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Abstract 
 
In the last decades, the presence of Platanus species in the green infrastructure of Sofia has increased. The species are 
quite tolerant to urban conditions, which makes them preferable for landscaping. Their increased quantity leads to а 
risk of increased allergenic potential. 
The aim of this research was to establish the dynamics of Platanus L. pollen concentrations and to assess their relation 
to meteorological variables, as well as the impact of plane-tree pollen emissions on the air quality in Sofia. 
The analysis of the aeropalynological data on the city of Sofia for the period 2013-2022 found a difference in the length 
of the flowering period over the 10 years of observation. In general, at the beginning of the studied 10-year period, 
flowering started in the second half of March, while in 2018 and from 2020 to 2022, it began from the first half of April. 
The shortest flowering period was in 2015, in contrast to the longest duration's in the following two years (2016 and 
2017). In 2016 and 2017, the flowering continued in June and the beginning of July. In 2013, 2014 and 2019 the peak 
was similarly in the second half of April when temperatures rose and the pollen season was extended to about 75 days. 
The results of the study showed that the meteorological factors which directly affect the concentrations of airborne 
pollen were wind speed, relative humidity, atmospheric pressure and solar radiation.  
For the time being, the amount of Platanus pollen in Sofia is relatively low. However, in recent years there has been an 
upward trend. That growth trend is expected to continue due to the degree of maturity of Platanus specimens. The 
presence of that species as a dominant element in the urban green infrastructure of Sofia should be reconsidered, not 
only to improve air quality, but also to enhance urban biodiversity, its resilience and ecosystem services.The obtained 
correlations between seasonal pollen levels and some particulate matter 10 (PM10) also highlight the possible 
contribution of Platanus pollen to air quality deterioration in Sofia. 
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INTRODUCTION 
 
Platanus L. species are popular urban woody 
ornamentals cultivated in large numbers as 
street and park trees all over Europe (Pauleit et 
al., 2002) and worldwide, in Australia and in 
North and South America (McBride, 2017), in 
China (Jing et al., 2020). 
The genus consists of fast-growing and long-
lived species with high ornamental qualities. 
Along with their good ecological adaptability 
to urban conditions and tolerance to air 
pollution, they have a high capacity to retain 
particulate matter (Baldachini et al., 2017).  
However, the presence of Platanus species in the 
urban green infrastructure is associated with 
disservices, such as emissions of allergens 
(Cariñanos et al., 2020; Vrinceanu et al., 2021) 
and Biogenic Volatile Organic Compounds 
(BVOCs), both contributing negatively to air 
quality. Platanus spp. are proved to be one of 

the main urban emitters of monoterpenes and 
sesquiterpenes, which are BVOCs participating 
in the formation of atmospheric ozone 
(Xiaoshan et al., 2000; Curtis et al., 2014, Jing 
et al, 2020). Moreover, the London plane has 
an Allergenic Potential Value of 24 (VPA), one 
of the highest in the database of parameters for 
the calculation of the Index of Allergenicity of 
Urban Green Zones (IUGZA) (Cariñanos et al., 
2019). According to Magyar et al. (2022) 
Platanus x acerifolia (Aiton) Willd. falls 
within the category of taxa having very high 
potential allergenicity under an evidence-based 
categorization (CARE-S), developed using 
genetically determined factors of plants, such 
as immunogenicity, morphology, and pollen 
production. Consequently, the authors do not 
recommend this species for further planting in 
public urban green areas. 
Platanus spp. pollen triggers allergies in the 
Mediterranean region: Spain (Alcázar et al., 
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2015; Cariñanos et al., 2020) Italy (Bedeschi et 
al., 2007; Cipriani et al., 2019), Portugal 
(Loureiro et al., 2005; Ribeiro and Abreu, 
2014) and Greece (Gioulekas et al., 2004), as 
well as in Iran (Sedghy et al., 2017) and China 
(Jing et al., 2020). 
The estimated large amounts of pollen 
production, 3.3×106 pollen grains per 
inflorescence (Maya-Manzano et al., 2017), 
indicate Platanus as one of the biggest pollen 
emitters among woody anemophilous species 
(Damialis et al., 2011).  
The current phenological dynamic has been 
altered by the microclimatic parameters of the 
environment which led to the earlier onset, 
longer season and more intense flowering, as 
well as to large quantities of pollen emitted by 
a tree (Alcázar et al., 2015; Cariñanos et al., 
2020).  
A long-term (1982-2015) aerobiological study 
that took place in Brussels associated the 
overall increasing trend in daily airborne pollen 
concentrations and an earlier onset of the 
flowering period for Platanus spp. with the 
rates of change in the annual cycles of various 
meteorological variables, air temperature, solar 
radiation, relative humidity, and precipitation 
(Bruffaerts et al., 2018).  
Over 3,200 inventoried specimens were 
mapped in the Sofia Municipality Green Areas 
Registry (ROPKR). The analysis of the 
dendrological composition of urban street tree 
plantings in Sofia (Anisimova, 2023) indicated 
the dominant presence of Platanus x acerifolia 
(15.09%) in street landscaping, comprising 
mainly of young specimens (DBH < 25). 
The results from the pilot study of sensitization 
of patients with pollinosis in Sofia (Nikolov et 
al., 2021) showed that, at present, the 
sensitization to pollens of different Platanus 
species is not comparable to that to grass or 
birch pollen. However, having in mind that 
mature trees with bigger crown volumes 
produce substantially more pollen than younger 
trees, along with other modified environmental 
factors in the era of climate change, Platanus 
pollination disservices with an impact on 
human health are expected to increase in the 
future (Cariñanos et al., 2020). 
There is evidence that the allergic response in 
sensitized patients exposed to high or very high 
pollen concentrations in the air is very intense 

and further exacerbated by co-factors, such as 
particular weather variables or high 
concentrations of atmospheric pollutants 
(Oduber et al., 2019; Sauliene et al., 2019; 
Cariñanos et al., 2021). Weather variables 
substantially influence pollen concentration, 
with air temperature, solar radiation and 
relative humidity being the most significant 
factors (Rosianu et al., 2022). 
The aim of this research was to establish the 
dynamics of Platanus L. pollen concentrations 
and to assess their relation to meteorological 
variables, as well as the impact of plane-tree 
pollen emissions on the air quality in Sofia. 
 
MATERIALS AND METHODS 
 
Study area 
The city of Sofia (42.70°N 23.33°E) with an 
altitude of about 550 m is situated in the 
western part of Bulgaria, in Sofia Valley, 
bordering on the south with Vitosha mountain. 
According to Stanev et al. (1991) the climate of 
Sofia is continental.  
The city of Sofia occupies an area of 492 km2, 
with a population of about 1 248 452 citizens 
(NSI, 2022). 
 
Platanus pollen data 
The three species cultivated in the green 
infrastructure of Sofia are Platanus orientalis 
L., Platanus occidentalis L. and Platanus x 
acerifolia (Aiton) Willd.  
The Durham gravimetric method for aero 
sedimentation of pollen grains on a film-coated 
microscope slide was used for obtaining the 
aerobiological data. The pollen trap was 
installed at 10 m above the ground. The 
aerobiological monitoring period started at the 
beginning of March 2013 and lasted till the end 
of June 2022. The microscope slide was 
replaced after 24-hour deposition period and 
daily airborne pollen counts were conducted. 
The microscopic identification and counting of 
pollen grains were performed manually on a 
3.24 cm2 surface of the slide. 
 
Meteorological data 
The data series for the hourly values of the 
studied meteorological variables: air 
temperatures (°C), relative humidity (%), wind 
speed (m/s) and wind direction, atmospheric 
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pressure (mbar), solar radiation (W/m2), for the 
period 2013-2022 were provided by the 
Bulgarian Executive Environment Agency 
(ExEA). 
  
Air pollution data 
The data series for the hourly concentrations of 
РМ10 for the period 2013-2022 were provided 
by ExEA. 
 
Statistical analysis 
Mean values of the hourly averages for the 
meteorological variables and mean values of 
the hourly averages for particulate matter 10 
(РМ10) concentrations were calculated for 15-
day periods. Descriptive statistics for 
meteorological variables and PM10 
concentration and coefficients of variation 
(CV) were calculated. 
Non-parametric Spearman's analysis with 
significant correlations (p < 0,05) between 
aeropalynological data and meteorological and 
air pollution data were tested in order to 
identify significant relationships between 
variables. 
 
RESULTS AND DISCUSSIONS 
 
The analysis of the aeropalynological data for 
the city of Sofia found a difference in the 
length of the flowering period over the 10 years 
of observation (Figure 1). The shortest 
flowering period was in 2015, in contrast to the 
longest durations in the following two years 
(2016 and 2017). In 2016 and 2017, the 
flowering continued in June and the beginning 
of July. In general, at the beginning of the 
studied 10-year period, flowering started in the 
second half of March, while in 2018 and from 
2020 to 2022, it began from the first half of 
April. 
In comparison, the Platanus pollen season in 
Poznan started at the turn of April and May and 

ended usually in the third decade of May, 
according to an aerobiological study for the 
period (2005-2009) (Nowak et al., 2012). The 
aerobiological study of this taxa in the 
atmosphere of the city of Granada showed that 
the pollen season start date took place from the 
beginning to the end of March, and the pollen 
season end date took place from mid-April to 
the end of May, with a peak in mid-March 
(Cariñanos et al., 2020). Platanus L. has been 
reported to be a good bioindicator of 
temperature variations in previous studies on 
the impact of climate change on Platanus 
pollination in different European bioclimatic 
zones (Tedeschini et al., 2006). 
Some authors report similar matches between 
the pollen peaks and periods with lack of 
precipitation, low relative humidity, 
respectively, and increased temperatures 
(Álvarez-López et al., 2022). 
The comparison between the peak of the 
Platanus pollen season and the mean amount of 
pollen grains for the 10-year data series found 
matches in 2013, 2015, 2018, 2019, and 2022. 
In contrast to the aforementioned 5 years, in 
2014, 2016, and 2017, the peak in the pollen 
season was 15 days earlier than the average for 
the 10-year period. In 2020, two pollen peaks 
were established, in the first half of April and 
May, respectively, in the context of gradually 
rising air temperatures. In 2021, the peak  
pollen release phase was delayed by 15 days 
and occurred at the highest mean air 
temperature values reported for the entire 
pollen season. 
The annual pollen concentrations and the daily 
pollen peaks vary considerably over the years. 
The probable causes for these fluctuations 
could be attributed to the accelerated growth or 
mortality of trees or different pruning 
approaches (Cariñanos et al., 2020). 
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Figure 1. Dynamics of the mean values of the hourly averages of air temperatures and the amount of pollen in the 
flowering phase over the period 2013-2022 

 
Temperature has been the weather parameter 
with the greatest impact on the Platanus pollen 
season (Tedeschini et al., 2006; Maya-
Manzano et al., 2017). 
Within the pollen season, over the 10-year data 
series, 2014 was found to be the coolest, with a 
mean temperature in the first half of May of 
only 13.2ᴼС, in contrast to 2022, which was the 
warmest for the studied period with a mean 
temperature of 24.9ᴼС reached in the second 
half of May (Figure 1). 
For the approximately short 60-day flowering 
period in 2018 and 2022, the maximum 
amounts of pollen in the air were recorded 
when temperatures rose in the second half of 
April. In 2013, 2014, and 2019 the peak was 
also in the second half of April when 
temperatures rose and the pollen season was 
extended to about 75 days. In comparison, the 
Platanus pollen season in Poznan usually lasted 
for about three weeks for the period (2005-
2009) (Nowak et al., 2012), while the average 
duration in Granada detected for the period 
1992–2019 was 44 days, but with fluctuations 
ranging from 27 days in 2004 to 74 days in 
2017 (Cariñanos et al., 2020).  
Similarly, with a maximum in the first half of 
April, but with a significant increase in 
temperatures, was the pollen peak during the 
longest 4-month long pollen season in 2016. In 
2017, the peak of Platanus pollen emissions 
was again in the first half of April, but the 
temperatures were 4.2ᴼС lower than the mean 

values during the same period of the previous 
year.  
After relatively lower temperatures in 2014, the 
flowering period in 2015 started later, in the 
second half of April, and was shorter with more 
abundant pollen emissions. The flowering 
period started the latest in 2022, and its peak 
coincided with the relatively sharp and steady 
increase in mean hourly air temperatures in 
Sofia. 
The coefficients of variation (CV) for the mean 
hourly air temperature values found for the 
month of March ranged between 42% and 
105%, with the largest temperature variation 
recorded in 2013. The variation of temperatures 
in the month of April was significantly smaller 
than March peak values, from 28% in 2018 to 
66% in 2017, respectively. The stabilization 
trend in the fluctuations of mean hourly 
temperatures was also maintained in the month 
of May, with the CV fluctuating between 19% 
for the second half of May 2018 and 38% at the 
beginning of the month in 2019. Temperature 
fluctuations in June and July in the studied 10-
year period ranged between 19% and 28%, 
respectively, for 2016 and 2017 in the second 
half of June. 
Relative humidity, which is one of the most 
important indicators that determine the 
distribution of Platanus pollen (Maya-Manzano 
et al., 2017), in the present study showed 
greater fluctuations in the period from 2013 to 
2017 (Figure 2). 
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Figure 2. Dynamics of the mean values of the hourly averages of the relative humidity and the amount of pollen during 
the flowering phase over the period 2013-2022 

 
In most cases, the higher number of pollen 
grains was associated with a period of lower 
relative humidity. In the month of March, 
relative humidity fluctuations varied with a CV 
between 16% and 31%, and in April between 
12% and 33%, respectively. In May, 
fluctuations above 30% were found only in 
2013. For the remaining years from 2014 to 
2017, the variation was between 21% and 27%, 
respectively. For the second 5 years of the 
studied period, the fluctuations in relative 
humidity were smaller, between 11% and 17%, 
respectively. However, the number of 
identified pollen grains fluctuated widely, 
between 2 and 95. At the beginning of the 
studied period, the change in relative humidity 
in June varied between 23% and 29% while in 
2020 and 2021 it was 12%. The atmospheric 
conditions were  

also dynamic in June 2016, where the CV of 
the relative humidity was 28%. A greater 
number of pollen grains was found at low 
relative humidity recorded in the period 2013 
to 2017, while in the remaining 5-year period 
the relative humidity fluctuations were weak to 
insignificant, but the the same correlation was 
observed again, particularly in 2019 and 2021. 
The dynamics of wind speed has a significant 
influence on the spread of pollen grains, but the 
observed correlation was ambiguous (Figure 3). 
In three of the years studied, 2013, 2014 and 
2022, respectively, peak pollen amounts were 
found at relatively lower wind speeds. On the 
contrary, the highest number of pollen grains 
was recorded in periods of relatively strong air 
currents, such as in 2017 and 2020. 

 
 

 
 

Figure 3. Dynamics of the mean values of the hourly averages of wind speeds  
and the amount of pollen in the flowering phase over the period 2013-2022 

 
In general, in the period from 2018 to 2021, air 
currents were characterised by higher speed. At 
the beginning of the pollen season in March, 
the variation of the values was large, with a CV 
between 55 and 66%, respectively. In the 

second half of April in 2016, fluctuations in the 
air current speed reached 72%. In the same 
period of 2021, the wind speed variation was 
69%. In the remaining cases, the CV was 
between 46 and 66%. In the first half of May 
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2014, wind speed fluctuations were large (CV 
of 84%), while in May of the other years, the 
variation was between 48 and 68%. 
Fluctuations in wind speeds in June and July 
were between 47 and 58% (Figure 3). 

The fluctuations in atmospheric pressure (AP) 
in Sofia during the studied period were not big 
(Figure 4).  

 

 
 

Figure 4. Dynamics of the mean values of the hourly averages of the atmospheric pressure and the amount of pollen in 
the flowering phase over the period 2013-2022 

 
In March, the values ranged between 0.3 and 
0.6%. The dynamics were similar in the 
following month - April. Only the last year, 
2022, was an exception, when the CV was 1.6 
and 2.1%, respectively. In May of the same 
year, the AP varied between 1.9 and 2.0%, but 
in the other years it was relatively stable with a 
CV of 0.2 and 0.6%, respectively. The AP was 
most stable in June and July, ranging between 
0.2-0.3%. The only exception was the second 
half of June 2017, when the AP was higher and 
the fluctuations were more significant, with a 
CV of 1.2%. In the said period, the number of 
pollen grains was 5 times as big as the one 
obtained for the other years, for which the 
presence of Platanus pollen in the atmosphere 
of Sofia was reported in June. This could 
largely be explained with the high AP and the 
lack of heavy precipitation in that period to 
clear the atmosphere of pollen grains. 
With an increase in solar radiation in spring, 
Platanus flowering  intensified. This also 
occurred in the second half of March in 2014, 

the first half of April in 2016 and 2017, as well 
as the second half of April in 2013, 2015, 2018 
and 2019 (Figure 5). In 2021, the pollen peak 
coincided with the increase in solar radiation 
only in early May, while in 2022, the maximum 
number of pollen grains was counted in the 
second half of April, when  the solar radiation 
measured for that particular year was not great. 
This is largely explained by the higher 
temperatures and low wind speed during the 
said period. Slight decreases in the levels of 
mean solar radiation were found in the first half 
of April 2019, the second half of the same 
month in 2014, 2017 and 2022, at the 
beginning of May 2016, 2018 and 2019 and in 
the second half of the same month in 2020 and 
2021. These decreases can be due to the 
scattering of solar radiation by particulate 
atmospheric pollutants, as well as to the 
absorption of radiation by water vapor in the 
infrared region of the spectrum, ozone 
absorption in the ultraviolet region (Tashev et 
al., 2016). 
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Figure 5. Dynamics of the mean values of the hourly averages of solar radiation and the amount of pollen in the 
flowering phase over the period 2013-2022 

 
The mean direction of prevailing winds was 
from WSW (West-Southwest) in March and 
June to S (South), and in April and May to 
SSE. The prevailing air currents in the first half 
of July 2016 were from the SW. Generally, the 
prevailing winds in 2013 were from S to SW, 
and in the following 4 years from WSW to S. 
The prevailing winds in 2021 were from S to 
SSW. In the first half of May 2018 and 2022, 
as well as throughout April 2019 and 2020, the 
recorded winds blew from the SSE direction. 
Fluctuations in wind direction are a common 
phenomenon in the studied area. CV variation 
in March was between 40% and 55%, in April 
32% and 65%, respectively, while in May - 34 
to 63%. Fluctuations in wind direction in June 
and July were also significant, between 37 and 
67% respectively. This shows that in the 
studied period in Sofia Valley, winds the 
easterly, westerly and even northerly 
components could often be detected. 
Air pollution has been a problem for the city of 
Sofia for several decades, where the main 
reason for this is the high concentration of 
PM10 (Doncheva-Boneva et al., 2017). 
Moreover, Platanus pollen may contribute to 
an increase in PM during the flowering period, 
consequently aggravating urban air quality 
(Cariñanos et al., 2020). 
The distribution of PM10 in the studied 
Platanus flowering period for the last 10 years 
is shown in Figure 6. The presented maximum 
mean hourly value was recorded at 1 p.m. on 1 
June 2016. It exceeded the previous value by 

300 μg/m3 and was 2.7 times higher than the 
calculated mean value for the following hour. 
That fact could hardly be attributed to extreme 
pollen grain dispersal, even in the immediate 
vicinity of the Automatic Monitoring Station. 
During the reporting period, there were other 
peak concentrations of PM10, which were 
mainly a result of human activity, not of the 
pollen season. 
The recorded peaks of pollen emissions added 
to the already polluted atmosphere of the city 
of Sofia, but their share was relatively small. 
This trend was more clearly noticeable in 2013, 
2014, 2016, 2019, 2020, and 2021. As a whole, 
in the three years with the maximum number of 
pollen grains counted (2017, 2018 and 2022) 
the relative share of pollen in the total amount 
of particles was greater, as the atmosphere was 
less polluted with PM10. This showed that with 
the improvement of air quality in Sofia, the 
share and importance of tree pollen, and the 
Platanus pollen in particular, will increase. 
A significant positive correlation was found 
between the number of pollen grains and the 
mean values for the 10-year data series (R = 
0.70) on the one hand and wind speed (R = 
0.32) on the other. The latter was explained by 
the fact that stronger wind promoted their 
further spread, which in turn led to higher 
pollen levels reported at the aerobiological 
monitoring station. Conversely, higher values 
of relative humidity, atmospheric pressure and 
solar radiation resulted in lower pollen loads. 
This is also confirmed by the identified 
negative correlations (Table 1). 
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A significant negative correlation between 
pollen concentrations and relative humidity was 
reported (Sánchez-Reyes et al., 2009; Álvarez-
López et al., 2022). 
Rosianu et al. (2022) found а positive 
correlation between the concentration of pollen 
and particulate matter PM10. 
 
CONCLUSIONS 
 
The results of the study showed that the 
meteorological factors which directly affect the 
concentrations of airborne pollen were wind 
speed, relative humidity, atmospheric pressure 
and solar radiation.  
For the time being, the total amount of 
Platanus pollen in Sofia is relatively low. 
However, in recent years there has been an 
upward trend. That growth trend is expected to 
continue due to the degree of maturity of 
Platanus specimens. The use of that species as 
a dominant element in the urban green 
infrastructure of Sofia should be reconsidered, 
not only to improve air quality, but also to 
enhance urban biodiversity, its resilience and 
ecosystem services. 
In future research, a continuous aerobiological 
monitoring and a long term and large-scale 
clinical study on the allergenic potential of each 
Platanus species should be conducted. 
Designing a Platanus pollen calendar and 
making it publicly available would be a 
preventive public health measure. 
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