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Abstract Ambrosia pollen was first reported as an important
allergen in North America at the end of the nineteenth century,
and many European countries have recently reported its in-
creasing significance for pollen allergy. The aims of this study
were to determine whether the highly allergenic Ambrosia
pollen recorded during the studied period could be the result
of long-distance transport (LDT) and to identify the potential
sources of Ambrosia pollen grains. The study investigates
Ambrosia pollen episodes during the peak term of six yearly
periods between 2010 and 2015 by examining source regions
in Ambrosia pollen in Bursa, Turkey. A volumetric trap was
used for collecting the pollen samples, and the back-trajectory
model was used to identify a potential source of atmospheric
Ambrosia pollen. The days when pollen levels exceeded
30 P m−3 were computed, and clusters were shown on the
figures. The study indicates that the Ambrosia pollen grains
recorded during the episode in Bursa were not produced by
local sources but transported long distances from potential
source regions around the Azov Sea in Russia and Ukraine,
Black Sea region of Turkey, Romania, and Bulgaria. Note that
atmospheric concentrations of Ambrosia pollen exceeded the
clinical threshold during 28 days during the investigation pe-
riod. Taking into consideration the high allergenicity of
Ambrosia pollen, the present findings suggest that the number

of ragweed-sensitized individuals might increase in the near
future in the region.
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Introduction

The genus Ambrosia L. (Asteraceae) contains at least 40 spe-
cies and numerous intraspecific taxa. Only one species,
Ambrosia maritima L., is native to Europe (Rich 1994;
Follak et al. 2013). Other species established in Europe were
introduced from temperate region of the world (Essl et al.
2015). Ambrosia artemisiifolia (ragweed) was first recognized
in Europe in the nineteenth century, andmany European coun-
tries have recently reported its increasing significance for pol-
len allergy (Visiani 1842; Rich 1994; Jaeger 2000; Wayne
et al. 2002; Behrendt 2009; Asero et al. 2014).

The most ragweed-infected places in Europe are the
Pannonian Plain, the Rhone-Alps region of France, parts of
Northern Italy, as well as Ukraine and some parts of Russia
(Smith et al. 2014; Essl et al. 2015; Makra et al. 2015). The
region around the Azov Sea, Georgia, and Black Sea Region
of Turkey were identified as highly infested area (Reznik
2009; Bullock 2010; Sikoparija et al. 2016). The city of
Bursa is located in an area considered to be free from large
local Ambrosia populations, i.e., it is approximately 1000 km
from the northeast edge and 400 km northwestern edge of
A. artemisiifolia distribution (Onen et al. 2014; Ozaslan
et al. 2016).

Ambrosia is one of the most important allergen plants for
sensitized patients during the late summer (Essl et al. 2015;
Smith et al. 2014; Smith et al. 2013), and Ambrosia pollen has
been detected in many European countries (Peeters 2000;
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Peternel et al. 2003; Puc 2004; Milkovska et al. 2008; Smith
et al. 2014). There is a cross reactivity between ragweed spe-
cies and between the major allergens of Ambrosia and
Artemisia (Dahl et al. 1999; Taramarcaz et al. 2005). Pollen
grains of A. artemisiifolia are produced in huge amounts
(Wayne et al. 2002; Alberternst and Nawrath 2008), and as a
result, ragweed pollen is involved in episodes of long distance
transport (Zauli et al. 2006; Cecchi et al. 2007; Stach et al.
2007; Šikoparija et al. 2009; Skjøth et al. 2010; Šikoparija
et al. 2013). There is a specific diurnal periodicity in
Ambrosia flowering time. The peak concentrations of ragweed
pollen were noticed from 06:30 to around midday (Bianchi
et al. 1959). Ambrosia pollen identified during night hours is
more likely to originate from distant areas and monitoring of
Ambrosia pollen grains can serve as an early warning system
to prevent this invasive and highly allergenic plant from un-
infected areas.

Sensitization of individuals to Ambrosia pollen allergens
was reported from different regions with different threshold
values (Juhász 1995; Comtois 1998; Jäger 1998; De Weger
et al. 2013). Juhász (1995) suggests 50 P m−3 as the threshold
value to hay fever sufferers. For pollen-sensitive patients, the
threshold value of clinical symptomswas reported as 20 Pm−3

by Jäger (1998) and 30 P m−3 by Basky (2009). Atmospheric
concentrations ofAmbrosia pollen reach levels high enough in
Turkey to potentially cause clinical symptoms in sensitized
individuals; however, rates of sensitization in the country are
currently unknown.

The aims of this study were (i) to determine whether air-
borne Ambrosia pollen grains recorded in Bursa could be the
result of LDT since local sources are not known to be present,
and (ii) to identify the potential sources of airborne Ambrosia
pollen recorded in Bursa during a 6-yearly period. In order to
investigate this phenomenon, air mass trajectories and wind
directions were analyzed. So as to determine the origin of
measured pollen grains, diurnal variations were analyzed
and bihourly course of daily pollen concentrations was used
for identifying a daytime peak.

Material and methods

Sampling site

Bursa is situated at 41° 11′N, 29° 04′E in northwest of Turkey
(Fig. 1) at 100 m above the sea level, located on a plain
flanked by the Uludag Mountain to the south and the
Samanli Range Mountains to the north, and it is a city with
approximately three million inhabitants. Bursa has a
Mediterranean vegetation with semi-continental climate with
cold and wet winters, hot and dry summers. The plain near the
district comprises agricultural land: vineyards, plum, quince,
peach, olive groves, and land suitable for the growth of

sunflower, tobacco, etc. The long-term (1950–2015) average
of annual temperature in Bursa is 14.5 °C, and the mean an-
nual precipitation amounts to 695 mm with snow during win-
tertime (www.mgm.gov.tr). The climate of Bursa is strongly
influenced by the high elevation of the Uludag Mountain, and
Mediterranean vegetation on the plain changes to deciduous
forest characteristic of semi-humid regions with increasing
altitude. Aerobiological monitoring station was located at
40° 22′ 33″ N, 28° 86′ 42″ E.

Pollen data

Airborne Ambrosia pollen was detected in Bursa during all the
studied period, 2010–2015. A Hirst-type volumetric spore
trap (Hirst 1952) was used for aerobiological sampling. The
trap was located on the flat roof of Arts Faculty in the campus
area of Uludag University. The trap was placed about 12 m
above ground level and 106 m above sea level. Sampling and
data analysis were performed in accordance with the standard
protocol drawn up by the Spanish Aerobiology Network
(REA) and the minimum recommendations of the European
Aeroallergen Network (Galan et al. 2014). Daily average and
bihourly pollen concentrations are stated as P m−3. The begin-
ning and ending of main pollen season were specified as oc-
curring the days when the accumulated sum of daily average
Ambrosia pollen concentrations achieved 1 and 99% of the
annual pollen index. For the start (end) of the Ambrosia pollen
season for sampling station, we used the first (last) date on
which 1 P m−3 of air is recorded and at least five consecutive
days also show one or more P m−3 (Galan et al. 2001).

Meteorological data

The synoptic charts were downloaded from http://www.
wetterzentrale.de/topkarten/tkfaxbraar.htm. Mean humidity
(%), total daily precipitation amount (mm), mean
temperature (°C), and average wind speed (km/h) were
examined. Meteorological data from 2010 to 2015 were
obtained from the Bursa meteorological station.

Statistical analysis

The conformity of the data to normal distribution was exam-
ined with the Shapiro-Wilk test. The data did not show normal
distribution, so Spearman’s correlation analysis was used to
test relationships between the daily average concentrations of
airborne Ambrosia pollen with meteorological data (not wind
direction). The Wilcoxon test was used to compare the mean
daily concentrations for each year separately. For all of these
tests, statistical significance was accepted at the level of p
<0.05. All calculations were made using SPSS 23.00
software.
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Back-trajectory analysis

The air mass movement was simulated using the Hybrid
Single-particle Lagrangian Integrated Trajectory model
(HYSPLIT 4.9) developed by the National Oceanic and
Atmospheric Administration (NOAA) (Stein et al. 2015).
The data, which is maintained by the National Oceanic and
Atmospheric Administration Air Resources Laboratory
(NOAA ARL) as input having a temporal resolution of 6 h
and a spatial resolution of 1°, from the Global Data Analysis
System (GDAS) archives were used for the trajectory calcu-
lations. The elevation at arrival time was set to 500 m AGL as
geographical barriers affecting north and northeast air masses
coming from the Black Sea. To clearly justify this fact, a
comparison between heights had been done and back-
trajectories were computed for all episodes with a received
height of 500, 1000, and 1500 m taking into account varia-
tions in air mass directions with increasing height in the atmo-
sphere, but the elevation at arrival time when the hour daily
peak level recorded was set to 500 m AGL as geographical
barriers affecting north and northeast air masses coming from
the Black Sea.

Although different values were identified around the dif-
ferent population for threshold (Juhász 1995; Jäger 1998;
Comtois 1998; Basky 2009; De Weger et al. 2013), rates of
sensitization in the investigated region are currently unknown.
The threshold value, which is the closest value to the average
of the thresholds given in the literature, was considered as the
threshold that can cause sensitization in the investigated

region. We selected the days when Ambrosia pollen reached
30 P m−3 for analyses except the year 2012. These peaked
days formed more prominent, certain, and consistent pollen
clusters around the yearly values. In the year 2012, daily av-
erage pollen grains reached 14 P m−3 as a maximum value,
and only this day was computed for back-trajectory analysis.

Specified trajectories were shown as a cluster on a map to
determine potential sources of pollen grains. Local time was
converted to Central European Summer Time (UTC), and
UTC was used on back-trajectory analysis. The hours of the
day for the back-trajectories run were selected when bihourly
pollen grains reached the maximum daily peak level. The air
mass path for the previous 48 h was specified in time steps of
6 h.

Results and discussion

Annual totals

The limits of the Ambrosia pollen seasons, the total annual
pollen concentrations (the sum of daily and airborne ragweed
pollen concentrations), the date of the peak, the peak value,
and the number of days with daily average ragweed pollen
concentrations >30 P m−3 are given in Table 1. The length
of the Ambrosia pollen season and the annual total amount
ofAmbrosia pollen recorded in Bursa varied from year to year.
The longest pollen season during the study period was

Fig. 1 The monitoring site (rectangle) and its surroundings on the map
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identified in 2013. Annual totals of Ambrosia pollen varied
from 174 to 878 P m−3 (Table 1).

The Wilcoxon test was run, and the output indicated that
the mean daily pollen concentration in 2010 was statistically
significantly higher than in 2012 (ɀ = 0.0026) and in 2014
(ɀ = 0.0153). There was also a significant difference in the
mean pollen concentration in 2013 compared to 2011
(ɀ = .0049) and 2014 (ɀ = 0.0177), and similarly, the mean
daily pollen concentration in 2015 was statistically signifi-
cantly higher than in 2012 (ɀ = 0.0017) and in 2014
(ɀ = 0.0235) (Table 2). The sum of daily average pollen con-
centrations monitored in the years 2011, 2012, and 2014 was
considerably lower (393, 174, and 317 Ambrosia pollen
grains, respectively) than the years 2010, 2013, and 2015
(878, 825, and 800 pollen grains, respectively).

In contrast to the reported diurnal variation and peak con-
centrations of ragweed pollen in the natural plant population,
the ragweed pollen concentrations reached the lowest value
around the middle of the day (Fig. 2b) and an irregular pattern
was identified for the daily Ambrosia pollen peak for the stud-
ied region (Figs. 2a, 3, 4, 5, 6, 7, and 8a). This is one of the
most important findings of evidence for the LDTof Ambrosia
pollen to the investigated region.

The influence of meteorological data on Ambrosia pollen
concentrations

Daily concentrations ofAmbrosiapollen grains and dailymean
temperature, humidity, and total precipitation are shown in
Figs. 3, 4, 5, 6, 7, and 8a. Meteorological data (daily mean
temperature, humidity, wind speed, and total precipitation)
and daily Ambrosia pollen grains were analyzed using
Spearman’s correlation test for the peak days. The only signif-
icant correlationbetweendailyaverageairbornepollenconcen-
trations, and the meteorological data was the significant posi-
tive correlation with wind speed (Table 3). These findings sug-
gest that there was no local population of Ambrosia plants.
Dates with no or little airborne Ambrosia pollen (1–3 P m−3)
recorded around the peak dayswere selected to detect the wind
direction (31 August and 1–3 September 2010; 16 August and

14, 20 September 2011; 5, 6, and 14 September 2012; 28
August 2013; 22 August and 21–22 September 2014; 11, 18
August and 4, 6 September 2015), and back-trajectories were
computed for midnight. These trajectories showed that air
masses came from the west, northwest, south, or east of the
region (Suppl. Figs. 1, 2, and 3).

In addition, wind direction was examined and wind roses
were created for each examined pollen season (Fig. 9a–h). It
can be seen in Fig. 9 that more than 60% of the wind during
the years 2010 and 2011 arrived from a northerly direction
where there are possible source regions of Ambrosia pollen.
Wind roses for the daily average wind direction during August
and September for the years 2010–2015 show that 67% of
average frequency of winds were recorded from the north
and northeast (Fig. 9g). It was noted that there was a signifi-
cant frequency of winds from the east (10%) and west (10%)
in 2012 which was the year with the lowest recorded amount
of Ambrosia pollen (Fig. 9c).

Selection and daily cycles of Ambrosia peak periods

Pollen grains of Ambrosia were recorded over 6 years in the
investigated region. During the study period, airborne concen-
trations exceeded 30 P m−3 daily average on 2 days in 2010,
3 days in 2011, 12 days in 2013, 2 days in 2014, and 7 days in
2015 (Table 1). Bihourly concentrations of airborne Ambrosia

Table 1 Characteristics of
Ambrosia pollen at sampling
station during the studying
period, 2010–2015

Year Ambrosia
pollen season

Yearly total
(pollen/m3)

Peak day Peak value
(P m−3)

Number of the
days with >
30 P m−3

2010 09/08–27/09 878 13/09 314 2

2011 12/08–28/09 393 02/09 67 3

2012 04/08–20/09 174 08/09 14 -

2013 03/08–24/09 825 24/09 77 12

2014 02/08–21/09 317 10/09 47 2

2015 02/08–18/09 800 24/09 126 7

Table 2 Results ofWilcoxon test (z) used to compare the mean of daily
pollen concentrations for the year 2010–2015

Year 2010 2011 2012 2013 2014

2010 –

2011 0.0615 –

2012 0.0026* 0.0887 –

2013 0.0638 0.0049* 2.036 –

2014 0.0153* 0.3198 0.0799 0.0177* –

2015 0.6420 0.0578 0.0017* 0.2614 0.0235*

*significantly different

p < 0.05
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pollen reached peak values during the night or early morning
on a total of 19 days (73% of dates when daily concentrations
exceeded 30 P m−3) during the studied period (Table 4).

A total of 314 and 278 Ambrosia pollen grains per cubic
meter of air were recorded on 13 and 14 September 2010,
respectively (Fig. 3a). These were the only days when atmo-
spheric Ambrosia pollen concentrations exceeded a 30 P m−3

daily average in 2010. Although Ambrosia pollen grains were
not detected from 00:00 to 12:00 on 13 September 2010, a
total of 581 P m−3 were measured between 12:00 and 24:00.
The back-trajectory was calculated consistent with the highest
concentrations made at 19:00 (UTC, Fig. 3b). The calculated
trajectory for 13 September at 19:00 (UTC) showed that the
air masses originated from the northeast. During the 48 h be-
fore arrival, the air masses passed over Russia, Moldova,
Ukraine, and in the last 24 h, over the coastal regions of
Romania and Bulgaria, arriving in the Bursa region at 19:00
(UTC) when the peak value was recorded as 314 P m−3 at the
station (Fig. 3c). Atmospheric pollen concentrations peaked at
00:00 (UTC) on 14 September 2010.

In 2011, the highest atmospheric Ambrosia pollen concen-
trations were recorded on 25 August and 1 and 2 September as
32, 43, and 67 Ambrosia P m−3, respectively (Fig. 4a). These
were the only dates when the daily average Ambrosia pollen

exceeded 30 P m−3 in 2011 (Fig. 4a). Diurnal variations on 25
August 2011 showed that airborne Ambrosia pollen concen-
trations reached a maximum level at 21:00 (UTC). Back-
trajectories were run for the measured highest atmospheric
pollen concentrations (at 21:00 UTC), and the trajectory of
air masses for 25 August 2011 showed that the air masses
arrived from the south of Ukraine where the most important
habitat of ragweed plants (Rodinkova et al. 2012).
Atmospheric Ambrosia pollen concentrations peaked on 1
September 2011 at 13:00 (UTC) (Fig. 4b). The back-
trajectory computed for 1 and 2 September 2011 (Fig. 4c)
showed that the air masses arrived from the southern part of
Romania, then over the Sofia where Ambrosia has extended
habitat (Yankova et al. 1996; Dimitrov and Tzonev 2002;
Ianovici and Sirbu 2007; Ianovici et al. 2013).

Interestingly, Ambrosia pollen grains did not exceed
30 P m−3 on any day in 2012. The highest daily average
Ambrosia pollen concentrations recorded in the year were
14 P m−3 on 8 September (Fig. 5b), 12 P m−3 on 8 August,
and 10 P m−3 on 4, 7, and 9 September 2012 (Fig. 5a).

The Ambrosia pollen season was the longest in 2013 during
the investigatedperiod, andairborneAmbrosiapollenconcentra-
tionsexceeded30Pm−3dailyaverage in12daysbetween12and
27 August (Fig. 6a). Diurnal analyses for 7 of the 12 days
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Ambrosiapollenwererecordedbetween19:00and01:00(UTC).
Bihourly value of atmospheric Ambrosia pollen concentrations
peaked at 20:00 (UTC) on 24 August 2013, when the highest
pollenlevelwasalsoidentified(Fig.6b).DailyaverageAmbrosia

pollen reachedmore than40Pm−3 between 21 and24ofAugust
and was identified as 45, 63, 76, and 77 P m−3, respectively
(Fig. 6a). The analysis of diurnal variations in airborne
Ambrosia pollen concentrations on these days shows that peak
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levels were recorded between 19:00 and 23:00 (UTC). Back-
trajectories computed for 21–24August show that the airmasses
came from the north around the Azov Sea (Fig.6e).

DailyaveragevalueofAmbrosiapollenconcentrationsreached
43 and 47 grains P m−3 on the 5 and 10 September 2014, respec-
tively (Fig. 7a). These were the only days when daily average
Ambrosia pollen concentrations exceeded 30 P m−3 in the year
2014. Atmospheric Ambrosia pollen concentrations on the 5 and
10September inBursa peaked at 17:00 and 09:00 (UTC), respec-
tively (Fig. 7b).Back-trajectories calculated for the trajectory for5
and 10 September 2014 show that the air masses come from
UkraineandRussia (Fig. 7c).At48hbefore arrival, the airmasses
passed over the Black Sea and arrived to the sampling station
between the hours 17:00 and 09:00 (UTC) when the peak values
were recorded as 43 and 47 Pm−3, respectively, on these days.

The daily average atmospheric Ambrosia pollen concentra-
tions exceeded 30 P m−3 on 7 days between 8 and 31 August
2015, and ranged between 30 and 126 P m−3 (Fig. 8a).
Analysis of diurnal concentrations showed that a peak level

of Ambrosia pollen occurred at 21:00 (UTC) on four of these
days. Peak levels were recorded on 24 August 2015 at midday
(Fig. 8b). Back-trajectories showed that the air masses came
from around the Azov Sea (Fig. 8c).

Air mass patterns of Ambrosia peak periods

During the peak periods of 2010, the synoptic situation was
dominated by low-pressure systems (1002–1012 hPa) resid-
ing the northern side of the Black Sea in an east to west
direction. This area is to the northwest of Turkey and a trough
of low pressure developed over the region, which gave a wind
direction of north to south and marked the same route taken by
the pollen (Fig. 3d).

The synoptic situation on 1 and 2 September 2011 was
characterized by low-pressure systems (1006–1012 hPa) re-
siding over the upper side of Black Sea in a north to south
direction to the northwest of Turkey (Fig. 4d). This low-
pressure system ran the wind from north to south and marked
the same direction taken by the ragweed pollen. The average
daily temperature for 1 and 2 September 2011 (24 °C) was
9.5 °C above the 65-yearly average, no rainfall was recorded,
and relative humidity was 51% (Fig. 4a). An occlusion was
characterized over Romania and Bulgaria on 1 and 2
September 2011 (Fig. 4d). This occluded front generally
marked the route taken by the pollen.

Atmospheric Ambrosia pollen concentrations peaked be-
tween 15:00 and 17:00 (UTC) on 8 Sept. 2012 (Fig. 5b).
The computed back-trajectory at 17:00 UTC on the 8
September shows that the air masses that arrived in Bursa
was over Ukraine 48 h before and passed through the country
(Fig. 5c). The synoptic situation was characterized by high-
pressure systems (1016 hPa) over the upper side of the Black
Sea in a north to south direction to the northwest of Turkey
(Fig. 5d).

Peak days in 2013 were separated into three clusters:

1. Episode I: pollen grains > 30 P m−3 before the yearly peak
level

Pollen grains of Ambrosia reached 30 P m−3 on 12 August
and were then recorded as 58 and 46 P m−3 on the following
days (Fig. 6a). The synoptic situation was dominated by low-
pressure systems (1008–1012 hPa) which passed over
Ukraine on 12 August and over Bulgaria on 13 September,
then reached the sampling station (Fig. 6c). Back-trajectories
were computed for 17–18 August when the synoptic situation
was again under a low-pressure system (1006–1012 hPa) ris-
ing around the south of the Azov Sea (Fig. 6c). The average
daily temperature for 17 and 18 August 2013 was 26 °C, no
rainfall was recorded, and relative humidity was 57.5%
(Fig. 6c).

Table 3 Arrival time of each back-trajectories

Year Date of the peak Arriving time for back-
trajectories (UTC)

2010 13 September 19:00

2010 14 September 00:00

2011 25 August 21:00

2011 01 September 13:00

2011 02 September 06:00

2012 08 September 17:00

2013 12 August 20:00

2013 13 August 04:00

2013 14 August 22:00

2013 17 August 20:00

2013 18 August 16:00

2013 21 August 18:00

2013 22 August 18:00

2013 23 August 16:00

2013 24 August 20:00

2013 25 August 22:00

2013 26 August 22:00

2013 27 August 00:00

2014 05 September 17:00

2014 10 September 09:00

2015 08 August 10:00

2015 23 August 21:00

2015 24 August 21:00

2015 25 August 21:00

2015 26 August 16:00

2015 30 August 21:00

2015 31 August 02:00
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2. Episode II: pollen grains > 40 P m−3

Ambrosia pollens reached >40 P m−3 between 21 and 24 of
August and were identified as 45, 63, 76, and 77 P m−3, re-
spectively (Fig. 6a). A series of high-pressure systems (1012–
1016 hPa) passed to the south of Ukraine and Russia (around
the Azov Sea) from the Black Sea toward Bursa and the air
masses moved toward the pollen monitoring station from a
northerly direction at midnight (local time) of 21–24 August

2013 (Fig. 6e). The average daily temperature from 21 to 24
August 2013 was 26 °C, no rainfall was recorded, and average
relative humidity was 54% (Fig.6a).

The air masses continued to arrive from south of Europe.
Back-trajectory analysis shows that possible sources of
Ambrosia pollen on these dates included the southeast of
Ukraine and Russia (Fig. 6c–e).

3. EpisodeIII:pollengrains>30Pm−3after theyearlypeaklevel

Back-trajectories were run for the days after the yearly peak
level was identified and pollen grains exceeded 30 P m−3

(Fig. 6a). Back-trajectories and synoptic charts showed that
between 25 and 27 August, air masses came from the Black
Sea regions of Turkey (Fig. 6d). During 25–27 August, the
synoptic situation was dominated by low-pressure systems
(1009–1012 hPa) extending from the east of Turkey to the
western side. This low-pressure system ran the wind from
northeast to northwest and possibly marked the same route
taken by the pollen. The average daily temperature between
25 and 27 August 2013 was 26 °C, no rainfall was recorded,
and relative humidity was 56% (Fig. 6a). As a result, air
masses from this direction arrived with the pollen grains of
Ambrosia. Interestingly, this direction was a Black Sea region
of Turkey. The ragweed population was identified on the coast
road of the Black Sea in 2012 (personal observation). This
direction was identified during the studied period only in the
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Table 4 Spearman’s rank correlation analysis of daily meteorological
data and Ambrosia pollen concentrations (meteorological data: daily
mean humidity (%), daily total precipitation amount (mm), daily mean
temperature (°C), and daily mean wind speed (km/h))

Year Humidity Precipitation Temperature Wind speed

2010 0.170 −0.042 −0.298* 0.179

2011 −0.053 0.016 −0.194 0.171

2012 −0.059 0.264* −0.024 0.304*

2013 0.037 −0.068 0.368** 0.361**

2014 −0.189 −0.165 0.264* 0.184

2015 −0.478** 0.030 0.255* 0.402**
a 0.679 0.282 −0.157 0.820

*Correlation is significant at the 0.05 level (two-tailed); **correlation is
significant at the 0.01 level (two-tailed)
a Peak days ≥ 30 P m− 3 for the years 2010–2015
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year 2013, and this caused an increase in the number of the
days exceeding the threshold value in the year 2013.

In 2014, Ambrosia pollen exceeded 30 P m−3 for only
2 days (5 and 10 September 2014) and pollen counts peaked
at 20:00 or 12:00 (local time) (Fig. 7b). Although no known
local Ambrosia plant population was identified, it should be
noted that an identified pollen peak at midday (local time) in
these dates could indicate the most likely local plant popula-
tion. The average daily temperature on 5 September 2014 was
26 °C, and no rainfall was recorded despite relative humidity
of 72%. Similarly, the daily average temperature on 10
September 2014 was recorded as 22 °C, and relative humidity
was recorded as 62% (Fig. 7a). However, the back-trajectory
and synoptic situation featured low-pressure systems (1008–
1012 hPa) coming from the east of the Azov Sea and passed
over the Black Sea toward Bursa (Fig. 7d).

Daily average Ambrosia pollen concentrations exceeded
30 P m−3 for 7 days between 8 and 31 August 2015. Pollen
grains of Ambrosia were recorded between 30 and 126 P m−3

on these days. The average daily temperature on 30 and 31
August 2015 was 27 °C, no rainfall was recorded, and average
relative humidity was 52.5% (Fig. 8a). The peak level was
recorded on 24 August 2015 at midday (Fig. 8b). Back-
trajectories were computed with the hours when the highest
daily concentrations were measured, and all calculated trajec-
tories for over the threshold values in 2015 showed that the air
masses came from Russia and Ukraine around the Azov Sea
(Fig. 8c). During this period, a series of high-pressure systems
(1016–1020 hPa) that came from the south of Ukraine passed
over the Black Sea and Turkey and continued to the southeast
of Europe (Fig. 8d). Only on two of these days (23 and 24
August), was the synoptic situation characterized by a low-
pressure system (1020 hPa) that came from Ukraine and rose
to Africa.

Conclusion

The present study indicates that the Ambrosia pollen grains
identified in August and September in Bursa were not from
local sources. The main source area for long distance
transported Ambrosia pollen was Russia which accounted
for 35% of the trajectories calculated on days when pollen
exceeded 30 P m−3. This was followed by Ukraine (30%),
both Ukraine and Russia around the Azov Sea (15%), the
Black Sea region of Turkey (12%), and Bulgaria and
Romania (8%). This study supports the hypothesis that the
long-distance transport of ragweed pollen to Turkey is mainly
related to the passage of air masses from the north and/or
northeast direction. Pollen grains can originate from any point
along a trajectory, and local sources cannot be ignored as seen
in 2014 when diurnal Ambrosia pollen concentrations peaked
around midday. The results of this study showed that airborne

Ambrosia pollen concentrations exceeded 10 P m−3 49 times,
30 P m−3 28 times, and 50 P m−3 7 times during the years
under investigation. The present data and findings in this pa-
per suggest that the season of allergy in the area may prolong
until the end of September, which may lead to an increase in
the number of susceptible people exposed to Ambrosia aller-
gens in the near future. The ongoing invasion of Ambrosia has
become an important environmental problem, not only threat-
ening health but also acting as a bio-invader plant.
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