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ABSTRACT

This work presents the first aerobiological monitoring results for Fagales in the city of
Timisoara (Romania) using a volumetric spore-trap (Lanzoni VPPS 2000) which is
now the most commonly used aerobiologic measurement instrument in Europe. The
aim of this study was to determine characteristics of Fagales pollen occurrence in
outdoor environment of Timisoara by measuring daily pollen concentrations. The
concept of the atmospheric pollen season was used. Sampling was carried out during
8 years, starting in 2000 until 2007. Fagales allergenic pollen appear in the area of
Timisoara only from the end of January to the end of May. The data showed that
during the early spring the atmospheric pollen season for these allergenic species is
highly variable. There were considerable variations in start date, atmospheric pollen
season, peak concentration, date of peak. The concentration of airborne Fagales
pollen in Timisoara and the correlations with some meteorological parameters have
been examined. Daily pollen concentrations presented negative correlation with daily
average relative humidity, and slightly positive with wind speed using Spearman’s
correlation coefficients. Fagales pollen concentrations represent important values in
the atmosphere of Timisoara, which means they may to cause pollinosis in its
population. The best-represented pollen type through the entire period was Betula.
KEY WORDS: aeroallergens, Fagales pollen, Betula, atmospheric pollen season

INTRODUCTION

Cronquist (1988) defined the Fagales as amentiferous members of the
Hamamelidae. He circumscribed the taxon to include four families: Balanopaceae,
Fagaceae, Nothofagaceae and Betulaceae; before his death he accepted a fifth family,
the Ticodendraceae. Takhtajan (1997) places all of the above in his Faganae, adding
the family Corylaceae and dividing the superorder into two units, the Fagales and the
Corylales. Thorne (1992) basically agrees with Takhtajan but retains Corylaceae in the
Betulaceae and uses the ordinal name, Betulales. The families currently included in
Fagales are as follows: Betulaceae, Casuarinaceae, Fagaceae, Juglandaceae,
Myricaceae, Nothofagaceae, Rhoipteleaceae, Ticodendraceae (Judd et al, 2007).

Different processes of pollen cross-reactivity are frequent among the families
of the Fagales (Dalen & Voorhorst, 1981). In northern, central and eastern Europe,
allergic airway diseases from early springtime are caused by pollen from Betulaceae
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(Oei et al, 1986, Matthiesen et al, 1991; Spiewak et al, 1996; Radisi¢ et al, 2003;
Piotrowska, 2004; Peternel et al, 2007; Ianovici, 2009a). Cross reactivity of Betulaceae
pollen with both apple and hazelnut as well as other fruits was described (Molkhou,
2000). Corylus and Alnus are acting as primers of allergic sensitisation to Betulaceae
pollen allergens, resulting in greater clinical symptoms during the Betula pollen season
(Ianovici, 2008; Ianovici ef al, 2009).

The allergenic capacity of Betulaceae pollen has been quoted by numerous
authors (Norris-Hill & Emberlin, 1991; D'Amato & Spieksma, 1992; Aira et al, 1998;
Corden et al, 2000; Clot, 2001; Laaidi, 2001; Radisi¢ & Sikoparija, 2005). During the
last years, the behavior of the Fagaceae pollen seasons and their fluctuation in the
annual totals over several years has been studied (Corden & Millington, 1999; Jato et
al, 2006; Garcia-Mozo et al, 2002; Rizzi-Longo et al, 2005; Rodriguez de la Cruz et
al, 2008). It has been pointed out that Betula pollen concentrations greater than 30
pollen grains/m’/day trigger severe symptoms, and values greater than 80 pollen
grains/m’/day produce symptoms in 90% of patients (Corsico, 1993). According to
clinical threshold standards number concentrations of more than 100 pollen grains /m’
cause strong allergic reactions (Viander & Koivikko, 1978). Corylus pollen gives
allergic reaction at concentrations of 20-30 pollen grains/m’ and Alnus pollen at
concentrations of 50 pollen grains/m® (Spieksma & Frengueli, 1991; Vik ef al, 1991).
Rodriguez-Rajo et al (2003) reported a threshold value for Quercus of 50 pollen
grains/m’ in Spain.

In the conditions of Timisoara the most important cause of pollinosis is
allergenic pollen of some deciduous trees as well as grasses and weeds. The vegetation
is in the region typical urban because of the introduction of ornamental plants and
trees. Pollen grains of allergenic taxa occur in the outdoor environment of Timisoara in
large quantities from early February until late October (Ianovici, 2007c; lanovici ef al,
2013). Pollen grains of trees were determined during the vernal pollen season in the
atmosphere of our city: Alnus, Betula, Carpinus, Corylus, Fraxinus, Platanus,
Populus, Quercus, Taxaceae/Cupressaceae, Salix, Acer, Ulmus, Morus, Juglans
(Ianovici & Faur, 2003c; lanovici & Faur, 2004). Fagales are abundant anemophilous
plants in the metropolitan area of Timisoara. This analysis of the airborne pollen
content concerned six taxa, whose pollen has allergenic properties and occurs in large
quantities in the atmosphere of Timisoara: Alnus, Corylus, Betula, Carpinus, Quercus,
Juglans. In Romania the genus Corylus is naturally represented by C. avellana L. and
C. colurna L., although C.maxima Mill. is frequently introduced as ornamental taxa.
The Carpinus genus is represented by C. betulus L. and C. orientalis Mill. The
Quercus genus is represented in Romania by 10 tree species (Q. robur L., Q. frainetto
Ten., Q. petraea Liebl., Q. cerris L., Q. rubra L., Q. polycarpa Schur, Q. dalechampii
Ten., Q. pedunculiflora K.Koch, Q. pubescens Willd., Q. virgiliana Ten.). Four birch
species, B. pendula Roth, B. pubescens Ehrh., B. humilis Schrank and B. nana L., can
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be found in Romania. The following species of the Alnus genera were present in our
country: 4. glutinosa (L.) Gaertn., A. incana (L.) Moench and 4. viridis (Chaix) DC.
The genus Juglans is represented by the three species: J. regia L., J. cinerea L. and J.
nigra L. (Ciocarlan, 2009).

The aim of the present investigation was to study the Fagales pollen
concentrations in the air of Timigoara and to explore their seasonal variations (2000-
2007). The relationships between pollen concentrations and nine meteorological
parameters are presented too.

MATERIALS AND METHODS

Timisoara is one of the most important administrative, cultural, academical
and industrial centre from Romania (fig. 1). It is the capital of the Timis County. On
July (2007) Timisoara had a population of 307,347 inhabitants. Timisoara is a
multicultural city, influenced by various ethnic communities (German, Hungarian,
Serbian, Bulgarian, Italian, Greek and others). In recent years, Timisoara has seen
significant growth, especially in high technology sectors. The city has a dense road
network, with a total length of 582 km and one of the highest levels of motorisation in
Romania (Nadolu et al, 2010).
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F 1g 1 Location of Timisoara, Romania

Timisoara is situated in the western region of Romania at 88 meters above sea
level (45°45°35" N 21°13" 48" E). River Bega (the oldest navigable channel in
Romania) passes through Timisoara. The spontaneous vegetation presents steppes
elements with xerophytes grasses. In Banat Plain are few forests, as they were
destroyed in time for wood and for obtaining arable field. In Timis county, with a total
surface at 923 000 ha, the forests occupied 11% against the average of our country at
26-27%. The annual total of Fagales pollen is caused by the nearby presence of small
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forests. In last years, the popularity of Betula as ornamental plant grow up. In
Timisoara there are over 100 ha of parks with exotic and rare species. The most
common Fagales species in this area are Betula pendula, Corylus avellana, Alnus
glutinosa, Carpinus betulus, Quercus robur and Juglans regia.

Founding at the interference of the eastern continental air mass with the wet
air mass, oceanic, from the west, but also with the Mediterranean influences, the Banat
Plain is characterized by the temperate continental climate with submediterranean
influences, so that the precipitation and temperature regimes are superior to other
plains areas from country. There is an increase tendency of annual average temperature
(1958 year = 10.5°C; 2006 year = 11.2°C) and decrease annual average precipitation
quantity (1873 year = 660 mm; 2006 year = 600 mm) (Rogobete er al, 2008). The
average annual temperature is of 10.6°C while the hottest month of the year is July
(22.42°C). Rainfall in Timigoara is concentrated mainly in the spring and autumn
months. The cyclones and warm air masses influence from Adriatic Sea and
Mediterranean Sea are felt especially during winter. During summer are periods with
high temperatures. The precipitation regime has an irregularly character, with wetter
years than the average followed by years with very few precipitations. Regarding the
winds, the most frequent are N-W winds and the W winds. In spring, a high frequency
have the S winds. The other directions present low frequencies. In Timis County
increased the aridity phenomenon which had installed in the last years and having as
result frequent manifestation of drought (Halbac-Cotoara, 2008; Ienciu ef al, 2010).

Analysis of the pollen count and pollen fall distribution was performed on the
basis of the data collected in Timisoara in 2000-2007. The volumetric measurement
point was located in the Timisoara city at an elevation of 20 m above ground level.
The pollen count was measured with the use of a VPPS 2000 Lanzoni trap positioned
on the roof of the West University and expressed as the number of pollen grains in 1
m’ per day. The methodology employed is common for this type of sampling. The air
suction rate of the volumetric air sampler was maintained at 10 I/min. The slides were
examined in the light microscope weekly. Pollen grains were counted along four
horizontal lines. For each year, the atmospheric pollen season (APS) was determined
by taking 90% of the annual total recorded pollen concentration using cumulative
values (Nilsson & Person, 1981; Jato et al, 2002; Ianovici, 2007b). Start and end dates
were established to correspond to the days when the sum of the daily concentrations
reaches 5% of the total sum and when the sum reaches 95%, respectively. The
percentage participation for each pollen type in the seasonal totals was determined.
The data for 2000 and 2005 is not complete because of temporary technical problems
with the trap. On the basis of literature data, the number of days on which the pollen
concentration of the taxa studied exceeded the threshold values at which the first
allergy symptoms develop, was determined.
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Fig.2. Average monthly and average annual temperatures (°C) during 2000-2007; average monthly and average
annual precipitations (mm) recorded in Timisoara during 2000-2007
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The meteorological parameters taken into consideration in assessment of the
effect of meteorological conditions on airborne pollen were as follows: mean daily
average temperature (°C), maximum temperature (°C), minimum temperature (°C),
quantities of precipitations in L/m* daily average wind speed (m/s), daily maximum
wind speed expressed in m/s, daily average relative humidity (%), atmospheric
pressure in millibars and sunshine hours (h), as these factors have been known to
influence pollination. All the meteorological data were provided by the National
Meteorological Administration. The average values for temperatures and precipitations
are included to see if there is an increasing or decreasing trend in the last years (fig.2).
Average annual temperatures are weak decreasing during the period 2000-2007 (y=-
0.0902x + 11.921; R = 0.0731). Sum annual precipitations increased (y=30.723x + 474.06;
R2 =0.2665). Compared to the mean, the lowest precipitations were in 2000, when they
recorded only 300 mm annually, which represents half of the multi-annual mean of the
area. Timis County was affected by floods in March—April 2006 and the most severely
in April-May 2005, when a large surface of its territory was covered by waters.

The correlations between individual meteorological conditions and the Fagales
pollen season were established by means of Spearman correlation coefficients. These
correlations have been calculated for each taxon. The statistical relationship between
spore concentration and meteorological factors was established using the Statistica
software package. Spearman’s correlation test was performed in order to identify the
major variables likely to influence the dynamic of the airborne pollen (table 3). The
significance was calculated for P<0.05.

RESULTS

The results of Fagales pollen count at Timisoara for all years are shown in
table 1 and table 2. This study describes fluctuations of annual pollen count and
Atmospheric Pollen Season (fig. 3, 4). The relation between Fagales airborne pollen
and meteorological variability was given in table 3.

CORYLUS. The duration of the APS ranged between 12 and 39 days. Eight
year average APS duration were 27.25 days. The longest APS was observed in the year
2004. In 2000 APS in Timigoara lasted a shorter time. In 2007, occurence of Corylus
airborne pollen was recorded with three weeks earlier than in all years (in January).
This year was very atypical. In 2003-2006 a sporadic presence of pollen grains of
Corylus occurs to the beginning of April. The months in which maximum pollen
concentrations were recorded: March and February. Interannual differences can be
seen in the seasonal behaviour of the pollen, 2003 being the year in which the highest
level of airborne pollen was reached. The mean annual pollen count obtained during
the period studied was 371.6 pollen grains/m’. Corylus pollen constitutes between
0.43% and 4.17% of the annual total of pollen grains. The highest annual pollen count
of Corylus was measured in 2003 (1081 pollen grains/m’). The peak count of each
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season fluctuated between 12-202 pollen grains/m’. Increasing trend in the annual
totals is observed.

Spearman’s analysis revealed negative significant correlations of the pollen
count with mean daily average temperature, maximum temperature, minimum
temperature, relative humidity and sunshine hours. The results have shown that level
of Corylus pollen is significant positive affected by mean wind speed daily and
maximum wind speed.

ALNUS. Eight year average APS duration were 28.37 days (according to
Nilsson & Persson, 1981). The longest APS was observed in the year 2007. The
beginning of A/nus pollination was observed in February (2001-2004), March (2000,
2005-2006) and January (2007). More than 90% of the total annual A/nus pollen was
collected during February and March. In 2004 APS in Timisoara lasted until May and
was exceptional because normally ends flowering in March or April. The peak
concentration was 77 pollen grains/m’® (in 2003). The total pollen was relatively small,
an average of 1.51%. The highest level of pollen emission was recorded during 2003
(636 pollen grains/m’). The mean annual pollen count obtained during the period
studied was 327.8 pollen grains/m’.

In the case of Alnus pollen negative significant correlation coefficients were
obtained with mean daily average temperature, maximum temperature, minimum
temperature, relative humidity and sunshine hours. In relation to daily average wind
speed and maximum wind speed, the correlation was significant and positive.

BETULA. The duration of the APS ranged between 15 and 51 days, and its
mean length was 32.875 days. The APS of birch trees was relatively long in all the
years studied. In 2002, an exceptionally prolonged Betula pollen season was recorded
in Timisoara. Its APS started with just a few days of difference between the 8 years
under study. The Betula pollen season usually ended in May except for 2003 when
finished their season in June and 2000 when finished in April. More than 90% of the
total annual Betula pollen was collected during April. Betula contributes to the
atmosphere with an average of 5.3% (range 0.48 — 9.86%) of the total pollen. The
highest annual level was attained in 2003 with 2,436 pollen grains/m’. The mean
annual pollen count obtained during the period studied was 1,007.875 pollen
grains/m’. The peak count of each season fluctuated between 9-205 pollen
grains/m’/day. Increasing trends in the annual totals is observed.

Negative significant correlations between the Betula pollen count and daily
average relative humidity as well as atmospheric pressure were found. In the present
study, we found a positive correlation between pollen count of this taxa and sunshine
hours, daily average wind speed and maximum wind speed. Our study showed that the
pollen release is insignificantly affected by the temperature.

CARPINUS. The beginning of pollination was observed at the same time in
all the years (end of March). The shortest season took place in 2005 lasting 23 days,
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while the longest took place in 2002 lasting 51 days. The months in which maximum
pollen concentrations were recorded: March and April. The percentage participation
for Carpinus pollen type constitutes between 0.91% and 6.25% of the annual total of
pollen grains. The highest level of pollen emission was recorded during 2003 (1544
pollen grains/m®). The peak count of Carpinus tree pollen of about 228 pollen
grains/m’ was observed in 2003.

A negative and statistically significant correlation was found between
Carpinus pollen concentrations and daily average relative humidity and atmospheric
pressure. We found a positive correlation between pollen count of this taxa and daily
average wind speed, maximum wind speed and sunshine hours.

QUERCUS. The duration of the APS ranged between 23 and 46 days, and its
mean length was 30.25 days. The start of pollen release by Quercus coincided with the
end of the Betula. The pollen behavior of Quercus in Timisoara corresponds to that
already described during the pollen season in Europe: in April and May. The sporadic
presence of pollen grains of Quercus occurs to the ending of March. In western
Romania the maximum concentrations of Quercus pollen never surpassed 49 pollen
grains/m’ during the eight years of study. The share of the Quercus annual sum in
respect to the total pollen counts was rather low, ranging from 0.47% in 2000 to 2.5%
in 2007, with 1.19 % as mean value. The mean value of the annual sums was 209.25,
with the highest total of 516 in 2007 and the lowest of 59 in 2000. The peak value
appeared on 31 March 2003 (41 pollen grains/m’). Increasing trends in the annual
totals is observed.

The most important agents influencing the Quercus pollen count are daily
average relative humidity and atmospheric pressure. Correlations were positive and
significant in a few number of cases, especially for temperature. We found a positive
correlation with the daily average wind speed, maximum wind speed and sunshine
hours.

JUGLANS. The starts of APS were fairly uniform at the second decade of
April, finishing in May. For Juglans, a very short APS was noted in 2004 and 2006 (15
days). A long pollen season was observed for Juglans in 2002 (38 days). Table 2
reflects its modest contribution to the atmospheric spectrum, a mean of 1.9% and a
range of 0.8-2.83%, the lowest value being recorded in 2000 and the highest in 2003.
The maximum daily values also differ from year to year, being only 14 pollen
grains/m’ in 2000, but 63 pollen grains/m’ in 2003. The highest annual pollen count of
Juglans measured in 2003 (592 pollen grains/m’). Increasing trends in the annual totals
is observed.

The most important weather factors in Spearman’s correlation were
temperature, sunshine hours, daily average wind speed and maximum wind speed.
Correlation was negative with relative humidity and atmospheric pressure.
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Table 1. Selected values characterizing Fa,

zales pollen seasons in Timisoara during 2000-2007

Taxa Season parameters 2000 2001 2002 2003 2004 2005 2006 2007
Date of start 2811 1911 1111 1711 16 11 7111 2711 131
Date of end 26 111 18 111 10 111 101V 41V 141V | 111V 9111
Length of the season (days) 28 28 28 53 49 39 44 56
Corylus APS — 90% (days) 12 22 25 24 39 26 32 38
Number of days with pollen - - 4 12 1 4 3 7
concentrations higher than 20
pollen grains/m’
Date of start 7 111 19 11 1111 1711 16 11 8111 111 211
Date of end IS8T | 18I0 | 1311 | 311 |9V 101V | 81V 19111
Length of the season (days) 12 28 31 43 84 34 39 58
APS — 90% (days) 10 23 25 34 38 27 21 49
Alnus Number of days with pollen - - 2 2 - - - -
concentrations higher than 50
pollen grains/m’
Date of start 27111 13111 511 111V | 29111 51V 31V 311
Date of end 151V 7V 10V 1VI 5V 6V 18V 22V
Length of the season (days) 20 56 67 52 38 32 46 81
Betula APS — 90% (days) 15 40 51 4 30 24 31 28
Number of days with pollen - 8 5 26 11 6 14 20
concentrations higher than 30
pollen grains/m’
Date of start 2810 | 13111 4111 1301 | 2911 | 71V 51V 6 111
Date of end 6V 20 IV 5V 3V 5V 5V 11V 171V
Length of the season (days) 40 39 63 52 38 29 37 43
Carpinus APS —90% (days) 27 32 51 31 26 23 30 29
Number of days with pollen - 4 4 10 - - - 1
concentrations higher than 50
pollen grains/m’
Date of start 121V 17 111 30111 3111 51V 181V | 121V | 2711
Date of end 16 V 251V 8V 18V 17V | 25V | 27V 19V
Length of the season (days) 35 40 40 49 43 38 46 54
Quercus APS — 90% (days) 30 24 30 46 29 30 30 23
Number of days with pollen - - - - - - - -
concentrations higher than 50
pollen grains/m’
Date of start 121V | 1110 | 28MI 81V 131V | 251V | 18IV | 31V
Date of end 15V 12V 12V 26V IV 24V 15V 10V
Length of the season (days) 34 32 46 49 27 30 28 38
Juglans APS — 90% (days) 26 23 38 34 15 17 15 24
Number of days with pollen - - - - - - - 2

concentrations higher than 50
pollen grains/m’

Number of days with Betula pollen concentrations higher than 30 pollen

grains/m’ ranged between 5 and 26 days. For Timisoara was characteristic lower
average number of days with Corylus pollen concentrations higher than 20 pollen
grains/m’ (part of season when this pollen reached critical concentrations — 12 days in
2003). In Timisoara, the daily average Alnus pollen count was >50 pollen grains/m’ on
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only 2 occasions in 2002 and 2003. In Timisoara, the Carpinus pollen count was >50
pollen grains/m® on 10 occasions in 2003.

Fagales airpollen constitutes between 5.46% and 25.13% of the annual total of
pollen grains. Pollen counts show that there is great variation among years in the
flowering of Fagales in westhern Romania. The maximum value of these trees was
recorded in 2003 with 6,485 pollen grains/m’. The cumulative counts varied over the
years, with a mean value of 2,836.25 pollen grains/m’, a lowest total of 704 in 2000.
The highest values appeared in the year 2003 for all taxa (except at Quercus). Betula
was found to disseminate the highest pollen amounts. The percentage of the annual
sum of these taxa in respect to total pollen count may be considered as relevant in
Timisoara. A weak tendency to increase in the annual totals are observed (fig.3).

Table 2. Characteristics of the Fagales atmospheric pollen season and seasonal pollen index in the atmosphere of
Timisoara (2000-2007)

Taxa Average annual pollen count Average Atmospheric Pollen

(pollen grains/m’/day) StDev Season (APS - days) StDev APS
Corylus 371.6 308.05052 27.25 8.892211681
Alnus 327.8 226.17972 28.375 11.85552915
Betula 1007.8 694.75678 32.875 11.56889302
Carpinus 575 446.7022 31.125 8.542958671
Quercus 209.2 146.94387 30.25 6.984677107
Juglans 344.6 190.04957 24 8.552359741

DISCUSSIONS

The Fagales order is very important from different points of view, such as the
ecological, forestry, or economical. The relationship between airborne Fagales pollen
behavior and climate also is of great interest for aerobiology and forestry sciences.
Aeropalinological studies providing data on exposure of people to allergens in the air
are of substantial importance in pollen allergy diagnosis (Rapiejko et al, 2004). These
are the main source of aeroallergens from trees in springtime (D’ Amato, 2001).

The beginning of Fagales pollination was observed at the same time in all the
years: February for Alnus and Corylus, March for Betula, Quercus and Carpinus, April
for Juglans.The flowering of Corylus marks the beginning of the botanical early spring
season in Timisoara. Alnus is the second airborne pollen types of the season. The start
of pollen season of Corylus and Alnus was registered earlier in 2007 (January). More
than 70% of Betulaceae pollen was collected in March and April. However, Frostad
(1991) has noticed that, in recent years, with favourable weather conditions, Alnus and
Corylus have started releasing pollen in January (Frostad, 1991). Because Fagales
pollen emission is a springtime phenomenon, pollen season dynamics are sensitive to
changes in phenology (Garcia-Mozo et al, 2006; Jablonska & Rapiejko, 2010).

The APS of Fagales trees was relatively long. Its main pollination started with
just a few days of difference between the eight years under study, at the end of May.
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The behaviour of Fagales was irregular, with pollen concentrations fluctuating
between the years 2000-2007. The season ends more gradually than it starts. Extensive
fluctuations in flowering are characteristic of trees belonging to the Betulaceae family
(Curran & Leighton, 2000). No cyclic variations were observed. A two year cycle in
which a low annual birch pollen sum is followed by a high one has been reported by
many authors (El-Ghazaly et al, 1993; Spieksma et al, 2003). The cause of this
biennial rhythm and its synchronicity over large areas is not clear. However, some
authors suggest that it is physiological factors that are mostly involved: the high pollen
production usually results in high fruit production, which takes a lot energy, inhibiting
the development of new flowers and pollen for the next year. The high fruit production
also inhibits other processes, for example the vegetative growth of the tree (Latalowa
et al,2002).

During the 8-year period (2000-2007), pollen of the representatives of the
order Fagales accounted for an important proportion of total pollen, predominated by
Betula pollen and a considerably lower proportion of Alnus sp., Carpinus sp., Corylus
sp., Quercus sp. and Juglans sp. pollen. Liniar trends in elevated annual Fagales pollen
counts may be influenced by impacts of urbanization (the supplementary planting of
ornamental species, soil nutrification, habitat fragmentation, disturbance, and the urban
heat island effect) (Yli-Panula et al/, 2009). The size of the residential areas around
town is an important influence on Fagales pollen levels. In Timisoara there is a much
greater area of parks and gardens. The city trend to extend its influence on the
surrounds (under the perspective of the future metropolitan area) and on new and very
consistent residential neighbourhoods are developed in all the closest villages.
Analysis of long-term birch pollen data from several European stations has revealed a
weak trend of increasing annual totals (Spiecksma et al, 2003). Such trends were also
found for Denmark in a study of the period 1977-2000 (Rasmussen, 2002). Changes in
vegetative cover in big cities result from anthropogenic activity (Menzel, 2000).

Airpollen do not present the same allergenic significance for humans. Betula,
followed by A/nus and Corylus, has the greatest allergenic potency in this group of
allergenic trees. Throughout the years monitored, the Betula pollen season shows great
variation with respect to the annual total, the number of days in the season, its
dynamics and the maximum daily pollen concentration values. Betula pollen type
recorded during this study could be involved in allergenic pollinosis (strongly
allergenic pollen). Other pollen types recorded in this study and cited as allergenic, do
not account for high concentrations and are moderately allergenic significance
(Alnus, Corylus) and slightly allergenic pollen (Carpinus, Quercus, Juglans) (Radisic et
al, 2003). The highest Betula pollen risk in Timisoara occurs in April. Similar
observations were made in Poland (Weryszko-Chmielewska et al, 2006), Sweden
(Hjelmroos, 1992), Norway (Johansen, 1992), Serbia and Hungary (RadiSi¢ et al,
2004). The number of days with the airborne pollen concentration exceeding the level
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provoking the symptoms of allergic reaction ranged from 5-26 for Betula. We
emphasize that skin prick tests conducted in Southern Hungary (approximately 150 km
from Timisoara region) showed a significant increase of patients with seasonal rhinitis,
that are allergic to Betula pollen (Kadocsa & Juhasz, 2002). In Europe, the percentage
of subjects with a positivity skin prick test to Betula allergens range from 5% in The
Netherlands to 54% in Switzerland (D'Amato et al, 2007).

Weather parameters are known to affect the dispersion dynamics of particles
of biological origin. The release and dispersion of pollen depend on the microclimate,
which explains the differences in the timing of flowering and occurrence of pollen in
the air within the same species (Kasprzyk et al, 2004; Silva Palacios et al, 2007; Puc,
2012). Especially sensitive to air temperature are the plants who starts early in spring.
In relation to temperature, the correlation was significant and negative in the cases of
Alnus and Corylus pollen. Veriankaité et a/ (2011) had conducted the correlation of
many years of Alnus and Corylus pollen concentration in atmosphere and air
temperature that has not proved this regularity. The negative correlation coefficient
describing the relation between the Alnus and Corylus pollen concentration and
temperature may suggest that a dose of thermal energy, required for the anthers to
open, had been accumulated by the plants in the period prior to the pollen season
(Stach et al, 2008). The correlation with temperature was negative in the whole-season
analysis. Different authors have pointed out the influence of temperature on pollination
(Frenguelli et al, 1991; Gonzalez Parrado et al, 2009; Emberlin et al, 2007,
Myszkowska et al, 2010; Kaszewski et al, 2008). In other study, regression analysis
showed that rainfall and temperature (particularly maximum temperature) were the
most important variables in Mediterranean areas, while both maximum and minimum
temperatures prior to flowering were the most important parameter in Eurosiberian
areas (Spieksma ef al, 1989).

In the present work, Betula, Carpinus, Quercus and Juglans pollen
concentrations not presented a clear positive correlation with temperature. Piotrowska
and Kaszewski (2011) found higher correlation coefficients when the pre- and post-
peak periods were separated. In the pre-peak period, Betula pollen concentration was
positively correlated with air temperature, while it was negatively correlated with
humidity and cloud cover. In the postpeak period, a negative correlation was found
between birch pollen concentration and minimum air temperature, rainfall and
humidity.

The values of correlation between the daily pollen concentration and the
sunshine hours were positive for Betula, Carpinus, Juglans and Quercus taxa while the
correlations between Alnus and Corylus daily concentrations and same factor were
negative. Photoperiod is defined as the period of sunshine hours necessary for
flowering. Thus, daily and total sunshine hours are correlated directly with the
photoperiod (Vazquez et al, 2003; Kizilpinar et a/, 2010). Photoperiod have been
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highlighted by several authors as factors of great importance in the onset of Betula
pollination (Andersen, 1991). This parameter should be studied more carefully.

The daily average relative humidity showed negative correlations with all this
taxa. Other researches revealed statistically reliable negative correlation coefficient of
the concentration of pollen of almost all plants genera identified during the monitoring
and relative air humidity. The negative influence of relative humidity on airborne
pollen dispersion is a global finding in aeropalynological studies (Skjeth et al, 2009;
Estrella et al, 2006).

While in some cases, daily pollen counts show significant negative
correlations with atmospheric pressure and precipitation, in other case no correlation
was found. The effect of atmospheric pressure and quantities of precipitations on
Fagales pollen concentrations may differ from year to year because of extremes in
other variables.

The positive sign or no significant correlation with wind speed, may indicate
that the captured pollen is from sources of pollen far away of the sampling site. The
positive correlation between Fagales pollen counts and the maximum wind speed
indicates that these pollen types present in the air above Timisoara can be the result of
long-distance transport. The level of significance showed that relative humidity and
wind might influence the levels of pollen in this botanical order.

Analyses of aeroallergens in Timisoara have been made since 1999. The
results set out here are a good indication of the behavior of Fagales pollen captured in
the outdoor environment of Timisoara through the year, and over the years. Since
2002, pollen concentrations in Timigoara have been much higher, probably due to the
increase in the number of trees planted in the city. The changes in the floral
composition of a given area have a direct influence on its airborne pollen spectrum. In
comparison to the content of pollen of other plants in the aeroplankton of Timisoara,
the pollen of Fagales ranks first among trees, while it is second after Ambrosia if the
pollen of all plant taxa is taken into account (Faur et al, 2001; Faur et al, 2003a; Faur
et al, 2003b; Ianovici, 2011; lanovici, 2007a).This assertation is based on 8 years of
observations. The need of a further study to improve present data appeared to be
important.

CONCLUSION

In our city, the period with the greatest diversity of pollen types is spring.
Fagales pollen is important component in the pollen spectrum from Timisoara. The
analysis of the airborne pollen content concerned six taxa (Corylus, Alnus, Betula,
Carpinus, Quercus and Juglans) whose pollen has allergenic properties and occurs in
relative large quantities in the atmosphere of Timisoara. Eight-year monitoring of
airborne pollen in Timisoara has shown year-to-year variations in duration and start
day of the period during which the Fagales pollen has been captured in the atmosphere.
Fagales pollen was present in the atmosphere of Timisoara, representing on average
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15.16% of the total pollen count. Correlation analysis with weather parameters
demonstrated that the relative humidity and wind are the main factors influencing the
daily pollen concentrations in the atmosphere. The greatest annual count, daily pollen
concentrations and number of days when the Befula pollen was captured in the air was
observed in 2003.

Quantitative differences in annual totals of Fagales pollen concentrations in
Timisoara between the years are relatively small. Corylus, Alnus, Betula, Carpinus,
Quercus and Juglans pollen concentrations represent important values in the
atmosphere of Timisoara, which means they may to cause pollinosis in its population.
Betula pollen is an important aeroallergen in our area. The contribution of this work
lies in its potential informations to public health surveillance and clinical guidance.
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Table 3. Correlation among the number of Fagales pollen and meteorological factors (*. Correlation is significant at the 0.05 level)

mean daily maximum minimum qua.nt.itiC§ of daily average sunshine atmospheric dai.ly average d?ily max.
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Alnus -0,165613* -0,155238* -0,174847* 0,125817* 0,116901* -0,087205 0,061710 0,029537 0,067904
Corylus -0,192371* -0,184030* -0,215449* 0,110726* 0,049342 -0,068484 0,085058 0,065758 0,112070*
2000 Betula -0,060510 -0,072166 -0,056792 0,094417 0,016447 -0,114799* -0,239048* 0,042215 0,042282
Carpinus 0,079767 0,067707 0,071722 -0,009376 -0,112761* 0,050507 -0,276563* -0,031214 -0,014305
Juglans 0,169011%* 0,169732* 0,141222%* -0,037967 -0,147940* 0,167209* -0,138797* -0,083771 -0,048715
Quercus 0,169156* 0,171009* 0,136686* -0,027976 -0,137038* 0,172212* -0,112139* -0,097807 -0,053400
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Corylus -0,169362* -0,162284* -0,167720* 0,094434 -0,084635 -0,093922 -0,191129* 0,183970* 0,219182*
Betula -0,030711 -0,010687 -0,074362 0,078636 -0,115354% 0,072050 -0,268726* 0,167927* 0,096019
200 Carpinus -0,102356 -0,078210 -0,131107* 0,050605 -0,084472 -0,002537 -0,232606* 0,130828* 0,104655*
Juglans 0,074605 0,069679 0,045566 0,077079 -0,119139* 0,111394* -0,204080* 0,076153 0,001645
Quercus -0,090484 -0,074929 -0,116034* 0,074744 -0,041278 0,006550 -0,207055* 0,165888* 0,096938
Alnus -0,205281* -0,180661* -0,217305* -0,106952* -0,151666* -0,067032 0,000811 0,146297* 0,179817*
Corylus -0,190525* -0,174210% -0,194528* -0,093124 -0,139532% -0,079702 -0,027037 0,164632* 0,195686*
Betula -0,057037 0,001951 -0,145601* -0,178815* -0,369667* 0,190552* 0,022610 0,109809* 0,145134*
200 Carpinus -0,084272 -0,024446 -0,172512* -0,150341* -0,325823* 0,174784* 0,058054 0,078487 0,133787*
Juglans 0,086450 0,125370* 0,004791 -0,088589 -0,305327* 0,241637* -0,000124 0,031440 0,071636
Quercus 0,036104 0,071280 -0,035270 -0,069738 -0,225072* 0,181845% 0,012046 -0,017639 0,036654
Alnus -0,129645* -0,097085 -0,172276* -0,066068 -0,122178* 0,020823 0,109819* 0,108882* 0,112735%
Corylus -0,168668* -0,136382* -0,231720* -0,102332 -0,185308* 0,024586 0,086886 0,175034* 0,205158*
Betula 0,226893* 0,226680* 0,204222* 0,078410 -0,246313* 0,206970* -0,067048 0,159697* 0,113172*
200 Carpinus -0,036788 -0,010358 -0,086492 0,011378 -0,266471* 0,065488 0,044566 0,191082* 0,194077*
Juglans 0,168220* 0,174240* 0,123908* 0,006285 -0,263793* 0,185250* -0,031049 0,168600* 0,138964*
Quercus 0,114465* 0,123154* 0,077577 0,029841 -0,252196* 0,158968* -0,030951 0,171406* 0,166631*




Alnus -0,256143* -0,222414* -0,286948* 0,041629 -0,000830 -0,103731* 0,061858 0,069428 0,079907

Corylus -0,270175* -0,237835* -0,302211* -0,012672 -0,019303 -0,105226* 0,134901* 0,064647 0,069128

Betula 0,009450 0,014541 -0,009501 0,051592 -0,135431* 0,053206 -0,140477* 0,026773 0,070375

200 Carpinus 0,000775 0,006011 -0,013651 0,061551 -0,122446* 0,039456 -0,131285* 0,024569 0,065362
Juglans 0,093117 0,088571 0,063257 -0,009715 -0,151165* 0,057304 -0,213957* 0,109444* 0,149770*

Quercus 0,062410 0,057494 0,040007 0,034558 -0,125500* 0,061018 -0,219835% 0,137118* 0,152599*

Alnus -0,134359* -0,111470* -0,183314* -0,010271 -0,204265* 0,041051 0,071730 0,055735 0,077279

Corvlus -0,144162* -0,112122* -0,198581* -0,028242 -0,203834* 0,075667 0,105470* 0,036132 0,082351

Betula 0,052549 0,047363 0,029283 0,073162 -0,152667* 0,039081 -0,175917* 0,205701* 0,239151%*

2009 Carpinus 0,039698 0,023128 0,025100 0,083346 -0,085069 -0,020908 -0,192440* 0,166464* 0,191041*
Juglans 0,102925* 0,097217 0,075758 0,010966 -0,145548* 0,141552* -0,081534 0,176809* 0,198132%*

Ouercus 0,069999 0,050685 0,069533 0,080315 -0,078701 0,028380 -0,112767* 0,177950* 0,182926*

Alnus -0,175807* -0,173114* -0,194597* 0,077542 -0,014093 -0,103898* -0,254859* 0,184768* 0,231580*

Corylus -0,219008* -0,215497* -0,228939* 0,142458* -0,000927 -0,146746* -0,307830* 0,240219* 0,260216*

Betula 0,060418 0,049981 0,038710 0,088762 -0,166343 0,146916* -0,154825 0,076894 0,074107

2006 Carpinus 0,029146 0,017968 0,019138 0,055623 -0,138914* 0,075516 -0,159696* 0,077936 0,077950
Juglans 0,091107 0,091278 0,055768 -0,003456 -0,215521* 0,219104* -0,037200 0,031145 -0,014401

Quercus 0,149466* 0,135315* 0,121218* 0,005884 -0,255551* 0,223131* -0,082304 0,130301* 0,076959

Alnus -0,275426* -0,243541* -0,295866* -0,049049 0,052745 -0,090997 0,037305 0,049040 0,104314*

Corylus -0,353595* -0,343344* -0,335991* 0,027156 0,143657* -0,218612* -0,012838 0,084894 0,111658*

Betula -0,042730 0,005835 -0,164728* -0,163924* -0,335358* 0,278637* 0,121621* 0,036843 0,095851

2007 Carpinus -0,093329 -0,048872 -0,182223* -0,159518* -0,254048* 0,175537* 0,094214 0,029178 0,088826
Juglans 0,069845 0,090249 -0,049685 -0,155409* -0,359207* 0,233504* 0,069112 0,072834 0,096890

Quercus 0,073884 0,096455 -0,051242 -0,163244* -0,399924* 0,284548* 0,061867 0,094305 0,118788*






