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Abstract: The aim of the study was to compare the concentration of 3 allergenic taxa
pollen (ash, birch and oak) in the cities of Lublin (eastern Poland) and Szczecin
(western Poland) during the years 2004 and 2005 and examine correlations between
weather factors and pollen concentration. The meteorological parameters analysed were
maximum and mean air temperature, relative humidity, amount of precipitation and
wind speed. Measurements were performed by the volumetric method (Lanzoni 2000
pollen sampler). Pollen seasons were defined as the period in which 95% of the total
catch occurred. The pollen seasons of the studied taxa started earlier in Szczecin than in
Lublin. In both cities much higheBetula pollen concentration and slightly higher
Fraxinus pollen concentration were recorded in 2004 compared to 2005. But for
Quercus higher concentrations were recorded in Lublin and in Szczecin in 2005.
Annual totals and maximum daily pollen grain concentrations of the tree taxa in
question were higher in Lublin than in Szczecin. In 2005, maxinBetula and
Fraxinuspollen concentrations occurred in each of the cities at the same time: in Lublin
on 18 April, in Szczecin on 16 April. Among the meteorological parameters analysed,
maximum temperature and relative humidity belong to the most important factors which
affect ash, birch and oak pollen concentrations in the air.
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INTRODUCTION listed taxa, the strongest allergenic properties are shown
by birch pollen which causes most allergies in northern
Birch (Betula spp.), ash Hraxinus spp.) and oak and central Europe [5, 42Fraxinus excelsiorpollen is
(Quercusspp.) are found in Poland in mixed forests andlso numbered among the very allergenic pollen by some
used in urban plantings. Birch is planted particularlauthors [34, 35].
frequently on account of its fast growth and small habitat The flowering periods of the tree taxa in question fall in
requirements, which create possibilities for restoration &foland in April and May [33, 40]. Therefore, the pollen
degraded soils [1, 36]. seasons of these trees to a large extent overlap, with
Pollen grains of the above-mentioned tree genera areenditions found in Krakéw [41] and Lublin [44]. The
frequent cause of pollinosis [21, 24]. Among the 3 abovdirst allergy symptoms caused by birch pollen occur in
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Poland’s conditions already with the concentration of 20able 1. Results of aerobiological study.
pollen grains x m [29].

The above-mentioned tree genera were selected foF Lublin Szczecin
study due to the concurrence of their pollen seasons, 2004 2005 2004 2005
significant allergenicity, and the occurrence of CroSSauinus ps 16.04- 8.04-6.05 4.04- 5.04-11.05
reactivity between birch and ash pollen [43], as well asp. 2.05 (17) (29) 30.04(27) 37)
birch and oak pollen [20, 23, 28]. tn 1,771 1,357 638 564

The aim of the study was to compare the course of the max 200 149 119 85
birch, ash and oak pollen seasons in 2 distant cities of max day 26.04 18.04 15.04 16.04
Poland over a period of 2 years and to determine the dn 15 11 5 3
effect of selected meteorological factors on pollefy .0 o 15.04-15.04-19.0514.04-10.05 8.04-11.05
concentration in the air. 5.05 (21) (35) (27) (34)

tn 12,647 6,944 9,018 3,084

max 1,367 1,815 1,373 455
MATERIALS AND METHODS max day 22.04 18.04 22.04 16.04

dn 22 20 18 19

The analysis of polien grain concentrations of th uercus ps 2.05-1.06 3.05-30.0530.04-27.0515.04-28.05
studied trees was conducted in Lublin and in Szczecl, (31) (28) 28) (44)
based on data from the years 2004-2005. In Lublin the tn 1,386 2.245 654 1,547
trap site was located in thgérédmiescie (City Centre) max 347 351 69 330
district 18 m above ground level, in Szczecin also in the max day 5.05 6.05 6.05 2.05
City Centre 21 m above ground level. The measurements dn 5 18 2 8

of polle_n Concentra.tlons were carried . out by thgs — pollen season established by the 95% method (with number of
volumetric method using the VPPS Lanzoni 2000 samplgys). tn — total number of pollen grains collected in the season, max —

[19]. The pollen concentration was expressed as th@ximum number of pollen grains m-3/24 h, max day — date of pollen
number of pollen grains X'Frper 24 h. The start and endmax num_ber, dn - number of days with threshold of pollen
of the pollen season was determined by the 95% methgjicentration at which allergy symptoms develop.

[4]. RESULTS

The pollen calendar was created in the Polpal — Aero
programme based on 2-year mean values. (The authors ofhere were many differences in the course of the
the programme are A. Walanus and D. Nalepka of the Wraxinus Betula and Quercuspollen seasons studied in
Szafer Institute of Botany of the Polish Academy ofublin and Szczecin, but a similarity of certain characte-
Sciences in Krakéw.) Diagrams drawn by means of thisstics was also found.
programme are compliant with recommendation of the
International Association for Aerobiology. Fraxinus (Ash). In both years, the ash pollen seasons

On the basis of literature data, the number of days sthrted earlier in Szczecin than in Lublin (Tab. 1, Fig. 1).
which the pollen concentrations of the studied taxbn Szczecin in the years 2004-2005, the onset of the
exceeded the threshold values at which allergy symptorigaxinus pollen season occurred at the same time;
develop, was determined. Rapiejebal. [29] reported a however, the season was much longer in 2005. In Lublin,
threshold value for birch pollen of 20 grains X*rim the onset of the pollen season occurred earlier in 2005
Poland, while Hofman and Michalik [10] reported 5Qhan in 2004, and was marked by a greater length in 2005
grains x it for ash also in Poland, and Rodriguez-Rstjo (Tab. 1).
al. [32] reported 50 grains x Ffor oak pollen in Spain. Maximum daily pollen grain concentrations in Lublin

For analysis of the pollen concentration in 2004 imvere much higher than in Szczecin. The dates of
relation to meteorological parameters, maximum temperaecurrence of the highest concentrations also differed; in
ture, maximum wind speed, mean daily precipitation an8zczecin they were recorded in the years in question by 2
mean daily relative humidity were used. The meteorol@and 11 days earlier, respectively (Tab. 1, Fig. 1).
gical data for Lublin were provided by the Department of The comparison of annual totals &faxinus grain
Meteorology and Climatology at the Maria Curie-Sklopollen demonstrates that in Lublin they were twice as
dowska University in Lublin, whereas for Szczecin - fronihigh (Tab. 1). The number of days with high pollen
a meteorological station situated in thebi2 district and concentration in Lublin was higher (15 and 11) than in
from a Vaisala automatic weather station installed in tH&zczecin (5 and 3).

Srédmieicie (City Centre) trap site.

The degree of correlation between particular meteoro- Betula (Birch). In 2004, the birch pollen season started
logical parameters and the concentrations of trees pollenLublin and Szczecin at the same time, whereas in 2005
was described by the Pearson’s correlation coefficientthie start of the season was recorded a week earlier in
(statistical error risk was estimated at the significanc®zczecin (Tab. 1, Fig. 2). The length of the pollen seasons
level of 95%.0 = 0.05) [39]. differed between the cities only in 2004 (by 6 days).
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Figure 1. Influence of selected meteorological factors on ash pollen counts in Lublin and Szczecin in 2004.

Maximum concentration levels were similar in bothvery high pollen concentration was also higher in the case
cities in 2004, and in spite of the large distance betweefLublin (22 and 20 days) than Szczecin (18 and 19 days).
the cities, peak days occurred at the same time (22 April).

In 2005, maximum dailyBetula pollen concentrations  Quercus (Oak). In Szczecin, the oak pollen seasons
also occurred at close dates in both cities, but in Lublstarted earlier than in Lublin, in particular in 2005, when
the concentration was 4-fold higher than in Szczecitme difference was as much as 18 days (Tab. 1). In 2004,
(Tab. 1). the length of the pollen seasons in both cities was similar

Annual totals of birch pollen grains in both years weré28-31 days), while in 2005 in Szczecin a season lasting

much higher in Lublin. The number of days with high and4 days was recorded.
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Figure 2. Influence of selected meteorological factors on birch pollen counts in Lublin and Szczecin in 2004.
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Table 2. Correlation coefficients between trees pollen counts anéUBLIN
meteorological factors in 2004.

Taxon City = Temperature Rainfall Wind Relative "
max. speed humidity L
(°C) (mm) max. (m/s) (%) Betula
Fraxinusspp. Lublin 0.1268 -0.2096 -0.2714 -0.2366 b LEb L B
Szczecin 03389 -02844  0.3467 -0.3835 . _hl
Betulaspp.  Lublin 01988 -0.1870 -0.1161 -02714 _ .
Szczecin 0.3481*  -0.2655 0.2261 -0.4561*
Quercusspp.  Lublin 0.4288*  -0.077 0.3791* -0.3517* Fraxinus
Szczecin  0.4695*  0.0287 0.283  -0.1937
Betula
*Correlation statistically significant (p<0.05). I E
. . . . . Quercus
Maximum Quercuspollen grain concentrations in parti- e
cular years were higher in Lublin than in Szczecin, an ™ Mar Apr May un ol
they occurred almost at the same time (5-6 May), exce
for the 2005 season in Szczecin (2 May) (Tab. 1, Fig. 3). -
Annual totals ofQuercuspollen grains reached much . = = 5 E E & s
higher values in Lublin (1.5-2 x) than in Szczecin. The - = & & & £ £ £ £ B £
3 0 30 50 100 200 400 600 1000 1500 2000

number of days with high pollen concentration was also ) _ _
higher in Lublin, and in successive years it was 5 and @C“erc‘i‘r'] Tg&:ﬁagziiznciﬂzﬁ'gﬁs zeég'g‘ig‘égé‘%:z; Lublin and
days, whereas in Szczecin - 2 and 8 days, respectively.
occurred in Szczecin than in Lublin, in particular for

Comparison of Betula, Fraxinus and Quercus pollen  Fraxinus(by 9 days) anQuercus(by 6 days) (Tab. 1).
seasons. The BetulaandFraxinuspollen seasons, both in The longest pollen season (2-year means) was recorded
Lublin and in Szczecin, overlapped to a large extent (Fim the case ofuercus in Lublin it covered 30 days, in
4). Periods of high and very high concentrations alsézczecin 36 days, while the shortest season was
occurred at the same time. But the start of pollen releasalculated fofFraxinus in Lublin - 23 days, in Szczecin -
by Quercuscoincided with the end of thBetula and 32 days.
Fraxinus season. Comparing 2-year means, it can beTo sum up, it can be stated that the pollen seasons of
stated that longer pollen seasons of the studied tattee studied taxa started earlier in Szczecin than in Lublin:
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Figure 3. Influence of selected meteorological factors on oak pollen counts in Lublin and Szczecin in 2004.
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Fraxinusby 3-14 daysBetulaby 1-7 daysQuercusby 2- early spring. The potential number of pollen grains of this
18 days. In 2004, a much higher concentratioBetula plant group also depends on thermal conditions occurring
pollen was found in both cities, and a slightly highem summer and autumn in the year preceding pollination
Fraxinus pollen concentration than in 2005. But forwhen the development of anthers starts [7]. The study
Quercus higher concentrations occurred in Lublin and irtonducted by Kasprzykt al. [16] in seven cities in Po-
Szczecin in 2005. Annual totals and maximum dailjand (Zakopane, Rabka, Krakow, Ostrowkamictokrzy-
concentrations of pollen grains of the studied tree taxki, Warsaw, Pozniig Gdaisk) shows that the start of the
were higher in Lublin than in Szczecin. MaximumFraxinusseason occurs in the first 10 days of April. Com-
concentrations oBetulaandFraxinus pollen occurred in parable results were obtained in Lublin and in Szczecin in
each of the cities at the same time in 2005: in Lublin a®005. But in 2004, ash pollen was observed in the atmo-
18 April, whereas in Szczecin on 16 April (Tab. 1). sphere of Lublin as late as in the second half of April.
Studies of the effect of air temperature on the start of
The effect of weather factors on ash, birch and oak  the birch pollen season were conducted over a 20-year
pollen concentrations. Statistical analysis demonstratedperiod (1982-1999) in many cities of Europe, among
for Szczecin a negative, statistically significant corresthers, in London, Turku, Kevo, Vienna, Brussels, Zurich
lation between the ash pollen concentration and relatiy@]. A trend of an earlier start of the birch pollen season in
humidity of the air. The other meteorological factors wersuccessive years was found. The authors attribute this
not significantly correlated with the pollen concentratiophenomenon to climatic changes which are manifested
of this taxon (Fig. 1, Tab. 2). by, among others, an increase in air temperature in spring.
With respect to the birch pollen concentration irSBimilar tendencies were reported in multi-year studies in
Szczecin, statistically significant correlations with maxiCopenhagen (Denmark) [30], Neuchéatel (Switzerland) [2]
mum air temperature (positive) and relative humiditynd in Gdask (Poland) [17]. The comparison of the start
(negative) were found (Fig. 2, Tab. 2). dates of the pollen seasons in Lublin and in Szczecin
In Lublin statistically significant dependencies betweeshowed that the birch pollen season started by 1-7 days
the oak pollen concentration and 3 out of the 4 weathearlier in Szczecin than in Lublin. This was attributable to
parameters in question, i.e., temperature (positive), witdgher air temperature in Szczecin in the period directly
speed (positive) and relative humidity of the air (neggsreceding pollination.
tive), were found. In Szczecin, this correlation occurred Garcia-Mozoet al.[7] analysed in Cordoba (Spain) the
(positive) only in relation to maximum air temperatureeffect of air temperature on the start of @wercuspollen
(Fig. 3, Tab. 2). season over 16 years, and determined that the start of the
No statistically significant correlation between the aslseason fell in the period between 26 February-7 April.
birch and oak pollen concentrations and precipitation wahe effect of air temperature on the start of oak flowering
reported in any of the analysed seasons. Among the aita-Southern Europe was also confirmed by Corden and
lysed weather parameters, maximum air temperature aktilington [3], Rodriguez-Rajoet al. [31] and Clot [2].
relative humidity were most frequently correlated wittDifferences in air temperature were also the cause of the
pollen concentrations of the trees in question (Tab. 2). earlier start of the oak season in Szczecin compared to
Lublin.
DISCUSSION The ash, birch and oak flowering seasons fall in Poland
in April and May. Some oak species flower even in June
Results obtained in the study demonstrated differencig3, 40]. In this period, pollinosis symptoms are found in
in the course of the pollen seasons of the studied taxapiaersons sensitive to pollen allergens. Studies conducted in
both cities. These differences related to the start datesHiingary showed that among patients with pollen allergies
the seasons, the seasonal growth rate, and values1@%o react positively to birch pollen allergens, and 10.5%
maximum concentrations and annual pollen totals for theto oak pollen allergens [14]. But in Vienna, hypersensi-
studied trees. Similarities included the durations of certafivity to ash pollen allergens was observed among 17.6%
seasons and the dates of occurrence of high pollehpatients [8]. However in Poland, in spite of locally high
concentrations, chiefly recorded for ash and birch. An@eoncentrations, ash pollen rarely causes allergy symptoms
lysing the seasonal growth rate presented in pollinatighO].
calendars, Szczepanek [41] and Kasprzyk [15] included The highestBetula pollen risk in Lublin and in
Fraxinus Betula and Quercus in taxa groups with Szczecin occurs in April. High concentration values,
compact pollen seasons, the pollen of which is founekceeding the threshold values at which allergy symptoms
abundantly in the air, and seasonal maxima are recorda@ observed [29], were also recorded in both cities in
over a short period of time after the appearance of firstay. Similar observations were made in Pazija8],
grains in the aeroplankton. A similar picture of the polleKrakow [41] and earlier in Lublin [26]. Hjelmroos [9] in
seasons of the studied trees was observed in Lublin aBaleden, Johansen [13] in Norway, Porsbgrgl.[27] in
Szczecin. Greenland recorded an additional peak of birch pollina-
The start dates of the ash, birch and oak pollen seasdios in May, outside the pollen season, most probably
are primarily dependent on air temperature recorded attributable to long-distance transportation.
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The study conducted by Corden and Millington [3] irLublin than in Szczecin. In 2004-2005, maximum concen-
Derby (UK) showed an increase in risk of oak pollerations ofBetulaandFraxinuspollen in both cities were
allergens. This results from increasingly earlier floweringecorded between 15-26 April, and Qfuercus pollen
as well as from more abundant and lon@eercuspollen between 2-6 May.
seasons. In 2005, an exceptionally prolonged (44 days)The number of days in which allergy symptoms are
oak pollen season was recorded in Szczecin. observed in sensitive persons was higher in Lublin than in

Long-term aeropalynological studies conducted all ové$zczecin for all the taxa in question. With regard to birch
the world allow tendencies relating to changes in pollgpollen allergens, this difference was small - 1-4 days.
concentrations in the macroregional scale to be determi-Among all the analysed weather parameters, maximum
ned. Jageet al. [11], when analysing results from manyair temperature and relative humidity most frequently
seasons, observed in Brussels (Belgium) and Leiden (Télgowed a significant correlation with pollen concentra-
Netherlands) weak growth trends in tBetula concen- tions of the studied trees.
tration. Similar results were obtained in London [4]. No statistically significant correlation between ash,
Growth trends in annual totals &etula and Quercus birch and oak pollen concentrations and precipitation was
pollen were also found in Delmenhorst (Germany)ecorded in any of the analysed seasons.

Helmond and Leiden (The Netherlands), Brussels (Bel-

gium) and Derby (UK) [37]. Latorre [18], carrying out REFERENCES

phenological observations of tree pollination in an urban

agglomeration, observed the occurrence of endogenous. Bugata WDrzewa i KrzewyPWRIL, Warszawa 2000.
polination rhyihm inBetula pendula andQuercusilex. 2, 501 % Tends b St polr 4 ey o 2 vears o
This rhythm is characterised by 2-year cyclic recurrence 3 corden Jwm, Milington W: A study oQuercuspollen in the
and does not depend on weather conditions. The 2-y&asfby areaAerobiologial999,15, 29-37.

rhythm of increased pollination iBetulawas also recor- _ 4. Corden J, Milington W, Bailey J, Brookes M, Caulton E,

.15 Emberlin J, Mullins J, Simpson C, Wood A: UK regional variations in
ded by other authors: Jager al. [11], Jatoet al. [12], g\ o 0oy (1993-1907perobiologia2000,16, 227-232.

_Lata*owaet_ al.[17]. Results Obtai”ed fdetulain Lublin 5. D'Amato G, Spieksma FThM: European allergenic pollen types.
in the previous years of studies (1995-2003) do not showgrobiologia1992,8, 447-450.
such dependencies [unpub“shed data]_ 6. Emberlin J, Detandt N, Gehring R, Jaeger S, Nolard N, Rantio-

A statistically significant correlation between the birCH_ehtiméki A: Responses in the startBétula (birch) pollen seasons to
recent changes in spring temperatures across EurdpgBiometeorol

pollen concentration and air temperature and relativgo, 46, 159-170.
humidity was recorded in 2004 only in Szczecin. Similar 7. Garcia-Mozo H, Galan C, Gomez-Casero MT, Dominguez E: A
correlations with regard to the pollen of this taxon wereomparative study of different temperature accumulation methods for

: predicting the start of th@uercuspollen season in Cordoba (South
observed by Rasmussen [30], Latalostaal. [17], Rodri West Spain)Grana2000,39, 194-199.

guez-Rajoet al. [32], Porsbjerget al. [27], Peternekt al. 8. Hemmer W, Focke M, Wantke F, Gotz M, Jarisch R, Jager S,
[25], Méndezet al.[22]. However, the oak pollen concen-Gotz M: Ash Eraxinus excelsioj-pollen allergy in central Europe:
tration was positively correlated with maximum air temspecific role of pollen panallergens and the major allergen of ash pollen
perature in Lublin and Szczecin. A similar effect of temE"@ € 1Allergy 2000,55, 923-930. .

9. Hjelmroos M: Long-distance transportRétulapollen grains and
perature on the start and the course ofQuercuspollen allergic symptomsAerobiologial992,8, 231-236.
season was also demonstrated by Corden and Millington10. Hofman T, Michalik JAlergia Pytkowa Wyd. TOM, Pozna 1998.
[3], Rodriguez-Rajeet al.[32]. In addition, in Lublin the 11.Jager S, Spieksma FThM, Nolard N: Fluctuation and trends in

oak pollen concentration was positively correlated wit@'i'é’:rzgeL‘;‘i’ggﬁ';trzgt'é’r”usssoggsr‘;':aelggi’;%agtogg'fz" types, monitored at

wind speed and negatively with relative humidity of the ;5 jat5 v, Méndez J, Rodriguez-Rajo J, Seijo C: The relationship
air, which was also observed in Lugo (Spain) [32]. Imetween the flowering phenophase and airborne polleBetdila in
Zagreb (Croatia), likewise in Szczecin, a statisticallfalicia (N. W. Spain)Aerobiologia2002,18, 55-64.

P : n 13.Johansen S: Aerobiological studies in subalpine birch forest at
s[gnlflcant dependence between. relative humidity of ﬂ‘\govrefjell Central Norway 1932-198Grana1992 31 F:)L31-142.
air and the ash pollen concentration was recorded [25]. ~ 14 kadocsa E, Juhasz M: Study of airborne pollen composition and

allergen spectrum of hay fever patients in South Hungary (1990-1999).

CONCLUSIONS Aerobiologia2002,18, 203-209.
15. Kasprzyk I: Palynological analysis of airborne pollen fall in

. L L . OstrowiecSwietokrzyski in 1995Ann Agric Environ Med 996,3, 83-
Differences in pictures of pollination of the taxa stud|e€6. ey 9

in Lublin and Szczecin in 2004-2005 relate to the start 16.Kasprzyk I, Uruska A, Szczepanek K, Latatowa M, Gawet J,
dates of the pollen seasons, and maximum concentratidigmata K, Myszkowska D, Stach A, ¢palska D: Regional
and annual totals of pollen. Similarities included théifferentiation in the dynamics of the pollen seasonalatis Corylus
. . and Fraxinus in Poland (preliminary resultsperobiologia 2004, 20,

durations of certain seasons and the dates of occurrence Qf 151
high pollen concentrations. 17. Latalowa M, Mgtus M, Uruska A: Seasonal variations in the

The pollen seasons of the taxa in question start@tinosphericBetulapollen count in Gdéek (southern Baltic coast) in
earlier and were Ionger in Szczecin than in Lublin. relation to mete(?rol(_)glcal parametekeroblplog|a2002,18, 33-43. ‘

. . . 18. Latorre F: Differences between airborne pollen and flowering

Annual totals and maximum daily concentrations O}Ehenology of urban trees with reference to production, dispersal and

pollen grains of the studied tree taxa were higher inAterannual climate variabilityAerobiologial999,15, 131-141.



Effect of meteorological factors on pollen concentrations in the atmosphere 249

19. Mandrioli P, Comtois P, Dominguez E, Galan C, Isard S, Syzdek 31. Rodriguez-Rajo F, Frenguelli G, Jato V: The influence of air
L: Sampling: principles and techniquds:: Mandrioli P, Comtois P, temperature on the starting dateQidercuspollination in the South of
Levizzani V (Eds):Methods in Aerobiology47-112. Pitagora Editrice Europe.Grana2003,42, 145-152.
Bologna, Bologna 1998. 32.Rodriguez-Rajo F, Jato V, Aira MJ: Pollen content in the
20. Mari A, Wallner M, Ferreira F: Fagales pollen sensitization in atmosphere of Lugo (Spain) with reference to meteorological factors.
birch-free area: a respiratory cohort survey using Fagales pollen extragerobiologia2003,19, 213-225.

and birch recombinant allergens (rBet v 1, rBet v 2, rBet CH). Exp 33. Rutkowski L:Klucz do Oznaczania Riin Naczyniowych Polski
Allergy 2003,33, 14-19. Nizowej Wyd. Nauk. PWN, Warszawa 1998.
21.Matthiesen F, Ipsen H, Lgwenstein H: Pollen Allergdms. 34. Schmid-Grendelmeier P, Peeters A, Withrich B: L'allergie aux

D'’Amato G, Spieksma FThM, Bonini S (Eds)llergenic Pollen and pollen de fréne existe en Suisse, nous l'avons renconf@ée. Fr
Pollinosis in Europe 36-44. Blackwell Scientific Publications, London Allergol 1992,32, 139-140.
1991. 35. Schmid-Grendelmeier P, Peeters A, Wahl R, Withrich B: Zur

22.Méndez J, Comtois P, IglesiasBetulapollen: One of the most Bedeutung der EschenpollenallergMiergologie1994,17, 535-542.
important aeroallergens in Ourense, Spain. Aerobiological studies from 36. Seneta WDrzewa i Krzewy Ltiaste Wyd. Nauk. PWN, Warszawa
1993 to 2000Aerobiologia2005,21, 115-123. 1991.

23. Mothes N, Horak F, Valenta R: Transition from a botanical to a 37. Spieksma FTM, Corden JM, Detandt M, Millington MW, Nikkels
molecular classification in tree pollen allergy: Implications forH, Nolard N, Schoenmakers CHH, Wachter R, Weger LA, Willems R,
diagnostic and therapint Arch Allergy Immuno2004,135, 357-373. Emberlin J: Quantitative trends in annual totals of five common airborne

24. Nitiu DS, Mallo AC: Incidence of allergenic pollenAcer spp., pollen types Betulg Quercus PoaceaeUrtica and Artemisig, at five
Fraxinus spp. andPlatanus spp. in the city of La Plata, Argentina: pollen-monitoring stations in western Europeerobiologia 2003, 19,

preliminary resultsAerobiologia2002,18, 65-72. 171-184.

25. Peternel R, Srnec L, Culig J, ZaniroW, Miti¢ B, Vukust I 38. Stach A, Silny W: Pytek z dalekiego transportu w aeroplanktonie
Athmospheric pollen season in Zagreb (Croatia) and its relationship wiftoznania w latach 1995-1997 (Wybrane taksony alergogeild).
temperature and precipitationt J BiometeoroR004,48, 186-191. Fragm Agron1999,6, 209-216.

26. Piotrowska K, Weryszko-Chmielewska E: Pollen count of 39. Stanisz APrzys¢pny Kurs StatystykBtatSoft Polska, Krakow 1998.
selected taxa in the atmosphere of Lublin using two monitoring 40.Szafer W, Kulcziski S, Pawtowski BRasliny Polskie PWN,
methodsAnn Agric Environ Me@003,10, 79-85. Warszawa 1986.

27.Porsbjerg C, Rasmussen A, Backer V: Airborne pollen in Nuuk, 41.Szczepanek K: Pollen fall in Cracow in 1982-1984sz Nauk
Greenland, and the importance of meteorological parameétersbio-  Univ Jagiell, Prace Geogt994,97, 9-22.

logia 2003,19, 29-37. 42.Vik H, Florvaag E, Elsayed S: Allergenic significanceBefula
28. Puc M: Characterisation of pollen allergeAan Agric Environ (birch) pollen. In: D’Amato G, Spieksma FThM, Bonini S (Eds):
Med2003,10, 143-149. Allergenic Pollen and Pollinosis in Europ84-98. Blackwell Scientific
29. Rapiejko P, Lipiec A, Wojdas A, Jurkiewicz D: Threshold pollerPublications, London 1991.
concentration necessary to evoke allergic symptoimis.Rev Clin 43. Wahl R, Schmid-Grendelmeier P, Cromwell O, WiithrichirB:
Immunol2004,10, 91-94. vitro investigations of cross-reactivity between birch and ash pollen
30. Rasmussen A: The effects of climate change on the birch pollatlergens extracts. Allergy Clin ImmunolL996,98, 99-106.
season in Denmarlkerobiologia2002,18, 253-265. 44, Weryszko-Chmielewska E, Piotrowska K: Airborne pollen

calendar of Lublin, Polanénn Agric Environ Me@004,11, 91-97.



