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Abstract Urban green spaces, especially urban
parks, are essential for the proper functioning of
cities, but they can be a serious source of airborne
fungal spores. Aerobiological monitoring was carried
out in urban parks of different typology to estimate the
risk associated with fungal spores for citizens. Volu-
metric method was applied with the use of
portable Burkard Sampler. In the air of the studied
parks, the most dominant spores are strong allergenic
or considered as potentially allergenic. Cladosporium
spores were found in enormous concentrations in all
studied parks, and it affected the low biodiversity of
fungal spores in the parks. Compared to Cladospo-
rium, concentrations of Alternaria spores in the air
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were several dozen times lower, but still a risk for
people who are allergic. The fungal spores spectra and
their seasonal occurrence in each park were similar.
The highest similarities in the patterns of the season
were found in the case of Cladosporium, Alternaria,
Epicoccum, and the lowest in the case of Torula and
Drechslera type. Due to the fact that allergy sufferers
are most often polysensitized, the period when they
should limit long visits in the urban parks is July—
August, when the concentration of allergenic fungal
spores of many taxa is the highest.
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1 Introduction

Fungal spores are considered as one of the most
important aeroallergens, causing adverse health
effects. Among the various allergenic fungal spores,
aerobiological surveys report Alternaria as the most
prevalent airborne fungal type and an important
aeroallergen (Budd 1986; Mitakakis et al. 2001).
Cladosporium is frequently reported as the most
abundant aeroallergen and as the second most aller-
genic fungal type worldwide (Tariq et al. 1996;
Knutsen et al. 2012). Both fungal spore types can be
responsible for hospital admissions due to severe
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asthma attacks in sensitized individuals, with a
prevalence among children and with symptoms some-
times manifested as acute respiratory failure (Dales
et al. 2000; Bush and Prochnau 2004; Lee and Liao
2014). Asthma is a chronic disease of the airways
characterized by recurrent attacks of breathlessness
and wheezing, which vary in severity and frequency
from person to person (To et al. 2012; WHO 2019).
Apart from these two spore types, others are indicated
as potential cause of allergies. Studies from various
parts of the world have clearly implicated Ganoderma
spores as aeroallergens (Hasnain et al. 2004), and they
have been implicated in the elicitation of respiratory
allergic diseases. Nonetheless, the airborne basid-
iospores have been ignored in many studies, yet high
concentrations of basidiospores exist in the atmo-
sphere at various locations around the world (Levetin
1991; Grinn-Gofron 2010). Some species of Epicoc-
cum produce highly allergenic spores, reaching their
peak in early autumn. It can trigger high cutaneous
reactivities, sharing allergenicity with different fungi
responsible for the allergic type I symptomatology
(Bisht et al. 2004). Drechslera type strong positive
reactions have been documented in cutaneous testes in
atopic individuals. Another study that took place at the
Anderson Cancer Center (USA) described this genera
as one of the etiologic agents of 16 cases of fungal
allergic sinusitis in a population of patients between 8
and 71 years, with a mean of 25 years (Chew et al.
2000). The other taxa, such as Curvularia, Botrytis,
Ganoderma, are considered as potentially allergen and
may be a causative agent of human infections (Simon-
Nobbe et al. 2008). Several fungi allergens represent
cross-reactivity what was confirmed by the study on
the sequence identity of A. alternata, Aureobasidium
pullulans, Aspergillus fumigatus and C. herbarum
allergens (Twaroch et al. 2016). Many fungal species
cause IgE-mediated type I allergic reactions. Other
clinical syndromes are: bronchopulmonary mycoses,
allergic sinusitis, hypersensitivity pneumonitis. Addi-
tionally, the mycotoxins occurring in spores and
mycelia cause immunosuppression (Simon-Nobbe
et al. 2008).

It was stated that Cladosporium herbarum and
Alternaria alternata might be the third most common
aeroallergens (after house dust and grass pollen)
(Simon-Nobbe et al. 2008 and references therein).
Therefore, it is very important to assess the potential
risks of the atmospheric presence of fungal spores. In
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2004, Beggs has reviewed the need for more research
on fungal spores; however, little has been done since
then. There are indications that changing climate may
lead to alterations in phenology, and the dynamics of
fungal communities has provided relevant evidence
that specific fungal taxa could be vulnerable to global
environmental change (Damialis et al. 2015).

From a socio-economic perspective, the health-
related implications due to airborne fungal spores are
also very important. Asthma, lung diseases and
allergies are a common respiratory disease, observed
in up to 30% of the adult European population (Masoli
et al. 2004; Singh and Mathur 2012). This percentage
has been reported to have increased dramatically and
is expected to rise even more over the following
decades (Singh and Mathur 2012). Selgrade et al.
(2006) have reported that approximately 300 million
people suffer from asthma symptoms worldwide and
that 13.2 million emergency visits to health practi-
tioners and about 4000 deaths related to asthma
incidents are annually recorded. If one takes into
account that respiratory allergic diseases (i.e. asthma)
have increased in frequency, it is challenging even to
re-calculate the heath- and cost-effects of allergies on
human health currently and in the future climate
projections.

Numerous data on the incidence of illness and
economic effects encourage detailed research. It is
known that in inhalant allergy treatment it is crucial to
recognition the cause of the disease and to know the
possibility of avoiding contact with an allergen. It is
also important to elaborate effective forecasts regard-
ing the occurrence and concentration of aeroallergens
in the air. Currently, large areas of vegetation such as
forests and agricultural lands, in particular large-scale
crops, are considered as a main source of airborne
fungal spores (Skjgth et al. 2016). However, the
majority of the human population live in urban areas
(Seto et al. 2011) and contact with such regions is not
frequent. This does not mean that the concentration of
fungal spores in the air does not pose a serious threat to
people. Greenery is a key element in city structure, it
occupies an increasing area and is perceived as a
positive element in its space—urban ecosystem
services (Cwik et al. 2018). However, more and more
studies show the negative effects of vegetation on city
dwellers, including those who are allergic—urban
ecosystem disservices (Kasprzyk et al. 2019b). Sci-
entific research mainly focuses on urban parks as a
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source of allergenic pollen, but the health impact that
the presence of spores in these environments may have
is less considered (Konijnendijk 2018). It is known
that the production of fungal spores is clearly higher
than pollen grain; therefore, it was assumed that in
urban parks the concentrations of the former in the air
could be higher because vegetation is one of the
priority substrates for fungal development. There is no
detailed research on this problem and in order to fill
the knowledge gap, aerobiological monitoring was
carried out in urban parks of different typologies to
assess the degree of risk to park visitors from allergic
fungal spores. The thesis regarding the spatial varia-
tion in the intensity and course of fungal spore seasons
was verified.

2 Materials and methods
2.1 Study area

Research was conducted in south-eastern Poland, in
Rzeszow (50°02'28“N, 021°59'56”E), which is situ-
ated on Rzeszow Foothills at an altitude of 220 m a.s.1
(Fig. 1).

Rzeszow’s urban structure is characterized by large
diversity (Borycka et al. 2017). The downtown area is
a densely built-up area where blocks of flats, industrial
and public buildings predominate. Greenery consti-
tutes an important element of the urban fabric and 14
urban parks with a total area of 81.5 ha are an
important part of it. The notable elements of the city’s
landscape are the Wistok River and storage reservoir
constructed on it. Great amount of agricultural land
use (arable lands and pastures, meadows and orchards)
is situated mainly in the suburbs. Rzeszow is located in
the temperate warm climate zone. From 1997 to 2016,
the annual rainfall was 692 mm and the annual
temperature was 8.7 °C. The mean temperature in
the coldest month, January, is — 2.0 °C, and in the
warmest month, July, it is 19.1 °C (Borycka et al.
2017). The research was carried out in 3 urban parks,
diversified in terms of land management and other
characteristics, that make them suitable to perform
sampling: Park Zdrowia (P1), Park Jednosci Polonii z
Macierza (P2) and Park Kultury i Wypoczynku (P3).
On average, the distance between the parks is 2 km
(Fig. 1). P1 is a peripheral park; P2 is a typically
downtown park, located within dense buildings in the
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Fig.1 Location of the parks under the study on the background
of urban fabric

center of the city. P3 has a landscape character and is
located in the river valley (Cwik et al. 2018). The
studied parks differ in terms of biodiversity, but in all
native tree species predominate (mainly Acer pla-
tanoides, A. pseudoplatanus, Tilia cordata, T. platy-
phyllos, Betula pendula, Fraxinus excelsior), while
shrub is mainly represented by ornamented varieties,
often of foreign origin (Kasprzyk et al. 2019a). In
contrast to P2 and P3, P1 is a park with the lowest
biodiversity and the lowest number of tree species.
60% of its total area is covered by the canopy mainly
Picea pungens, Tilia sp. and Acer sp. Compared to
other Rzeszow parks, P2 has the most specimens of old
trees and shrubs, which emphasizes its higher visual
value. The canopy-covered area is 55% in average.
This park is located in the city center. In P3, apart from
hedges and larger groups of trees, solitary trees grow.
This park has the lowest tree canopy and large open
areas (Kasprzyk et al. 2019a).
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2.2 Aerobiological monitoring

Aerobiological monitoring was conducted from the
beginning of April to the end of September 2016,
during the season when climatic conditions are
favorable for parks visiting. Samples (50 in each
park) were taken in non-wooded areas without archi-
tectural barriers. There was no tree growing in each
park within a 5 m radius of the measuring points.
Fungal spores were sampled every 3—4 days (except
rainy days) between 11 am and 2 pm (the time with
maximum spores concentrations of many taxa and
favorable for parks visits) using portable Burkard
Personal Sampler at the height of app. 1 ma.g.l.. It had
been working for 30 min in each park. Air (10 1 of air
per minute) was sucked through a vertically orientated
inlet directly on microscopic slide covered by Silicon
medium. The cut-off size (collecting efficiency) of the
Burkard sampler is 2.5 pm particle diameter (Grinsh-
pun et al. 2005). The slides were transported to the
laboratory in a special box that prevents their
destruction and contamination, and then covered by
coverslide with glycerogelatin drops. The spores were
identified and counted from 14 mm?® area of micro-
scopic slide, what corresponds to the size of the
rectangular inlet in the trap through which air was
sucked. A light microscope at 400 or 600 magnifica-
tion was used. The results were expressed as fungal
spores concentration per 1 m® of air at the time of
measurement (see above, Galan et al. 2017). SSIn
(Seasonal Spore Integral) was calculated by summing
the concentration from 150 samples collected in the
parks, the maximum concentration, days of maximum
concentration, start and end of the period of occur-
rence in the air were presented for those fungal taxa
that are allergenic and SSIn exceeded 100. The start
and end of this period were defined as the first day and
the last day of continuous occurrence on at least three
days, respectively.

2.3 Data analysis

Biodiversity of fungal spore spectra was described by
Shannon—Wiener index (H’). Synchronization of the
occurrence of spores in the air was measured by means
of Spearman rank correlation coefficient. This non-
parametric test was chosen because the frequency
distributions were not normal, which was confirmed
by the Shapiro—Wilk test. The level of significance
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was selected at o < 0.05. Relationships between parks
and fungal spores were determined using Principal
Component Analysis (PCA). The results were illus-
trated in a two-dimensional scatter plot. The analysis
of the results was analyzed using PAST 3.0, Statistica
13 and Canoco 5 software.

3 Results

The quantitative and qualitative spectra of fungal
spore are very similar in the studied park. In each park
27 out of 30 taxa were identified, and SSIn values
ranged from 117,297 in P2 to 127,215 in PI.
Cladosporium spores were present in the air in the
highest level (above 105,000 on average), and then at
much lower concentrations Leptosphaeria (4200 on
average) and Alternaria (3400 on average), respec-
tively (Fig. 2). While the percentage of Cladosporium
spores in each park exceeded 85%, in case of
Leptosphaeria values ranged from 3.2% in P1 to
3.8% in P3 and for Alternaria from 2.5% in P1 to 2.9%
in P2 and P3 (Table 1). Three taxa mentioned above
achieved similar SSIn values in each park. Periconia,
Polythrincium, Dreschlera and Paraphaeosphaeria
also belong to this group of taxa; however, their
concentrations were sometimes definitely lower than
Cladosporium, e.g. Polythrincium in P2 (119) or
Dreschlera type in P1 (115). The distinct differences
between the parks concerned spore types which
concentrations were extremely high or low in one
park only. In the downtown P2 park, an unusually
large amount of Ganoderma, Torula and Sporormiella
was found comparing to the other; in P3 it concerned
Epicoccum and Pithomyces spores. The diversity of
fungal spores in the parks was relatively low, as testify
by the values of the coefficient A’ (Fig. 2).
Considering the 17 most common taxa, P1 and P2
parks have been shown to be very similar with the
highest concentration of Cladosporium and Gano-
derma spores. Higher concentrations of Alternaria,
Epicoccum, Leptosphaeria, Periconia and Torula
spores can be associated with P3 (Fig. 3).
Cladosporium spores were present in the air almost
every day (turnout 98-100%). A clear increase in
concentrations has been observed since the beginning
of June and the maximum concentration ranged from
11,550 spores in 1m? in P1 to 23,100 spores in 1m” in
P3. It is worth emphasizing that the maximum
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Fig. 2 SSIn of fungal spores recorded in the parks (P1-P3) with the biodiversity index H’

concentrations occurred on the same day, i.e. on July
18. Definitely lower concentrations were found in the
case of Alternaria. Significant spore concentrations
were found from the end of June to the second decade
of September, and maximum at the turn of July and
August. Spores of this type were present in the air with
an 80-86% frequency (Table 1, Fig. 4). The occur-
rence periods of these allergenic spores coincided in
each park with synchronization from r = 0.363572 for
Cladosporium and Epicoccum in P3 to r = 0.728060
for Alternaria and Epicoccum in P2. In P1 and P2, the
seasons of Ganoderma spores overlapped to a small
extent and in park P3 the temporal synchronization of
the spores occurrence in the air was not statistically
significant. Regardless of the type of park, the high
concentrations of Alternaria and Epicoccum occurred
on a similar dates (Table 2).

Ganoderma spores were present in the air to a much
lesser extent, and its percentage share in the total sum
ranged from 1.4% in P3 to 2.1% in P2. The most spores
were found in P2, but the maximum concentration was
the lowest, with over 100 spores comparing to P1.
Although the period of their continuous occurrence in

P1 and P3 began at the end of April or early May, the
significant concentrations were recorded only from
mid-July to the end of the monitoring period. At the
turn of August and September maximum concentra-
tions were obtained (Tables 1, 2, Fig. 4). The spore
season of Ganoderma spores coincided only with the
Alternaria season in P1 and P2, but synchronization of
these seasons was poor (Table 2). Leptosphaeria
spores have different seasonality. They occurred in the
air irregularly with frequency about 68—74%. In the
warmest period, i.e. from mid-June to the beginning of
August, the concentrations were clearly lower than in
spring and late summer. Maximum concentrations
were found in P1 and P2 on April 15 and in P3 on 6
September. The incidence of Epicoccum spores
ranged from 76% in P1 to 84% in P2. The percentage
SSIn was the highest for P3, and the highest concen-
tration was almost 500 spores in m3, while in P1 and
P2 347 in m® and 172 in m?, respectively. Until mid-
June, spores appeared in low concentrations and their
absence was often noted. As in the case of Alternaria,
a significant an increase in concentrations occurred
since mid-June and the seasons overlapped to a large
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Fig. 3 A PCA scatterplot visualizing the relationship between
parks and fungal taxa (A, Alternaria; C, Cladosporium; Ce,
Cercosporidium; Di, Didimella; Dr, Dreschlera type; Ch,
Chaetomium, E, Epicoccum; G, Ganoderma; L, Leptosphaeria;
Pa, Paraphaeosphaeria; Pi, Pithomyces; Po, Polythrincium; R,
rusts; T, Torula; U, Ulocladium; X, Xylariaceae).

extent (Tables 1, 2, Fig. 4). Occurrence of Polythrin-
cium, Dreschlera type, Paraphaeosphaeria and Didy-
mella spores were very irregular; hence the continuous
period of their presence in the air could not be
determined. With the exception of
phaeosphaeria in P2, the incidence was less or equal
to 30%, extremely low in Didymella from 2% in P3 to
10% in P1. The percentages of these taxa in SSIn were
very low, often < 0.5% (Table 1, Fig. 4).

The dynamics of occurrence of fungal spores
represented in large numbers in the air was similar in
each park. The highest similarities in the dynamics of
the season, especially between P1 and P2, were found
in the case of Cladosporium, Alternaria, Ganoderma,
Epicoccum, Leptosphaeria and the lowest in the case
of Torula and Dreschlera type. This is demonstrated
by the values of the Spearman rank correlation
coefficient illustrating the synchronization of the
occurrence of spores in the air (Table 3).

Para-

4 Discussion

Park vegetation is a potential source of a huge number
of airborne spores. Trees growing in parks are often

infected by parasitic fungi. Saprophytic fungi, e.g.
genera Epicoccum, Botrytis, Cladosporium, Alternar-
ia, develop on dead plant debris, causing decay and
decomposition. Xylaria cause white rot, while soft rot
is the result of Pleospora and Chaetomium (Srivatsava
et al. 2013). Stemphylium botryosum, Pleospora
platanoidesa parasite on maple samaras, and species
from the genera Torula or Cladosporium on their
leaves. Species of Ganoderma genus are parasites of
deciduous trees and cause white rot of linden wood (G.
lipense, G. adspersum) and maples (G. lucidum)
(Grzywacz 1991, 1999). G. applanatum has the ability
to degrade the heartwood and sapwood of broadleaved
trees. In Honkong, like G. lucidum, it is considered a
medium risk species (GLTMS 2019).

Spores of above-mentioned types were noted in the
air of the parks studied. They are strong allergenic or
their spores are considered as potentially allergenic
(Green et al. 2005; Simon-Nobbe et al. 2008; Levetin
et al. 2016); therefore, allergy sufferers should know
their presence and concentrations in certain periods of
the year so that they can take risk prevention measures.
Literature data indicate that among the numerous
allergenic fungal spores, the strongest airborne aller-
genic are those of the conidia as Alternaria, Cla-
dosporium, Penicillium, Aspergillus and
basidiospores such as Ganoderma, Chaetomium, Co-
prinus (Harvey 1970; Lehrer et al. 1994; Helbling
et al. 1998; Hasnain et al. 2004; Fukutomi and
Taniguchi 2015).

Cladosporium spores were found in enormous
concentrations in all studied parks and it affected the
low biodiversity of fungal aerosol in the studied parks.
Fungi of this genus are cosmopolitan, ubiquitous
organisms, grow on plant material, but have also been
isolated from inorganic materials such as stones,
bricks, window, plaster (Skora et al. 2015). Spores of
this type are a common cause of asthma and frequently
induce type I allergy (Harvey 1970; Simon-Nobbe
et al. 2008). Based on analyzes of the available
literature Weryszko-Chmielewska et al. (2018) indi-
cate that nearly twenty allergens have been isolated
from spores of this type that occur in mycelium or
conidia. Among Cladosporium species, C. herbarum
is noticeable cause of fungal allergy. Fourteen aller-
gens isolated from this species are known, but the
main allergen is Clad h 8. The monosensititation to
this species is rare (Simon-Nobbe et al. 2008). Spores
of this type pose a threat for allergenic people if the
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Fig. 4 Seasonal occurrence of airborne fungal spores of Alternaria, Cladosporium, Ganoderma, Leptosphaeria, Epicoccum, Torula,
Priconia, Pithomyces in the parks P1-P3

mean daily concentration exceeds the threshold value. rain) spores occurred in the air almost always, often at
Weryszko-Chmielewska et al. (2018) pointed that concentrations above the threshold value; hence they
different values are given in the literature—2800/ are a serious threat to park users.

3000/4000 spores per 1 m> of the air. The presented Compared to Cladosporium, concentrations of
study indicates that on days when the weather is other spores in the air were several dozen times lower,
favorable for visiting the urban parks (days without but still a risk for people who are allergic. Alternaria
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Table 2 Spearman’s rank Cladosporium Alternaria Epicoccum Ganoderma
correlation coefficients as a
measure of synchronization P1
Zlflggeeﬁfcc‘;g;;cf S‘;f)res " Cladosporium 0.618338 0.437937 NS
the air of each park (P1-P3) Alternaria 0.618338 0.686090 0.298821
separately Epicoccum 0.437937 0.686090 NS
Ganoderma NS 0.298821 NS
P2
Cladosporium 0.560168 0.514447 NS
Alternaria 0.560168 0.728060 0.457045
Epicoccum 0.514447 0.728060 NS
Ganoderma NS 0.457045 NS
P3
Cladosporium 0.646950 0.363572 NS
Alternaria 0.646950 0.592511 NS
Epicoccum 0.363572 0.592511 NS
Ganoderma NS NS NS

NS not significant

cause allergic problems in almost 9% of European
human population (Heinzerling et al. 2009). There are
known 14 allergenic proteins from Alternaria
approved by WHO/IUIS Allergen Nomenclature
Sub-committee (Fukutomi and Taniguchi 2015).
Threshold value for evoke allergy symptoms due
Alternaria spores occur when the concentration in the
air exceeds 100 spores per m°. In temperate climates,
such concentrations usually occur in summer, when
high temperature and no rain favor sporulation and
spores dispersion (Grinn-Gofron et al. 2011; Grewling
et al. 2019; Olsen et al. 2019). Olsen et al. (2019)
showed the very high concentrations of spores of this
genus occur during grain harvesting time. However, it
should be emphasized that the potency of allergenicity
depends on environmental conditions such as weather,
type of habitat, plants colonized by Alternaria fungi
(Grewling et al. 2019).

It seems that for allergy sufferers visiting parks,
Leptosphaeria spores may be a threat, as their
concentrations increased in spring and late summer,
early autumn. Leptosphaeria proteins were identified
as high-related to several fungal allergens as Alt a 3
and Alt a 5 of Alternaria alternata, Cla h 4, Cla h 6 of
C. herbarum or also allergens of Penicillium citri-
num—Pen c 19, and Pen ¢ 22 (Jedryczka et al. 2016).

It was supposed that in the late summer and autumn,
when the decomposition of fallen leaves and branches
occurs, the concentration of saprophytic spores of
fungi from genera such as Cladosporium, Alternaria

or Epicoccum will be higher. In fact, in September
only the Epicoccum concentration increased, com-
pared to the full vegetation period. The sensitivity to
Epicoccum purpurarescens is estimated on the level of
5 to 7% in human population (Bisht et al. 2004).

Ganoderma is a genus from the group of basid-
iomycetes, a fungus that colonizes trees or dead wood.
In Poland its fungal atmospheric season overlaps with
those of Alternaria and Cladosporium what increases
additional danger for sensitized people (Grinn-Gofron
2010). Spores occur most frequently in the downtown
park, where the stand is the oldest and richness of
species dendroflora the largest (Kasprzyk et al. 2019a).
During the inventory of the stand in each park, it was
not found that the trees were attacked by Ganoderma.
The Ganoderma example indicates that even high
spore concentrations may not be the result of in situ
production. Because of small size, the spores can
easily travel long distances; hence, the spatial varia-
tion in their concentration is not necessarily due to the
abundance of local spore sources.

A high proportion of allergic patients is polysen-
sitized; react to allergens of various fungi, pollen and
even food (Twaroch et al. 2015). We show dangerous
situations: high or very high concentrations of Cla-
dosporium and Alternaria near ground level, the most
frequently sensitizing fungal spores, as well as Epic-
occum, less likely to cause allergies, occurred at the
same time (the second half of July). In temperate
climates it is also a period when high concentrations of
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Table 3 Spearman’s rank

. Cladosporium Alternaria
correlation coefficients as a
measure of synchronization Pl P2 P3 Pl P2 P3
of fungal spores seasons in
the parks (P1-P3) P1 0.942843 0.660510 P1 0.843842 0.685768
P2 0.942843 0.692535 P2 0.843842 0.740675
P3 0.660510 0.692535 P3 0.685768 0.740675
Ganoderma Leptosphaeria
P1 P2 P3 P1 P2 P3
P1 0.614071 0.589896 P1 0.620870 0.443400
P2 0.614071 0.527166 P2 0.620870 0.613187
P3 0.589896 0.527166 P3 0.443400 0.613187
Epicoccum Torula
Pl P2 P3 P1 P2 P3
P1 0.637100 0.589239 P1 NS 0.282109
P2 0.637100 0.538504 P2 NS NS
P3 0.589239 0.538504 P3 0.282109 NS
Periconia Pithomyces
P1 P2 P3 P1 P2 P3
Pl NS 0.414494 P1 0.406733 0.542044
P2 NS 0.290427 P2 0.406733 0.484412
P3 0.414494 0.290427 P3 0.542044 0.484412
Polythrincium Dreschlera type
P1 P2 P3 P1 P2 P3
Pl 0.563628 NS P1 NS NS
P2 0.563628 NS P2 NS 0.346175
P3 NS NS P3 NS 0.346175
Paraphaeosphaeria Didymella
P1 P2 P3 P1 P2 P3
Pl 0.312916 NS P1 0.503526 NS
P2 0.312916 0.570654 P2 0.503526 0.386483
P3 NS 0.570654 P3 NS 0.386483

NS not significant

grass and mugwort pollen are found in the air
(Myszkowska et al. 2011; Kasprzyk et al. 2019b).
Grinn-Gofron et al. (2011) and Grewling et al. (2019)
observed the dangerous phenomenon of co-occurrence
of high concentrations of allergenic Alternaria spores
and chemical air pollution ozone such as CO, PM;. In
general, air quality of the study area is good, the
concentrations of chemical pollutants rarely exceed
threshold values (WIOS 2019) in contrast to biological

@ Springer

pollutants such as allergenic plant pollen and fungal
spores what was previously documented by Kasprzyk
et al. (2004), Borycka et al. (2017), Weryszko-
Chmielewska et al. (2018) and Kasprzyk et al.
(2019b). It should be emphasized that in Rzeszow,
the spores concentrations measured near the ground in
urban parks were often higher than those measured at
the roof level (Kasprzyk et al. 2004; Kasprzyk and
Worek 2006; Weryszko-Chmielewska et al. 2018).
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The degree of danger for some allergenic spores
differed, but it is difficult to define these differences by
the type of vegetation (predominance of lawns/
predominance of trees) or park development. Consid-
ering the course of diurnal concentrations, it can be
stated that the landscape type park (P3) stands out
significantly because lawns predominate in the green-
ery type. For most taxa in this park, the similarity of
the airborne spores occurrence season was smaller,
compared to other parks which is clearly seen in the
case of Epicoccum and Pithomyces. Park vegetation
may or may not be the source of a huge number of
spores. It undergoes intensive care (e.g. removal of
withered branches, raking litter) limiting the develop-
ment of mycelium and the production of spores.
Studies show that some spores occur exceptionally
abundant in each park regardless of its nature and
vegetation. The dynamics of airborne spores presence
in the air of all parks is more or less synchronized,
which may mean that their sources of emissions are in
the surrounding environment, that is, in the vegetation
making up the park.

5 Conclusions

Despite the fact that fungal spores are always present
in the air of everywhere, urban parks represent a very
suitable environment so that the presence of fungal
spores is high or very high regardless of the type of
park (landscape, peripheral or downtown park). How-
ever, the landscape-type urban park differs from the
remaining in terms of fungal spores spectrum. Impact
of potential factors on this phenomenon, such as
structure of land cover or the location near the river
forcing air movement along its riverbed, requires a
further study.

The greatest threat for allergy sufferers is the period
when the most allergenic spores, Cladosporium,
Alternaria, occur at the same time. In temperate
climate this is July—August. In this period also strongly
allergenic grass and mugwort pollen dominates in the
air, what creates an additional risk for allergic people.
Therefore, despite the fact that parks improve urban
microclimate allergenic people should limit their rest
there during summer. This study highlights that urban
parks can be an important source of fungal allergens
and therefore need to be considered when establishing
the risk this may pose for allergy patients.
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