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Abstract:  In 1997–1998, annual variations in the concentration of pollen in the atmosphere of 
Lublin, Poland, were analysed by the volumetric and gravimetric methods. To determine the 
concentration of pollen, a volumetric VST-trap was used, whereas for pollen fall - a 
gravimetric Durham trap. The following taxa were chosen for pollen analysis: Alnus, 
Corylus, Populus, Betula, Poaceae, Rumex, Plantago, Urtica, Chenopodiaceae and Artemisia. It 
was found that the length of pollen season, as well as pollen count increase and decrease 
tendencies determined by the two methods, were similar. Maximum concentrations of 
pollen grains occurred on the same dates for arboreous plants, Artemisia and Poaceae in 
1997. In the case of other herbal plants, the maximum dates might be different, yet 
abundant occurrence of pollen grains was registered at the same time. 
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INTRODUCTION 

 
Owing to the high incidence of pollinosis, there exists a 

great demand for information concerning allergenic airborne 
pollen. In Lublin, at the Department of Botany of the 
Agricultural University, continuous pollen monitoring has 
been carried out since 1994. The results of the studies 
were published in numerous papers [18, 19, 20, 21, 32, 
33, 34, 35, 36, 37]. 

Currently, the standard method used in Europe for 
analyzing the concentration of airborne pollen is the 
volumetric method, where Burkard or Lanzoni samplers 
are applied. However, sometimes the pollen monitoring is 
conducted by the gravimetric method [1, 2, 3, 11, 13, 26, 
29]. The volumetric method allows for the determination 
of diurnal pollen concentration, as well as the evaluation 
of daily variations of the concentration. Volumetric samplers 
are to a greater extent independent from the weather 
conditions than gravimetric samplers, which are significantly 
cheaper and do not need a power supply. The latter are 
used, for example, when many traps for comparative studies 

are necessary or where the application of a power supply 
is impossible or difficult [4, 9, 10]. In the valley of the 
River Tiber (Italy), the dispersal of Platanus pollen at 
various distances from the trees was studied, using 16 
Durham gravimetric samplers [4]. 

The aim of the study was to determine the periods of 
occurrence of pollen grains of 10 selected taxa in the 
atmosphere, their maximum concentrations as well as the 
comparison of two methods used in aerobiology. 

 
MATERIALS AND METHODS 

 
In 1997–1998, the pollen count was determined by the 

volumetric and gravimetric method in the atmosphere of 
Lublin (51º14’ N, 22º34’ E). At the height of 7 m above 
the ground, two samplers were installed: a VST trap to 
measure airborne pollen concentration by the volumetric 
method and a Durham trap to monitor pollen fall by the 
gravimetric method [6]. A VST trap is recommended by 
the Centre for Environmental Allergens Studies in Warsaw 
[24, 25]. 
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The sampling surface was a microscope slide covered 
with glycerine jelly [14, 28]. The qualitative and quantitative 
evaluation of the deposited pollen grains was carried out 
after a week’s exposure of the glass in a sampler. The number 
of pollen grains was recalculated for a week per 1 m3 of 
air for the volumetric method or 1 cm2 for the gravimetric 
one. The start day and the end of the pollen season were 
determined by the 98% method.  

The monitoring was performed in the southern part of 
the city in the district of Wrotków, characterised by detached 

blocks of flats. In the vicinity of the monitoring site in the 
valley of the river Bystrzyca there are meadows and woods 
with prevailing Pinus, Carpinus, Populus, Salix, Quercus 
and Betula. Along the banks of the river, Alnus glutinosa 
grows abundantly. 

The analysis of the airborne pollen content concerned 
10 taxa, whose pollen has allergenic properties and occurs 
in large quantities in the atmosphere of Lublin: Alnus, 
Corylus, Populus, Betula, Poaceae, Rumex, Plantago, Urtica, 
Chenopodiaceae and Artemisia. 

Table 1. Results of pollen monitoring of selected taxa obtained by volumetric and gravimetric method. 
 

Taxon Year Pollen season Period of maximum 
concentration 

Annual total % in annual total 

  volumetric gravimetric volumetric gravimetric volumetric gravimetric volumetric gravimetric 

Alnus 1997 18.02-8.04 18.02-1.04 4.03-11.03 4.03-11.03 5050 1860 11.38 24.53 

 1998 10.02-24.03 10.02-24.03 17.02-24.02 17.02-24.02 12977 2225 38.20 26.03 

Corylus 1997 11.02-8.04 11.02-8.04 25.02-4.03 25.02-4.03 912 271 2.05 3.57 

 1998 3.02-7.04 3.02-7.04 17.02-24.02 17.02-24.02 314 156 1.81 1.82 

Populus 1997 11.03-6.05 11.03-20.05 22.04-29.04 22.04-29.04 455 82 1.03 1.08 

 1998 24.02-28.04 24.02-28.04 7.04-14.04 7.04-14.04 503 160 1.48 1.87 

Betula 1997 22.04-10.06 22.04-10.06 29.04-6.05 29.04-6.05 2534 491 5.71 6.48 

 1998 7.04-26.05 7.04-26.05 21.04-28.04 21.04-28.04 4503 718 13.26 8.40 

Poaceae 1997 20.05-2.09 20.05-16.09 10.06-17.06 10.06-17.06 11690 1546 26.62 20.92 

 1998 5.05-22.09 12.05-8.09 16.06-23.06 26.05-2.06 2956 1394 8.73 16.91 

Rumex 1997 20.05-23.09 13.05-30.09 17.06-24.06 10.06-17.06 1114 142 2.51 1.87 

 1998 5.05-29.09 12.05-29.09 9.06-16.06 2.06-9.06 609 165 1.79 1.93 

Plantago 1997 27.05-16.09 10.06-16.09 1.07-8.07 22.07-29.07 1665 156 3.75 2.06 

 1998 19.05-22.09 19.05-22.09 28.07-4.08 21.07-28.07 448 175 1.32 2.05 

Urtica 1997 10.06-2.09 10.06-2.09 29.07-5.08 12.08-19.08 9397 1019 21.17 13.44 

 1998 2.06-8.09 2.06-8.09 14.07-21.07 7.07-14.07 4049 1285 11.92 15.03 

Chenopodiaceae 1997 1.07-16.09 24.06-30.09 19.08-26.08 26.08-2.09 357 73 0.80 0.96 

 1998 16.06-29.09 7.07-29.09 1.09-8.09 4.08-11.08 147 70 0.43 0.82 

Artemisia 1997 15.07-16.09 22.07-16.09 29.07-5.08 29.07-5.08 2948 396 6.64 5.22 

 1998 14.07-22.09 14.07-22.09 4.08-11.08 4.08-11.08 615 261 1.81 3.05 
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Figure 1. Selected meteorological factors in Lublin, 1997–1998. 
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Figure 2. Comparison of Alnus and Corylus pollen concentration recorded by different method. 
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Figure 3. Comparison of Populus and Betula pollen concentration recorded by different method. 
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RESULTS 
 

The pollen season of Alnus and Corylus started a week 
earlier in 1998 than in 1997. It was strongly influenced by 
the temperature of the air in early spring (Fig. 1). In 1997, 
the maximum concentrations of Corylus pollen were 
registered at the turn of February and March, a week 
earlier than Alnus pollen. In 1998, the maximum of pollen 
count for both taxa occurred in the third week of 
February. The course of occurrence of Alnus and Corylus 
airborne pollen grains determined by two methods in the 
years 1997–1998 was very similar. The beginning of the 
pollen season and also the maximum concentrations of 
pollen were noted at the same time when sampling by two 
methods (Fig. 2). Percentage contents of Alnus pollen grains 
in annual total pollen counts determined by two methods 
were significantly different; however, for Corylus they were 
similar. Annual total count of Alnus and Corylus pollen 
grains in the compared years differed less when using the 
gravimetric method compared to volumetric (Tab.1). 

The start of the pollen season and the maximum con-
centration of Populus pollen in 1998 was noted two weeks 
earlier than in 1997 (Fig. 3). The curves presenting pollen 
concentrations, showing two peaks, have a similar course 
for both methods. Percentage content of poplar pollen in 
annual total count in 1997–1998 were similar (Tab. 1). 

High content of Betula airborne pollen grains was 
revealed in 1997, from late April to the third week of 

May, and in 1998 slightly earlier, since the second week 
of April till mid-May (Fig. 3). Meteorological data show 
that the second decade of April 1997 was characterised by 
low air temperatures (Fig. 1), which caused delay in the 
vegetation of plants. Maximum numbers of birch pollen 
was determined at the same time by both methods in the 
individual years. Percentage content of pollen grains in 
annual total count differed significantly in 1998. 

In 1997, owing to the dates of occurrence and the 
tendencies of the increase and decrease of the numbers of 
pollen grains, the curve of Poaceae pollen concentration 
was similar for the two methods (Fig. 4). The maximum 
number of grass pollen grains determined by the two 
methods was noted in the second week of June and the 
repeated increase in the concentration in early July. In 
1998 the graphs were not so similar as in the previous 
year. The beginning of the pollen season was registered a 
week earlier when using the volumetric method. Maximum 
pollen concentration appeared at various dates. The first 
peak occurred two weeks earlier (in late May) with the 
gravimetric method, the second at the same time; the third, 
however, a week earlier with the volumetric method. The 
content of grass pollen in yearly sums varied significantly 
between the methods, to a greater degree in 1998 (Tab. 1).  

The May dates of the start of the Rumex pollen season 
differed by a week for both methods in the years of 
studies (Tab. 1). The pollen season lasted till the end of 
September. Maximum pollen concentrations determined 
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Figure 4. Comparison of Poaceae and Rumex pollen concentration recorded by different method. 
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by the two methods were found at different times in both 
years of studies (Fig. 4.). Percentage content of Rumex pollen 
was similar for both volumetric and gravimetric methods 
(Tab. 1). 

In 1998, the Plantago pollen season started significantly 
earlier than in 1997 and lasted longer (Fig. 5, Tab. 1). The 
beginning of Plantago airborne pollen grains occurrence 
in 1997 was recorded two weeks earlier with the volumetric 
method, and in 1998 at the same time for both methods. 
Maximum concentrations of airborne pollen were registered 
at different dates: in 1997 - by three weeks earlier with 
the volumetric method, and in 1998 - by a week earlier 
using the same method. The figure illustrating the variation 
of Plantago pollen concentration is characterised by a few 
peaks. Some of them were noticed at the same time for 
both methods. The content of pollen of this taxon in 
annual total count did not differ significantly between the 
methods (Tab. 1). 

The beginning and end of the Urtica pollen season was 
noted at the same time using both methods (Fig. 5, 
Tab. 1). Abundant incidence of Urtica pollen grains in the 
atmosphere in Lublin was revealed between mid-June to 
the end of August; however, the periods of maximum 
concentrations in individual years were not the same. 
Percent in annual total count varied significantly in 1997. 

The beginning of the Chenopodiaceae pollen season 
was noticed at different times with both the gravimetric 

and volumetric methods. The shifts of the date varied 
from 1–3 weeks (Tab. 1). The tendencies of increase and 
decrease of airborne pollen grains content were similar in 
the case of both methods, yet the peaks did not overlap. High 
shift (by 4 weeks) in the dates of maximum concentrations 
were found in 1998 (Fig. 6). Percent of Chenopodiaceae 
pollen grains were similar in yearly sums. 

Artemisia pollen was noted in aeroplankton a week 
earlier in 1997 in the case of the volumetric method, and 
in 1998 - the same time when using both methods. The 
Artemisia pollen season was characterised by the uniform 
course and on the curve there was one marked peak at the 
same date for both methods in individual years. In 1997, 
the maximum occurred at the turn of July and August, in 
1998, however, week later (Fig. 6). Percent of motherwort 
(Artemisia) in annual total count were similar (Tab. 1). 

Annual total pollen counts in two years’ studies obtained 
by the gravimetric method were similar for 8 taxa out of 
10, and for other two they differed significantly (by about 
100%). However, the yearly sums compared in two years 
with the volumetric method were similar only for one 
taxon (Populus), and the differences in the case of the 
others ranged from 78% to 380%. 

The comparison of the percent of pollen grains of 
individual taxa in annual total counts, recorded by the 
volumetric and gravimetric methods, shows that in 75% 
cases the values were similar. 
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Figure 5. Comparison of Plantago and Urtica pollen concentration recorded by different method. 
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DISCUSSION 
 
The concentration of airborne pollen depends mainly 

on meteorological conditions, especially on temperature 
and rainfall [7, 15, 27, 30, 32]. The analysis of airborne 
pollen concentration in Lublin in 1997 and 1998 reveals 
the differences in the initial and terminal dates of pollen 
seasons of the tested plant taxa. Higher temperature of the 
air in 1998 resulted in an earlier than in 1997 beginning of 
the pollen season by the plants of the majority of the 
discussed taxa. The greatest effect of the temperature is 
seen in early spring when pollen is released by trees and 
bushes. Also the maximum concentrations of the pollen of 
these plants occurred in 1998 a week (Corylus, Betula) or 
two weeks earlier (Alnus, Populus) than in 1997. 

The results of the studies conducted in Lublin by two 
methods are, in the case of four taxa of trees, similar to a 
great degree. The dates of beginning pollen seasons and also 
the periods of maximum pollen concentrations are similar. 

In the case of the majority of taxa of herbal plants, the 
start of pollen seasons determined by both methods differed 
by 1–3 weeks. Most frequently the date was determined a 
week (Poaceae, Rumex, Artemisia), exceptionally two 
(Plantago) or three weeks earlier (Chenopodiaceae), when 
using the volumetric method. Only in two cases was the 
beginning of the pollen season recorded earlier when using 
the gravimetric method. In her studies, Kasprzyk [12] found 
that for numerous plant taxa the start of the period of 

uniform occurrence of pollen grains was seen earlier also 
when using the volumetric rather than gravimetric method. 

In 1997–1998, in the case of herbal plants, the periods 
of abundant pollen occurrence in the aeroplankton are the 
same for both methods, yet the maximum in most cases 
does not fall on the same dates, with the exception of 
Artemisia. From among 10 tested taxa of trees and herbal 
plants, five showed differences concerning the dates of 
maximum concentrations, Poaceae in one year only.  

Simultaneous appearance of maximum concentrations 
of airborne pollen grains using the volumetric and 
gravimetric methods was found by Kasprzyk [12] and 
Szczepanek et al. [31]. Numerous authors claim that the 
results received by both methods are comparable, especially 
when concerning the regularity of the occurrence of 
airborne pollen grains or the tendencies to increase or 
decrease the pollen count [4, 5, 12, 22, 23, 30, 31]. 
According to O’Rourke [17], some seasonal taxa patterns 
between Burkard and Durham samplers varied, particularly 
for Poaceae and Compositae. 

In the samples obtained by both methods, small numbers 
of re-deposited pollen grains, especially Betula and Poaceae, 
were noted. In the studies conducted by the gravimetric 
method, more such grains were found. The results confirm 
Szczepanek’s findings [30] concerning higher values in 
this range when using the gravimetric method.  

Specific analysis of the data obtained by both methods 
showed the differences in the effects which may result 
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Figure 6. Comparison of Chenopodiaceae and Artemisia pollen concentration recorded by different method. 
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from greater influence of meteorological factors with the 
gravimetric method. Heavy rainfall in early May 1998 
probably affected the delay of the uniform period of Poaceae 
pollen occurrence determined with the gravimetric method. 
In early June, the drop in the number of grass pollen grains 
determined by the gravimetric method was seen, whereas 
the rising tendency remained with the volumetric method. 
The influence of rainfall on pollen fall determined by the 
gravimetric method was significant (Fig. 1 and 4). In the 
second week of June 1998, a marked decrease in the number 
of pollen grains of Rumex was determined by the gravimetric 
method, whereas with the volumetric method the maximum 
concentration of pollen was recorded (Fig. 4). In the second 
decade of June, there were heavy rains in Lublin (83.6 
mm) (Fig. 1). The results obtained confirm the view that 
the gravimetric method is more dependent on the effect of 
gravimetric factors, rainfall among others [8, 16]. 

 
CONCLUSIONS 

 
The periods of abundant occurrence of pollen grains in 

the air of Lublin, and also the tendency of concentration 
increase and decrease are similar for most taxa when apply-
ing both monitoring methods: volumetric and gravimetric. 

Maximum concentrations of pollen grains of tree plants 
occurred at the same dates irrespective of the method; 
however, in the case of herbal plants they appeared at 
different dates, except Artemisia and Poaceae in 1997. 

Percentage content of pollen grains in annual total 
pollen count did not differ significantly between the 
methods for most taxa at least in one year of studies. 
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