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Airborne pollen spectra at three sitesin inland Croatia, 2003
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Abstract. The aim of this study was to determine whether there were mgor differences in the seasonal incidence and
abundance of pollen grains and pollen types in pollen fall between sites of different land use. The material was
collected from 5 January until 20 December 2003 at three sites in central Croatia. The sampling sites were located in
an average urban setting (Zagreb), arural setting (Ivanic Grad), and a small town surrounded by a large woodland with
partially thermophilic vegetation (Samobor). Using the volumetric method of pollen collection, pollen grains of 35-
37 taxa were identified, depending on the sampling site, eight of them producing the greatest amount of pollen (Alnus
sp., Ambrosia sp., Betula sp., Carpinus sp., Poaceae, Quercus sp., Taxus/Juniperus, and Urticaceae). Differences
among the sampling sites were recorded according to seasonal pollen concentration, total monthly pollen count, and
total annual pollen count. The proportion of particular plant classes (tree, grass and weed) was quite comparable
among the three sampling sites because of their relative geographic proximity (i.e. within the same climatic region).
A difference was observed in the air pollen concentration. All three monitoring sites revealed the total annual airborne
pollen concentration in inland Croatia to be dominated by highly allergenic pollen (Zagreb 54%, Samobor 58% and
lvanit Grad 82%) of the following taxa: Alnus sp., Ambrosia sp., Betula sp., Carpinus sp., Corylus sp., Poaceae,
Urticaceae and Artemisia sp. Accordingly, there were no distinct phenologically induced differences in pollen species
recorded at the three monitoring sites. However, substantial differences were observed in seasonal pollen grain count
and in the percentage proportion of some allergenic pollen grains (Ambrosia sp., Betula sp., Carpinus sp., Poaceae),

providing valuable information to individuals suffering from pollen allergy.
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I ntroduction

At present, pollen is definitely one of the most potent
known allergens. The number of individuals allergic to
plant pollen has been steadily increasing, especially in
large cities and industrial areas (Hofman and Michalik,
1998; Nilson and Persson, 1981; Obtulowicz et al., 1996).
Allergenic plants are characteristic of particular areas, de-
pending on geographic and climatic region and vegetation.
The occurrence of airborne pollen istemporally limited and
specific for each plant species. The principal aim of
aeropalinological studiesis to assess the seasonal appear-
ance of pollen grainsin the air, and to make quantitative
and qualitative analyses of pollen fall or aeroplankton. At-
mospheric pollen has been measured for many years at
various locations in Europe. Pollen calendars for particu-
lar countries have been published in a number of national
or regional pollen atlases (Nilsson et a., 1977; Horak and
Jager, 1979; Stix, 1981; D’ Amato, 1984; Driessen et al.,
1988). Prediction of theinitial occurrence of airborne pol-
len allows individuals allergic to a particular plant pollen
to be informed and to adjust their daily activities so asto
avoid contact with the allergens, the most efficient pre-
ventive measure.

*Corresponding author. Phone: ++385(0)1-4696-108; Fax:
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Papers published to date on spatial variation in the in-
cidence of pollen refer to distant sites from different cli-
matic regions (Hyde, 1959). Only rarely have aerobiological
investigations been carried out at several sites within a
small area of diverse land use (Emberlin and Norris-Hill,
1991).

Thefirst research into allergenic pollen distribution in
Croatia was launched in 1959 at four locations. Zagreb,
Hvar, Crikvenica, and Dubrovnik (Volaric-Mrsi€, 1972). Us-
ing a gravimetric method, data were collected weeky
throughout the year. Since 1973, alergenic pollen has been
continuously studied in Zagreb (LovaSen-Eberhardt, 1979).
Modern aeropalinological investigations using daily volu-
metric monitoring of atmospheric pollen began in Croatia
in 2002 (Peternel et d., 2003).

The data presented here were obtained during a one-
year study conducted at three sitesin inland Croatia. Our
aim was to determine whether there were any mgor differ-
ences in seasonal occurrence or in abundance of pollen
grains and pollen types in pollen fall among the sites of
different land use.

Materials and M ethods

Material was collected at three sitesin central Croatia
from 5 January to 20 December 2003. Pollen sampling and
floristic research were both conducted. Pollen sampling
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was done by use of 7-day Hirst volumetric pollen and spore
traps. The samplers were placed in Zagreb (45°49' N and
15°59' E, 157 m above sealevel and 19.7 m above ground
level), lvanit Grad (45°43'N and 16°24' E, 101 m above sea
level and 18.5 m above ground level), and Samobor (45°
48'N and 15°43' E, 168 m above sealevel and 17.3 m above
ground level). The distance between measuring sites was
about 30 km (Figure 1). The sampler absorbs 10 L air per
min, allowing for determination of pollen concentration at
2-hintervals. It is supplied with atimer which moves ad-
hesive tape (2 mm/h) to which pollen grains adhere. The
tape was removed twice weekly, cut to alength correspond-
ing to 24-h pollen sampling, gpplied onto a glass slide, and
embedded in the following medium: 70 g polyvinyl aco-
hol (Gelvatol) and 4 g phenol C.H O, dissolved in 200 mL
of distilled water. After resting overnight, 100 mL glycerol
C,H,0O, was added and warmed up in water bath until the
solution turned liquid and clear. Then, 4 drops of alcohol
solution of basic fuchsin C, H, CIN, per 100 mL were
added. Samples were examined under alight microscope,
magnification x400, to determine pollen type and count per
1 m? air per day. Pollen concentration was expressed as
pollen grain count/m?3. Preliminary floristic research in-
cluded plant collection at al three sites, in the surround-
ings of pollen samplers. This part of the investigation
included standard field studies of autochthonous and cul-
tivated plants (plant collection, botanizing, and data entry
in floristic lists), and laboratory plant determination.

Criteriafor definition of pollen alerginicity (HAP-highly
allergenic pollen, AP-allergenic pollen) are based on results
of skin-test positivity (percentage positive reaction in pa-
tients with pollinosis) in Europe (Bousquet et al., 1984;
D’ Amato and Lobefa o, 1989; Spieksma, 1986).

Results and Discussion

Zagreb is situated at the base of Medvednica Mountain,
and the composition of airborne pollen there is strongly
influenced by the forest vegetation to the north, which
consists of the following species: Acer sp., Ulmus glabra
Hudson, Fraxinus excelsior L., Carpinus betulus L.,
Ostrya carpinifolia L., Corylus avellana L., Fagus
silvatica, Quercus petraea (Mattuschka) Liebl., Taxus

Figure 1. Measuring sitesin inlend Croatia.
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baccata L., Abies alba L. (at higher altitudes), Castanea
sativa L., various species of the genus Rubus, Sambucus
nigra L., Robinia pseudoaccacia L ., and others. Grassy and
weedy grounds prevail in rural areas east and south of the
city. In these areas, the vegetation consists of a number
of ruderal and weedy, wild-growing and adventive plants,
primarily from the families Poaceae, Chenopodiaceae,
Compositae, Brassicaceae, Urticaceae, Lamiaceae, and
Fabaceae. Among the adventive plants, the allergenic spe-
cies Ambrosia artemisiifolia L. and Artemisia vulgaris L.
are the most widespread. In the urban area along the Sava
river, the species Alnus glutinosa (L.) Gaertn. and various
species of the genera Salix and Populus prevail. In addi-
tion to this more or less natural vegetation, the city has
numerous parks containing the following species: Betula
pendula L., various species of the family Cupressaceae and
of the genera Pinus and Picea, Aesculus hippocastanum
L., Platanus hybridus, Populus sp., Juglansregia L., and
Tilia sp.

Ivanit Grad is most rural of the three monitoring
locations, with a lot of weedy areas. The respective air-
borne pollen also showed some elements of typical inlend
forest vegetation. A great impact of ruderal and weedy
vegetation was recorded, with numerous species of the
families Brassicaceae, Asteraceae, Amarantaceae, Apiaceae,
Plantaginaceae, Poaceae, and others. The cultivation also
contained some taxa from the family Cupressaceae, then
Betula pendula, Taxus baccata, Pinus, Picea and Abies
sp., and Tilia sp.

The region of Samobor is surrounded by the Zumberak-
Samobor Mountains with large forests around the town
and with numerous autochthonous and planted trees also
found in it. Airborne pollen is influenced by this forest
vegetation, which is dominated by many forest species
such as Acer campestre, A. pseudoplatanus, A.
platanoides, Carpinus betulus, Corylus avellana, Fagus
silvatica, Quercus petraea, Ulmus glabra, Castanea
sativa, Taxus baccata. In addition, this vegetation also in-
cludes a number of species characteristic of a sub-Medi-
terranean climate. Such a type of vegetation is mostly
found on the south mountain slopes and includes woody
plants such as Quercus pubescens, Ostrya carpinifolia
(more common than Carpinus betulus), and Fraxinus
ornus. A small river runs through the town, favoring the
growth of woody plants characteristic of humid habitats,
with a predominance of the species Alnus glutinosa and
various species of the genera Populus (mostly P. alba in
lower areas, and P. tremula in higher areas) and Salix
(mostly S. caprea). Ruderal and weedy vegetation is less
abundant than in the Zagreb area, and here adventive taxa
of the families Asteraceae and Poaceae predominate. The
city parks and gardens feature a great variety of different
taxa (autochthonous and horticultural) of the genera Pinus,
Juniperus/Cupressus, Abies and Picea, then widely planted
Betula pendula, Juglans regia, and Tilia sp.

The highest amount of pollen grains in 2003 was
counted in lvani¢ Grad (n=53,710), in Zagreb (n=52,521) and
lowest in Samobor (n=32,692). The number of identified
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pollen taxawas 35 in Zagreb, 36 in lvanic Grad, and 37 in
Samobor. Eight of these taxa produced the greatest amount
of pollen (Alnus sp., Ambrosia sp., Betula sp., Carpinus
sp., Poaceae, Quercus sp., Taxus/Juniperus, Urticaceae),
and nine occurred sporadically or in a small amount
(Aesculus sp., Asteraceae, Forsythia sp., Ligustrum sp.,
Morus sp., Robinia sp., Rosaceae, Rumex sp., Umbelliferae)
(Table 1). Monthly pollen concentrations measured at all
three monitoring sites in 2003 showed two peaks (in April
and August), with between-site differences. In April, pol-
len concentrations measured at monitoring sitesin Zagreb
and Samobor exceeded those recorded in Ivanit Grad
(Zagreb n=17,846; Samobor n=14,697; and Ivanic Grad n=
9,238). In August, an inverse pattern was observed (Zagreb
n=7,561; Samobor n=2,847; and Ivanic Grad n=19,781)
(Figure 2). The earliest airborne pollen grains recorded in
March originated from the following species: Alnus sp.,
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Corylus sp., Fraxinus sp. and Taxus/Juniperus. In April,
the number of species increased, with the pollen originat-
ing from Betula sp. as the most common, accounting for
30.8% in Samobor, 32.6% in Zagreb, and 37.4% in Ivanit

25000

mZAGREB
20000 - — — OIVANIC GRAD _|
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10000 -
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Figure 2. Monthly variation in airborne pollen total count ac-
cording to measuring sitesin inland Croatia, 2003.

Table 1. Total annual pollen counts at measuring sitesin inlend Croatia, 2003.

ZAGREB IVANIC GRAD SAMOBOR
n % n % n %
Abies sp. 106 0.2 70 01 126 04
Acer sp. 1,670 32 193 0.4 140 0.4
Aesculus sp. 1,733 33 6 Sporadically 62 0.2
Alnus sp. 1,728 33 3,185 59 2,062 6.3
Ambrosia sp. 9,620 18.3 24,801 46.2 4,040 12.3
Artemisia sp. 511 1.0 477 09 334 1.0
Asteraceae 56 0.2 95 0.2 8 Sporadically
Betula sp. 6,195 11.8 3,559 6.6 4,580 14.0
Brassicaceae 395 0.8 291 05 191 0.6
Carpinus sp. 2,512 4.8 2,002 37 3,387 104
Castanea sp. 2,198 4.2 526 1.0 924 2.8
Chenopodiaceae 329 0.6 270 05 190 0.6
Corylus sp. 1,110 21 1,467 27 1,184 36
Cyperaceae 65 0.2 92 0.2 89 0.3
Fagus sp. 673 13 582 12 510 1.6
Forsythia sp. 40 0.2 0 0 4 Sporadically
Fraxinus sp. 1,885 3.6 1,041 19 1,359 4.2
Juglans sp. 318 0.6 56 0.1 217 0.7
Ligustrum sp. 0 0 4 Sporadically 5 Sporadically
Morus sp. 1,384 2.6 a4 01 4 Sporedically
Picea sp. 441 0.4 419 0.8 442 14
Pinus sp. 378 0.7 261 05 120 0.4
Platanus sp. 1,438 2.7 131 0.2 155 05
Plantago sp. 465 0.9 483 0.9 303 0.9
Poaceae 2,711 52 5,732 10.7 2,918 8.9
Populus sp. 889 18 346 0.6 662 2.0
Quercus sp. 2,576 4.9 2,546 4.7 2,335 7.1
Robinia sp. 23 Sporadically 5 Sporadically 7 Sporadically
Rosaceae 344 0.7 39 0.1 9 Sporadically
Rumex sp. 0 0 7 Sporadically 8 Sporadically
Salix sp. 993 19 1,246 24 1,108 34
Sambucus sp. 441 0.8 170 0.3 125 04
Taxus/Juniperus 4,501 8.6 984 1.8 4,035 12.4
Tilia sp. 214 0.4 72 01 56 0.2
Umbelliferae 16 Sporadically 45 0.1 11 Sporadically
Ulmus sp. 449 09 149 0.3 206 0.6
Urticaceae 4,114 7.8 2,314 43 776 24
TOTAL 52,521 100 53,710 100 32,692 100
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Gred. In this month, the pollen from Quercus sp. was also
found in abundance. In May, plants of the family Poaceae
clearly predominated, accounting for 22.9% to 50.3% of
total monthly pollen count. In June, pollination of plants
from the family Poaceae continued, but the pollen origi-
nating from Castanea sp. prevailed with 22.0% in lvanic
Grad, 57.9% in Zagreb, and 59.6% in Samaobor. In Jduly, the
lowest monthly pollen count was recorded at all sampling
sites, with a predominance of plants from the family
Urticaceae. Ambrosia sp., the most allergenic plant of our
climate, was in full bloom in August when it accounted
for 70.1% to 91.8% of total monthly airborne pollen. This
percentage rose further to 95.1%-99% in September. In
2003, the pollen season of the plants of the continental
climate terminated in October (Table 2). Classification of
plant speciesinto the tree, grass and weed groups revealed
exclusively tree airborne pollen to be found in March and
April. Then in May and June the grass and weed pollen
occurred while an absolute predomonance of weed pollen
was recorded in July, August, September, and October. Dif-

ZAGREB
100% -
80% -
60% -
40% -
20% -
0%
Mar Apr May Jun Jul Aug Sep Oct
0 Weed 0 0 75 16,1 92,9 99,2 99,5 100
| Grass 0 0,5 235 17,3 4,2 0,8 0,5 0
0 Tree 100 99,5 69 66,6 2,9 0 0 0
IVANIC GRAD
100% +
80% -
60% -
40% +
20% -
0%
Mar Apr May Jun Jul Aug Sep Oct
o Weed o] 0,1 73 17,2 91,7 99,5 99,8 100
m Grass 0 0,7 50,4 52,8 7.4 0,5 0,2 0
0O Tree 100 99,2 42,3 30 0,9 0 0 0
SAMOBOR
100% +
80% -
60% -
40% -
20% -
0%
Mar Apr May Jun Jul Aug Sep Oct
O Weed 0 0 5,5 6,5 85,4 98,6 99,3 97,9
| Grass 0 0.4 43,7 22,8 7.8 1,3 0,7 21
O Tree 100 99,6 50,8 70,7 6.8 0,1 0 0

Figure 3. Monthly variation in percentage of tree, grass, and
weed airborne pollen in inland Croatia, 2003. Legend: AP, al-
lergenic pollen; HAP, highly allergenic pollen.
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ferences were observed among the monitoring sites ac-
cording to the tree to grass to weed ratio. In May, a higher
proportion of grass pollen was measured at the monitor-
ing sitesin lvanit Grad (50.4%) and Samobor (43.7%) than
in Zagreb (23.5%) while in June the proportion of grass
pollen was considerably higher in Ivanic Grad (52.8%) than
at the other two sampling sites. In August, September, and
October, weed pollen predominated at all sampling sites,
ranging from 98.6% to 100% (Figure 3). Total annual pol-
len concentration in the air was strongly dominated by
highly allergenic pollen grains at al three sampling sites
located in inlend Croatia, with a percentage proportion of
54% in Zagreb, 58% in Samobor, and 82% in Ivanic Grad,
including pollen of the following taxa: Alnus sp., Ambro-
sia sp., Betula sp., Carpinus sp., Corylus sp., Poaceae,
Urticaceae and Artemisia sp. The percentage proportion
of ragweed and grass pollen was highest at the Ivanit Grad
sampling site, and that of birch at the Samobor and Zagreb
sampling sites (14% and 12%, respectively) (Figure 4).

ZAGREB
Alnus sp.
3% Ambrosia sp.
/ 18%
Betula sp.
12%
AP HAP Carpinus sp.
46% 54% 5%
Corylus sp.
2%
\Poaceae
5%
Artemisia sp. Urticaceae
1% 8%
SAMOBOR
Alnus sp.
6% .
Ambrosia sp.
/‘ 12%
Betula sp.
/' 14%
AP HAP
42% 58% Carpinus sp.
10%
\Corylus sp.
4%
\Poaceae
Artemisia sp. 9%
o
1% Urticaceae
2%
IVANIC GRAD Alnus sp.

6%

Ambrosia sp.
46%
Betula sp.
7%
Af :;Z Carpinus sp.
18% 4%
Corylus sp.
3%
Poaceae
1%

Artemisia sp. Urticaceae
1% 4%

Figure 4. Variation in airborne highly allergenic pollen accord-
ing to measuring sites in inlend Croatia, 2003.
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Pollen of anemophilous plants prevailed at al monitor-
ing sites while pollen of entomophilous taxa occurred spo-
radically or in very low amounts. A similar pattern was
reported in southeast Poland, however, with a different flo-
ral composition due to climatic differences. In Poland, pol-
len of the allergenic alder tree (Alnus sp.) accounts for most
of the pollen count whilein central Croatiathe most aler-
genic weed, ragweed (Ambrosia sp.) does (Kasprzyk,
1999). Monthly pollen concentrations showed two peaks,
in April and August, at all three sampling sites. These
peaks coincided with the flowering of generally anemophil-
ous tree and weed, especially ragweed. Similar results have
also been reported from central Italy and south France
(Clot, 2001; Emberlin et al., 1993; Spieksmaand Frenguelli,
1991; Jager et al., 1991). Between-site differences were
observed: monthly pollen concentrations measured in April
at the Zagreb and Samobor sampling sites exceeded those
recorded at the lvanit Grad sampling site, a fact ascribed
to the variation in their respective flora compositions.
Ivanic Grad is atypical rural, lowland region abundant in
overgrown, weedy ground, with little forest vegetation.
Thus only a minor amount of tree pollen is found in the
total pollen count in spring. Zagreb, and Samobor in par-
ticular are closely surrounded by large forest areas, thus
the amount of tree pollen is high in the spring. A reverse
pattern was observed in August, when a huge amount of
ragweed pollen in the air was recorded in Ivanic Grad, with
the pollen grain count at this monitoring site approaching
20,000 or twofold that measured in Zagreb. Hyde (1959)
observed the vegetation patterns to influence the pollen
fall, and the highest pollen grain counts were found in
samples taken at rural or suburban sites. The proportion
of tree, grass and weed groups at the three sampling sites
was quite comparable, with a variation recorded only in
the amount of pollen in the air because the sampling sites
were arelatively small distance gpart, in the same climatic
region, with a concurrent onset and termination of a par-
ticular plant group’s pollination. This resulted in the sea-
sonal concurrence of pollen in the entire area’ s atmosphere.
The spectrum of highly allergenic pollen isolated from to-
tal pollen count was generally identical to that recorded
in inland Europe (Lejoly-Gabriel and Leuschner, 1983;
Dalen and Voorhorst, 1981; Eriksson, 1978; Spieksmaet a.,
1989; Horak et al., 1981; Kasprzyk, 1999), differences be-
ing only found in their percentage proportion. Ragweed
pollen shows a specific pattern, as the plant has mostly
spread over east and Central Europe. In our study, rag-
weed pollen accounted for a high proportion of total pol-
lenin late summer and early autumn, which is not the case
in northern and western European countries.

The phenology and type of pollen species showed no
distinct variation among the three sampling sites.
However, substantial differences were recorded in pollen
grain count and percentage proportion of some highly al-
lergenic plant pollen (Ambrosia sp., Betula sp., Carpinus
sp. and Poaceae). The latter is of utmost importance for
the individual s suffering from pollen alergy. Thiswas a
preliminary study, obviously calling for longterm research
to be undertaken in the future.

Botanical Bulletin of Academia Sinica, Vol. 46, 2005

LiteratureCited

Clot, B. 2001. Airborne birch pollen on Neuchatel (Switzerland):
onset, peak and daily patterns. Aerobiologia 17: 25-29.

Bousquet, J., P. Cour, B. Guerin, and F.B. Michel. 1984. Pollen
calendar and pollinosis of the Montpellier area. Clin. Al-
lergy 14: 249-258.

Dalen, G. and R. Voorhorst. 1981. Allergen community in pol-
len from certain tree species. Ann. Allergy 46: 276-278.

D’Amato, G. 1984. La Pollinosi in Italia Rilievo Regionale Dei
Principali Pollini Allergenici. Lepetit, Napoli.

D’Amato, G. and G. Lobefalo. 1989. Allergenic pollen in the
Mediterranean area. J.Allergy Clin. Immunol. 83: 116-122.

Driessen, M.N.B.M., JW.M. Derksen, F.T.M. Spieksma, and
E. Roetman. 1988. Pollenatlas Van De Nederlandse
Atmosfeer. Fisons, Leusden.

Emberlin, J. and J. Norris-Hill. 1991. Spatial variation of pollen
deposition in North London. Grana 30: 190-195.

Emberlin, J., M. Savage, and R. Woodman. 1993. Annual varia-
tions in the concentrations of Betula pollen in the London
area. Grana 32: 359-363.

Eriksson, N.E. 1978. Allergy to pollen from different deciduous
treesin Sweden. Allergy 33: 299-309.

Hofmen, T. and J. Michalik. 1998. Alergia Pylkowa. Wyd. TOM,
Poznan.

Horak, F. and S. Jager. 1979. Die Erreger des Heufiebers.
M edi zi ni sch-botani sche Dokumentation der Pollenallergiein
Mitteleuropa. Urban & Schwarzenberg, Wien.

Horak, F, S. Jager, and R. Turk. 1981. Ragweed Pollen Allergy
in Austria-New Trendsin Allergy. Springer —Verlag, Berlin,
pp. 175-177.

Hyde, H.A. 1959. Atmospheric pollen in relation to land use.
Nature 183: 1694-1695.

Jager, S., ET.M. Spieksma, and N. Nolard. 1991. Fluctuations
and trends in airborne concentrations of some abundant pol-
len types, monitored at Vienna, Leiden and Brussels. Grana
30: 309-312.

Kasprzyk, I. 1999. Comparative analysis of pollen fall at three
sites in south-eastern Poland. Ann. Agric. Environ. Med.
6: 73-79.

Lejoly-Geabriel, M. and R.M. Leuschner. 1983. Comparison of
airborne pollen at Louvain-la-Neuve (Belgium) and Basel
(Switzerland) during 1979 and 1980. Grana 22: 59-64.

Lovasen-Eberhardt, Z. 1979. Godisnje kretanje i sastav polena
na podrucju Zagreba u vremenu od 1973.-1978. Godine. Sec.
Cong. Ecol. Yugosl., Zadar, pp. 229-234.

Nilsson, S. and S. Persson. 1981. Tree pollen spectra in the
Stockholm region (Sweden), 1973-1980. Grana 20: 179-182.

Nilsson, S., J. Proglowski, and I. Nilsson. 1977. Atlas of Air-
borne Pollen Grains and Spores in Northern Europe. Natur
och Kultur, Stockholm.

Obtulowicz, K., T. Kotlinowska, M. Stobiecki, K. Dechnik, A.
Obtulowicz, A. Manecki, M. Marszalek, and M. Schejbal-
Chwastek. 1996. Environmental air pollution and pollen
alergy. Ann. Agric. Environ. Med. 3: 131-138.

Peternel, R., J. Culig, B. Mitic, |. Vukusi¢, and Z. Sostar. 2003.
Analysis of airborne pollen concentrations in Zagreb,
Croatia 2002. Ann. Agric. Environ. Med. 10: 1-6.

Spieksma, F.T.M. 1986. Airborne pollen concentrations in



PETERNEL et al. — Airborne pollen spectrum in Croatia

Leiden, The Netherlands, 1977- 1981. I11. Herbs and weeds
flowering in the summer. Grana 25:; 47-54.

Spieksma, F.T.M., G. D’Amato, J. Mullins, N. Nolard, R.
Wechter, and E.R. Weeke. 1989. City spore concentrations
in the European Economic Community (EEC). V1. Poaceae
(grasses), 1982-1986. Aerobiologia 5: 38-43.

Spieksma, ET.M. and G. Frenguelli. 1991. Allergenic significance
of Alnus (Alder) pollen. In G. D’ Amato, FET.M. Spieksma,

59

and S. Bonini (eds.), Allergenic Pollen and Pollinosis in
Europe, Blackwell Scientific Publications, London, pp. 36-
44,

Stix, E. 1981. Pollenkalender. Regionale and jahreszeitliche
Verbreitung von Pollen. Wissenschaftliche
Verlagsgesellschaft, Stuttgart.

Volaric-MrSic, 1. 1972. IstraZivanje polena u zraku u nekim
krgievima Hrvatske. Acta. Bot. Croat. 29: 83-94.

% B 2003 SF P9 R S EMLEEZ 7 RARIE 6950 By B B

Renata PETERNEL?, Josip CULIG, BozenaMITI C?, lvanaHRGA?, and
lven VUKUSIC!

*Research Department, Zagreb Institute of Public Health,
Mirogoiska 16, HR-1000, Zagreb, Croatia, Europe
2Department of Botany, School of Science, University of Zagreb, Zagreb, Croatia

AL H AR R[] o A o B AR Y e Ry e i B BRI ek (SRR ~ TEf & ~ 1B
A = (A2 MR AR E AR - BiAEE 2003 42 1 H 5 HE 12 H 20 HAE i tnn HEl =1
HEL 7 BN - —(EsEs 7 B EEE Ti L@ (Zagreb) » ATl (lvanit Grad) » K/ NESFITEIRE— K
MR R A i B HE A (Samobor) - {i PSRy ISR < BEE s - 35-37 JH.ZA bk kL (HHBELIMIE RN #E
eS| - Hip 8 A ERZ% (Bl © Alnus sp., Ambrosia sp., Betula sp., Carpinus sp., Poaceae, Quercus sp.,
Taxus/Juniperus &z Urticacese) © AN[A] L 22 5l 5 HWGECEAIE REIME ZACHIRE - FH 2 thEE - &
BECE o FrllEYE (BIR - B REFE) (ZHPIHE=(HMtELE AT - ORI e M A
T (JBIF—%REE ) - fE22R R B IR Dis RS EUREk s 1 (Zagreb 54%, Samobor 58%
and lvenic Grad 82%) HAE#HEAI T © Alnus sp., Ambrosia sp., Betula sp., Carpinus sp., Corylus sp., Poaceag,
Urticeceee J; Artemisiasp. « [RIIEL » 7RG = BAIE] 2 fER) TRk D BHEARY RG2S [REZ 201 « (HIE » {EZREf
PERTER B R RS Bl < EEBT (Ambrosia sp., Betula sp., Carpinus sp., Poaceae) & i fli H H _EA7HH
WA NI ey a8 AR i &R -

WG © RAEYE:  TPlvaREbE - fERRL ¢ SRR -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


