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Abstract

Ambrosiapollen is known as an important allergen in North America, and more recently in some European coun-
tries. From 1989 to 1995, theAmbrosiapollen levels detected at the stations monitored by the Aerobiological
Network of Catalonia (Xarxa Aerobiològica de Catalunya, XAC) were insignificant. In 1996, a considerable
although temporary increase in the concentration of this pollen was detected in the atmosphere over Girona,
Barcelona, Bellaterra, Manresa, and Tarragona. Most of theAmbrosiapollen collected in 1996 was concentrated in
a single day. Its appearance on that day was attributed to long range transportation, caused by unusual conditions of
atmospheric circulation, from the Lyon region in France where the species is abundant. This is the only day where
concentrations ofAmbrosiapollen that may be dangerous to human health have been reached.

Ambrosia coronopifoliais the most abundant species of the genus in Catalonia, and although rare, its expansion
is favoured by the fact that it grows through rhizomes and sprouts easily. It is, therefore, important to monitor the
growth of its population and the release of its pollen in order to predict the appearance of pollen levels that may
precipitate allergic symptoms.

Introduction

The genusAmbrosia includes 25 species, most of
American origin. Three species are found in Catalonia:
A. tenuifoliaSprengel,A. coronopifoliaTorrey et Gray
(A. psilostachyaauct., non DC.), andA. maritimaL.,
the first two of American origin and the third autoch-
thonous. Though all are rare species,A. coronopifolia
is the most abundant. It is a ruderal plant and forms
large populations since it spreads and sprouts easily
from rhizomes. This makes it difficult to eradicate
(Bolòs and Vigo, 1995). In Catalonia,A. coronopifolia
was first reported in the middle of this century. It is
now a naturalized plant found mainly in littoral and
pre-littoral areas (Casasayas, 1989).

Ambrosiapollen is a very important allergen in
North America, where approximately 10% of the pop-
ulation are allergic to it (Rogers et al., 1996). In
Europe,Ambrosiapollen is only important in certain
regions, e.g., Hungary, Yugoslavia, Czechoslovakia,
and the easternmost part of Austria. Occasionally
reports about occurrences of ragweed-pollen are found
from Switzerland and France (Jäger, 1991). In France,
the area of Lyon has been overrun byA. artemisiifolia
L. in the last 40 years, and in 1995 the first campaign
of ragweed eradication was launched (Dechamp et al.,
1997). Its pollen, together with pollen fromArtemisia,
represents 5 to 12% of the allergenic pollens in the
Lyon region. Together they represent the second most
important cause of pollen allergies (Dechamp, 1995).
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Figure 1. Locations of the stations of the Aerobiological Network of Catalonia (Xarxa Aerobiològica de Catalunya, XAC) and details of the
respective sampling methods and study periods.

Several authors have published data on ragweed pollen
levels in Italy; levels are high in the north (Albasser,
1992; Piazza et al., 1992; Pizzulin Sauli et al., 1992)
and low in other regions (Goracci and Goracci, 1996;
Pozzi et al., 1992; Prandani et al., 1992). Mandrioli
et al. (1998) recently presented data from an extensive
survey of the presence ofAmbrosiapollen in Europe
and particularly in Italy.

The allergens ofA. artemisiifoliahave been widely
studied. Sensitivity to pollen of oneAmbrosiaspe-
cies involves a certain degree of sensitization to pollen
of all the others, although the allergens and their
frequencies are not identical between species. Cross
reactivity has also been demonstrated between pollens
of Ambrosiaand other members of the same tribe,
such asIva, or members such asArtemisia, of differ-
ent but close tribes (Lewis et al., 1983). Low levels
of cross reactivity have also been found between sun-
flower pollen (Helianthus) and pollen ofA. artemisii-
folia (Fernandez et al., 1993). Yman (1992) provided
information on cross reactivity levels between pol-
lens of several Asteraceae genera, most of which are
present in Catalan flora.

Aerobiological analyses in Catalonia have detec-
ted pollen grains of different genera of Aster-
aceae (Artemisia, Centaurea, Helianthus, Taraxacum,
Xanthium). Small amounts ofAmbrosiapollen were
detected for the first time in 1989. Subsequently,
clear and specific increases in daily concentrations
and annual totals were observed during 1996. Max-

imum pollen flow was detected on a single day, the 8th
September, 1996, at all the stations, with the exception
of Tarragona and Lleida. A study on the possibility of
the long range transport of this pollen was, therefore,
undertaken.

Ambrosiapollens have great allergenic capacity,
and rapid expansion had been observed in a popu-
lation of A. coronopifoliaon the University campus
(beside the Bellaterra aerobiological station). It was,
therefore, considered advisable to commence monitor-
ing the atmospheric pollen concentrations recorded in
Catalonia, with regard to their potential as respiratory
allergens.

Material and methods

Sampling methods and stations

Two aerobiological sampling methods have been used
in the Catalan network. Initially (the period 1983–
1994) samples were obtained by the Cour method
(Cour, 1974); as of 1994, the Hirst method (Hirst,
1952) began to be used, with Lanzoni traps in all loc-
ations except in Bellaterra, where a Burkard trap was
used.

Figure 1 shows the locations studied, the sampling
techniques used, and the periods of study. In Bel-
laterra, the two methods were used simultaneously
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Table 1. Maximum levels ofAmbrosiapollen in the atmosphere of Catalonia, during 1989–1997, Cour
method

Annual total (Yearly Index) Maximum mean weekly concentration

Station Period Mean Maximum Weekly P/m3 Week Nr/year Month

Girona 1989–1995 1.2 3.1 0.3 36/89 09

Barcelona 1989–1994 2.1 7.7 0.5 35/91 08

Bellaterra 1989–1997 16.1 45.9 3.0 36/96 09

Tarragona 1989–1995 0.8 3.6 0.3 36/90 09

Roquetes 1989–1997 0.7 4.9 0.5 36/96 09

Lleida 1992–1995 0.0 0.0 0.0 — —

Annual total for Cour data calculated as the sum of the mean weekly concentrations multiplied by seven.

Table 2. Cour and Hirst records ofAmbrosiapollen in Bellaterra, 1994–1997, and Hirst records for
1998

Annual total Maximum mean weekly concentration

Station Year Method Yearly Index Max.W.P/m3 Week Nr Month

Bellaterra 1994 Cour 2.6 0.2 34 08

Hirst 4.2 0.4 35 08–09

1995 Cour 7.2 0.4 35 08–09

Hirst 9.1 1.1 35 08–09

1996 Cour 45.9 3.0 36 09

Hirst 43.4 3.7 36 09

1997 Cour 25.9 0.7 30 07

Hirst 27.3 1.0 34 08

1998 Hirst 22.4 0.7 35 09

Annual total in Cour data corresponds to the sum of the mean weekly concentrations multiplied by
seven. In Hirst data, the annual total corresponds to the sum of daily concentrations.

from 1994 to 1997, so that data from the two types
of traps could be compared.

Study of air mass trajectories

To determine the trajectory and the origin of the
air reaching the Catalan stations on the 8th Septem-
ber, 1996, an analysis of the meteorological situation
affecting the European continent at that time was
made. In order to determine these trajectories pre-
cisely, the back trajectories were then calculated start-
ing from the indicated points, Barcelona, Girona, and
Tarragona. This was done using data provided by the
Mesoscale Atmospheric Simulation System (MASS)
model (Koch et al., 1985), on the geopotential height
at the surface of 850 hPa. The path followed by the air
masses for 48 hours was determined, in time steps of

10 minutes (Berge, 1988), assuming that they moved
over the surface according to the geostrophic wind.

Results and discussion

Table 1 shows the Cour method records of maximum
levels ofAmbrosiapollen in the atmosphere of Cata-
lonia during the period 1989–1997. Levels were low
during the whole sampling period, reflecting the rare
distribution of this genus. It is especially rare in the
province of Tarragona, and practically non-existent in
the province of Lleida (Bolòs and Vigo, 1995).

Table 1 shows that the Bellaterra station recor-
ded the highest concentrations (except for 1996 data,
Table 3), most probably caused by the presence of a
small population ofA. coronopifoliain the vicinity of
the aerobiological station. Table 2 shows an increas-
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Table 3. Atmospheric content ofAmbrosiapollen in Catalonia, 1996, Hirst method

Annual total Daily maximum Mean weekly maximum

Station Yearly Index Nr of days Period from-to Max. Daily P/m3 Date dd/mm/yy Max. Weekly P/m3 Week Nr

Girona 58.8 10 31/08–16/09 32.9 08/09/96 5.9 36

Barcelona 46.2 11 02/09–03/10 19.6 08/09/96 3.4 36

Bellaterra 43.4 11 07/09–04/10 23.8 08/09/96 3.7 36

Manresa 29.4 12 25/07–14/09 20.3 08/09/96 3.1 36

Tarragona 7.7 6 01/09–16/09 3.5 11/09/96 0.9 37

Lleida 0.0 0 — 0.0 — 0.0 —

ing trend in the annual totals of this pollen type at the
Bellaterra station from 1994 to 1998 (with the excep-
tion of 1996 values), indicative of the spread of this
particular ragweed population.

The lowest values were registered in Tarragona and
Roquetes (south of the Tarragona province). In Lleida
no Ambrosiapollen was detected during all the years
of sampling (Tables 1 and 3).

Table 2 and Figure 2 present Cour and Hirst data
from Bellaterra for the period 1994 to 1997. Hirst
data are gathered daily, and the annual total (Yearly
Index) is thus obtained by summing the daily concen-
trations. Cour data, however, are obtained on a weekly
basis, and the annual total (Yearly Index) is, therefore,
calculated by summing the weekly figures then mul-
tiplying by seven. Corresponding weekly figures were
obtained from Hirst data by adding the seven daily
concentrations of each week and dividing by seven.

Comparison of the Cour and Hirst records shows
that although the values do not coincide, they are of
the same order of magnitude, and the inter-annual
(Table 2) and intra-annual (Figure 2) tendencies shown
by the two sampling methods are comparable. When
pollen was present, the Hirst method showed slightly
higher values but for shorter periods of time than did
the Cour method.

Figure 2 indicates that the pollination period of
Ambrosiaoccurs between July and November, with
the highest concentrations being recorded in late
August and early September. In 1997, the first pollens
were recorded in July and early August, indicating that
pollination was brought forward, in that year, due to
the optimum weather conditions of high temperatures
and rainfall in June.

Table 3 shows the data obtained in 1996 using the
Hirst method, forAmbrosiapollen in Catalonia. Pollen
levels at all stations were considerably higher in 1996
than in previous years, (Tables 1 to 3 and Figure 2).

Annual amounts decreased (Table 3) from Girona in
the north to Tarragona in the south. No pollen was
recorded in Lleida, which is situated inland. Table 3
also shows that the maximum pollen flow was detected
on a single day, the 8th September, 1996; Tarragona,
in the south, was the exception.

Figure 3 shows the calculated back trajectories of
the air reaching Barcelona, Girona and Tarragona at
00.00 h UTC on the 8th September, 1996. The labels
indicate hours from the beginning of the simulation
at 00.00 h UTC on the 6th September. The isolines
represent the geopotential height (in metres) of the
surface of 850 hPa.

Analysis of the meteorological situation over the
continent of Europe on the 6th September, 1996
showed three centres. The first, a mature depression,
was located over the Ukraine. The second, a belt
of high pressure, extended from the British Isles to
the north of Siberia. The third was a cyclonal cir-
culation confined to the middle and upper layers of
the troposphere over the Atlantic to the NW of the
Iberian Peninsula. In the low layers of the atmosphere
(between the ground and 700 hPa), the combined
action of these three centres caused a clear flow of air
from the north over the countries of Central Europe,
affecting the eastern part of France and perhaps the
easternmost area of Catalonia. By comparison, in the
westernmost region of France and in almost the entire
Iberian Peninsula, the winds at these levels were very
weak and of variable direction. In the high layers of
the troposphere (300–200 hPa) the winds were zonal,
from the west over the Peninsula and from the north
over Central Europe, both currents converging over
the Mediterranean. During the following two days
the situation evolved slowly. The storms affecting
Europe weakened and the anticyclone intensified over
the British Isles, reinforcing the flow from the north
over France. The centre of the depression responsible
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Figure 2. Annual dynamics of the mean weeklyAmbrosiapollen concentrations in Bellaterra, from 1994 to 1997. Cour data represented by
solid lines and Hirst data by dotted lines.

for the cyclonal circulation over the Atlantic moved
to a position over the NW of the Peninsula, causing
southerly winds mainly over the southern half of the
Peninsula.

The evolution of the wind field over Catalonia,
during the meteorological situation described above,
could not be determined clearly from the normal syn-
optic maps alone. Catalonia lays in a zone of conver-
gence experiencing weak winds of variable direction.
Because of this, the back trajectories from Barcelona,
Tarragona, and Girona on the 8th September, 1996
were calculated.

The results of these calculations are presented in
Figure 3. It shows clearly that the air reaching the sta-
tions of Barcelona and Girona (and presumably Man-

resa) on that day came from the north (France), while
the air reaching Tarragona came from the south of the
Iberian Peninsula. TheAmbrosiapollen observed on
the 8th September reached Catalonia transported by
these air streams.

A meteorological situation such as that described
above is rare in summer in our latitudes. At this
time of the year there are normally high pressures
in the Atlantic area of the Azores so the trajectories
of the depressions are usually a good deal further to
the north. Episodes of continental air coming from
the centre of Europe to our peninsular region usually
occur during the winter months, and even then they
are sporadic, usually causing invasions of cold air in
Catalonia.
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Figure 3. Back trajectories (dotted lines) of the air reaching Barcelona, Girona and Tarragona at 00.00 h UTC on the 8th September, 1996.

Conclusions

Ambrosia coronopifoliais the main ragweed species
in Catalonia. Although the species is still rare in the
region, the spread of populations is being closely
watched and their pollen flows studied in order to
anticipate possible allergic risk situations.

In the XAC pollen database, the levels ofAmbrosia
pollen recorded are low. The peak levels ofAmbro-
sia pollen observed on the 8th September, 1996 at
most of the aerobiological stations were shown to be
caused by an episode of long range transport. This can
be considered as a fortuitous event, because the met-
eorological situation that brought this air to Catalonia
rarely occurs at this period of the year. The Bellaterra
station is the only one recording an increasing trend in
the atmospheric levels of Ambrosia.

Jäger (1991) regarded a daily concentration (Hirst
method) of less than 20 P/m3as the allergenic stimulus
threshold above which an allergic response is induced.
Dechamp et al. (1997) fixed the clinical threshold for
allergic symptoms at a mean weekly concentration
equal to or greater than 5 P/m3 (Cour method). On the
basis of either of these threshold levels, pollen con-
centrations in Catalonia critical for allergic symptoms
were restricted to one day (8th September, 1996 in
Girona, Bellaterra, Barcelona, and Manresa), and this
event was due to an extraordinary situation.

Acknowledgements

The Aerobiological Network of Catalonia (Xarxa
Aerobiològica de Catalunya, XAC) is supported by



99

Laboratorios CBF-LETI, S.A. We express our grat-
itude to Dr. A. Redaño for his comments on the
meteorological aspects.

References

Albasser G.: 1992, Ragweed pollen sampling in Gallarate (north-
west of Milan) during four years (1987–1990).Aerobiologia8,
31–33.

Berge E.: 1988, Time-trends of sulfate and nitrate in precipitation in
Norway (1972–1982).Atmospheric Environment22, 333–338.

Bolòs, O. de and Vigo J.: 1995,Flora dels Països Catalans, vol. III.
Barcelona, Barcino, pp. 769–771.

Casasayas T.: 1989, La flora al.lòctona de Catalunya. Catàleg raonat
de les plantes vasculars exòtiques que creixen sense cultiu al NE
de la Península Ibèrica. Phd Thesis. Barcelona, Universitat de
Barcelona, pp. 132–134.

Cour P.: 1974, Nouvelles techniques de détection des flux et des
retombées polliniques: étude de la sedimentation des pollens et
des spores à la surface du sol.Pollen et Spores16(1), 103–141.

Dechamp C.: 1995,L’Ambroisie. Un nouveau fléau. Limoges,
Verso, 95 pp.

Dechamp C., Rimet M.L., Meon H. and Deviller P.: 1997, Paramet-
ers of ragweed pollination in the Lyon’s area (France) from 14
years of pollen counts.Aerobiologia13: 275–279.

Fernández C., Martín-Esteban M., Fiandor A., Pascual C., López-
Serrano C., Martínez-Alzamora F., Díaz-Pena J.M. and Ojeda-
Casas J.A.: 1993, Analysis of cross reaction between sunflower
pollen and other pollens of the Compositae family.J. Allergy
Clin. Immunol.92(5), 660–667.

Goracci E. and Goracci G.: 1996, Ragweed (Ambrosia) pollen pres-
ence in Livorno, Central Italy: aerobiological and sensitization
data.Aerobiologia12, 139–140.

Hirst J.M.: 1952, An automatic volumetric spore-trap.Ann. Appl.
Biol. 39, 257–265.

Jäger S.: 1991, Allergenic significance ofAmbrosia(Ragweed). In:
G. D’Amato, F.Th. Spieksma and S. Bonini (eds),Allergenic Pol-
len and Pollinosis in Europe. Blackwell Scientific Publications,
Cambridge, pp. 125–127.

Koch S.E., Skillman W.C., Kocin P.J., Wetzel P.J., Brill K.F., Keyser
D.A. and McCumber M.C.: 1985, Synoptic scale forecast skill
and systematic errors in the MASS 2.0 model.Mon. Wea. Rev.
113, 1714–1737.

Lewis W., Vinay P. and Zenger V.: 1983,Airborne and Allergenic
Pollen of North America. The John Hopkins University Press,
Baltimore, pp. 139–151.

Mandrioli P., Di Cecco M. and Andina G. (1998) Ragweed pollen:
The aeroallergen is spreading in Italy.Aerobiologia14: 13–20.

Piazza G., Migliorino G.M., Cassani L. and Torret F.: 1992,
Ragweed evidence in Brianza (a hilly area North of Milan).
Aerobiologia8, 27–30.

Pizzulin Sauli M.L., Larese Filon F. and Rizzi Longo L.: 1992,
Ragweed presence in Trieste: clinical and aerobiological data.
Aerobiologia8, 16–20.

Pozzi P.L., Zanon P. Berra D. and Chiodini E.: 1992, Results of three
years of aerobiological sampling in the atmosphere of Busto
Arsizio. Aerobiologia8, 21–22.

Prandini M., Gherson G., Zambanini G., Conci S., Salvaterra M.
and Benamati G.: 1992, Pollinosis in Trentino (Northern Italy).
Aerobiological and clinical research.Aerobiologia8, 38–45.

Rogers B.L., Bond J.F., Morgenstern J.P., Counsell C.M. and Grif-
fith I.J.: 1996, Immunological characterization of the major
ragweed allergens Amb a I and Amb a II. In: S.S. Mohaprata
and R.B. Knox (eds),Pollen Biotechnology: Gene Expression
and Allergen Characterization. Chapman & Hall, New York,
pp. 211–225.

Yman L.: 1982, Botanical Relations and Immunological Cross-
reactions in Pollen Allergy. Pharmacia Diagnostics AB, Sweden,
pp. 55–57.




