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Abstract:

The aim of the work was to compare the qualitative and quantitative composition of aeroplankton in Sosnowiec (Poland) at three heights. The
research was conducted on July 3, 4™ and 5", 2018 with the help of three Burkard spore traps: one stationary and two portable ones. The analyses
were carried out at an altitude of 83 m, 15 m and at the ground level. Aerobiological data was recorded every hour and the collected pollen grains
and fungal spores were determined later on. The relationships between individual meteorological conditions and different features of the alder
pollen season were determined using Spearman’s rank correlation coefficients. The research has shown that the greatest fluctuations in the daily
pollen count occurred at the lowest measuring point, i.e. at the ground level. The largest part of the determined palynomorphs were fungal spores,
the most numerous of which was Cladosporium, followed by Alternaria, Epicoccum and Botrytis. Statistical analysis showed that the highest con-

centrations of fungal spores and plant pollen grains were influenced by wind speed, maximum gust of wind and solar radiation.
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nderstanding the variability in the concentration

of pollen grains and fungal spores, which varies

with sampler height, is an important issue in the
study of spatial distribution patterns. In the case of urban
areas, this is important in the context of the occurrence
of allergenic pollen and spores in multi-storey and high-
rise buildings. This article presents preliminary results
concerning the vertical distribution of pollen grains and
fungal spores in the northern part of Sosnowiec, char-
acterized by loose distribution of blocks of flats. It is
generally assumed that aeroplankton concentration
decreases logarithmically along with the increase in
height [1-4], because pollen grains and fungal spores,
as small particles, are subject to the laws of gravity and
usually settle at ground level. However, convective and
mechanical turbulence prevents the complete sedimen-
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tation of aeroplankton and often causes pollen, spores
and other particles to rise. Mandrioli et al. [5] outlined
two processes by which the vertical transport of parti-
cles may take place. The first is turbulent transport by
air currents, which regulates the vertical mixing of par-
ticles in the atmosphere, and the second is severe con-
vective storms, which can also transport the particles
upwards. The problem of aeroplankton distribution in
urban areas seems to be complicated by the presence of
many buildings, often high, which disturb the natural
flow of air. Research in the US and London shows that
sometimes fungal spore and pollen grain concentration
increases with height, thus being significantly lower at
street level than at roof level [6, 7].

Sosnowiec is a town in the south of Poland in
the eastern part of the Silesian Upland (fig. 1). Despite
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the significant concentration of residential and industri-
al buildings, Sosnowiec is an area where various hab-
itats are covered by a large number of vascular plants
(tracheophyte) belonging to many botanical families.
According to Jedrzejko [8], the total area occupied by
greenbelt in the urban area is approximately 24.7%.

In the area of the Silesian Upland, where Sos-
nowiec is located, the influence of various air masses
intersect, which is why the climate is characterized by
considerable variability and irregularity of the course
of climatic elements. Sosnowiec is located in the tem-
perate-transitional climate zone between the oceanic
and the continental zones. The weather throughout the
year (65%) is influenced by polar maritime air flowing
in from the Atlantic Ocean. The average annual tem-
perature is at the level of 9.2°C; the warmest month
is July (19.5°C), and the coldest month is January
(-1.2°C). The average annual precipitation is 735 mm.
Snow falls for an average of 50 days a year. The
average number of days with snow cover is 66, while
the average thickness of snow cover is 25 cm. Frequent
weather changes and the occurrence of rainfall are ac-
companied by atmospheric fronts, which move over
the area of Sosnowiec 40.5% of days a year. Among
winds occurring in Sosnowiec, the wind from the west
is dominant, next from the south, the north-west and
south-west. The average wind speed in Sosnowiec is
estimated at around 3.1 m-s' [9].

Aim

The aim of this research was to compare the
concentration of aeroplankton (pollen grains and
fungal spores) at three different heights and to check
the daily count of pollination and sporulation at specif-
ic hours. An important aspect was also to investigate
the influence of weather conditions on the differences
in individual concentrations.

Material and method

Concentrations of pollen grains and fungal
spores were analyzed on the basis of data obtained
in Sosnowiec on July 37-5" 2018. Aerobiological
measurements were made by applying the volumetric
method with the use of three special Burkard devices.
The apparatuses were located at an altitude of about
83 m, 15 m and near ground level on the premises of
the Faculty of Earth Sciences at Silesian University in
Sosnowiec. The geographical coordinates of the meas-
uring point are: 50° 17° 50” N and 19° 08’ 20” E. Near
the volumetric apparatuses, a meteorological station of
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the Department of Climatology (height 263 m, ASL) is
situated, from which the weather data was used. The
height samplers placed at an altitude of 83 m and near
the ground level were portable (personal volumetric
air samplers), in which glass slides with an adhesive
substance were exchanged every hour. The apparatus
at 15 m was a classic device that takes samples con-
tinuously. Measurements were conducted from 8 am to
8 pm. Sampling during night hours was impossible due
to limitations of personal devices that cannot operate
in high humidity conditions. For this reason, the days
selected for the measurements were those in which
high-pressure weather without rainfall prevailed. On
July 3, 2018 southern Poland came under the influ-
ence of a weak high-pressure system extending from
Germany and the Czech Republic through Hungary and
Romania towards the Black Sea. Old polar maritime
air masses flowed in from the west and north west. In
Sosnowiec, after a clear night, the sky was moderately
overcast with cumulus clouds. On the night of July 4%,
the advection from the north-west and the east weak-
ened. In the hazy area of elevated pressure, the old
polar maritime air was still present. The day was clear
with sunshine for 15.2 hours. On July 5%, atmospheric
pressure dropped below 1010 hPa and southern Poland
found itself in a weak low-pressure air mass near the
stationary front surging over the Czech Republic. This
front was located near Sosnowiec at around 8 pm,
bringing a warm polar maritime air mass. The day was
sunny, as only in the evening there was an increase in
cloud cover. The average temperature on the analyz-
ed days in the meteorological station was 25.3°C, the
relative humidity was 31.3%, and the western wind
with the speed of 2 m's' was predominant. July 4%
and 5" were hot days, the maximum temperature was
27.8°C and 31°C respectively. At an altitude of 83 m,
the average air temperature was lower (23.5°C) and
the wind speed was higher. At the above-mentioned al-
titude, sunshine hours were also measured, which on
the examined days averaged 10.6 hours. On July 4™,
the highest total radiation of 27.4 MJ-m™ was recorded.
Both average daily and hourly values of meteorolog-
ical elements such as: average air temperature, length
of sunshine, solar radiation, relative humidity, average
wind speed, maximum gust and wind direction were
used in the research.

The analysis of pollen grains and fungal spores
was carried out by light microscope after staining with
basic fuchsin. The palynomorphs were counted and
designated in 13 vertical ranges, each corresponding to
an hourly range from 8 am to 8 pm respectively. 45 taxa
including 29 taxa of fungal spores and 16 taxa of pollen
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grains were determined (tab. 1). The “unknown” cat-
egory includes non-designated fungal spores. In total,
66,721 palynomorphs were designated.

In order to determine the effect of meteorologi-
cal conditions on the height of pollen grains and fungal
spores, a correlation analysis was performed. Due to
the fact that the data distribution was not normal (Shap-
iro-Wilk test), the non-parametric Spearman’s rank
correlation coefficient was used. The statistical risk of
error was estimated at the significance level: a = 0.05,
0.01 and 0.001 using the Statistica version 9 program.

Results

During the tests carried out on July 35" dif-
ferences were observed in the values of pollen and
spore concentrations at various heights (fig. 2, 3) and
at different times (fig. 4). By far the largest proportion
of designated palynomorphs were fungal spores, the
most numerous of which was genus Cladosporium, fol-
lowed by Alternaria, Epicoccum and Botrytis (tab. 2).
The dominant taxon among plants was nettle (Urtica),
whose pollen in the analyzed days reached a total of
5060 grains per m*® (tab. 2). Considering the taxa of
plants and fungi together, the highest number of paly-
nomorphs were collected at the lowest measuring point,
that is at the ground level (fig. 2). At this point, much
higher concentrations of fungal spores were observed,
such as: Alternaria, Aspergillus/Penicillium, Arthrin-
ium, Botrytis, Chaetomium, Cladosporium, Epicoc-
cum, Pithomyces and Stemphylium, and higher con-
centrations of pollen grains: Artemisia, Brassicaceae,
Labiateae and Plantago (tab. 2).

When analyzing pollen grains and fungal spores,
it was found that the highest number of pollen grains
were caught at a height of 15 m (fig. 3). These were
mainly pollen grains belonging to the Poaceae family
and to the genus Urtica (tab. 2). Pollination in individ-
ual hours is illustrated in the graphs in figures 5-7. The
largest fluctuations in the surveyed days occurred at
15 m among plant taxa (fig. 6). The graphs show one
distinct peak between 9-10 and then a dramatic fall in
the number of pollen grains around noon. A similar sit-
uation was observed in the number of fungal spores at
the ground level. On all days at 10 am there is a peak
with a high concentration of fungal spores followed by
a sudden drop in concentration (fig. 5).

Statistical analysis revealed that the level of
concentration of fungal spores and pollen grains was
most influenced by wind speed, maximum gust of wind
and solar radiation. A high, statistically significant cor-
relation was found between the palynomorph concen-
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tration, the wind speed and the maximum gust of wind.
Only for the measuring point at 83 m was the corre-
lation negative (tab. 3), while for the other two meas-
uring points it was positive (tab. 4, 5). It can be stated
that the high wind speed at high altitude causes the
reduction of the palynomorph concentration. At lower
altitudes (15 m and at the ground), on the contrary, high
concentrations of pollen and spores appeared when the
wind speed and maximum gust of wind were high.

The correlation between palynomorph concen-
tration and solar radiation at all measuring points was
positive (tab. 3-5). A statistically crucial negative cor-
relation with wind direction was also found (tab. 3-5).
Higher concentrations of palynomorph at all heights
were favored by a south-west wind, while the paly-
nomorph number was smaller with a western wind.
Correlations with average air temperature and relative
humidity were weaker and in some cases statistically
insignificant (tab. 3-5).

Discussion

Pollen grains are one of the most important
groups of biological particles in the atmosphere that
trigger allergic processes. Knowledge of aeroplank-
ton variability may be useful in the treatment and pre-
vention of pollen and spore allergies. Multiple fluc-
tuations in the number of palynomorphs during the
day are related to diurnal opening of anthers, which
is modified by various factors [10—-12]. The flower-
ing, pollen and fungal spore production of particu-
lar species are influenced by genetic, phenological,
ecological, meteorological and climatic factors. Es-
timating the variability of the number of pollen and
spores makes it possible to assess the risk posed by
allergens in a given area. As early as 1883, Miquel
[13] proved that microbes floating in the air indicate
certain circadian rhythms. Fungi release spores only
under specific conditions of temperature, humidity and
light [14]. Some plants produce pollen in the morning
hours, others in the afternoon [10, 15]. With changing
weather conditions (rain, wind direction, turbulence,
sunshine, etc.) there is practically no regular pattern
or rhythm according to which pollen grains and fungal
spores would appear in the air [16—18]. Studies on the
hourly distribution of pollen grains and fungal spores
in many countries showed how diverse the daily pollen
rhythms are [10, 12, 15, 19-26].

In Sosnowiec, the largest fluctuations in the
circadian course of pollination occurred at the lowest
measuring point, that is at the ground (fig. 4). One
clear peak can be noticed with a high concentration at
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Figure 1. The geographic location of Sosnowiec in Central Europe (www.vecteezy.com/map-vector).
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Figure 2. The total sum of pollen grains and fungal spores at different heights on July 35", 2018.
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Figure 3. The differences in the concentration of pollen grains and fungal spores at different heights on July 35",
2018.
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Figure 4. Hourly pollen and spore course at various heights (hours in summer time 8 = 06 UTC).
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Figure 5. The comparison of concentration of pollen grains and fungal spores in one-hour intervals at a height

of 83 m (hours in summer time 8 = 06 UTC).
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10 o’clock, with a radical decrease in the number of
grains and spores after 10. By treating pollen grains
and fungal spores separately, the most diverse diurnal
course occurred at the height of 15 m among plant taxa
(fig. 7). The graphs show one distinct peak between
9-10 and then a decrease in the number of pollen grains
around noon. To some extent, this may be connected
to the wind speed strength and solar radiation values,
which is confirmed by high correlation coefficients for
these weather elements (tab. 4). Grass pollen analyses
carried out by Dutch [17] and Spanish researchers [22]
indicate, however, that the relationship between the
concentration of pollen grains and individual meteoro-
logical elements may be dependent not only on the time
of day, but also on the season of the year. A similar pol-
lination course of plants with one distinct peak in the
afternoon hours was found in Finland [27] and in Spain
[22, 28]; while in the Netherlands [17], Wales [29] and
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Denmark [24] maximum concentrations were observed
in the afternoon. One clear peak around 10 o’clock was
also observed for the sporulation course at the meas-
urement point near the ground (fig. 6). At this time,
the concentrations of Alternaria, Aspergillus/Penicilli-
um, Cladosporium, Epicoccum and Pithomyces spores
were higher than in the remaining hours. At 10 o’clock
at the indicated measurement point, a sudden increase
in the value of solar radiation and wind speed was also
noted. The correlation coefficients for these weather el-
ements were positive (tab. 5).

Statistical analysis showed that the higher con-
centration of fungal spores and pollen grains was most
influenced by the wind speed, maximum gust of wind
and solar radiation. A high, statistically significant cor-
relation was found between the palynomorph concen-
tration, the wind speed and the maximum gust of wind.
Only for the measuring point at 83 m was the corre-
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Figure 6. The comparison of concentration of pollen grains and fungal spores in one-hour intervals at ground

level (hours in summer time 8§ = 06 UTC).
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lation negative (tab. 3), while for the other two meas-
uring points it was positive (tab. 4, 5). The correlation
between palynomorph concentration and solar radi-
ation at all measuring points was positive (tab. 3-5).
Many researchers emphasize the role of wind and solar
radiation in affecting the concentration of pollen grains
and fungal spores in the air [25, 30-33].

In the studies carried out in Sosnowiec, a sta-
tistically significant negative correlation with the wind
direction was also found (tab. 3-5). Higher concen-
trations of palynomorphs at all heights were favored
by the wind from the south-west. The palynomorph
number was smaller with wind from the western direc-
tion. Correlations with average air temperature were
positive at all measuring points (tab. 3—5), which was
also found in studies conducted, among others, in New
Zealand [34], Portugal [35], Romania [36] and China
[37]. Correlation coefficients between relative humidi-
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ty and pollen grain concentration were negative, while
correlation coefficients between the indicated weather
element and the concentration of fungal spores were
positive (tab. 3-5). A negative correlation with relative
humidity was also found in studies conducted in Paki-
stan [25] and in Slovakia [33].

The concentration of pollen grains and fungal
spores also depends on the sampler height, which has
also been often emphasized by other researchers [6, 7,
38—40]. In general, particle concentrations tend to de-
crease with altitude [1-4, 41], and this relationship was
applicable for Sosnowiec. The spore particles of some
types of fungi (Aspergillus-type, Cladosporium) may
be more numerous at measuring points located higher,
due to the fact that they are small and light, thus easily
transported by the wind. According to some research-
ers [42], their number even increases with altitude. In
Sosnowiec, however, no such relationship was found.
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Figure 7. The comparison of concentration of pollen grains and fungal spores in one-hour intervals at a height

of 15 m (hours in summer time 8 = 06 UTC).
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Considering all the palynomorphs together: the highest
concentrations were recorded at the ground level, and
the lowest at the height of 83 m (fig. 2). The largest
part of designated palynomorphs were fungal spores,
the most numerous being genus Cladosporium, fol-
lowed by Alternaria, Epicoccum and Botrytis (tab. 2).
Cladosporium spores have also been the most repre-
sentative fungal spores in research in other countries
[25, 33, 39]. Some researchers suggest that high con-
centrations of certain fungal spores and pollen grains
by the ground may be the result of a combination of
several factors [27, 42, 43]. These factors are: the
source proximity from which the aeroplankton orig-
inates, i.e. soil and vegetation, acrodynamic charac-
teristics of the aeroplankton: shape and size of grains
and spores, the effect of meteorological conditions on
pollen release, dispersion and deposit of the aeroplank-
ton and vertical temperature gradient. The mentioned
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factors may explain lower concentrations of fungal
spores and pollen grains at the roof level than at ground
level. Many spores come from fungi that live on rotting
parts of plants or are parasites of living plants. The con-
centration of spores should be higher, the closer they
are to the source, that is the ground; and this is actu-
ally the case. The same applies to plant pollen, which
reaches higher concentrations at the mother plant, i.e.
at the measuring point closest to the ground.

In Sosnowiec, however, both nettle and grass
pollen, which occurred in the analyzed days most
abundantly, reached the highest concentrations not at
the ground, but at the 15 m point (tab. 2). Nettle and
grass pollen usually reach very high concentrations
in the atmosphere, which is also confirmed by other
researchers [44, 45]. Nettle pollen grains belong to
a small and light group of particles that can easily be
carried by air currents, as shown by analyses carried
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Table 1. The number of pollen grains and fungal spores marked at different heights on July 35"

83m 15m ground level 83m
Fungal spores 5631 6516 8033 5065
Pollen grains 946 1249 976 776
Sum 6577 7765 9009 5841

Table 2. The number of all taxa marked at different heights.

Alternaria 944 2463 2723 6130
Ambrosia 0 3 7 9
Artemisia 28 24 245 297
Aspergillus/Penicillium | 116 136 250 502
Arthrinium 345 385 445 1176
Asteraceae 9 5 5 20
Aureobasidium 39 4 32 112
Botrytis 156 219 558 933
Brassicaceae 4 4 17 25
Cercospora 16 36 25 11
Chagtomium 37 53 240 331
Chenopodiaceae 28 64 31 123
Cladosporium 14428 | 12289 | 16302 43019
Didymelia 47 35 49 131
Dreschlera 63 89 84 236
Epicoccum 329 267 657 1253
Fabaceae 5 3 25 33
Fusicladium 31 24 47 101
Ganoderma 345 340 163 848
Gymnosporangium 52 56 84 192
Helminthosporium 25 29 31 85
Mucor 76 136 107 319
Labiatae 3 7 45 55

out by Spanish researchers [46]. Among the designat-
ed pollen grains, nettle was the only one that was most
represented at 15 m, while the pollen of other plants
reached the highest concentration at 1.5 m. There is
no clear answer why the heavier and larger pollen be-
longing to the Poaceae family was found in greater
amounts at a height of 15 m, but this means that the
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15m ground level 83m 15m ground level
5665 7300 6186 5723 7247
1094 925 895 1598 896
6759 8225 7081 7321 8143
Leptosphaeria 52 73 39 164
Periconia 57 39 45 141
Peronospora 48 16 57 121
Picea 1 5 7 13
Pinus 23 43 29 95
Pithomyces 49 45 145 240
Plantago 93 165 211 469
Poaceae 451 993 691 2135
Pteridophyta 15 47 29 91
Puccinia 44 40 35 119
Rhizopus 136 111 99 345
Rosaceae 1 4 4 9
Rumex 155 127 143 424
Stemphylium 72 121 239 432
Thecaphora 4 8 4 16
Tilia 4 20 1 35
Tilletia 17 15 27 59
Torula 69 61 14l 201
Tuburcinia 24 16 21 61
Uromyces 63 4 35 139
Urtica 881 3059 1120 5060
Ustilago 43 33 45 121
Unknown 69 55 99 223
Sum 19499 | 21845 | 25377 66721

risk of grass pollen allergens may also be probable at
higher altitudes, far from the source of pollen.

The values of pollen grain concentration at
other measuring points, i.e. at 83 m and at the ground
were comparable (fig. 3).

Changes in aeroplankton concentration along
with the change in altitude seem to be important, espe-
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Table 3. The correlation coefficients between the average values of the weather conditions and the pollen and

spores concentrations from 8 am to 8 pm on July 35" at a height of 83 m.

eteorological cond July 3+ July 4" July 5
pollen spores pollen spores pollen spores

Average temperature 0.33 0.68* 0.53 0.63* 0.07 0.61*
Relative humidity -0.45 0.65* -0.62* 0.64* -0.48 0.63*

Wind direction -0.14 0.24 -0.36 -0.23 0.01 -0.46

Wind speed -0.72** -0.59* -0.81* -0.63* -0.65* -0.51
Maximum gust of wind -0.78*> -0.66* -0.83** -0.60* -0.69* -0.59*
Sunshine duration -0.48 0.40 -0.47 -0.23 -0.19 0.18

Solar radiation 0.32 0.62* 0.06 0.65* 0.25 0.70**

#p < 0.05;* p < 0.01; **p < 0.001.

Table 4. The correlation coefficients between the average values of the weather conditions and the pollen and

spores concentrations from 8 am to 8 pm on July 35" at a height of 15 m.

eteorological cond July 31 July 4" July 5"
pollen spores pollen spores pollen spores

Average temperature 0.59* 0.45 0.60* 0.33 0.48 0.58%
Relative humidity -0.65* 0.64* 0.45 0.61* -0.40 0.59*

Wind direction -0.60* -0.59* -0.70** -0.69** -0.63* -0.70**
Wind speed 0.67* 0.69*~ 0.78** 0.59* 0.78** 0.73*~
Maximum gust of wind 0.60* 0.59* 0.71** 0.67* 0.83** 0.81***
Solar radiation 0.82*** 0.72*> 0.66* 0.78~ 0.71*> 0.86™**

*p <0.05**p<0.01;***p <0.001.

Table 5. The correlation coefficients between the average values of the weather conditions and the pollen and

spores concentrations from 8 am to 8 pm on July 3-5" at ground level.

eteorological cond July 3¢ July 4" July 5"
pollen spores pollen spores pollen spores
Average temperature 0.62* 0.59% 0.57* 0.49 0.56™ 0.69%*
Relative humidity -0.55 0.59* -0.62* 0.60* -0.58* 0.62*
Wind direction -0.56* -0.62* -0.59* 0.71** -0.67* -0.70%*
Wind speed 0.76** 0.68* 0.80*** 0.82** 0.72** 0.69*~
Maximum gust of wind 0.66* 0.49 0.69** 0.60* 0.70** 0.67*
Solar radiation 0.78** 0.59* 0.64* 0.68* 0.78** 0.65*

*p < 0.05**p<0.01;**p <0.001.
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cially in relation to hay fever. Threats that may affect
an average allergic person can vary significantly de-
pending on whether one is at street level, or whether
one lives or works in a high-rise block. Therefore,
before starting aerobiological research in urban areas, it
should be taken into account at what level the samples
should be collected and for what purpose the results
will be used. Samplers on tall buildings will give
a general picture of pollen spectra over an extensive
area, but have no relation to aeroplankton concentra-
tions experienced by the population at ground level.
On the other hand, samplers at lower levels will give
a better picture of the aeroplankton concentration to
which the potential allergic patient is exposed. It seems
that the higher, the “safer”.

Conclusions

In Sosnowiec, the greatest fluctuations in the
daily pollen count were at the measuring point located at
the lowest level, i.e. at the ground. Around 10 o’clock,
the spore concentrations of Alternaria, Aspergillus/Pen-
icillium, Cladosporium, Epicoccum and Pithomyces
were higher than in the remaining hours.

The largest part of the marked palynomorphs
were fungal spores, the most numerous of which was the
genus Cladosporium, followed by Alternaria, Epicoc-
cum and Botrytis.

Considering all palynomorphs together, the
highest concentrations were recorded at the ground,
the lowest at the height of 83 m. Only nettle and grass
pollen reached the highest concentrations at the meas-
uring point located at 15 m.

Statistical analysis showed that the highest con-
centrations of fungal spores and pollen grains were in-
fluenced by wind speed, maximum gust of wind and
solar radiation. The direction of the wind was also
significant, as the palynomorphs at all heights were
favored by wind from the south-west.

The correlation coefficients between aeroplank-
ton concentration and average air temperature were
positive at all measuring points.

Correlation coefficients between relative hu-
midity and pollen grain concentration were negative,
while they were positive in the case of fungal spores.
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