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Abstract:
The Asteraceae family is one of the largest families, comprising 67 genera and 264 species in Poland. However, only a few genera, including 

Artemisia, are potential allergenic sources. The aim of the study was to compare the mugwort pollen seasons in Bialystok, Bydgoszcz, Sosnowiec, 

Lublin, Piotrkow Trybunalski, Opole, Olsztyn, Szczecin, Warsaw and Wroclaw in 2019. The investigations were carried out using the volumetric 

method. Seasonal Pollen Index was estimated as the sum of daily average pollen concentrations in the given season. The mugwort pollen season 

is mainly observed in June, July and at the beginning of September. In 2019 the pollen season of mugwort started first in Opole, on the June 26th. 

At the latest, a pollen season ended in Bydgoszcz and Warsaw, at the end of September. The differences of pollen seasons duration were extremely 

considerable, from 35 to 83 days. The highest airborne concentration of 97 pollen grains/m3 was noted in Lublin on the July 31st. The maximum 

values of seasonal pollen count in Polish cities occurred between July 28th and August 12th, most often between in late July and early August. The 

highest mugwort pollen allergen hazard occurred in 2019 in Lublin, Warsaw, Opole and Wroclaw, and was 2–3 times higher than in other cities. 

The highest variability in the analysed seasons was found in start date, while the lowest in the peak value and SPI value. In the pollen season in 

2019, 2 peaks of Artemisia pollen concentrations were observed as a result of the order of flowering of A. vulgaris and A. campestris. Information 

on the pollination of various Artemisia species will be used to avoid excessive exposure to allergens of these pollen grains.
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P ollen allergens of the Artemisia L. genus 
(mugwort) are among the most frequent and 
serious causes of pollinosis in many parts of 

the world [1]. The genus Artemisia is found through-
out almost the whole of Europe, from the Mediterra-
nean zone in the south to the sub-Arctic zone in the 
north. The majority of European species of Artemisia 
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grow in southern and southeastern regions with conti-
nental climate. Occurrence of the Artemisia species is 
associated with dry or slightly moist habitats and full 
exposure to light, which are important components of 
the steppes [2]. In the inland saline habitats of eastern 
Europe, A. maritima is found. Some species of Arte-
misia are connected with the mountainous regions of 
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southern and central Europe, e.g. A. eriantha. A number 
of species in Europe frequently occur in habitats trans-
formed by human activities. There are about 50 native 
species of Artemisia altogether in Europe. 18 species 
grow in Poland, half of them are alien species natu-
ralised in the native Polish flora. Of the 9 other species, 
6 are regarded as native (A. absinthium L. var. calcige-
na, A. campestris L., A. eriantha Ten., A. pontica L., 
A. scoparia Waldst. & Kit. and A. vulgaris L.), while 
another 3 species are cultivated. Only 3 native species 
of Artemisia are commonly found in Poland (A. absin-
thium, A. campestris, A. vulgaris) [2].

Artemisia pollen is present in the air for over 
10 weeks, generally from mid-July until mid-Septem-
ber. In central and northern Europe the optimum of 
pollination falls in mid-August. After peak day, the 
flowering season may last until September. Artemisia 
is one of the very few genera in the family Asteraceae 
comprising wind-pollinated plants. Despite wind dis-
persal and high pollen productivity (an individual plant 
produces 38 million pollen grains), mugwort pollen is 
relatively poorly distributed. Much of the pollen does 
not rise higher than 3–10 m above ground level, which 
limits its wider distribution [1, 3].

From an aerobiological point of view the most 
important Artemisia species are considered to be 
pioneer plants that colonise disturbed soils in urban and 
rural environments and are especially found on agri-
cultural fields, roadside verges, abandoned places and 
where building activities take place [4]. 

The species of the genus Artemisia are involved 
in strong cross-reactions observed in the patomech-
anism of allergy. Mugwort pollen cross reacts with 
almost all other Composites, especially with ragweed 
pollen. Further cross reactions are known with dande-
lion, goldenrod, sun flower, chamomilla, and all the 
daisy-like flowers. Very important cross-reactions are 
known in the frame of food-allergies with celery [1].

Aim
The aim of the study was to compare the 

mugwort pollen concentrations in the air of Bialystok, 
Bydgoszcz, Sosnowiec, Lublin, Opole, Olsztyn, Piotr-
kow Trybunalski, Szczecin, Warsaw, Wroclaw and 
Zielona Gora in 2019 as well as to indicate the highest 
risk of pollen allergens in individual cities.

Material and method
Measurements of bioaerosol were carried out 

in the selected cities of Poland, in Bialystok, Byd-

goszcz, Sosnowiec, Lublin, Opole, Olsztyn, Piotrkow 
Trybunalski, Szczecin, Warsaw, Wroclaw and Zielona 
Gora in 2019. Measurements were performed by the 
volumetric method. The used devices, which are rec-
ommended by the IAA (International Association for 
Aerobiology), take air samples (Burkard and Lanzoni 
pollen sampler) in volumes corresponding to average 
human respiratory parameters [5]. 

The duration of the pollen season was deter-
mined by the 98% method [6], assuming that the onset 
and end of the season were days with recorded 1% and 
99% of the annual total of pollen grains, respectively. 
The total pollen count over this period was expressed 
by the SPI (Seasonal Pollen Index).

On the basis of literature data, the number 
of days was determined in which concentrations of 
pollen of the Artemisia genus exceed the threshold 
values of consecutive allergy symptoms’ development 
(tab. 1) [7]. 

Results and discussion
During the 3 years of phenological research 

conducted in Poznan, the following order of flowering 
of mugwort species (the most commonly represented 
in Poland) was observed: A. vulgaris first began flow-
ering, then A. absinthium and A. campestris [8]. The 
analysis of Artemisia pollen seasons in this paper also 
showed this flowering order, which is presented in 
figures 1–6. Blue and gray arrows indicate dates when 
peak pollen concentrations appear. Artemisia absinthi-
um, which flowers in early August, shows the lowest 
pollen count among these 3 species. In figures 1–6, 
no visible increase in A. absinthium concentrations 
was observed during the pollen season in 2019, there-
fore this taxon is not marked on the figures using the 
arrows. While, peak values in A. vulgaris (late July, 
blue arrow in the figures) and A. campestris (mid-Au-
gust, gray arrow in the figures) were marked. Infor-
mation on the pollination of various Artemisia species 
will be used to avoid excessive exposure to allergens of 
these pollen grains.

In 2019 mugwort pollen season started between 
June 26th in Opole and July 24th in Wroclaw and lasted 
until the end of September in Bydgoszcz and Warsaw 
(tab. 1, figs 1–6). While in 2014 the Artemisia pollen 
season in most Polish cities started the earliest on 
June 13th [9]. In 2015 the mugwort pollen season began 
only at the beginning of July [10]. In 2019, the longest 
pollen season in Warsaw lasted 83 days; a year earlier, 
in 2018 in Zielona Gora and Bydgoszcz, the season ex-
ceeded 3 months (110 days) [11]. 
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Table 1. Characteristics of mugwort pollen season in 2019.

Features of pollen season/city
Bialy-
stok

Byd-
goszcz

Sosno-
wiec

Lublin Olsztyn Opole
Szcze-

cin
Piotrkow 

Tryb. 
Warsaw Wroclaw

Zielona 
Gora

Duration of pollen season
(number of days)

17 VII–
19 IX
(58)

9 VII– 
28 IX
(82)

23 VII–
19 IX
(59)

15 VII–
15 IX
(63)

15 VII– 
12 IX
(61)

26 VI–
10 IX
(77)

16 VII–
3 IX
(50)

12 VII–
19 IX
(70)

6 VII–
26 IX
(83)

24 VII–
27 VIII
(35)

3 VII–
12 IX
(72)

Seasonal Pollen Index SPI 
(total)

599 888 509 1193 785 981 657 797 1077 915 843

Peak value and peak date
76

(28 VII)
78

(29 VII)
65

(4 VIII)
97

(31 VII)
76

(31 VII)
84

(4 VIII)
51

(29 VII)
66

(4 VIII)
63

(29 VII)
89

(7 VIII)
55

(12 VIII)

Days ≥ 30 grains/m3 [7]* 4 9 4 12 9 12 7 9 16 13 13

Days ≥ 55 grains/m3 [7]** 3 4 3 11 3 8 2 4 5 8 4

Days ≥ 70 grains/m3 [7]*** 1 1 0 4 1 3 0 0 0 5 0

* First allergy symptoms.
** Allergic reactions in all patients.
*** Acute symptoms in most patients.

Figure 1. Mugwort pollen count in Bialystok and Bydgoszcz in 2019.

Figure 2. Mugwort pollen count in Sosnowiec and Lublin in 2019.

Figure 3. Mugwort pollen count in Olsztyn and Opole in 2019.
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Figure 4. Mugwort pollen count in Szczecin and Piotrkow Trybunalski in 2019.

Figure 5. Mugwort pollen count in Warsaw in 2019.

Figure 6. Mugwort pollen count in Wroclaw and Zielona Gora in 2019.

Blue arrow – estimated increase A. vulgaris pollen concentration. 
Grey arrow – estimated increase A. campestris pollen concentration.

SPI values in 2019 ranged between 600 
and 1200, in 2018 these values were similar within 
350–1100 [11], while in 2014 SPI exceeded 1300 in 
Lublin [9].

The highest daily pollen count of mugwort was 
noted in 2019 in Lublin on July 31st (97 grains/m3) (tab. 1, 
fig. 2) and the highest annual sum of Artemisia pollen 
grains (SPI) was observed also in Lublin; in 2014 [9] the 
maximum daily concentration was observed August 19th 

in Poznan (172 grains/m3) in 2018 [11] – August 3rd in 
Lublin, and similarly in 2015 [10] – August 7th in Byd-
goszcz.

The highest mugwort pollen allergen hazard 
occurred in 2019 (above 150 grains/m3) in Lublin and 

lasted 5 days. The comparison of these taxa’s pollen 
seasons in previous years revealed that in 2014 [9] 
pollen concentrations were much lower than in 2019 
with the exception of Poznan, where the number of 
days with concentrations above the threshold value 
was very high and this period lasted almost the entire 
month. In 2018 the highest peak value was reached in 
Lublin (88 grains/m3) with 2 weeks when the threshold 
values for mugwort pollen were exceeded [11].

The research conducted by Oteros et al. [12] in 
Germany have shown that the majority of airborne en-
dotoxin stems from bacteria dispersed with pollen of 
only one plant: mugwort. This endotoxin was essential 
for inducing inflammation of the lung and allergic sen-
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sitization. Endotoxin (LPS) released from gram-nega-
tive bacteria causes strong immunologic and inflam-
matory effects and, when airborne, can contribute to 
respiratory conditions, such as allergic asthma. More 
than 60% of the annual endotoxin exposure was detec-
ted in the particulate matter PM > 10 fraction, showing 
that bacteria do not aerosolize as independent units 
or aggregates but adhere to large particles. In Munich 
70% of annual exposure was detected between June 
12th and August 28th. Multivariate modeling showed 
that endotoxin levels could be explained by phenolo-
gical parameters (i.e. plant growth). Indeed, days with 
high airborne endotoxin levels correlated well with the 
amount of Artemisia pollen in the air. Pollen collected 
from plants across Europe (100 locations) showed that 
the highest levels of endotoxin were detected on Arte-
misia vulgaris (mugwort) pollen, with little on other 
pollen. Microbiome analysis showed that LPS concen-
trations on mugwort pollen were related to the presence 
of Pseudomonas species and Pantoea species commu-
nities. In a  mouse model of allergic disease, the pre-
sence of endotoxin on mugwort pollen was needed for 
allergic sensitization.

Conclusions
Artemisia pollen grains are present in the air of 

Polish cities usually in July, August and at the begin-
ning of September.

In the pollen season in 2019, 2 peaks of Artemi-
sia pollen concentrations were observed as a result of 
the order of flowering of A. vulgaris and A. campestris.

The start of mugwort pollen season in 2019 oc-
curred on average in the middle of July and ended at 
the turn of August and September; 

The duration of the mugwort pollen season 
varies greatly. Artemisia pollen season in most cities 
was above 40–80 days long (only in Wroclaw – 
35 days) and was characterized by different total annual 
pollen SPI (from 509 in Sosnowiec to 1193 in Lublin). 

The highest Artemisia pollen allergen hazard 
occurred in 2019 in Warsaw, Wroclaw, Opole and 
Lublin. The number of days with potential acute symp-
toms of allergy in most patients was low (the highest in 
Wroclaw – 5 days). 

The highest variability in the analysed seasons 
was found in start date, while the lowest in the peak 
value and SPI value. 
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