7.23 6.93 28.33 73.94 5.79 56.21

Skewness 0.43 -0.14 0.11 1.36 -0.27 1.20

Kurtosis -0.54 -1.15 -0.60 1.10 -0.85 0.95

Poznan Mean 121V 5V 23.50 1973.86 201V 11 605.93
Median 121V 4V 24.00 1853.50 221V 10 878.50

Min. 30111 28 IV 15.00 241.00 81V 1783.00

Max. 231V 13V 30.00 4355.00 301V 24 475.00

SD 6.57 4.81 4.43 1190.38 6.01 6772.88

V (%) 6.44 3.86 18.86 60.31 5.47 58.36

Skewness -0.04 0.57 -0.64 0.64 -0.66 0.37

Kurtosis -0.11 -0.57 -0.11 0.05 0.50 —-0.81

Wroctaw Mean 101V 1V 22.17 1613.83 171V 9103.58
Median 81V 1V 21.50 1539.00 181V 7665.00

Min. 30111 251V 12.00 665.00 81V 3936.00

Max. 191V 9V 31.00 2562.00 231V 16 038.00

SD 6.54 4.01 5.87 578.63 5.51 4900.76

V (%) 6.58 3.32 26.50 35.85 5.15 53.83

Skewness 0.41 0.53 -0.39 0.09 -0.67 0.42

Kurtosis -0.73 0.41 -0.57 -0.55 -0.98 -1.75

Krakow Mean 111V 7V 27.79 821.81 181V 5631.25
Median 101V 8V 27.00 763.00 181V 4602.74

Min. 29 111 251V 17.00 119.00 31V 1298.00

Max. 211V 17V 40.00 1837.71 2V 14 267.17

SD 6.80 5.99 7.29 567.08 7.13 4263.06

V (%) 6.76 4.71 26.23 69.00 6.59 75.70

Skewness -0.11 -0.48 0.05 0.44 -0.26 1.03

Kurtosis -0.10 -0.03 -1.13 -0.89 0.89 -0.10

Sosnowiec Mean 121V 6V 25.14 2635.93 201V 11 258.64
Median 111V 5V 25.50 1710.00 191V 11 113.00

Min. 31111 28 1V 14.00 150.00 81V 1336.00

Max. 231V 20V 43.00 9967.00 2V 29 050.00

SD 7.04 5.49 8.08 2852.84 5.52 9349.90

V (%) 6.89 4.36 32.12 108.23 5.01 83.05

Skewness 0.19 1.25 0.54 1.56 -0.02 0.67

Kurtosis -0.95 2.47 0.19 2.18 1.89 -0.78

Lodz Mean 121V 8V 27.17 2803.67 181V 12 689.42
Median 131V 5V 24.50 1991.00 201V 10 798.00

Min. 12111 121V 11.00 669.00 21111 2949.00

Max. 221V 14 VI 64.00 8665.00 291V 29 092.00

SD 10.74 14.67 13.08 234943 9.85 8848.22

V (%) 10.58 11.49 48.14 83.80 9.15 69.73

Skewness -2.27 1.27 2.17 1.62 -2.19 0.53

Kurtosis 6.53 4.17 6.31 2.63 6.23 -1.10

Lublin Mean 141V 7V 23.71 3696.94 191V 15932.39
Median 141V 6V 23.50 2889.00 191V 14 877.35

Min. 3111 26 IV 14.00 521.00 81V 313240

Max. 231V 19V 34.00 12 832.00 261V 3300146
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Tab. 1 (continued)

Data from the period 2001-2014

Maximum Date of Seasonal
Startof pollen  End of pollen Duration pollen count maximum pollen index
City Parameter season (95%)  season (95%) (days) (grains/m3)  pollen count (SP1)
SD 6.39 5.57 5.48 3473.02 5.31 10 687.36
V (%) 6.14 4.39 23.12 93.94 4.87 67.08
Skewness -0.44 0.31 -0.12 1.64 -0.42 0.27
Kurtosis 0.29 1.23 0.03 2.79 -0.23 -1.28
Rzeszow Mean 141V 5V 22.23 1344.69 211V 7358.31
Median 131V 4V 22.00 1197.00 221V 5489.00
Min. 51V 24 1V 11.00 168.00 9Iv 984.00
Max. 221V 13V 37.00 2920.00 281V 17 153.00
SD 6.38 5.58 6.00 922.49 5.47 5101.74
V (%) 6.14 4.46 27.00 68.60 4.95 69.33
Skewness -0.05 -0.24 0.76 0.41 -0.62 0.56
Kurtosis -1.76 -0.37 2.98 -1.06 0.18 -0.84
Tab.2 Spearman's rank correlation matrix for birch and whole data set in Szczecin (2001-2014).
Wind Total Max Relative
Variable Betula speed radiation  temp. humidity PMuo SO NO NO: Cco
Betu|a i *hky kg - hkky *4 dkky *xt et
Wind Speed Ht Hokky ekok _ *H#+ *k *
Total Hkk oy Hokk oy Hkk oy *kk *rt dokk dekok dekok *4
radiation B
Mean temp_ hkk *kk *okk *kk *rt hkk *kk *okk *rt
Relative Kk Kk *kk Kk *kk Kk Kk *_ **_
humidity
PMlO ***+ **+ **+ **+ *kk ***+ ***+ ***+ *+
SO: *4 Hky * Kk Kokk Kok oy _
NO wokok g x4 Hokok g wokok g _ Hokok g wokok g *okok g *xt
NO: *xt *— Hkky Hkky *— Hkky Hkky Hkky
co *Hp *y *t *» *y _ & "

P-value: * P < 0.05; ** P < 0.01; *** P < 0.001; plus/minus - positive/negative correlation.

to even 34 days. In most cases, the lengths of the seasons
differ by 11 days, on average (Tab. 1).

The distribution of seasonal changes in birch pollen
count, especially the date of maximum values, is skewed
to the left (skewness from -0.02 to -2.19); the majority of
pollen grains appears in the air in the first half of the season.
This phenomenon is confirmed by the values of the average
and median date of maximum birch pollen count (Tab. 1).
Seasonal maxima occur on average 1 week after the start of
the pollen season (distribution significantly left-skewed).
The values of maximum pollen counts from the whole
study period show very high variation, up to V = 108%. In
extreme years, the highest birch pollen count differed from
the lowest one by almost 108 times (Tab. 1).

©The Author(s) 2015  Published by Polish Botanical Society ~Acta Agrobot 68(4):303-313

The total sums of pollen (SPI) differed considerably in
all seasons (negative values of the kurtosis) and ranged on
average from 5631 to 15 932. The maximum SPI values
were found in Lublin (the total sum of 33 000), whereas
the minimum values were recorded in Rzeszow (the total
sum of 984). In most cases, the long pollen seasons of
Betula are associated with a lower SPI value compared to
the compact pollen seasons. Thus, short pollen seasons are
characterized by higher intensity of pollination than long
ones. This relationship has been confirmed by the analysis
of Spearman's rank-correlation which showed a negative,
statistically significant correlation between pollen season
duration and SPI values (Tab. 1).
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Trend analysis

Trend lines (Fig. 1-Fig. 8) were used to illustrate the
trends of selected features of birch pollen seasons and to
analyze the issues related to prediction. By extending these
lines beyond the set of available data, one can predict future
values, inter alia, pollinosis-related prophylaxis.

During the fourteen-year study period, weak but sta-
tistically insignificant trends in the start of the Betula pol-
len season (occurring 7-10 days earlier) were observed;
only in Szczecin a statistically significant trend was noted
(Fig. 1-Fig. 8). Weak and statistically significant trends for
the ends of pollen seasons (ending 7-10 days earlier) were
found in Szczecin, Poznan, and Lublin. In the other cities,
the trends for the season start and end were statistically
insignificant and in £6dZ a constant trend in pollen season
ends was noted.

Throughout the whole study period, a weak increasing
trend in pollen season duration was observed in Wroctaw,
+.6dz and Lublin, but only in Lublin this trend was statisti-
cally significant. The values of the linear trend showed a
good fit to the empirical data (41%). In Szczecin, Poznan,
Sosnowiec, and Rzeszéw, the duration trend was constant.

A strong statistically insignificant trend towards a de-
crease in the maximum value was found for Szczecin,
Wroctaw, Sosnowiec and £6dZ, and this decrease was 6-68%
in comparison to the average value of the seasonal maximum.
In contrast, a statistically insignificant trend towards an in-
crease in the maximum value was also observed for Poznan,
Krakéw, Lublin, and Rzeszéw and this increase was 15-50%
in comparison to the average value of the seasonal maximum.
Similar relationships were observed for SPI values.

Most often, statistically significant trends were observed
for the date of the maximum value. A statistically significant
seasonal maximum occurring 1-2 weeks earlier was noted
in all the cities except studied, for Wroctaw and Rzeszéw.

Correlations with meteorological parameters

and air pollution in Szczecin

The pollen count values exhibited statistically significant
correlations with the meteorological parameters. Spear-
man's correlation test was performed to identify the major
variables that impact the dynamics of pollen concentrations
(Tab. 2) Positive and statistically significant correlations were
observed between the Betula pollen count and maximum air
temperature, wind speed, and total radiation. A significant
negative correlation was found between pollen count and
relative humidity. The meteorological parameters analyzed
were also strongly positively correlated to one another.
The exception was relative humidity; this parameter was
negatively correlated with most of the other meteorological
parameters.

The correlation between wind speed and Betula pollen
count was weaker than for the other weather parameters.

The correlation between air pollution and pollen con-
centration is shown in Tab. 2. The birch pollen counts are
mainly positively and statistically significantly correlated
with the concentration of the air pollutants studied. As far
as the aggravation of allergy symptoms is concerned, the
greatest threat is associated with the combined influence of
pollen vs. nitrogen oxide and particulate matter. Positive,

statistically significant correlations were observed between
sulphur dioxide and carbon oxide concentrations and pol-
len count, but the relationship was weaker than for other
parameters.

Discussion

The pollen count is determined by many factors and
therefore long-term observations should be performed, while
data analysis must include different aspects, in particular it
should be related to prophylaxis of allergic diseases.

Depending on climatic conditions observed during a
given calendar year, the periods of occurrence of pollen of
particular plant species may differ between seasons by as
much as 5 weeks [17]. Usually, the periods of pollen occur-
rence depend on thermal conditions in early spring, which
occurs in Poland at the turn of winter and spring. The results
on the daily distribution of seasonal pollen count from many
countries have proved great diversity in the patterns of pollen
release in anemophilous plants [12,18,19]. Pollen release is
influenced by the local climate and geographical location.
The dynamics and duration of pollen seasons as well as the
kurtosis, variation coefficient, skewness and totals of pollen
grains heavily depend on the geographical location [19],
which was confirmed in our study conducted in 8 cities in
Poland. Myszkowska et al. [19] also suggested that the higher
counts of tree pollen in north-eastern Poland were prompted
by its long distance transport and the prevalent wind from
the west. Therefore, other patterns of tree pollen dispersal
could be revealed depending on the region.

Aerobiological and aeropalynological analyses conducted
worldwide, including Europe, allow one to establish the
trends in pollen counts relating to the differences in the
macro-scale. Jager et al. [20] observed a slow increase
in pollen counts of the Betula pollen seasons in Brussels
(Belgium) and Leiden (Netherlands). Similar results were
obtained in London [21]. Growth trends in annual totals of
Betula pollen were also found in Delmenhorst (Germany),
Helmond and Leiden (Netherlands), Brussels (Belgium), and
Derby (United Kingdom) [20,21]. Carrying out phenological
studies of plant pollination in urban industrial areas, Latorre
[22] observed the occurrence of an anomalous pollination
rhythm for B. pendula. This rhythm is characterized by two-
year fluctuation and does not depend or depends weakly on
weather parameters. This phenomenon is also confirmed
by other authors, e.g., Jato et al. [24], Latatowa et al. [11],
and Jager et al. [20]. Our results did not reveal such clear
relationships. However, we noted growth trends in annual
totals and maximum values across 4 cities (Poznan, Krakow,
Lublin, and Rzeszéw). On the contrary, in Szczecin, Wroctaw,
Sosnowiec and £6dz decreasing trends were revealed.

The beginning of Betula pollen seasons is mainly depen-
dent on maximum and average air temperature and relative
humidity. The potential number of pollen grains pivots
on air temperature occurring in summer and autumn in
the year preceding pollination when the development of
anthers begins [25]. The study coordinated by Kasprzyk et
al. [26] in Rabka, Zakopane, Krakéw, Warszawa, Rzeszow,
Ostrowiec Swietokrzyski, Poznar and Gdarisk revealed that
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the beginning of the Fraxinus season occurs in the first 10
days of April. Analogous results were obtained for birch
pollen seasons.

The analyses of the influence of air temperature on
the beginning and dynamics of birch pollen season were
conducted over a span of twenty years in many European
cities, inter alia in Turku, Vienna, London, Kiev, Brussels,
and Zurich [1]. A tendency towards an earlier beginning
of the birch season in consecutive years was found and this
phenomenon is associated with climatic changes, as shown,
inter alia, by an increase in air temperature in early spring.
Analogous results were obtained in Gdansk (northern
Poland) [11], Copenhagen (Denmark) [27], and Neuchatel
(Switzerland) [18]. In this study, the start date of the Betula
pollen season was observed 7-10 days earlier.

The analysis of Spearman's correlations and ANN network
in Szczecin [28] revealed that humidity was most strongly
and inversely proportional to the concentration of Betula.
Significant positive correlations of rather low level were
observed for maximum temperature, average temperature,
minimum temperature, and precipitation. Similarly, in this
study we observed a high correlation with relative humidity,
but it was much stronger with maximum air temperature.

Atmospheric gas pollution can cause aggravation of symp-
toms of birch pollen allergy during the pollen season of this
taxon. Dominguez-Vilches etal. [29] observed aggravation
of pollinosis symptoms at high pollen counts and increased
content of solid particles in the air. Carinanos et al. [30]
have evidenced that the seasonal maxima of pollen counts
often coincide with increased content of non-biological
particles in the air, which causes frequent and long-lasting
allergy symptoms.

Nitrogen and sulphur oxides, ozone and other air pol-
lutants interact with the surface of airborne pollen grains,
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leading to grain damage or even changes in the structure
of pollen allergens [31]. Exposure to increased levels of
NOx intensified the airway reaction in patients to allergens,
measured as decreased pulmonary and upper/lower respira-
tory tract function [32]. For these reasons, it is necessary
to make observations of pollen concentrations and gas air
pollutants, especially in the period of pollination of plants
whose pollen has strong allergenic properties, like birch.

Conclusions

The majority of birch pollen grains appear in the air in
the first half of the season, whereas seasonal maxima occur
one week after the start of the pollen season, on average.

Long Betula pollen seasons are characterized by a lower
SPI1 value compared to the compact pollen seasons. Thus,
short pollen seasons are marked by higher intensity of
pollen release.

Statistically significant trends towards an earlier maxi-
mum pollen value were observed, since the maximum counts
were noted 1-2 weeks earlier.

The correlation analysis of Betula pollen concentration
with weather parameters demonstrated that maximum
temperature, total radiation, relative humidity and wind
speed are the main factors affecting pollen concentrations
in the atmosphere.

Spearman's rank correlation test revealed strong correla-
tions of the pollen count with nitrogen oxides and particulate
matter as well as a weak correlation with carbon oxide and
sulphur dioxide.

Air pollution can increase the chances of aggravation of
allergy symptoms to birch pollen.
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Zmiennos$c¢ sezonow pytkowych
brzozy (BetulaL.) w Polsce

Streszczenie

Sezony pytkowe brzozy charakteryzuja sie bardzo duzg zmiennoscia gtéwnie
w odniesieniu do daty poczatku sezonu oraz jego intensywnosci. Bardzo
krotki czas trwania sezonu pytkowego Betula L. sprawia, ze whasnie te cechy
sezonu sg bardzo wazne w profilaktyce i leczeniu alergii wziewnej u 0s6b
uczulonych. Badania przeprowadzono metodg objeto$ciowg (Burkard
i Lanzoni VVPPS 2000). Sezony pytkowe zdefiniowano jako okres, w ktérym
wystapito 95% catkowitej rocznej sumy stezen pytku. W pracy analizowano
trend liniowy wybranych cech sezonu, sko$nos¢, kurtoze i wspotczynnik
zmiennosci (V%). Wiekszo$¢ ziaren pytku brzozy pojawia sie w powietrzu
w pierwszej potowie sezonu, a maksima sezonowe notowane sg Srednio 7
dni po jego rozpoczeciu.

W ciggu 12-14 lat badan zaobserwowano przyspieszenie daty poczatku
sezonu pytkowego oraz daty wystgpienia wartosci maksymalnego steze-
nia, $rednio o 7-14 dni. Natomiast koniec sezonu notowano o 5-10 dni
weczesniej, w poréwnaniu do danych wieloletnich. Dtuzsze sezony pytkowe
Betula charakteryzuja sie niskg wartoscig SPI, w poréwnaniu z sezonami
krétkimi, poniewaz te ostanie cechuja sie z reguty wiekszg intensywnoscia
uwalniania pytku. Analiza korelacji elementéw pogody ze stezeniem pytku
brzozy w Szczecinie wykazata, ze najwiekszy wptyw na koncentracje pytku
wywieraja: temperaturamaksymalna powietrza, catkowite promieniowanie,
wilgotno$¢ wzgledna i predkos$¢ wiatru. Ponadto wykazano silng, istotng
statystycznie korelacje pomiedzy wystepowaniem pytku brzozy w powietrzu
a stezeniem tlenkow azotu oraz stabg korelacje z koncentracja tlenku wegla
i dwutlenku siarki. Takie zaleznosci pomiedzy badanymi czynnikami moga
wptywac na nasilenie objawéw alergii u os6b uczulonych.
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