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Abstract

The aim of the study was to analyse the grass pollen
season dynamics in Wroctaw in 2003-2010. The studies were
carried out using volumetric method (Burkard trap). Special at-
tentions was paid to differences in pollen season duration and
patterns. The pollen season started on average on the 130" day
of the year (10 days) and ended on the 240" (11 days). Peak
of pollen seasons occurred between 156™ and 185" day of the
year. The mean of SPI value was 2805 (+380). On average,
18 days (¢4 days) with a grass pollen concentration of more
than 50 grainsxm™, and 2 days (1 day) with concentration of
more than 120 grainsxm™ were recorded during the seasons an-
alysed. Three types of pollen seasons were distinguished on the
basis of cluster analysis (the non-hierarchical method of multi-
feature clustering — the k-means method).

Key words: pollen seasons, grass pollen, k-means method,
Wroctaw

INTRODUCTION

The Poaceae family is one of the most abundant
families among different species of the Polish flora. It
comprises over 180 species, out of which more than
30 species are of foreign origin (Szafer etal. 1988).
As a result of the simple construction of grasses and
their uncomplicated reproduction mechanisms, they
are well adapted to survive even under extremely ad-
verse conditions and that is why they are described
as plants that have achieved evolutionary success
(Mizianty, 1995; Frey, 2003). Moreover, gras-
ses are a plant family of great economic importance,
in particular as food for animals and humans. On the
other hand, grass pollen allergens are the greatest thre-
at to allergy sufferers in Central and Western Euro-
pe, being the most frequent cause of seasonal allergic

rhinoconjunctivitis and pollen asthma (Berger,
2003; D° Amato et al. 2007). Across Europe, gras-
ses have the longest-lasting pollen season — from May
till the end of September. In Poland the main period of
grass pollen shed is in the second half of May, in June
and July (Lige¢zinski and Rapiejko, 1994).
During the grass flowering period, more than 90% of
people allergic to grass pollen suffer from allergic com-
plaints (Obtutowicz etal. 1991). The first clinical
symptoms usually occur after a concentration of ca.
20 grass pollen grains in 1 m? of air has been reached
(Rapiejko et al. 2004), whereas pollinosis occurs
in all allergy sufferers at a concentration of more than
50 grainsxm™ of air (Rapiejko etal 2007).

This paper presents the results of analysis of the
grass pollen seasons in Wroctaw in the period 2003-
2010. In analysing the results, special attention was
paid to variations in pollen concentrations as well as to
differences in pollen season duration and patterns over
an 8-year study period. Furthermore, several types of
pollen seasons were distinguished on the basis of the
differences in pollen concentration curves.

MATERIALS AND METHODS

The present study was conducted in Wroctaw
in the period 2003-2010. This city is located in south-
-western Poland, at the foreland of the Sudety Moun-
tains and in the centre of the Silesian Lowland (K on -
dracki, 2001). Wroctaw is strongly affected by the
oceanic climate. Winters are mild and short, while the
springs start early. The growing season lasts 225 days
(Kosiba,1948; Dubicki etal. 2002).

The investigations were carried out using the
volumetric method. A Burkard trap (borrowed from the
Warsaw-based Centre for Research on Environmental
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Allergens) was placed in the city centre, on the roof of
the Institute of Geological Sciences of the University
of Wroctaw (51°06° N, 17°01” E), at a height of about
30 m above ground level. In the immediate vicinity of
the sampling site, there are a dense urban built-up area
and scanty patches of greenery. From the south, the
building is surrounded by an alley of plane trees, while
several horse-chestnut trees and small birches grow to
the north of the building.

The start and end dates, duration, maximum da-
ily concentrations and the Seasonal Pollen Index (SPI)
were used to characterize the pollen seasons (Table 1).
The 98% method was used to determine the start and
end dates of the pollen seasons (Emberlin et al.
1993). To classify the pollen seasons, cluster analysis
was employed, including the non-hierarchical method
of multi-feature clustering — the k-means method using
Statistica 6 software.

RESULTS

In the years under study, the grass pollen se-
asons started in May, except at 2007, when the pollen
season began already on the 20 of April. They general-
ly lasted till 230-240 day of the year (2003 and 2007-
2010), and only during the period 2004-2006 until aro-
und 260 day of the year.

Duration of the pollen seasons ranged from
87 days in 2003 to 166 days in 2005. The lowest ma-
ximum daily concentration occurred in 2008 (126
grains x m™), while the highest one in the years 2005
and 2010, reaching respectively 317 grains x m™ and
250 grains x m™. Positive correlation (r=0.58) were
found between season duration and maximum daily
concentration. In the years under question, peak of pol-
len seasons occurred between day 156 (2008) and day
185 of the year (2010) (Table 1).

On average, 18 days with a grass pollen concen-
tration of more than 50 grainsxm, which causes aller-
gic symptoms in most allergy sufferers, were recorded
during the seasons analysed. The highest number of
such days was in 2007 (25 days) and the lowest one
in 2009 (11 days). Moreover, a concentration of more
than 120 grains x m*, which causes dyspnoea in aller-
gic people, occurred in all the years analysed. These
were 2 days on average, and even 4-5 days in the 2005
and 2010.

The lowest seasonal pollen index (SPI) for
grass pollen was recorded in 2003 and 2009, while
the highest one in 2005, 2007, and 2010. SPI values
were at a level proportionate to maximum daily grass
pollen concentrations. The coefficients of the correla-
tion (r) between annual total and year number is 0.54
(Table 1).

Table 1.
Characteristics of Poaceae pollen seasons in Wroctaw in 2003-2010.

Season

Year Peak conceptratio_ns Date of pf:ak‘ SPI >50%*
Start™* End* Duration (days) (pollen grainsxm?) concentration*
2003 17-05 (137)  11-08 (223) 87 134 10-06 (161) 2193 16
2004 12-05 (133)  07-09 (252) 120 147 27-06 (180) 3036 19
2005 14-05 (134)  06-09 (249) 166 317 27-06 (178) 3158 22
2006 15-05 (135)  14-09 (257) 123 166 01-07 (182) 2706 15
2007 20-04 (110)  29-08 (241) 132 171 20-06 (171) 3115 25
2008 05-05 (126)  16-08 (230) 105 126 03-06 (156) 2787 21
2009 02-05 (122)  25-08 (237) 116 174 03-07 (184) 2233 11
2010 26-05 (146)  25-08 (237) 92 250 04-07 (185) 3213 19
Mean 10-05 (130,4) 28-08 (240,8) 117,6 185,6 23-06 (174,6) 2805,1 18,5
Standard deviation 10,2 10,7 23,3 61,1 10,2 379,5 4,1
Coefficient of variation 3,6 3,8 8,2 21,6 3,6 1342 1,5
Max 26-05 (146)  14-09 (257) 166 317 04-07 (185) 3213 25
Min 20-04 (110)  11-08 (223) 87 126 03-06 (156) 2193 11

Season parameters

Correlation coefficient (r)

Peak concentration and SPI
Peak concentration and season duration

Seasons start and duration

0.54
0.58
-0.33
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A comparison of the curves illustrating the
dynamics of the grass pollen seasons allowed one
to conclude that they differed between years. An at-
tempt was therefore made to classify the patterns of
the pollen seasons and to distinguish their types. For
this reason cluster analysis by the k-means method was
employed. Three types of grass pollen seasons were
distinguished on the basis of claster analysis. Type A
includes the seasons 2005 and 2010 (Fig. 2). It is mar-
ked by high maximum daily concentrations (above 200
grainsxm™), which are recorded around the 40 day of
the season. Moreover, maximum pollen shed is three-
-peaked (‘three-peaked’ means there is shortly high

concentration and than suddenly drops to low values).
The largest number of pollen seasons was classified as
type B (the years 2003, 2004, 2006 and 2008) (Fig. 3).
Relatively low maximum daily concentrations (betwe-
en 100 and 150 grainsxm), which occur soon after the
beginning of the season, are characteristic of this type.
In addition, there occurs a long continuous period of
pollen shed with low concentrations. Type C compri-
ses the years 2007 and 2009 (Fig. 4). It is characterized
by low maximum concentrations, similarly to type B.
Besides, peak pollen shed occurs the latest, around day
62 of the season. Long post-peak periods were also fo-
und for all types of pollen seasons.
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Fig. 1. Seasonal pollen index of Poaceae pollen in Wroctaw in 2003-2010.
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Fig. 2. Poaceae pollen season in Wroctaw — type A.

I M oA g~ oMW om0 g
w00 KNom ;M

100
103
106
109
112
115

season day



62 Matgorzata Malkiewicz, Kamilla Klaczak

Type B

350

300

250

— 2003

m 200
E
£ 150 n

— 2004

— 2006

100

50

s M~ O MW oo N W s M DM e B R T T T o R T O+
T i T Y s 5 T s T ' T~ o~ O~ o~ O OO0 0O o — — ™
™ o o o
season day
Fig. 3. Poaceae pollen season in Wroctaw — type B.
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Fig. 4. Poaceae pollen season in Wroctaw — type C.

DISCUSSION

The start date of the grass pollen season differs
in various parts of Europe (Emberlin et al. 1993;
Jato et al. 2009). In Central and Northern Europe,
the grass pollen season usually starts at the beginning
of May, while in the Mediterranean region it begins in
April (Emberlin etal. 2000; Leon-Ruiz et al
2011; Sabariego et al. 2011). But all over Euro-
pe the highest pollen concentrations are noted in June
(D> Amato etal. 2007; Chtopek,2007; Mysz-
kowska,2010; Myszkowska etal. 2011; Puc,
2011).

In Wroctaw the grass pollen seasons usually be-
gan between the 122 and 137 day of the year (3 May —
17 May). However, there were years (2007 and 2010)
in which the onset of the pollen season was on the

110 day of the year (20 April) and on 146 day (26
May). Similar fluctuations in the onset of grass pol-
len seasons were noted in other cities of Poland (W e -
ryszko-Chmielewska, 2006; Myszkow -
ska, 2010). The difference in the start of the grass
pollen season between the countries of Northern and
Southern Europe can be even 2.5 months (Ember -
lin et al. 2000). Correlations between the start of the
pollen seasons and their duration were also found. Ge-
nerally, in the years when the seasons started late, their
length was shortened. The coefficients of the correla-
tion (r) between seasons start and duration is -0.33 (Ta-
ble 1). In 2003 the pollen season ended already after
87 days (11 August) and in 2010 after 92 days. The same
correlation was found for hazel (Piotrowicz and
Myszkowska, 2006). Myszkowska (2010)
believes that duration of particular pollen seasons are
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affected by air temperature, rainfall, relative humidity,
cloudiness and relative sunshine.

An increasing trend in the seasonal pollen index
(SPI) was observed in polish cities (Rapiejko etal.
2009, 2011; Myszkowska, 2010). Many authors
have described an increasing trend in annual pollen
totals, associated more with an increase in CO, con-
centration in the cities (Frei, 1998; Beggs, 2004).
In Wroctaw there is no sufficient data (pollen concen-
tration is monitored only for 8 years) to define trend in
SPI. However, the highest daily concentrations were
recorded in the years, in which annual pollen counts
were the highest or very high. A correlation (r=0.54)
were found between the seasonal pollen index (SPI)
and maximum daily concentrations (Table 1). In the
last two years, a similar correlation has been found in
Szczecin, Bydgoszcz, and Warsaw (Rapiejko etal.
2009, 2011). The same correlation has been observed
foroak by Dgbrowska-Zapart (2010).

Grass pollen is considered to be one of the most
important allergens among the pollen of herbaceous
plants. The study conducted in Wroctaw in the period
2003-2010 showed that it reached high and very high
concentrations in this city. Rapiejko and Lipiec
(2005) calculated that the number of days with a grass
pollen concentration at which clinical symptoms appe-
ar in all allergic people was 27 for Poland. In 2007 in
Wroctaw, the number of days with a concentration of
more than 50 grainsxm™ of air was 25. It was almost
1/5 of the pollen season duration. The same number
of days for Rome (25 days), and it was only slightly
higher for Paris (29 days) was found (Rapiejko and
Lipiec, 2005).

The significant differences in the patterns of the
grass pollen seasons allowed us to be classified using
an objective method of multi-feature clustering — the
k-means method. For Wroctaw, three main types of
grass pollen seasons were obtained and they were de-
signated as A, B and C. Attempts to classify pollen
seasons are known from the existing literature. Never-
theless, grasses have never been the subject of rese-
arch. Myszkowska and Piotrowicz (2009)
distinguished 2 main pollen season types for birch,
while Dgbrowska-Zapart (2010) made a clas-
sification of oak pollen seasons.

In the distinguished types of grass pollen se-
asons in Wroctaw, the pre-peak period drags atten-
tion. Type A, lasts about 33 days and daily concentra-
tions of grass pollen are quite high (ca. 50 grainsxm
of air). The pollen season is slightly longer in type C
(about 45 days), but daily pollen concentrations are
lower. The shortest pre-peak period seems to be in
type B (about 15 days), though daily concentrations
are similarly low as in type C. A second interesting

feature of all the pollen seasons under study is their
long post-peak period, characterized by low concen-
trations of pollen grains. Among the peak sections, the
peak section in type B seems to be particularly long
and diverse. It is much spread in time (from around
13 day to 60 day of the season). For the years 2003,
2004 and 2008, maximum concentrations occur be-
tween 15 day and 30 day of the season, whereas for
the year 2006 around 45-49 day of the season. Fur-
thermore, the peaks with highest concentrations are
separated by periods, when daily concentrations fall to
zero. The peak section in type A appears to be shortest
and most clear. It is very compact, since its duration
is about 16 days. A second feature distinguishing type
A is the fact that the peaks with maximum concentra-
tions are not separated by periods when daily concen-
trations drop to low values.

A comparison of particular types of pollen se-
asons allowed us to conclude that type B comprised the
largest number of the studied seasons (50%) and it may
prove to be the dominant pattern for the grass pollen
season in Wroctaw. The other types of pollen seasons
showed higher dispersion, as they comprised only two
pollen seasons each. An 8-year period is probably too
short to identify all types found in nature.

CONCLUSIONS

1. In Wroctaw the grass pollen seasons usually began
between 122 and 137 days of the year (2 May —
17 May).

2. The length of the grass pollen seasons was shorte-
ned in the years, in which the seasons started late.

3. An increasing trend in the seasonal pollen index
(SPI) as well as a correlation between the SPI and
maximum daily concentrations there were obse-
rved.

4. In the case of grasses, type B proved to be the most
characteristic pattern for airborne pollen concentra-
tions (the years 2003, 2004, 2006, and 2008). The
other two types (A and C) showed high dispersion
(they comprised only 2 pollen seasons each).

5. Type B may prove to be the dominant pattern for
the grass pollen season in Wroctaw (50% of the
pollen seasons under study).

6. Long post-peak periods were found for all types of
pollen seasons.
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Analiza sezonéw pylkowych traw (Poaceae L.)
we Wroclawiu w latach 2003-2010

Streszczenie

Celem pracy bylo poréwnanie dynamiki se-
zonéw pytkowych traw (Poaceae L.) we Wroctawiu
w latach 2003-2010 oraz wyr6znienie typOw sezonéw
pytkowych na podstawie réznic w przebiegu krzywych
koncentracji ziaren pytku.

We Wroctawiu sezony pytkowe traw zaczynaly
si¢ zazwyczaj pomiedzy 122 a 137 dniem roku (2.05-
17.05). Stwierdzono réwniez relacje miedzy poczat-
kiem sezonéw pytkowych traw a ich dlugoscig. Za-
zwyczaj w latach, ktérych sezony zaczynaly si¢ pd7zno,
dlugos¢ ich ulegata skréceniu.

Zaobserwowano dla Wroctawia zaleznos¢ mig-
dzy SPI a wartosciami maksymalnymi stezeii dobo-
wych. Najwieksze stgzenia dobowe notowano w latach,
w ktérych roczne sumy ziaren pytku byly najwigksze

lub bardzo wysokie. Stwierdzono réwniez ujemng ko-
relacje migdzy poczatkiem sezonu a czasem jego trwa-
nia (Tab. 2).

Znaczne roznice w przebiegu sezonéw pytko-
wych traw pozwolily na klasyfikacje ich za pomocg
obiektywnej metody grupowania obiektow wielo-
cechowych — k-srednich. Dla Wroctawia otrzymano
trzy gtéwne typy sezonéw pytkowych traw, oznaczo-
ne jako A, B 1 C. Typ A obejmuje lata 2005 i 2010.
Wyréznia si¢ on wysokimi maksymalnymi stezeniami
dobowymi (powyzej 200 ziaren/m?), ktére notowane
sg okoto 40 dnia sezonu. Ponadto maksimum pyle-
nia jest trzyszczytowe. Do typu B zostalo zakwalifi-
kowanych najwiecej sezonéw pytkowych (lata 2003,
2004, 2006 i 2008). Charakterystyczne dla tego typu
sa stosunkowo niskie maksymalne st¢zenia dobowe
(migdzy 100 a 150 ziaren/m?), ktére wystepujg nie-
dlugo po rozpoczeciu sezonu. Ponadto wystepuje
dlugi okres zwartego pylenia o niskich stezeniach.
Typ C obejmuje lata 2007 1 2009. Charakteryzuje si¢
on niskimi maksymalnymi stgzeniami, podobnie jak
w typie B. Ponadto szczyt pylenia wystepuje najp6z-
niej, okoto 62 dnia sezonu. Dla wszystkich typéw
sezonOw pytkowych stwierdzono takze dlugie okre-
sy poszczytowe. Poréwnanie poszczegdlnych typow
dynamiki sezonéw pytkowych pozwolito stwierdzié,
ze typ B skupia najwigcej badanych sezonéw (50%)
i by¢ moze to wlasnie on okaze si¢ dominujagcym wzo-
rem sezonu pytkowego traw dla Wroctawia.
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