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Abstract. Pollen levels in rapidly developing urban areas are of particular interest
due to their negative impact on human health, being responsible for the increasing
prevalence of seasonal allergic diseases. This study analyzed multiyear data (2014–2019)
of the pollen concentrations in correlation with major air pollutants PM10, PM2.5, NOx,
CO, VOCs, O3, SO2 and meteorological parameters from Bucharest, in order to find
potential links between them. The pollen monitoring performed at Colentina Clinical
Hospital using a Hirst-type pollen trap showed that maximum values of pollen
concentration from trees are reached in early spring, from grasses in spring and early
summer and from weeds in late summer and fall. The correlation analysis was performed
using the Spearman correlation coefficient on annual and seasonal basis and revealed
the influence of air pollutants and meteorological parameters on pollen concentrations.
No monotonic decreasing or increasing trend was detected for Bucharest during the
investigated 6-year period, but a general constant behavior.
Key words: allergenic pollen, meteorological parameters, urban air pollution.

1. INTRODUCTION

The atmosphere in urban areas contains a complex mixture of pollutants,
including aerosols and trace gases originating from various sources and having
different physical and chemical properties. Among these, primary biological aerosol
particles, also called airborne bioaerosols, like pollen, fungi, viruses and bacteria etc.
are nowadays recognized to be responsible for many adverse human health effects
[1–4]. There is also evidence that global warming, enhanced by both the inorganic
or organic particulates and trace gases, has a negative influence on the bioaerosol
concentrations [5]. Under different meteorological conditions (e.g., solar radiation,
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temperature, relative humidity, wind speed), air pollutants undergo transformations,
can travel over long distances, can deposit onto various surfaces, so that their
atmospheric levels might vary greatly in time. As climate changes also influence
the vegetation cycles, the timing, productions, distributions, and variations on temporal
and spatial scales of allergens is expected to have human health, social or economic
impacts at a still unknown level. An increased exposure of people to both pollutants
and allergens most probably synergistically act to intensify respiratory problems.
Therefore, the research on possible links between allergenic plants and meteorological
data and other air pollutants over various regions and at various temporal scales is
of crucial importance. The interest of the scientific community in detecting, monitoring
and understanding the behavior of bioaerosol particles in different environments
and to develop forecast models, e.g. [6] has increased during the last decades [7–9],
due to their multiple health impacts, including asthma and related respiratory
allergies. Because of these multiple reasons, management strategies to mitigate the
future impact are strongly required [10].
Until now an important number of studies were performed on allergenic pollen
and pollen allergies in Europe, e.g. [11], on pollen spatial and temporal variation,
e.g. [12], on its relationships with the meteorological parameters, e.g. [13], and on
possible role of climate changes on pollen variations, e.g. [14]. However, a substantial
lack of information exists in Romania regarding the monitoring, variations, or
health impact of pollen levels. First study on allergen flora in urban area dates only
twenty years ago, has reported pollen measurements for 1999–2010 in Timisoara
and was followed by several aerobiological studies ([15] and references therein
with respect to Timisoara). Interesting data referring to relationship between pollen
concentrations and meteorological parameters were presented in a recent local
study [16]. Other two very recent studies on patients in Satu-Mare and Cluj-Napoca
with allergies due to ragweed pollen were reported by Bocsan et al. (2019) and by
Florincescu-Gheorghe et al. (2019) for Oltenia area [4, 17]. Pollen monitoring using
a standardized method, following the European Aerobiology Network recommendation
[18], have started in Bucharest with first aerobiology laboratory in 2013, continued
with systematic observations and is ongoing [19–21]. Many important findings on
air pollution in Bucharest area using monitored data collected by Bucharest Air
Quality Monitoring Network or in specific field campaigns and on their climate
impact were identified in last decade [22–25]. A very recent study [26] explores the
hospital admissions with respect to acute cardiovascular symptoms associated with
weather conditions in Bucharest, Romania, based on the 2012 observational dataset,
a year that was characterized by weather extremes, both cold and heat waves. However,
with respect to the relationships between pollen concentration, the meteorological
parameters and other organic or inorganic pollutant (pollutants and gaseous species)
in Bucharest area a research in the mainstream of scientific journals was not identified.
Therefore, the objective of the present study was to find possible correlations between
allergenic pollen, major air pollutants, and meteorological parameters in Bucharest
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based on a long-term (2014–2019) observational dataset. The present paper joins
the previous very few studies showing the growing interest on connections between
urban environment, weather conditions and impacts on human health.
The paper is structured as follows: Section 2 describes the study area, the
sampling techniques used in the current study, followed by the experimental data
and statistical methods applied to time series and Section 3 presents and discusses
the results. The conclusion section ends the paper.
2. MATERIALS AND METHODS
2.1. STUDY AREA

The research was carried out in the city of Bucharest (44°26′7″N, 26°06′10″E),
in the largest urban agglomeration (Bucharest–Ilfov) in Romania. The city is located
in the south-east Romania, in the central part of the Romanian Plain and has a
temperate-continental climate (Dfb, in Koeppen classification). The city of Bucharest
occupies an area of 228 km2, has a population of about 2 155 240 citizens, with an
increasing trend due to the large number of people coming in [27]. According to
the last National Census, population density is about 8090 inhabitants/km2 in 2012.
Bucharest and the surrounding Ilfov County has about 22% area covered with
grassland in 2015 [28].
The main allergenic plants in Bucharest are tress, grasses and weeds species,
which pollinate from early spring to late summer-fall, as Table 1 details.
Table 1
Allergenic plant species in Bucharest collected during 2014–2019
(personal communication from Prof. P. Anastasiu, Botanical garden, Bucharest)
Plant family
Trees
Grasses
Weeds

Species
Tiliaceae
Juglandaceae, Platanaceae, Aceraceae, Cupressus
Pinaceae, Ulmaceae, Salicaceae, Betulaceae
Poaceae, Gramineae, Apiaceae
Centaurea
Ambrosia, Artemisia

Flowering period
May–June
April–May
Early Spring
Spring–Summer
Summer
Summer-Fall

2.2. SAMPLING AND DATA

The pollen particles were collected from 2014 to 2019 using the Burkard
pollen trap, a volumetric Hirst-type collector [29, 30] that collects particles with an
aerodynamic diameter between 2 µm and 200 µm. The pollen trap was placed on the
roof of the Colentina Clinical Hospital building (point B2(H) in Fig. 1) at approximately
19 m above the ground level. Pollen grains were sampled continuously at a sampling
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airflow rate of 10 l/min and the slides with fuchsin gelatin staining solution were
analyzed by counting the specific pollen grains (by species) with an optical
microscope, using a 40× objective. The tape used for trapping pollen grains was
replaced every week at 09:00 (local time). The pollen data were classified into
three broad categories (trees, grasses, and weeds) depending on the flowering period
as well as the species or degree of spread (common or very common). Concentration
of the pollen grains Q is calculated using the number of counted grains n and the
sampling volume V (m3) as in equation 1:
Q

n At

V As

(1)

where As = sampled area (mm2) and At = total area (mm2) of the tape.

Fig. 1 – Map showing Bucharest and its surrounding area; air quality monitoring stations used in
present study (B1, B3, green markers) and location of pollen sampling site (B2(H), yellow marker)
are indicated (figure created with Google Earth).

The matrix of pollen concentrations for 2014–2019 period was constructed
summing only the species grouped as shown in Table 1. The Ambrosia pollen
concentration data for July, August, and September 2015 were not included in the
assessment, due to technical issues of the pollen trap.
Mass concentrations of air pollutants PM10, PM2.5, NOx, CO, VOCs, O3, SO2
were extracted from the Bucharest air quality database, monitoring stations B1 and
B3 in Fig. 1, belonging to the Bucharest Air Quality Monitoring Network. Hourly
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data were converted to daily means. The averaging hour 09:00 (local time) corresponds
to the changing time of the pollen trap drum.
Table 2
Multi-seasonal meteorological parameters for Bucharest, 2014–2019: mean (Tmean, °C), minimum
(Tmin, °C) and maximum (Tmax, °C) temperature; relative humidity (RH, %); solar radiation (SR, W/m2);
daily precipitations DP (mm) and pressure (mbar). The autumn season includes only September
Season
Spring (MAM)
Summer (JJA)
Autumn

Tmean
12.93
23.85
20.08

Tmin
0.23
14.64
9.61

Tmax
25.01
31.4
28.33

RH
68.48
63.55
63.37

SR
125.06
169.06
89.41

DP
2.34
3.17
6.06

Pressure
1003.98
1007.38
1012.2

All meteorological parameters (minimum, mean and maximum temperature,
relative humidity, air pressure, incoming solar radiation, and daily precipitation) at
hourly time resolution were measured at Filaret Station (44°24'42"N, 26°5'38"E),
National Meteorology Administration [31]. The multi-seasonal means of weather
parameters are showed in Table 2. The daily averages of all meteorological parameters
correspond to pollen collection time intervals.
2.3. STATISTICAL ANALYSIS

Computations, graphs and statistical analysis were performed using R software
with the Openair package [32]. The objective of the analysis is to look for potential links
through correlations or anti-correlations between variations of pollen concentrations
and variations of atmospheric pollutant concentrations and/or meteorological parameters.
Correlation analysis was performed using Spearman's nonparametric rank correlation
method for different significance levels (p-value < 0.01, < 0.02, < 0.04), as the
nonparametric Spearman coefficient (rS) solves some limitations of the Pearson
coefficient that can be applied only for normal distributions of variables. Moreover,
in case of Spearman correlation analysis, the relationship between the two variables
does not have to be linear and does not require scaled data over an interval. Data
reported here are significant at 99% level.
3. RESULTS AND DISCUSSION
3.1. TIME SERIES OF POLLEN CONCENTRATION AND AIR POLLUTANTS

The pollen season is usually between March and September. Values of
5–10 particles of pollen m–3 air are considered a potential cause of allergies and a
number above 30 particles m–3 air reveals an increased risk for allergies [19]. Time
series of weekly mean values of pollen concentration by species in Fig. 2 indicate that
pollen concentration measured is highest during the specific period of plant reproduction.
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Moreover, during the six-year observational period, total pollen is dominated by
the pollen from trees, but trees species have different allergenic relevance.

Fig. 2 – Time series of weekly means of pollen concentrations by species during 2014–2019 in
Bucharest, expressed in grains m–3 (from top to bottom: trees, grasses, weeds and total pollen).

Highest values of pollen concentration (by weekly means) produced by trees
go up to 140.75 grains m–3 and appear in spring (April and March). Pollen from
weeds show concentration peaks up to 59.8 grains m–3, while the pollen from grass
rarely reaches a concentration of about 12 grains m–3. The dominant presence of
pollen weed taxa is observed in the second part of the flowering season (between
June and September), period also characterized by the highest temperatures of the
year (Table 1). The maximum value recorded for pollen from the herbaceous family
was recorded in September, as previously observed by [19]. Results reveal therefore
the presence of two distinct periods of pollen dominance, one corresponding to
pollen produced by trees and one of pollen produced by herbaceous plants. This
behavior seems to be specific to areas with temperate climate, e.g. [12].
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Fig. 3 – Time series of pollutant (from top to bottom: O3, SO2, NOx, CO, total VOC, PM10, PM2.5)
concentrations during 2014–2019 in Bucharest, expressed in µg m–3, with the exception of CO,
expressed in mg m–3.

The weekly averaged pollutant concentrations (Fig. 3) show variations up
to maximum values: 123.3 µg·m–3 for O3, 157.8 µg·m–3 for NOx, 57.1 µg·m–3 for
PM10 and 45.1 µg·m–3 for PM2.5. SO2, VOCs, and CO maximum levels attain much
lower values: 24.2 µg·m–3, 12.43 µg·m–3, and 4.32 mg m–3, respectively. Figure 3
also indicates the general behavior of the pollutants, and the multiannual means: O3
and PM10 are relatively stable around the value of 61.11 µg·m–3, of 27.4 µg·m–3,
NOx increases in the second half of the year. In spite of a very few peaks, SO2 and
total VOCs decrease from 2014 to 2019, while CO levels decreased significantly
since 2016 and stabilize to a multiannual value of 0.61 mg·m–3 since 2017. This
general pattern of pollutants was previously observed and explained in detail by
Iorga et al. (2015) in data series up to 2010 [22]. Present results indicate that this
pattern is maintained nowadays.
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3.2. ANNUAL AND MONTHLY STATISTICS OF POLLEN, METEOROLOGICAL
PARAMETERS AND AIR POLLUTANTS

Time series of pollen, meteorological parameters and air pollutants were
analyzed for seasonal and long-term variations, as well. The distribution of multimonthly mean values can be observed both for the concentration of pollen produced
by weed species and for meteorological parameters (temperature, relative humidity,
and solar radiation) in Fig. 4. The results in Fig. 4 also show the confidence
interval 95%. Total pollen concentration in Bucharest in April, July and August are
significantly lower than those registered for Timisoara [15] and we synthetize them
in Table 3. Total pollen concentration in 2009 in Timisoara indicate variations with
peaks up to 6,661 pollen grains m–3 during April (the month with highest pollen level)
followed by August (5,277 pollen grains m–3) and July (3,729 pollen grains m–3),
while the lowest pollen concentration was recorded during February (62 pollen
grains m–3). Observations of Csepe et al. (2020) on pollen in Central Europe show
presence of some regions where ragweed pollen exhibit higher values than in their
surrounding areas, one of them being located in western Romania [6].
Table 3
Monthly means of total pollen concentration (grains m–3) in April, July and August during 2014–2019
Year/ Month
2014
2015
2016
2017
2018
2019
Total 2014–2019

April
1354
543
179
865
246
132
3319

July
115
75
167
86
56
73
572

August
195
17
251
143
103
180
889

In the case of temperature and solar radiation, a similar behavior is observed
in the same direction as the total pollen concentration for the first two months of
spring, as Bartkova-Scevkova (2003) observed for Bratislava, Slovakia [33]. For
August and September, the evolution is similar in the case of weeds pollen and
relative humidity. For the last two months of the study, an opposite evolution is
observed for the concentration of weeds pollen and the temperature values.
Glassheim et al. (1995) mentioned this aspect, as well [34].
An opposite evolution is observed by Bruffaerts et al. (2017) between the
multi-monthly mean values for the total concentration of pollen particles and the
relative humidity [35]. These behaviors are validated by the calculated correlation
coefficient in Section 3.3. For July, August and September there is a synchronized
evolution between the average values of NOx and weed pollen. PM10 and weed
pollen concentration values evolve similarly upwards for all summer months. It
seems to be a similar evolution between pollen produced by trees in April and the
NOx concentration. In April and May, both O3 and trees pollen decrease. March and
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September mark the maximum monthly values for both NOx and PM10 concentrations.
Corresponding to the period 2014–2019, the highest monthly mean value of the
tree pollen concentration is reached in March and of the weeds pollen in September
as can be verified by applying the criterion of the flowering period.

Fig. 4 – Multi-monthly means of total pollen and weeds pollen concentration (grains m–3), mean
temperature T (℃), relative humidity RH (%) and solar radiation RS (W/m2) (left), NOx, PM10
and O3 (µg m–3) (right) during 2014–2019; shaded areas represent the 95% confidence interval.
Curve and confidence interval colors are as follows: light red and olive green for total
pollen and weeds pollen; green, light blue and magenta for T, RH, RS in Fig. 4-left,
and for NOx, PM10 and O3 in Fig. 4-right, respectively.

While in Bucharest area a bi-annual sequence of total pollen levels is clearly
detected, and the same situation was mentioned in Timisoara or other European regions
[15], for Moskow area, a similar bi-annual sequence was not revealed for Betulaceae
(birch) pollen [13] and the authors suggest environmental conditions as the limiting
factors. These apparent contrary results suggest that the relationship pollen-regional
meteorological factors is not a simple one and needs to be further investigated.
The monthly averaged time series of pollen concentration were then analyzed
by a non-parametric method (available in the Openair package) to identify the
annual trend of pollen concentration (Fig. 5). The smooth trend function from the
gamut package estimates the trend using a generalized additive model (GAM) at
the most appropriate level of smoothing. The confidence interval of 95% was
also used in this case. Although pollen levels differ at weekly, monthly and
seasonal scale, Figure 5 reveals stability in the evolution of pollen concentration
at annual scale for the studied period. Most of reports on topic indicate various
trends with respect to specific pollen taxa, or total pollen in Europe. Based on
more than eight-year analyses of observations in Europe, Sikoparija et al. (2017)
report different region-dependent positive or negative trends [12]. Areas with no
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trend or stationarity are also indicated in the same study. A study performed on a
shorter time (2015–2018) at Saclay (France) revealed a monotonic increasing trend
in total pollen concentration [36].

Fig. 5 – Smooth trend by multi-monthly means for pollen concentration during 2014–2019 in
Bucharest, expressed in grains m–3.
3.3. CORRELATIONS BETWEEN POLLEN CONCENTRATIONS, AIR POLLUTANTS AND
METEOROLOGICAL PARAMETERS

To further seek a possible link between pollen, the meteorological parameters
and major pollutants, the correlation analysis on weekly averaged datasets based on
the Spearman coefficient of correlation (rS) was performed. The resulted two heat
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maps with their corresponding values are presented in Fig. 6 and Fig. 7. Figure 6
indicates the values of the correlation coefficients rS between the pollen concentration
and the meteorological parameters. The most relevant statistical correlation was a
negative one (rS = – 0.61, corresponding to a p-value < 0.01) between the concentration
of tree pollen and temperature. The negative correlation is explained by the peak of
the trees pollen concentration which is reached in March-April when the average
value of the temperature is the lowest. Another reason would come from the influence
of air temperature and humidity at the soil surface that negatively affects the blooming
of the trees in early spring, while the herbaceous plants seem to be positively
influenced, as suggested by some studies, e.g. [37].

Fig. 6 – Heat map showing correlations between pollen concentration and meteorological parameters
during 2014–2019 in Bucharest The right-inclined (left-inclined) ellipses indicate positive (negative)
correlation, the strength of the correlation is indicated by the scale below from red color (highest
negative correlation), through white color (no correlation), to dark blue (highest positive correlation).

Two other relevant statistical correlations were also negative and they were
identified between the solar radiation and weeds pollen and trees pollen (rS = – 0.39,
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rS = – 0.36, respectively); in both cases a p-value < 0.01 was calculated. According
to the recent studies performed in Timisoara by Ianovici et al. (2013) and Ianovici
and Birsan (2020), it was also found a negative correlation with temperature and
solar radiation for tree pollen but an opposite correlation for ambrosia pollen that
dominates the region [15, 16].

Fig. 7 – Heat map showing correlations between pollen concentration and pollutants during 2014–2019
in Bucharest. The right-inclined (left-inclined) ellipses indicate positive (negative) correlation, the strength
of the correlation is indicated by the scale below from red color (highest negative correlation),
through white color (no correlation), to dark blue (highest positive correlation).

Referring to the relative humidity, there is a significant negative correlation
(rS = –0.27) with weed pollen, which supports the negative effect of increased humidity
on pollen release by delaying the opening of stamens, as it was observed by McDonald
and O’Driscoll (1980) [38]. When the humidity in the atmosphere is high, the pollen
dispersion process is more difficult. The same effect was found in Timisoara [15, 16].
The second heat-map in Fig. 7 represents the values of the correlation coefficients
between the pollen concentrations and the concentrations of the main pollutants.
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A positive correlation (rS = 0.32) was obtained between total pollen and NOx
concentration. A similar observation was made by Rahman et al. (2019) [39], between
Artemisia pollen and NO2 (rS = 0.39) while Oduber et al. (2019) indicate both positive
and negative correlations, depending on pollen source [40]. Positive correlations
were also obtained between trees pollen and PM10 (rS = 0.30), PM2.5 (rS = 0.32)
concentrations. Weed pollen was found positively correlated both with the NOx
concentration (rS = 0.45), and with the PM10 concentration (rS = 0.47). Another
significant positive correlation was between grass pollen concentration and volatile
organic compounds VOC, the coefficient being 0.33. In all cases mentioned
p-value < 0.01. The results show therefore the simultaneous presence in the atmosphere
of pollen grains and of major non-biological air pollutants. Quite similar findings
were reported for Guangzhou province (China) using Pearson correlation for a 95%
level of confidence [39].
Taking into account the location of Bucharest and its climate characteristics,
we suggest that overall outcomes of present study are representative of regional
concentrations.
4. CONCLUSIONS

Based on atmospheric pollen monitoring data in Bucharest area, present study
confirms the seasonal pattern of the main allergenic pollen in this area. Fluctuations
between maximum and minimum values of the observed pollen concentration
correspond to the bi-annual sequence of the flowering. The dominant presence of
tree pollen particles is observed in spring, of grass pollen particles mainly in
summer, and pollen particles from weeds appear in late summer and early autumn.
Weather conditions significantly influence pollen concentration, with temperature,
solar radiation and relative humidity being the most influencing factors. The
positive correlation was observed between pollen and particulate matter PM10 and
PM2.5, nitrogen oxides and volatile organic compounds. Present results highlights
the importance of developing more studies for evaluating correlation between air
pollution, aeroallergens and weather conditions, in order to better evaluate their
impact on human health.
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