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Exposure to airborne pollen allergens results in allergic symptoms in subjects who are sensitized. The paper presents diurnal
variation in the counts of airborne allergenic pollen of selected trees (Betula L., Alnus Mill., Corylus L., Fagus L. and Ulmus L.) in two
localities differing in the degree of urbanization: the city of Szczecin (urban) and the village of Gudowo, West Pomerania in
northwest Poland (rural) in the years 2012—2014. The measurements were made by the volumetric method using a Burkard-
type sampler operating in a continuous mode. The greatest similarities in the beginning of the main pollen season between the
two sites studied were observed for birch and elm trees, while in the length of the main pollen season, for birch and alder trees.
Pollen counts of alder and hazel reached higher levels in the rural area, while the levels of ash tree pollen counts were higher in
the urban area. The level of birch tree pollen counts was similar in the two sites studied. For the majority of taxons observed in
the urban and rural areas the dynamics of hourly changes in tree pollen counts were similar. The pollination peak was noted in
the daytime, usually in the afternoon. For ash and elm trees increased pollen counts were observed at nighttime, while the birch
tree pollen counts were at a high level for most of the 24 h cycle. The knowledge of seasonal and diurnal variations in tree pollen

ABSTRACT:

counts is crucial for prevention in patients with allergic rhinitis, sensitized to tree pollen allergens.
KEYWORDS: allergic rhinitis, diurnal pollen counts, rural, tree pollen, urban
INTRODUCTION

Allergic rhinitis affects between 10% and 30% of the global pop-
ulation as WAO White Book on Allergy: Update 2013 indicates
[1]. In Poland 22.5% of the population suffer from allergic rhini-
tis as shown by the Epidemiology of Allergic Diseases in Poland
(ECAP) study [2]. The prevalence of the disease is higher in pop-
ulations living in urban areas in comparison with those living in
rural areas [3, 4].

Exposure to airborne pollen allergens results in allergic symptoms in
subjects who are sensitized [5, 6, 7]. In Poland tree pollen allergens
can induce symptoms of allergic rhinitis from January/February
until May. Pollen counts display not only substantial seasonal but
also diurnal variations. The rhythmic variations in pollen counts
are related to the rhythm of anther opening and characteristics
of a given species. This biological rhythm is modified by meteor-
ological factors and partly by biogeographic conditions, i.e. local
habitat conditions and land sculpture.

The knowledge of diurnal variation in pollen counts, besides the
knowledge of seasonal variation, is important for preventive meas-
ures and therapy monitoring in pollen allergy. Unfortunately there
are not many analyses of diurnal variations in airborne pollen counts
published [8-11]. Comparative analyses of the pollen counts in in-
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dustrialized urban areas and in unpolluted rural areas are also rare
while comparative studies of hourly dynamics of pollen counts in
areas of different degree of urbanization are even rarer.

AIM

The main aim of the study was the analysis of hourly changes in
airborne pollen counts, produced by a selected allergenic species
of trees and bushes, in urban and rural areas.

MATERIALAND METHODS

The subject of the study was the allergenic pollen produced by
a selected species of trees and bushes. Taxons with very high clin-
ical significance; Betula L, Alnus Mill., Corylus L, as well as tax-
ons of lesser clinical significance (Fagus L., Ulmus L., Fraxinus L.)
were monitored [12-15].

The pollen count measurements were carried out in the years
2012-2014. Pollen concentrations were recorded, in line with in-
ternational standards, by volumetric method using a Burkard-type
sampler operating in a continuous volumetric mode. Concen-
trations were recorded over 7 days and microscopic analysis was
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Fig.1. Diurnal fluctuations of birch tree (Betula) and ash tree (Fraxinus) pollen
concentration.

performed for each 1-hour period separately, with pollen counts
expressed per 1 m® of air [16]. For each taxon the main pollen sea-
son was determined as the period in which 25-75% of annual pol-
len sum (of SPI seasonal pollen index) is airborne. Measurements
of diurnal dynamic changes in pollen counts (Fig. 1.-3.) for each
plant were made on the days from the main pollen season with
no precipitations. With this method the days with unusually low
pollen counts were excluded and the impact of precipitations on
pollen count fluctuations could be disregarded, while the set of
data was still large enough for a reliable analysis. As the pollen
count distribution checked by the Shapiro-Wilk test was diver-
gent from the normal distribution, the correlation analyses were
made by the Spearman test in Statistica 12, at the level of signif-
icance of p < 0.05 [17].

Pollen monitoring was carried out in Szczecin, a large urban ag-
glomeration, representing urban areas and in Gudowo village in
West Pomerania, representing rural areas. The measuring site in
Szczecin was in the Srédmiescie district (53°26’23” N and 14°32'53”
E), at 21 meters above the ground level. The closest area was loosely
covered with apartment blocks and tenement houses. The vicinity
of the measuring site comprises trees of poplar, birch, linden and
plane species. In a distance of about half kilometer there is one of
the largest forest parks in Szczecin. More than half of the forested
area in Szczecin is occupied by urban forests, which are parts of
three wild forests growing in the lower section of the river Oder [18].
The measuring site in Gudowo was in the center of the village, at a
distance of about 100 km SW of Szczecin, (53°29'34” N, 15°51°'44”
E). Pollen sampler was mounted on the roof of a farm building, at
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Fig. 2. Diurnal fluctuations of alder tree (Alnus) and hazel (Corylus) pollen
concentration.

about 4.5 m above the ground level. The surrounding area is cov-
ered with single-family housing with farm buildings, arable fields
and greenery. The vicinity of the measuring site was covered with
numerous willow, hazel, linden, birch, yew, maple and pine trees.

RESULTS

At both measuring sites, the main pollen season of birch tree (Betula)
fell on April and lasted 9 days on average, the longest in 2014 (14 days
in Szczecin and 13 days in Gudowo). From among the species whose
pollen was measured, birch pollen occurs at the highest diurnal
and hourly counts, similar at both measuring sites. The hourly
birch pollen count distribution curve in the urban area (Fig. 1.)
reveals two peaks. The first falls at night, between 1:00 a.m. and
6:00 a.m., the highest pollen count of over 1660 grains per 1 m?
per hour was noted at 3:00 a.m. The second peak was in the after-
noon, between 3:00 p.m. and 4:00 p.m. The birch tree pollen count
decreased in late evening.

The hourly birch pollen count was very high, i.e. of 560—680 grains
per 1 m? per hour even in the period of diurnal decrease, between
7:00 p.m. and 12:00 a.m. The analogous curve for the rural area
(Fig. 1.) shows two periods: that of lower pollen count at night and
that of higher pollen count between 9:00 a.m. and midnight and
three peaks, the first at 10:00 a.m., which was the diurnal maxi-
mum and two lower ones at 12:00 p.m. and 11:00 p.m. The lowest
diurnal birch pollen count in the rural area, of 274 grains per 1 m?
per hour, was noted at 3:00 a.m.
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The main pollen season of alder tree (Alnus) at both measuring sites
lasted 8 days on average. The dates of the beginning of the main sea-
son varied from February 21 in Szczecin (2014) to April 13 in Gu-
dowo (2013). The diurnal pollen counts at both sites were very high,
although the values were higher in the rural area. According to hourly
measurements, the Alnus pollen count (Fig. 2.) in Szczecin was low
from 1:00 at night to midday, then it gradually grew reaching max-
imum at 5:00 p.m., then it remained high till midnight. The lowest
pollen counts were noted between 6:00 a.m. and 8:00 a.m. The curve
illustrating hourly changes in Alnus pollen count in Gudowo has two
peaks, the first was higher and was noted in the afternoon, between
1:00 and 7:00, while the second — between 10:00 p.m. and 12:00 a.m.
The lowest pollen count was recorded between 5:00 and 9:00 a.m. The
absolute minimum in this three-year period was at 6:00 a.m.

Hazel was the first to pollinate in all the years studied; the main
pollen season began as early as January 30 in 2012 in the rural area
and February 15 in 2014 in the urban area. The range of dates of the
beginning of hazel (Corylus) main pollen season in Gudowo was 7
weeks, which was much longer than in Szczecin — 3 weeks. Also the
duration of pollen seasons showed much variation, lasting 8 days
on average in Szczecin, the longest in 2014 (14 days) and 12 days
on average in Gudowo, the longest in 2013 (24 days). The airborne
hazel pollen count in the rural area reached very high values, much
higher than in the urban area, in the top pollen season. In Szczecin
the hazel pollen count (Fig. 2.) at night, between 1:00—6:00 did not
exceed 10 grains /m® of air. Two peaks were noted in the hourly di-
agram of pollen count in Szczecin, between 10:00 and 11:00 a.m.
and in the afternoon between 5:00 and 6:00, with the maximum val-
ue at 5:00 p.m. The corresponding peaks of the hourly hazel pollen
count in Gudowo were between 11:00 a.m. and 12:00 p.m. and be-
tween 3:00 and 5:00 p.m., the latter was of higher values. The diur-
nal maximum of hazel pollen count was noted at 3:00 p.m., while
the lowest pollen count was measured between 1:00 a.m. and 7:00
a.m. For hazel, the negative correlation of pollen counts and precip-
itation occurrence was found in Gudowo (Tab. L.).

The main pollen season of beech tree (Fagus) in Gudowo started
in April and lasted 14 days on average, while in Szczecin at the end
of April and the beginning of May and lasted 8 days on average.
At both sites the beech pollen counts were low, at similar levels.
The curve of hourly variation of beech pollen counts recorded in
Szczecin (Fig. 3.) shows two peaks, the first between 4:00 p.m. and
5:00 p.m. and the second — of almost the same height — between
8:00 p.m. and 9:00 p.m. Apart from the peaks the diurnal pollen
counts were very low. The analogous curve for the rural area was
very similar as that for the urban, with two peaks being noted be-
tween 2:00 p.m. and 3:00 p.m. and between 10:00 p.m. and 11:00
p.m., corresponding to pollen counts of about 20 grains per 1 m?
per hour. For beech tree, negative correlation of pollen counts and
precipitation occurrence was found in Szczecin (Tab. L.).

The dates of the beginning of the pollen season of elm tree (Ulmus)
were similar, at the end of March in 2012 and 2015 and in the middle
of April in 2014. The pollen season in Szczecin lasted for a maximum
of 10 days, while in Gudowo — 20 days and was more abundant than
in the urban area. The curve of hourly changes in elm pollen count
in Szczecin (Fig. 3.) had a single peak at 2:00 p.m. Besides this peak,
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Fig.3. Diurnal fluctuations of beech tree (Fagus) and elm tree (Ulmus) pollen
concentration.

the pollen count was at a similar level. The lowest pollen count was
measured near midnight. In Gudowo the elm pollen count varied
rhythmically for the whole day, with a maximum at midnight and
the lowest pollen counts between 6:00 and 7:00 a.m.

The main pollen season of ash tree (Fraxinus) in Szczecin lasted
for 2—6 days. The season started from the end of April to the be-
ginning of May. In Gudowo the pollen season was by 10-13 days
longer than in Szczecin and started in April. Moreover, it was char-
acterized by many times lower pollen counts than in Szczecin. The
curve illustrating the hourly pollen counts in the urban area (Fig.
1.) revealed two peaks, the first much higher than the second, be-
tween 3:00 and 5:00 a.m., while the second at 4:00 p.m. The diur-
nal maximum was at 4:00 a.m., while the minimum occurred at
9:00 a.m. and 11:00 p.m. In the rural area the hourly pollen count
distribution also showed two peaks, the first at 4:00 p.m.— the di-
urnal maximum, and the second at 7:00 p.m. Apart from these two
peaks the pollen count showed no variation.

DISCUSSION

As follows from our observations, the curves of hourly distribu-
tion of pollen counts for different species do not have the same
shapes. For birch tree (Betula) the character of the curve is signif-
icantly different from other taxons. A comparison of the diagrams
for Szczecin (urban) and Gudowo (rural) shows that despite differ-
ences in the pollen counts, the majority of taxons studied show a
similar dynamics of the hourly pollen count distribution.
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Tab. I. Spearman'’s correlation coefficients between pollen concentration and
precipitation in Szczecin (urban) and in Gudowo (rural), 2012—2014.

PRECIPITATION /TAXON URBAN AREA RURAL AREA
Betula -0.018 0.047
Alnus -0.167 -0.185
Corylus -0.071 *-0.213
Fraxinus -0.167 -0.068
Fagus *-0.149 0.108
Ulmus -0.124 -0.081

* Statistically significantat p<0.05

The airborne variations of pollen counts in diurnal cycles are dif-
ferent, which confirmed the earlier studies [19, 20]. The values and
variations of pollen counts depend on many factors that influence
the release of pollen grains from the anther and its dispersal [21].
Galan et al. [22] have distinguished two types of diurnal patterns
of airborne pollen counts. The first type is characterized by small
differences between the maximum and minimum hourly pollen
counts, while the second type — great differences. The first type
pattern is found for birch tree pollen in both our measuring sites,
while the pollen counts variations for the other species represent
the second pattern. The diurnal rhythms of pollen counts can
change in subsequent seasons or in different areas [10], which has
also been observed in the urban and rural area of Poland.

The diurnal rhythms of anther opening are genetically determined,
but the hourly dynamics of airborne pollen count depend on oth-
er factors, in particular meteorological [19, 23]. For some species
growing in Szczecin (beech trees) and in Gudowo (hazel), a nega-
tive correlation of pollen counts and precipitation occurrence was
found. During precipitations, high air humidity restricts the open-
ing of anthers and pollen release, which reduces the airborne pol-
len count [24]. Precipitates lead to agglomeration of pollen grains
in the air followed by their falling on the ground [25]. When the
pollen grains that fell on the grounds dry out, they can be airborne
again thanks to the wind, which is called redeposition. At the first
moments of intensive precipitation the airborne pollen count may
increase, which is probably a result of strong winds accompany-
ing the precipitations [24]. Of particular significance in allergolo-
gy are the drizzles as water suspended in the air is then absorbed
by pollen grains which swell and break releasing cytoplasm with
allergenic proteins [24, 26, 27].

In our study the measurements were made on days without pre-
cipitates, a similar procedure has been reported [21, 28, 29, 30, 31].
The maximum airborne pollen count has been observed during the
day at the time of maximum air temperature and minimum relative
humidity [10, 32, 33]. In the urban and rural areas that were stud-
ied, the pollen counts of the majority of the taxons studied were
higher during the daytime than at nighttime. The character of the
curves of hourly variations in pollen counts can be disturbed by
the grains coming from far long-range transport and redeposition
[34, 35]. Airborne pollen grains observed during the day do not
always come from the original source of emission (anthers), some-
times higher pollen counts can be a result of temporary break in
temperature fluctuations, which permits falling on the ground of
the suspended pollen [36]. An increase in pollen count at night,
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noted e.g. for elm trees (Ulmus) (Gudowo) or ash tree (Fraxinus)
(Szczecin), may indicate that the pollen comes from long-range
transport. The release of pollen from anthers in the evening or at
night is unlikely because of the unfavorable weather conditions.
The maximum pollen count in the evening or at night can be a
consequence of a far distance of the pollen source and the high
pollen count is read off because the pollen from this far source has
just reached the measuring site [21, 37, 38].

The diurnal variations of airborne pollen count coming from par-
ticular species measured in Szczecin and Gudowo were compared
with the data reported by other authors. In the main pollen season
of birch tree (Betula) the pollen counts at our measuring sites were
very high for all 24 h, also at night. In Rzeszéw over 50% of the total
birch pollen count have been recorded in the evening and at night,
with a maximum between 9:00 and 11:00 p.m. [39]. The curve of
hourly distribution of birch pollen count in Szczecin has two peaks,
one in the afternoon and the other at night. Norris-Hill and Emberlin
[40] have explained their similar results obtained in London by the
effect of the wind and different distances of pollinating trees from
the measuring points. According to their interpretation, the pollen
coming from local sources of emission gives the daytime peak, while
the nighttime peak is a result of long-range transportation. Perhaps
a similar situation took place in Szczecin. Two diurnal peaks have
also been reported by Toth et al [11]. In Sweden, Berggren et al. [28]
have reported many differences between the hourly distributions of
pollen counts recorded in two cities. In Gudowo the diurnal maxi-
ma were noted before noon, while other authors from other local-
ities report peak observations at noon, in the afternoon and even
at night. This high diversity of results hinders the recommendation
for prophylaxis in allergy to birch pollen allergy.

The data collected from a number of measuring sites illustrate the
diversity of the hourly rhythms of pollen counts from alder tree
(Alnus). The results obtained in our study are the most similar to
those reported by Rodriguez-Rajo et al. [41]. Galan et al. [22] have
reported the highest pollen count from this species between 4:00
and 5:00 a.m. as well as at 1:00 p.m. The results of other authors
revealed maximum pollen counts in the evening [11, 35, 42].

The peak pollen counts for hazel (Corylus) noted at our measuring
sites were a bit later than those reported from Lublin [35] and Za-
greb [11]. The elevated levels of hazel pollen count were observed in
Szczecin from 10:00 to 11:00 a.m. and in Gudowo from 11:00 a.m.
to 12:00 p.m., besides the afternoon maxima. The occurrence of an
additional peak in the morning hours was reported in Rzeszow [39].
Many anemophilous species start pollen release in the morning to
make use of the uplifting convection currents [23, 43].

The diurnal dynamics of elm tree pollen count (Ulmus) in different
localities were different. In Szczecin the diurnal period of elevat-
ed level of pollen count was noted at a similar time as in Cordoba
[22]. In Toledo and Turku the hourly maximum of pollen count was
noted at about 5:00 p.m., while in Gudowo at midnight [10, 20].

As far as ash tree (Fraxinus) pollen count diurnal variations are
concerned, in Szczecin two diurnal periods of high pollen counts
were noted, at night and in the afternoon. Similar results have been
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presented by Perez-Badia et al. [20]. Yang et al. [44] recorded the
diurnal maximum in early morning, while Borycka [39] at noon.
In Gudowo the highest pollen counts from ash tree were found
in the afternoon, similarly as in the majority of other localities for
which the data have been reported.

Pollen monitoring data allow to assess pollen allergen exposure
of allergic rhinitis sufferers. The pollen produced by anemophi-
lus plants can occur at high counts [45-46]. Of particular concern
in this respect are the species that produce flowers prior to leaves,
which facilitates dispersal of their pollen [47]. Exposure to tree pol-
len allergens changes not only seasonally, but also on a daily basis.
Increased exposure can be caused by the specificity of hourly vari-
ability of pollen concentration and the hourly pollen count during
24 hours exceeds even several dozen times the average daily con-
centrations of pollen. As follows from our observations, in the eval-
uated period, the exposure to alder, hazel and elm pollen allergens
was more intense in the rural than in the urban area. However, an
individual exposure, resulting from local vegetation sources, can be
multiplied. What is more, microclimate of the city, increased tur-
bulences, the presence of high buildings restrict the aeroplankton
spreading, that is why high levels of pollen count can remain longer
in the cities than in open air areas [48]. The so-called “effect of urban
heat island” caused by a combination of heat accumulation e.g. in
asphalt and concrete, reduced level of relative humidity and specif-
ic winds, may extend the vegetation periods [49, 50]. Furthermore,
in the urban area pollutants can play an adjuvant role by modifying
allergenicity and enhancing the allergic response to allergens [51].

The knowledge of the above is essential in order to reduce the
exposure to sensitizing allergens. Thus, education of the patient
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