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Abstract. This study examines the hypothesis that Danishl Introduction
agricultural areas are the main source of airbgkhernaria
spores in Copenhagen, Denmark. We suggest that the contriFhe importance of understanding the spatial and temporal
bution to the overall load is mainly local or regional, but with distribution of fungal spores has recently been highlighted
intermittent long distance transport (LDT) from more remote by Lang-Yona et al. (2012) by presenting seasonal variations
agricultural areas. This hypothesis is supported by investigatof airborne fungal spore concentrations in 2009 at a site in
ing a 10yr bi-hourly record oAlternaria spores in the air  Israel, based on quantitative real time polymerase chain re-
from Copenhagen. This record shows 232 clinically relevantaction (qPCR) analysis (Lang-Yona et al., 2012). Similarly,
episodes (daily average spore concentration above 18pm studies from the same group in Israel suggest that fungal
with a distinct daily profile. The data analysis also revealedspore concentrations peak during spring and autumn (Bur-
potential LDT episodes almost every year. A source map anghtein et al., 2011). The authors discuss whether these peaks
analysis of atmospheric transport suggest that LDT alwaysould be related to spring blooms and autumn decomposition
originates from the main agricultural areas in Central Europe of the vegetation.
A dedicated emission study in cereal crops under harvest dur- Fungal spore concentrations can also be obtained using
ing 2010 also supports our hypothesis. The emission studyolumetric spore traps of the Hirst design (Hirst, 1952). The
showed that although the fields had been treated against furadvantage of the Hirst trap is that it provides a daily or bi-
gal infections, harvesting still produced large amounts of air-hourly record of fungal spore concentrations that may be
borne fungal spores. It is likely that such harvesting periodsused to construct actual calendars of bioaerosols (e.g. Ceter
can cause clinically relevant levels of fungal spores in theet al., 2012; Melgar et al., 2012; Skjgth and Sommer, 2010).
atmosphere. Our findings suggest that crop harvest in Centhe disadvantage of the Hirst trap is that the associated
tral Europe causes episodes of high airbdktiernariaspore ~ method for counting of the spores in microscopes only pro-
concentrations in Copenhagen as well as other urban areas ifides observations of fungal spores at the genus level (e.g.
this region. It is likely that such episodes could be simulatedCeter et al., 2012; Skjgth and Sommer, 2010), whereas qPCR
using atmospheric transport models. can quantify fungal spores at the species level. This disad-
vantage is outweighed by the long time series with high tem-
poral resolution, often covering several years with bi-hourly
records (Oliveira et al., 2009; Stepalska et al., 1999; Stepal-
ska and Wolek, 2009) or even up to 10yr or more (Aira et
al., 2008; Hjelmroos, 1993; Skjgth and Sommer, 2010). De-
spite these advantages with data from the Hirst trap, data of
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fungal spores are rare in comparison to pollen data. This isSeptember, which is about a month before leaf fall in the
even more pronounced when the numbers of studies on daf@rests. Similar studies from Poland showed that the peak of
from Hirst traps are compared to studies on atmospheric tractéhe Alternaria spore season is found in July—August, while
gasses such as ozone. This lack of scientific attention ha®ctober—November has a relatively small loadAtiErnaria
been recognized for a number of years, e.g. by an editoriabpores (Stepalska et al., 1999). This suggests that decompo-
in The Lancet (2008) and by the recommendation in Allergy sition of tree leaves does not contribute to the ovefdll
by Cecchi et al. (2010); as such they both suggested furtheternaria load in Northern and Central Europe. In the UK,
studies in aerobiology. Studies on bio-aerosols such as airagricultural areas near Cardiff and Derby have been sug-
borne fungal spores are therefore highly needed. gested as potential sources of higglternaria concentrations
The first long term study on fungal spores in the air of (Corden et al., 2003), and studies from northern Portugal and
Copenhagen by Skjgth and Sommer (2010) showed that thBoland have shown that rural areas have a higher load of
generaCladosporiumand Alternaria both have their maxi-  Alternaria than nearby urban areas (Oliveira et al., 2009).
mum concentrations during summer, but tiédosporium  Wheat harvesting has previously been shown to release large
has a much longer season. This suggests that the source nfimbers of spores into the air (Friesen et al., 2001), exposing
these two important genera of fungal spores can be differentharvesters to large amounts of viable fungi (Hill et al., 1984).
Observations from Hirst traps for the last 5-10yr have Vlegetation in agricultural areas is therefore a likely main
been used to improve knowledge of aeroallergens, espesource ofAlternaria spores in many parts of Europe. Stud-
cially concerning possible source locations of these aeroalies from the USA have shown that spores from agricultural
lergens. These studies include source-receptor studies asreas that are infected with soybean ristriieibomiaeand
pollen fromFagus(Belmonte et al., 2008Betula(Mahura  P. pachyrhizj have the potential to be transported more than
et al., 2007; Skjgth et al., 2007; Veriankaite et al., 2010),1000 km under favourable weather conditions (Isard et al.,
Poaceae (Smith et al., 2005), Olea (Hernandez-Ceballos €005, 2007). European studies on other aeroallergens have
al., 2011b),Ambrosia artemisiifolia(Cecchi et al., 2007; shown that the overall load in aregion is typically due to local
Ferrandez-Llamazares et al., 2012; Sikoparija et al., 2009)ources with intermittent long distance transport from remote
and Quercus(Hernandez-Ceballos et al., 2011a). This sug-regions (Skjgth et al., 2009; Smith et al., 2008kernaria
gests that similar analysis on fungal spore observations (e.gpores vary in size (10-40 pr110—220 um), have cylindric
Alternaria) from the Hirst trap also can identify sources of forms and fall speeds between 0.4 and 4 ch@VcCart-

the most important genera of fungal spores. ney et al., 1993)Alternaria alternatais among the smallest
Fungal spores that are among the most often observedmong this group of fungal spores, with an aerodynamic di-
genera ard\spergillus, PennicilliumCladosporiumand Al- ameter of 19 um. It is therefore likely thatternaria spores,

ternaria (Lang-Yona et al., 2012; Larsen, 1981). The genusincluding Alternaria alternata have a similar potential for
Alternaria includes numerous plant pathogens (Gravesen eatmospheric transport as other aeroallergens. This suggests
al., 1994) andAlternaria spores are considered an impor- that the temporal and spatial variation Alternaria spores
tant part of the total fungal spectrum in, e.g. potato cropsis mainly dependent on the proximity of local sources and
(e.g. Escuredo et al., 2011; Iglesias et al., 20@Rernaria  only secondarily dependent on long distance transport (LDT)
spores of the specieSlternaria alternatacan also threaten from areas with a high load dlternaria.

human health (Damato and Spieksma, 1995) and cause al- In this study we hypothesize that Danish agricultural areas
lergic symptoms in sensitized individuals when the atmo-are the main source of airborméternaria spores in Den-
spheric concentrations are high (Gravesen, 1979). The obmark, and that the contribution to the overall load is mainly
servational methods in the Danish and the European monitocal but with intermittent LDT from non-Danish areas with
toring programme rely on visual identification of pollen and both a high density of agricultural areas and a potentially
fungal spores. This means that this method cannot identifyhigh load ofAlternaria due to harvest. We have adapted a
Alternaria alternatafrom the genudilternaria. The thresh-  protocol that has been used in several similar European stud-
old of 100 spores I? is based on the methods that include ies on allergenic pollen since 2007 (Hernandez-Ceballos et
both a slit sampler (for growing colonies and subsequental., 2011b; Sikoparija et al., 2009; Stach et al., 2007) and
identification) and a Hirst trap for providing atmospheric use the definitions of local regional and long distance trans-
concentrations (Gravesen, 1979). As such, the threshold gbort as given by Orlanski (1975). Here we investigate our hy-
100 spores m® includes both allergenic and non-allergenic pothesis by analysing a 10 yr record of bi-houtligernaria
fungal spores from the genédternaria. The sources of air- spore observations from Copenhagen with respect to season-
borneAlternaria spores are considered to be mainly vegeta-ality, overall daily pattern and potential source areas to LDT,
tion such as forest and agricultural land (e.g. Stepalska etombined with a dedicated field study on potential emission
al., 1999) during the drying and decomposition of above-sources in agricultural areas.

ground plant tissues (Escuredo et al., 2011; Iglesias et al.,

2007). The studies by Skjgth and Sommer (2010) showed

that in Denmark thé\lternaia season ends in the middle of
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Table 1. Seasonal spore index, day of season start, day of season end, and day of maximum spore concentration and its value. Sum of spore
during season, sum on low days and sum on high days and number of days above the critical threshold of 100 spores as a daily mean value
The sum of low days and high days correspond to the total accumulated catch during the season (the days that cover 95 % of the entire catch
and not the entire year.

Year Seasonal Day of Dayof Day of maxi- maximum  Sum of Sum, low  Sum, Days above
Spore season season mum concen- value spores in daysin high days 100 (high)
Index start end tration spores m3  season season in season spores m3
2001 9431 6 Jul 20 Sep 17 Aug 1016 8966 1875 7091 23
2002 7046 5 Jul 12 Sep 29 Jul 567 6686 1877 4809 21
2003 4488 18 Jul 18 Sep 19 Jul 279 4257 1291 2966 17
2004 5651 2 Jul 8 Sep 6 Aug 607 5321 1266 4055 18
2005 8141 21 Jun 20 Sep 10 Aug 468 7565 1600 5965 20
2006 10781 1 Jul 21 Sep 11 Aug 682 10251 2164 8087 27
2007 7813 20 Jun 28 Aug 17 Jul 588 7386 1735 5651 22
2008 5276 26 Jun 11 Sep 31 Aug 313 5006 2208 2798 17
2009 10511 1 Jul 15 Sep 9 Aug 595 9989 1780 8209 31
2010 7519 8 Jul 8 Sep 3 Aug 689 7178 1651 5527 27
Mean 7946 1 Jul 12 Sep 6 Aug 580 7261 1745 5516 23
SD 2239 7 days 7 days 13 days 208 2044 315 1917 5
Mean diurnual fungal spore concentration (peak days) 2001-2010 ish Meteorological Institute (583 N, 12°34 E) in the cen-

tre of Copenhagen at a height of 15m above sea level.
The near surroundings to the trap in Copenhagen are ur-
500 ban, while nearby areas within a distance>680km are

mainly agricultural in both southern Sweden and Denmark,
as described by Skjgth et al. (2008). Summaries of the data

600

400

300 for the 10 years are organised in two tables in a simi-
lar way as Kasperzyk et al. (2011) with respect to the an-
200 nual spore index (the summation of daily mean values),

Concentration [spores/m?]

day with maximum concentration and start of season (Ta-
ble 1). The annual spore index is dimensionless by conven-
0 tion in aerobiology (Mandrioli et al., 1998), although Buters
et al. (2012) recently have argued that the unit of the asso-
ciated equation must b grains nT3. The Alternaria sea-

Fig. 1. Mean diurnalAlternaria spore concentration for days above sons were defined using the 95 % method (Goldberg et al.,
100 spores m3, n = 232. The error bar for each mean value corre- 1988), as this is the standard analytical method in the Dan-
sponds to 1 standard deviation. ish pollen and spore program (Skjgth and Sommer, 2010;
Sommer and Rasmussen, 2009). Each of the 10 yr are there-
fore investigated during that period, when the accumulated

100

Hour

2 Methodology number of fungal spores are between 2.5% and 97.5% of
_ _ the total annual catch. The daily average concentration of
2.1 Spore trap data and analysis of episodes 100 Alternaria spores m?3 has been reported as a clinical

. o ~ threshold for allergic symptoms (Gravesen, 1979; Ricci et
Measurements from Copenhagen obtained within the Danishy|  1995). Therefore, days with daily average concentration
pollen and spore program (Skjgth and Sommer, 2010; Somap6ye 100 sporesd were investigated for the mean diurnal
mer and Rasmussen, 2009) have been analysed for 2001zyiation (Fig. 1).Alternaria episodes % 100 spores m?)
2010 with respect talternaria spores. In the monitoring  that showed diurnal patterns that were markedly different
programme Alternaria spores are identified at genus level fom the mean daily cycle (Table 2) were investigated fur-
and counted at 640 magnification on 12 transverse strips iner using back trajectory analysis, in a similar way as
for every two hours. The total area of investigation cor- i, related studies orBetula (Skjgth et al., 2009)Quer-
responds to 9.75% of the total sample. This area and th@s (Hernandez-Ceballos et al., 20118)lea (Ferrandez-

flow rate of the fungal spore trap can be used to converiRogiguez et al., 2012; Hernandez-Ceballos et al., 2011b)
the spore count into bi-hourly concentrations or daily mean

concentrations. The trap was located on the roof of the Dan-
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Table 2. Days with episodes (above 100 spore‘s?mof fungal spores with a markedly different daily pattern compared to the overall daily
pattern of the 232 episodes recorded in Copenhagen during 2001-2010.

Date/hour 1 3 5 7 9 11 13 15 17 19 21 23

22 Jul 2001 264 276 384 216 300 216 36 132 84 156 192 180
21 Jul 2003 84 156 204 252 336 384 192 24 48 24 84 12
26 Jul 2003 168 564 432 156 24 0 0 36 0 12 0 60

5 Sep 2004 408 384 204 228 132 228 180 120 144 84 36 0
25 Aug 2005 348 324 300 492 216 84 0 48 0 24 0 36
10 Aug 2006 1452 876 840 600 504 36 96 420 228 420 384 192
25Aug 2006 384 456 168 288 312 180 168 216 120 180 108 120
26 Aug 2006 168 144 192 84 132 180 108 180 60 12 0 12
05 Aug 2007 708 540 540 732 444 492 480 288 420 444 96 36
11 Aug 2007 216 324 264 252 252 252 444 60 0 48 48 12
31 Aug 2008 660 420 540 480 228 600 336 180 84 144 72 12
22 Jul 2009 312 264 444 264 168 216 360 192 24 36 12 48
27 Jul 2009 48 48 156 348 276 36 96 12 12 132 48 84
6 Aug 2010 468 420 420 276 324 168 396 228 312 204 72 108
11 Aug 2010 216 360 336 336 228 24 12 0 0 24 12 12
16 Aug 2010 1344 1428 300 312 204 420 204 504 312 12 0 48

and Ambrosia artemisiifolia(Ferrandez-Llamazares et al., sary. During maturing and senescence of crop plants, prior
2012; Kasprzyk et al., 2011; Sikoparija et al., 2009). to harvest the earlier applied systemic fungicides will cease
to have an effect, which indeed is a regulatory condition for
their use. Therefore, a&lternaria spp. are common to the
environment, having a role in the decay of organic matter
Emission estimates &lternaria spores during harvest were (Kirk e.t al. 2908)’ anylternaria spores found in th|§ stqu
! ; : most likely will reflect the normal course of fungal invasion
obtained at four locations around Tune, Roskilde, Denmark.

. . of grain crops during early summer, occurring in most or all
Samples were obtained from wheat and barley fields betweeﬂel%s of Cepntral an?j Nor)':hern Europe wher% moist condi-

18 August and 16 September 2011. The measurements el ns occur intermittently during the weeks prior to harvest.

et preSenalhe s The hanester was  CASE:H Ayt model 120
P g Axialflow combine with a type 3050 cutter table (width

The grab samples were allowed to immediately sedimen 15¢cm). During sampling of emission estimates, the har-

onto glass slides for later microscopic counting of SPOres. . cter advanced at ca. Akmhwith its air throughput being

Visual inspection of the fields revealed that none of the crops . , :
displayed signs of fungal infection. The barley fields had set to ca. 950 (unitless machine value, corresponding to ca.

X . . 4 : 570 m? min—1). The straw shredder was running on two sam-
been trea_ted against fungal infections by spraying with pyr:'ﬁling dates. on the two others it was turned off.
a_clostrobln and tebuconazo_le on 15 J_une 2.011' The wh.e Samples of emissions were obtained by manually direct-
fields had been treated against fungal infections by spraying

; . : . . g the harvester's exhaust air stream through a 155cm
with propiconazole on 18 April 2011, with pyraclostrobin, long piece of ventilation pipe (polished steel; inner diame-

epoxiconazole and boscalide on 25 May 2011, and again Wltl’tler' 20.cm) and abruptly closing the input end with a padded

epoxiconazole and boscalide on 16 June 2011. All applica- . . .
. X \ . nylon-covered lid. Immediately after closure, the pipe was
tions were according to manufacturers’ and agricultural ad-

) \ . X - . gositioned upright, with the lid on the upper end. The bottom
visors’ recommendations, targeting the fungicide resistanc S :
end was maintained open for 10 s to allow coarse particles to

spgctra of local fungal pathogqns. The _fung|C|des use.d Wer%scape. Then the bottom was sealed using a standard venti-
neither targeted at, nor are claimed active agafistrnaria

. - lation pipe stopper (polished steel, with a rubber seal around
spp., although it cannot be excluded that the fungicides use . o
in the study fields initially had an inhibitory effect oh- Eﬁe edge). The stopper had a glass slide centred on the flat in

. o ner side. The effective sedimentation distance, from the sur-
ternaria spp. Even thougl\lternaria triticina has been re- . .
X . X . . - face of the padded lid to the surface of the glass slide, was
ported to cause fungal infections in wheat in India (Singh 155.5 cm. Samples of emissions were produced by allowing
et al., 1998) and Argentina (Perland Sisterna, 2005), in . .

; . . . particles to sediment onto the glass slide from the air col-
Europe the economic effect éternaria spp. is considered - . . : . ;
NN . i . umn inside the pipe for 9 min. After sedimentation, the slide
insignificant in barley (Gannibal, 2008) and rare in wheat

(Gultyaeva, 2008), making their chemical control unneces_Was removed and archived for later microscopic analysis. In

2.2 Field observations and emission estimates
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several cases, residual control samples were taken by con
tinuing the sedimentation for another 9 min on a fresh glass
slide and maintaining the pipe firmly in an upright position.
Negative control samples included environmental air from
the middle and from the upwind end of each field. Prior to
each sampling, the inside of the pipe was cleaned with a
stream of clean air.

The glass slides for emission estimates were identical to .
those slides that are used in the Danish pollen and spore projs; i
gram (Skjgth and Sommer, 2010; Sommer and Rasmusser(s %
2009). The surfaces of the slides were inspectedkenaria
spores by using the spore counting methodAtternariain SEAN
the Danish pollen and spore program (Skjgth and Sommer \#es i< ¢
2010). The microscopic counts were then converted to sporeg
per volume of air in the exhaust air of the harvesting ma- : :
chine by using the area that has been investigated on the slid| = Sh e

75 150 300 450

600
v_\"th t,he mlcr.osc_:ope (0.900065521&] and the _Sedl,menta_'_ Pote?tial Altjzziwria sou;s in_% per 5kmx5km grid (arable land int:;)tmai;i;)
tion distance inside the pipe (1.55 m) for the third dimension. B o-0 [ 2150 [ +1- 50 [N - 70 [ - 0
The spore concentrations were converted to estimatés of 1120 s1-40 " s1-60 [ 7150 [N o - 100
ternariaspores per ha of harvested field by using the width of Location of spore trap and precipitation stations
the cutting table (9 m) and the driving speed (4 knyof the @ Sporetrap @  Precipitation stations

harvesting machine, and by assuming that the grab Sampll(—aig. 2. Site map including the location of the spore trap in Copen-

. . C g
was representgtwe for the ethlJSt ar sFream (57min~) hagen, the used precipitation stations (Table A2) and the density of
of the harvesting machine. Microscopic counts and calcu-

o - agricultural areas under rotation — the potential sourcdtefnaria
lated fungal spore densities for each sample, along with eSgpores during harvest.
timated emission factors for the fields, are presented in Ta-
ble Al.
episodes with a receiving height of 500 m, which in gen-
2.3 Model calculations and potential source map eral is representative for this kind of aerobiological studies
(e.g. Hernandez-Ceballos et al., 2011a). Air mass trajecto-
Agricultural areas under rotation and with mechanical har-ries were plotted 48 h back in time with 2 h steps between
vesting methods have been identified in the CLC2000 dataseatach trajectory, corresponding to the time step of the fun-
(European Commission, 2005) to consist of the following gal spore observations — following the method described by
three land cover types: non-irrigated arable land (code 211)Stach et al. (2007) and later used by Skjgth et al. (2008,
permanently irrigated land (code 212), and pastures (cod@009), Smith et al. (2008), Sikoparija et al. (2009), and
231). The land cover data have been extracted for CenHernandez-Ceballos et al. (2011a, b) — by using either the
tral and Northern Europe (Fig. 2) and gridded to a tenth of ACDEP (Skjgth et al., 2002) in the matrix style (Skjgth et al.,
the EMEP50 grid ffttp://www.emep.int/grid/griddescr.htinl  2007) or the HYSPLIT (Draxler et al., 2007) models. Mea-
using a similar methodology as Skjgth et al. (2010) andsured precipitation from weather and climate stations have
Ferrandez-Rodguez (2012). The EMEP grid is commonly been used as an estimate for potenfilitrnaria spore re-
used for inventories in European air quality studies includ-lease due to harvest in the potential source regions (Fig. 2
ing the use of the chemistry transport models EMEP (Fagerliand Table A2) by assuming that dry weather and dry fields
and Aas, 2008; Simpson et al., 2012), the EMEP4UK (Vienoare required for intense harvesting. Local meteorological ob-
et al., 2010) and DEHM (Brandt et al., 2012; Skjgth et al., servations of wind speeds during the episodes (Table A3)
2011). This procedure allows easy comparison of density ohave been obtained from one meteorological mast located
relevant emission areas throughout the region and analysis iapprox. 1500 m south of the pollen trap (Skjgth et al., 2008),
relation to atmospheric transport (e.g. Famdez-Rodguez  which is operated by Aarhus University for use in the so-
etal., 2012). called integrated monitoring of air quality in Denmark (Her-
Back trajectories were computed using the Hybrid Singletel et al., 2007).
Particle Lagrangian Integrated Trajectory (HYSPLIT) model
(Draxler et al., 2007). Trajectories were calculated using the
GDAS (Global Data Analysis System) meteorological files
maintained by ARL, with a temporal resolution of 3h and
a spatial resolution of 1 degreel degree. Air mass trajec-
tories were calculated at Copenhagen during the identified
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3 Results not advancing, i.e. no grain being harvested, but the motors
running at normal speed), we were unable to find spores in
3.1 Seasonal and daily variations oAlternaria the exhaust of the machine.

in Copenhagen

The annual spore index dilternaria in Copenhagen var- 3.3  Trajectory calculations, potential source map and

ied by more than a factor of two in the spore index from long distance transport

4488 in 2003 to 10781 in 2006 (Table 1). The mean of the

season start was day number 182, while the mean maxi-., . . . .
) . The inventory of potential sources flternaria spores in

mum day during the season was number 218, with a stan:

dard deviation of 7 and 13 days, respectively. The highestCentral and Northern Europe (Fig. 2) reflects the density of

daily concentration was 1016 sporeshon 17 August 2001 managed agricultural areas that are under rotation. The in-

(the second largest was 853 sporesan the following day, ventory shows that the potential sourceg\tternaria spores

not shown). The highest observed bi-hourly concentrationt < found in many parts of the studied area. The highest

. 1Mo .
was 2727 sporesT# (not shown). A total 232 days during densities (70—-100 %) are found in Westgrn Denmark, central

) ) . . >~ _and northern Germany, southern Scania (Sweden) and cen-
the 10yr period had high concentrations above the cllnlcaltral Poland. Much lower densities (020 %) are found in most
threshold of 100 sporesTA. The contribution from individ- : 0

ual years ranged from 17 high days in 2003 (of 70 days inof southern Sweden, southern Germany, along the border be-

total within the spore season) and 2008 (of 60 days in total)tween Germany and Poland, the southern parts of Poland and

. X T the Baltic countries.
to 31'days in 2009 (of 76 days in total). The gontrlbutlon of In Sects. 3.3.1-3.3.3, the three most outstanding episodes
the high days to the total seasonal load varied from about . . .
. . . .with respect to both load and pattern are discussed in de-
55 % in 2008 to more than 82 % in 2009. The analysis of bi-_. ; . .
. . . tail, using trajectories and the source maps and the overall
hourly Alternaria spore concentrations at high days shows a : . g
. . . . ; . weather pattern, including measured accumulated precipita-
typical daily pattern (Fig. 1), with high concentrations in the tion in the potential source region
late afternoon reaching 378 sporestrand a minimum at P glon.
112 spores m® early in the morning. Sixteen (16) of the 232
high days had a very different pattern (_:ompa_red tothe typicab_?’_1 Episode 1: 30-31 August 2008
daily pattern (Table 2). These non-typical daily patterns were
identified by both visual inspection of each individual day
and correlation analysis of the individual days with the meanDaily averageAlternaria spore concentrations observed on
pattern. Additionally, an inspection of the day before and the30 and 31 August 2008 in Copenhagen were 161 and
day after the period was also carried out in a similar method-313 spores m?, respectively. HourlyAlternaria spore con-
ology as given in other studies (Sikoparija et al., 2009; Skjgthcentrations were low in the beginning of the period and in-
et al., 2009). Except for the year 2002, each year had onereased quickly to above 700 sporestate in the evening
or more of these 16 non-typical high days. Trajectory cal-of the 30th and remained at a level of around 600 spores m
culations show that all of the 16 non-typical high days haduntil midday the 31st (Fig. 3a). From midday the 31st and un-
air masses arriving from main agricultural areas in southerrtil late in the evening, the concentrations gradually decreased
Scania (Sweden), Denmark, Poland or Germany. The threbelow 100 spores n¥. The weather in the study region had a
most outstanding episodes with respect to both load and patigh pressure ridge extending from Iceland (1029 hPa) over
tern are discussed in detalil in Sect. 3.3 using trajectories an@candinavia { 1020 hPa) to northern Germany and cen-

the source map (Figs. 3-5). tral Poland (1022-1023 hPa). This caused air masses to be
pushed from the north towards Copenhagen. Around mid-
3.2 Alternaria emission sources in local agricultural day of the 30th, wind speeds decreased (by investigating the
fields distance between the trajectory points) and the air masses re-
mained for a number of hours over Denmark and Scania, the
Analysis of the field data revealed betweer? &0d 10 Al- southernmost province of Sweden, before arriving in Copen-

ternariaspores m< in the exhaust air of the harvesting com- hagen. Similar situations with low wind speeds were also
bine (Table Al). These have been converted into emission bepresent the 31st (Fig. 3b and c). This was also reflected by
tween 12x 10'%and 67x 10'° Alternariaspores hal during  measured wind speeds down to about Tthat nighttime
harvest. Residual control slides from a second sedimentatioduring the episode (Table A3). A few mm of precipitation
period gave 10-15 % of the initial slide. This suggests thatwere recorded on the 29th in the entire region, and the most
the sedimentation efficiency in the pipe was 85-90%Mer  eastern parts of Denmark and Sweden also recorded precipi-
ternariaspores when using 9 min sedimentation time. Nega-tation on the 28th and 27th (Table A2). This suggests harvest-
tive controls always counted as zero (data not shown). In ading possibilities in Denmark and Sweden starting the 30th
dition, when the farmer let the machine run idle (the machineand good harvesting possibilities on 31 August.
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Fig. 3. (a) Bi-hourly variation inAlternaria spore concentrations (spores# obtained in Copenhagen 30 and 31 August 2008. Back-
trajectories arriving at the spore trap in Copenha@@n30 August;(c) 31 August. The distance between two dots on a trajectory corresponds
to one hour of atmospheric transport.

3.3.2 Episode 2: 10-11 August 2010 more than 6 ms!, where the highest wind speeds were ob-
served in the afternoon of the 11th (Table A3). Heavy precip-

) ) . itation was recorded over eastern parts of Denmark and Sca-
Daily averageAlternaria spore concentrations observed on pis on 9 August (Table A2). The eastern, western and south-

10 and 11 éugust 2010 in Copenhagen were 153 andyn parts of Denmark recorded almost no precipitation from
130 spores m®, respectively. HourlyAlternaria spore con- ¢ 511 August 2010, suggesting generally good harvesting
centrations had a number of peaks (200-400 sporég m possibilities in most of Denmark and northern Germany un-
from the beginning of the period until midday 11 August | ot jeast 10 and partly 11 August.

(Fig. 4a). After that the concentrations remained low. The

weather in the study region was dominated by a high pressurg 3.3  Episode 3: 15-16 August 2010

system (1018-1019 hPa) over central Germany and Poland,

which during most of the period pushed air masses fromDaily averageAlternaria spore concentrations observed on
the south and southwest towards Copenhagen, passing eith&s and 16 August 2010 in Copenhagen were 262 and
Danish or German land areas including water areas (Fig. 4424 spores m®, respectively. HourlyAlternaria spore con-
and c). Measured wind speeds ranged from about 2inics ~ centrations were low until around midday of the 15th
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Fig. 4. (a) Bi-hourly variation inAlternaria spore concentrations (spores®) obtained in Copenhagen 10 and 11 August 2010. Back-
trajectories arriving at the spore trap in Copenha@i@nl10 August;(c) 11 August. The distance between two dots on a trajectory corresponds
to one hour of atmospheric transport.

and then had two distinct peaks exceeding 1000 andbf the 15th, winds veered to the south so that the air masses
1400 sporesm® late in the evening the 15th and during originated from either Germany or Poland. These air masses
early morning the 16th (Fig. 5a). Hereafter concentrationscrossed the Baltic Sea and arrived in Copenhagen either di-
remained high at between 200 and 400 spore$ umtil late rectly from the sea or by crossing the southern parts of Sca-
in the evening of the 16th, when concentrations dropped taia in Sweden. Measured wind speeds ranged from about
near zero. The weather in the study region had a high prest ms™! to more than 6 ms!, where the highest wind speeds
sure area+ 1010-1021 hPa) covering most of Poland, the occurred on the first half of the 16th (Table A3). Heavy pre-
Baltic countries, Russia and reaching down to the Balkan re<ipitation was recorded over Denmark and Scania the 13th
gion. At the same time, minor low pressure centres (1006-and 15th (Table A2). Medium precipitation was recorded at
1013 hPa) were located over southern Sweden and GermanWielkopolski 13, 14 and 15 August, while the remaining 6
This caused air masses from the Eastern and the Baltic staté2lish stations recorded limited or no precipitation. This sug-
to be pushed towards Denmark in the beginning of the pe-gests that during the episode there were limited harvesting
riod. These air masses arrived in Copenhagen from the northpossibilities in Denmark/Sweden and good harvesting possi-
west, passing over northern parts of Scania. Around middayilities in Poland.
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Fig. 5. (a) Bi-hourly variation inAlternaria spore concentrations (spores# obtained in Copenhagen 15 and 16 August 2010. Back-
trajectories arriving at the spore trap in Copenhadl@nl5 August;(c) 16 August. The distance between two dots on a trajectory corresponds
to one hour of atmospheric transport.

4 Discussion (Table 1). Here we have investigated all 232 high days indi-

vidually. Only 16 (Table 2) of the 232 high days have a diur-
The measured airborne concentrationsAiernaria spores  nal pattern that deviates from the overall pattern (Fig. 2). The
in Copenhagen show that the majority of the 232 high dayspotential source map (Fig. 2) shows that Denmark is domi-
have a strong diurnal pattern with a maximum in the latenated by land cover types that can be a strong souréd-of
afternoon and a minimum during night or early morning ternariaspores. Additionally, the emission study from a typi-
(Fig. 1). If the main source dAlternaria spores were remote cal land cover with agricultural production in rotation shows
sources, then this daily pattern could have been either nonthat emission during harvest releases a large amouAt-of
existent or peaked at any time of the day, as the big plumes ofernaria spores, even when the fields have been treated with
LDT of aeroallergens can arrive in Copenhagen at any timefungicides. Finally, the small fraction of high days, which
of the day or night (Mahura et al., 2007; Skjgth et al., 2007,show a diurnal pattern that differs from the overall pattern,
2008). The number of high days are outnumbered by lowhave been analysed with respect to air mass transport (us-
days (Table 1), but every year the total load during the seaing HYSPLIT and the reanalysis meteorological dataset). In
son has been dominated by the high days, which contributedll cases, the air masses came from more remote areas that
up to 82% of the entirdlternaria load during the season
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are also dominated by land cover types containing poten{Kasprzyk and Worek, 2006). This suggests the importance
tial sources toAlternaria spores. Such episodes were iden- of atmospheric transport from nearby agricultural sources.
tified almost every year during the study period (Table 2). Furthermore, the low variation in the samples suggests that
Additionally, it was shown that even if a region such as the experimental method is robust for estimating emission
eastern Denmark and southern Sweden had obtained vemstimates, despite the crude sampling technique, and that it
large amounts of rain, making harvest very difficult, more re- only requires a small number of samples. Surprisingly, fun-
mote regions, e.g. Poland, could have contributed with largegal spore emissions were not increased after the rain period
amounts ofAlternaria spores (Fig. 5). Overall, these studies between 21 August and 10 September 2011, which one could
suggest that the daily load éiternariaspores is dominated have expected, as wet periods are known as periods of fun-
by local or regional sources with intermittent LDT from more gal growth. Instead, harvesting over moist soil after the rain
remote sources, in e.g. Germany and Poland, and that thegeeriod appeared to result in lower spore emissions. Obser-
LDT episodes can happen almost every year. vations similar to ours have been made for other agricul-
Recently, a number of source receptor studies on aeroakural fungal spores (Friesen et al., 2001) and for pollutants,
lergens have been carried out by combining measured corsuch as ammonia. Here the local emission depends strongly
centrations from the Hirst traps with trajectory calculations. on both climate as well as agricultural production methods
These studies have identified both local sources and intermit¢Gyldenkaerne et al., 2005; Sommer et al., 2003, 2006). Our
tent long distance transport from regions with high sourceestimated emission of spores during harvest was of the same
densities. Common to all of these source-receptor studies isrder of magnitude as in the study by Friesen et al. (2001),
that they focus on pollen such Betula(Mahura et al., 2007;  but using a much simpler approach. The simplicity of our
Skjgth et al., 2007, 2008; Veriankaite et al., 201Qyer- method may therefore make it applicable to different areas.
cus (Hernandez-Ceballos et al., 2011@)ea (Ferrandez- The map produced in this study (Fig. 2) suggests that most
Rodiiguez et al., 2012; Hernandez-Ceballos et al., 2011bpf Denmark, southern Scania (Sweden), the northern and
and Ambrosia artemisiifolia(Ferrandez-Llamazares et al., central parts of Poland and Germany, in contrast to southern
2012; Kasprzyk et al., 2011; Sikoparija et al., 2009). Our Poland, have a high density of poten#diernariasource ar-
study suggests that the methodology used for allergenieas. Previously, the southern parts of Poland have been iden-
pollen can be extended to fungal spores and that agriculturdified as having a loweAlternaria load compared to cen-
fields are a potential source of elevatdternariaspore con-  tral Poland, especially Poznan (Stepalska et al., 1999). This
centrations. lower load stood in contrast to the longer vegetation period
The Alternaria spore emissions we have measured duringin southern Poland compared to central Poland (Stepalska et
harvest may be considered average for state-of-the-art agral., 1999). The study by Stepalska et al. (1999) therefore in-
cultural practice. Fungal disease was not observed in eithedicates that there must be a higher density of sources in cen-
wheat or barley fields that were harvested. Despite this, funtral Poland, thus supporting our map. If agricultural areas are
gal spore concentrations were recorded during harvest ughe main source oflternaria spores in Denmark, then it is
ing grab samples from the exhaust to estimate emissiongkely that the fungal spore concentration is higher in western
from the harvesting machine. The grab samples were takeDenmark than eastern Denmark (Copenhagen). In our map of
on four different days from different fields containing bar- potential source areas, western Denmark has a considerably
ley and wheat. These emission estimates from measuremenitsgher proportion of potential source areas than eastern Den-
in the Danish fields gave surprisingly uniform results, aboutmark. Similar relationships have previously been suggested
5 x 10'%spores hat during harvest. With this emission fac- by Corden et al. (2003), as Corden et al. (2003) found a high
tor, a simple Eulerian box model calculation suggests that ifAlternaria spore load in Derby with high agricultural pro-
2% of the entire surface area in a region is harvested, theluction and a low annual spore load at the coastal site in
threshold of 100 sporest@ would be exceeded in the har- Cardiff, which had very limited cereal production. Also in
vested region. Here it is assumed that spores are kept aisouthern Poland, results from the operational trap in Rzes-
borne the entire day, that spores are well mixed in the atzow were compared with results from a rural trap 10 km away
mosphere up to 1000 m, that all fungal spores are kept inKasprzyk and Worek, 2006). In the year 2001, the load was
the local region and that all harvested areas have an emistbout the same at the two Polish sites, while Aliternaria
sion factor similar to the Danish areas that were treated withoad in the rural area was more than double the urban load
fungicides. Thus, our emission factor could be related to than 2002 and with a markedly different seasonal pattern. For
geographical location or could be a function of agricultural Denmark, such relationships remain to be investigated us-
management, such as the use of machinery or application ahg more than one spore trap. Such studies would provide
fungicides. How the real distribution in the atmosphere will valuable information about western Denmark and can also
be in case the emission factor varies between fields, and whelpe used to test the hypothesis in this paper as well as investi-
atmospheric transport and deposition is taken into accountyating the robustness of the proposed source map.
are not known. However, it is known that the concentrations In a Spanish potato crop treated with fungicidéd;
in rural areas typically are larger than in nearby urban areasernaria spores were recorded during the entire growth
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season, but with a peak ilternaria concentration during served on the Spanish part of the Iberian Peninsula (Aira et
leaf senescence (Escuredo et al., 2011; Iglesias et al., 20074l., 2008; Rodriguez-Rajo et al., 2005) or in Sweden (Hjelm-
This suggests that although fields are treated against funroos, 1993), where the annual spore indeXtiérnaria has
gal disease (and visual inspection does not rex#tatnaria been reported to be in the range of 1000-4000. Similar levels
attack), spores are still present in the field and released ims in this study were also reported for Warszawa in a Pol-
varying quantities throughout the entire season. The Spanish study by Stepalska et al. (1999). The same Polish study
ish studies also showed that the fungal spore load in the realso showed that the annual loads in Poznan can have an
gion of Ourense is higher in the field area (Escuredo et al.jndex that exceeds 30000. Such large loads were also ob-
2011) compared to the load that is observed in the nearbgerved by Angulo-Romero et al. (1999) and Maya-Manzano
city area (Aira et al., 2008). This again stresses the impor-et al. (2012) in Merida in 1997, where the spore index for
tance of atmospheric transport on the local scale. More im-Alternaria was about 20000, 25000 and 50000, respec-
portantly, other studies by Hill et al. (1984) and Friesen ettively. The studies from Spain also pointed out that large ge-
al. (2001) have observed very high amounts of spore releasegraphic variations exist in the spore count, as another site,
during harvesting. Similarly, Mitakakis et al. (2001) found Caceres, only had a spore index of about 2000. Here it is
periods ofAlternaria burst during mowing and harvesting of worth to note that Caceres is a region in Spain with lim-
grass in AustraliaAlternaria spp. have been named among ited crop production, while Merida is a Spanish region with
the agents of fungal diseases in whedtgrnaria leaf blight large amounts of irrigated crops such as maize, tomato and
A. triticina; black head moldsAlternaria spp.) and barley fruit trees (Maya-Manzano et al., 2012). The study by Mayo-
(kernel blight,Alternaria spp.). Our study focused on a spe- Manzano et al. (2012) as well as Stepalska et al. (1999) show
cific harvest situation, and samples were taken from a fewthat the variation in the load in the same biogeographical re-
wheat and barley fields that had been treated with fungi-gion can differ by more than a factor of ten between years
cides. Sampling in infested crops, or crops that have not beeand between sites. Such large variations can be difficult to
treated with fungicides, or harvesting using different meth-explain and map using volumetric spore traps alone. The sea-
ods might therefore yield significantly different emission fac- sonal variation found in this study with only one single peak
tors. If emission factors can be obtained from both growinghas been found in most European studies such as Poland,
crops and crop harvest (e.g. by using the simple methodologpweden, England and Spain. Bimodal peaks are only found
that we employed), then this will provide the much neededin the Mediterranean region (Angulo-Romero et al., 1999;
emission factors that can be used by atmospheric modeller€osentino et al., 1995; De Linares et al., 2010; Giner et al.,
in order to increase understanding of hélternariaspores  2001; Lang-Yona et al., 2012; Maya-Manzano et al., 2012).
are released and distributed in the atmosphere. All these studies on annual loads, on seasonal variations as
The main characteristics of the spore season show that theell as our study highlight the interrelated connection be-
annual variations in the spore index from Copenhagen variesveen overall weather in the geographical regions as well as
by more than a factor of two from less than 5000 to morethe abundance of local sources. Studies that focus on vari-
than 10000. The annual index Afternaria spores and the ous aspects of source mapping (e.g. observations of load and
number of days with clinically relevant levels are correlated comparisons between sites, source-receptor studies such as
(% =0.67, column 2 and 10 in Table 1), which is not surpris- using trajectories or actual mapping of potential sources) are
ing as these numbers are highly dependent: the main loatherefore all highly needed for fungal spores. Such studies
of Alternaria spores in Copenhagen is due to episodes ofprovide much needed insight into an area that, according to
peak days (Table 1). The total uncertainty due to the countan editorial in The Lancet (2008), has to some degree been
ing method (Carinanos et al., 2000; Sikoparija et al., 2011;forgotten and therefore needs much more scientific attention.
Sterling et al., 1999), i.e. the person that counts, means basic A number of studies have shown similar daily patterns as
measurement errors and meteorology can easily reach 50 %ur study ofAlternaria spore concentrations. Stepalska and
in total on individual days (Pedersen and Moseholm, 1993) Wolek (2009) showed that in Krakow the distribution of peak
This error requires large differences in the counts in orderconcentrations had a similar pattern as the peak concentra-
to be statistically significant. However, much larger samples tions in this study. In Krakow, peak concentrations are most
such as the samples that produced Fig. 1 (with232), only ~ often observed in the late afternoon, about a factor of three
require a 10 % difference in order to be statistically signifi- more often than during night and early morning (Stepalska
cant when the formula by Pedersen and Moseholm (1993) imnd Wolek, 2009). Similar observations, with a peak in the
used. This small difference must however also be comparethte afternoon and a minimum in the night or early morn-
to the rather large variation in the actual dataset as given byng, were found in the north of Portugal (Oliveira et al.,
the error bars on Fig. 1. The error bars in Fig. 1 and the 10 %2009; Rodriguez-Rajo et al., 2005), north of Spain (Aira
difference as requirement for statistical significance there-et al., 2008), south of Spain (Angulo-Romero et al., 1999;
fore suggest that the observed daily variation is both statistiGiner et al., 2001) and Italy (Ricci et al., 1995). This sug-
cally significant and physically relevant. The annual level in gests that at all these sites, including Denmark, the overall
Copenhagen is generally higher than the levels that are oboad of Alternaria is due to local or regional sources and
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Table Al. ObservedAlternaria spores in grab samples from the harvesting machine, the calculated concentration of s‘&oheshne
exhaust air and the corresponding emission factor from harvested fields.

Date Crop Remarks Spores on slideConcentration Emission factor
(0.6552 cm) (sporesnT3)  perha

18 Aug 2011  Wheat 721 4.68D7 6.7E+10
18 Aug 2011 ... Residual control 106 - -

of previous

sample
21 Aug 2011 Barley 630 3.5807 5.9E+10
21 Aug 2011  Barley 592 3.3807 5.5E+10
21 Aug 2011  Barley 662 3. 7407 6.2E+10
21 Aug 2011 ... Residual control 76 - -

of previous

sample
10Sep 2011  Wheat 376 2407 3.5E+10
10Sep 2011  Wheat 172 9.6B6 1.6E+10
16 Sep 2011 Barley Soil very wet. 131 7886 1.2E+10
16 Sep 2011 Barley Soil very wet. 186 1087 1.76+-10

local dispersion. It is not known if LDT is a contributing 5 Conclusions
factor at locations other than Copenhagen. This again calls

fqr dedicated source-receptor studies on'fungal spores 1‘ror1ch]e present study supports the hypothesis that Danish agri-
sites other than Copenhagen. Such studies can also be COMitural areas are the main source of airboriternaria

sidered an answer to both the editorial in The Lancet (2008)spores in Denmark, meaning that the source of the overall
as well as the overall recommendations given by Cecchi e}oad is mainly local or regional, but with intermittent LDT

al. (2010). from more remote agricultural areas. These LDT episodes

In Denmark,Cladosporiumand Alternaria dominate the :
) contributed to a large degree to the total annual loadlef
atmospheric fungal spore flora by 68.9% and 9.4% of the g g

; . “ternaria spores. In fact, the high days dominate the overall
total fungal spore caich, respectively (Larsen, 1981). nghAlternariaload, although high days are always outnumbered

season for fungal spores is June until October, but externaﬂ)y low days. The hypothesis is supported by the analysed
meteorological factors affect the fluctuation from day to daydata of the 10yr bi-hourly record dlternaria in Copen-

and year to year (Larsen, 1981). Our studies suggest thar%agen that shows a distinct daily profile of 232 clinically rel-

.the Alternaria concg:htra;uons %an. bf expla|rle(é byhgo;nbm- evant episodes (Fig. 1) and the identification of potential long
INg source maps with atmospheric ransport. such Informayy; i, .o transport episodes (Table 2) from areas that could
tion can be relevant for both agriculture as well as patient

that tized to f | Th ber of pati fbe potential source regions (Figs. 3, 4 and 5, respectively).
atare sensitized o Tungai spores. 1he humber of palleniyy, o o yission studies in cereal crops under harvest also sup-

that are sensitive to fungal spores is usually much lower tha .
. .port our hypothesis. The results showed that although the
to pollen (Damato and Spieksma, 1995). A recent study estlr}) yb 9

. S . fields had been treated against fungal infections, harvesting
m 0 -
ates that 2.4 % of the entire population is sensitized to fun still produced large amounts of airborne fungal spores. The

gal spores (Elholm et al., 2010). However, the same data (Elfindings agree well with related studies that show high

holm et al., 2010) showed that asthmatics had as'gn'f'camh{ernaria spore load in agricultural areas in Central Europe.

Elg:er Fr:r?qvilien-cz gf(;u\r;galzsg;reinSfQS|i|\zat|onncc;mprared t his supports the hypothesis that crop harvest in Central Eu-
1on-asthmatics. 6.5 Vs. .07 € two genera, e.SpeCr'ope causes episodes of high airboAiternaria spore con-
tively. For sensitisation télternaria, the corresponding fig-

. centrations in Copenhagen as well as other urban areas in this
ures were 6.1 % vs. 1.7 %, and it has also been observed th%gion P 9

the cI|n|c_aI reaction to fungal SPOTEs 1S often stronger th_an Our findings have several implications. Firstly, forecasting
:ir;)i)reiﬁifZéﬁ;v?c:?zsgillﬁ)nn;?Igf?gszri?] F;ggse(;??:]cz';gm#;s'?saéf fungal spore quantities relevant to allergy patients in Den-
and 'Lreatment of allergy, which would be a direct ,respgnse tomark musttake into account long distar_me tr_ansport, and can-

o ' not be based on measured concentrations in Denmark alone.
the editorial in The Lancet (2008), as well as the overall rec-

: . X ) Secondly, allergy patients need a warning several days ahead
ommendations on aerobiological research as given by Cecc Y gy p 9 y

tal. (2010 h llecti d vsis of bioloa plan their medical intake. This information is not avail-
etal. ( ), suc as coflection and analysis ol aeroblologi, e o fungal spores, as the Danish information system on
cal data on large spatial scales.

fungal spores is very simplistic and is based on information
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Table A2a.Daily measured precipitation in mm da%n the poten-  Table A2c.Daily measured precipitation in mm da%in the poten-

tial source region to the episodesAlifernariaspore concentrations tial source region to the episodesAifernariaspore concentrations
(spores m3) that were measured 30-31 August 2008. The last 7(spores m3) that were measured 15-16 August 2010. The last 7
days of recorded precipitation until the potential episode is used aslays of recorded precipitation until the potential episode is used as
an indicator of good harvesting possibilities. “~" usually means no an indicator of good harvesting possibilities. “—" usually means no
precipitation was recorded, but could potentially also mean techniprecipitation was recorded, but could potentially also mean techni-

cal problems. cal problems.
Station/Date 31 30 29 28 27 26 25 Station/Date 16 15 14 13 12 11 10
061800 — Kastrup 00 00 33 38 66 00 00 Kastrup 05 493 00 254 18 03 00
061490 — Gedser 00 00 20 00 08 00 03 Roskilde/Tune 0.3 36.8 0.0 29.7 3.0 0.0 0.0
061200 — Beldringe 00 00 - 00 00 00 03 Horby 5.3 81 0.0 229 00 0.0 0.3
061410 — Abed - 00 30 00 23 00 00 Helsingborgy 0.0 198 00 229 08 00 0.0
026230 — Hrby 00 00 28 81 38 00 08 : ' : ' : ' :
Plock 0.0 0.0 0.0 0.0 0.0 36.6 0.0
026110 - Helsingborg ~ 00 0.0 15 48 58 00 28 .. -

. arszawa 1.5 0.0 0.0 20 0.0 0.0 15.0
Berlin_Tegel 00 00 01 08 00 00 00 Kolo 6.1 00 41 00 00 0.0 a1
Hamburg 00 00 00 00 00 07 0.0 Wielk Iski 0'0 12' 7 7'9 8'4 0'0 0'0 1'8
Hannover 00 00 00 05 00 00 00 1elkopolski : : - : : ' -

Olsztyn 1.0 0.0 51 0.0 0.0 0.0 20.3
Elblag 15 0.0 0.0 0.0 0.0 4.1 0.0

Table A2b. Daily measured precipitation in mm da}/in the poten-

tial source region to the episodesAifernariaspore concentrations Table A2d. Geographical coordinates of precipitation stations ob-

~3
(spores m®) that Werg megsured.lo—ll AUQ,USt 2910' The last 7tained from National Centre for Environmental Prediction (NCEP)
days of recorded precipitation until the potential episode is used aSnd Deutscher Wetterdienst (only German stations).

an indicator of good harvesting possibilities. “—" usually means no
precipitation was recorded, but could potentially also mean techni-

cal problems. ID Name Latf) Lon(°)

061800 Kastrup 55.617 12.650
Station/Date 11 10 9 8 7 6 5 061700 Roskilde/Tune 55.583 12.133

026230  Horby 55.867 13.667
Kastrup 03 00 284 03 00 18 28 026110 Helsingborg ~ 56.033 12.767
Skrydstrup 30 00 20 03 00 00 20 193300 Poznan o> 117 16850
Gedser 05 00 03 00 00 10 20 173600 Plock br 583 19733
Beldringe 00 00 00 00 00 00 - 123750 Warszawa 52.167 20.967
Abed s 00 00 03 00 - 00 123450  Kolo 52.200 18.667
R9skllde/Tune 0.0 0.0 0.0 0.0 0.0 0.0 1.8 123000  Wielkopolski 52750 15.283
Horby 00 03 213 18 10 00 00 122720 Olsztyn 53.767 20.417
Helsingborg 0.0 00 246 00 00 00 1.8 191600 Elblag a6y 10.433

BerlinTegel 00 00 03 03 00 116 00 061100  Skrydstrup A
Hamburg 21 07 07 01 00 00 45 061490 Gedser 54567 11.967
Hannover 08 34 00 02 01 00 01 061200 Beldringe 55483 10.333
061410 Abed 54.833 11.333

03313  BerlinTegel ~ 52.550 13.300

. 01459  Hamburg 53.633 9.983

from Copenhagen alone (Skjgth and Sommer, 2010). An ex- 01538  Hannover 52450 9667

tension of the spore monitoring programme by using several
spore traps would most likely be very useful, as our study
suggests that the fungal spore load might be higher in other
parts of the country. An alternative is to supplement the cur-In our study we have identified possible LDT episodes, sug-
rent information system with the mathematical model sys-gested a gridded inventory of potential source areas, verified
tems from chemical weather forecasting (e.g. Kukkonen efpotential sources to local emission peaks from harvesting and
al., 2012) and extend these to include the spore productiofiound the typical daily pattern in the observed loadAbf

and emission from countries such as Germany and Polandernaria spores. Each of these pieces of information will be
as well as the agricultural production in Denmark. This ap-very useful in the daily information to the public as well as in
proach might however be very difficult as all relevakit forecasting. The episodes that we analysed in detail showed
ternaria sources remain to be identified. Furthermore, thisthat it is possible to have high days that follow each other and
as well as other studies suggest that the emission pattern that the change from low to high load Afternariais related
related to both biology and agricultural production methods.to both a change in weather and potential source area. Such
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Table A3. Observed wind speed (nT%) on the days with episodes (above 100 sporé§mf fungal spores that were selected and presented

in Table 2.

Date/hour 1 3 5 7 9 11 13 15 17 19 21 23

22 Jul 2001 22 35 31 33 38 38 55 52 39 40 33 22
21 Jul 2003 30 28 42 39 39 43 13 15 18 16 11 15
26 Jul 2003 28 28 37 54 32 41 47 52 25 29 26 26
5 Sep 2004 1.7 20 23 25 27 33 32 29 32 26 27 33
25Aug2005 32 37 40 43 49 51 52 78 57 43 30 35
10Aug2006 18 12 12 24 42 51 44 52 41 20 13 09
25Aug2006 13 12 07 17 22 26 27 20 14 16 13 15
26 Aug2006 15 17 07 16 14 28 26 31 24 16 14 14
5 Aug 2007 27 22 19 10 23 34 38 40 36 34 31 18
11 Aug2007 32 20 23 19 26 34 21 52 31 21 10 32
31Aug2008 21 11 06 09 25 35 33 41 43 40 46 5.1
22 Jul 2009 1.3 17 20 23 44 44 29 40 41 40 33 27
27 Jul 2009 27 40 30 35 44 38 40 44 38 29 23 3.9
6 Aug 2010 14 08 19 39 36 41 28 37 35 34 18 21
11 Aug2010 42 26 25 33 42 53 60 64 50 38 30 19
16 Aug2010 55 57 54 57 60 55 55 34 31 24 09 1.2

patterns can be simulated with atmospheric transport models. of Cordoba, Spain in relation to meteorological parameters, Int.
Furthermore, development of emission models and invento- J. Biometeorol., 43, 45-49, 1999.
ries makes it possible to use source-based models such &g¢lmonte, J., Alarcon, M., Avila, A., Scialabba, E., and Pino, D.:

DEHM (Brandt et al., 2012), SILAM (Sofiev et al., 2006)
and COSMO-ART (Zink et al., 2012) for improved under-
standing of aeroallergens and ultimately better information
to the public.

AcknowledgementsThis work received funding from a post
doc grant (to Carsten Ambelas Skjgth) provided by the Villum

Long-range transport of beedra@us sylvaticd..) pollen to Cat-
alonia (north-eastern Spain), Int. J. Biometeorol., 52, 675-687,
2008.

Brandt, J., Silver, J. D., Frohn, L. M., Geels, C., Gross, A., Hansen,

A. B, Hansen, K. M., Hedegaard, G. B., Skjgth, C. A., Villad-
sen, H., Zare, A., and Christensen, J. H.: An integrated model
study for Europe and North America using the Danish Eulerian
Hemispheric Model with focus on intercontinental transport of
air pollution, 2012, Atmos. Environ., 53, 156-176, 2012.

Kann Rasmussen foundation. We thank Finn Kristiansen, TuneBurshtein, N., Lang-Yona, N., and Rudich, Y.: Ergosterol, ara-

for his cooperation and active support during our measurements
on his fields. The authors would like to thank the National
Centre for Environmental Prediction (NCEP) and Deutscher

bitol and mannitol as tracers for biogenic aerosols in the
eastern Mediterranean, Atmos. Chem. Phys., 11, 829-839,
doi:10.5194/acp-11-829-20,12011.

Wetterdienst for providing meteorological observations exchangedButers, J. T. M., Thibaudon, M., Smith, M., Kennedy, R., Rantio-

under the World Meteorological Organization (WMO) World
Weather Watch Programme. Finally the work includes measured
meteorological observations that are performed within the nation-
wide Air Quality Monitoring Programme for the Urban Areas

(LMP) and especially Thomas Ellermann is highly acknowl-

edged for providing access to quality controlled data (on-line
data and description of the programme can be obtained here:
http://www.dmu.dk/en/air/monitoriny/

Edited by: C. Hoose

Lehtimaki, A., Albertini, R., Reese, G., Weber, B., Galan, C.,
Brandao, R., Antunes, C. M.ader, S., Berger, U., Celenk,
S., Grewling, L., Jackowiak, B., Sauliene, I., Weichenmeier, .,
Pusch, G., Sarioglu, H., Ueffing, M., Behrendt, H., Prank, M.,
Sofiev, M., and Cecchi, L.: Release of Bet v 1 from birch pollen
from 5 European countries. Results from the HIALINE study,
Atmos. Environ., 55, 496-505, 2012.

Carinanos, P., Emberlin, J., Galan, C., and Dominguez-Vilches, E.:

Comparison of two pollen counting methods of slides from a
hirst type volumetric trap, Aerobiologia, 16, 339—-346, 2000.

Cecchi, L., Malaspina, T., Albertini, R., Zanca, M., Ridolo, E., Us-

References

berti, I., Morabito, M., Dall’Aglio, P., and Orlandini, S.: The con-
tribution of long-distance transport to the presence of Ambrosia
pollen in central northern Italy, Aerobiologia, 23, 145-151, 2007.

Cecchi, L., D’amato, G., Ayres, J. G., Galan, C., Forastiere, F., Fors-

Aira, M. J., Rodriguez-Rajo, F. J., and Jato, V.: 47 annual records of
allergenic fungi spore: Predictive models from the NW Iberian
Peninsula, Ann. Agr. Env. Med., 15, 91-98, 2008.

Angulo-Romero, J., Mediavilla-Molina, A., and Ddnguez-
Vilches, E.: Conidia ofAlternariain the atmosphere of the city

Atmos. Chem. Phys., 12, 111024123 2012

berg, B., Gerritsen, J., Nunes, C., Behrendt, H., Akdis, C., Dahl,
R., and Annesi-Maesano, |.: Projections of the effects of climate
change on allergic asthma: the contribution of aerobiology, Al-
lergy, 65, 1073-1081, 2010.

www.atmos-chem-phys.net/12/11107/2012/


http://www.dmu.dk/en/air/monitoring/
http://dx.doi.org/10.5194/acp-11-829-2011

C. A. Skjgth et al.: Crop harvest in Denmark and Central Europe 11121

Ceter, T., Pinar, N., Gney, K., Yildiz, A., Asci, B., and Smith, M.:  Goldberg, C., Buch, H., Moseholm, L., and Weeke, E. R.: Airborne
A 2-year aeropalynological survey of allergenic pollen in the Pollen Records in Denmark, 1977-1986, Grana, 27, 209-217,
atmosphere of Kastamonu, Turkey, Aerobiologia, 28, 355-366, 1988.

2012. Gravesen, S.: Fungi as a Cause of Allergic Disease, Allergy, 34,

Corden, J. M., Millington, W. M., and Mullins, J.: Long-term trends 135-154, 1979.
and regional variation in the aeroallergaiternaria in Cardiff Gravesen, S., Frisvad, J. C., and Samson, R. A.: Microfungi,
and Derby UK — are differences in climate and cereal production Munksgaard, ISBN: 9788716114365, 168 pp., 1994.
having an effect?, Aerobiologia, 19, 191-199, 2003. Gultyaeva, E. I. (A.A. Jaczewski Laboratory of Mycology and Phy-

Cosentino, S., Fadda, M. E., and Palmas, F.: Pollen and mould al- topathology, All-Russian Institute of Plant Protection, St. Pe-
lergy in Southern Sardinia (Italy): Comparison of skin-test fre-  tersburg, Russia)Alternaria alternata(Fr.) Keissl., Cladospo-

quencies and air sampling data, Grana, 34, 338-344, 1995. rium herbarum (Pers.) Link., Epicoccum purpurascens Ehrenb.,

Damato, G. and Spieksma, F. T. M.: Aerobiologic and Clinical As-  Botrytis cinerea Pers. — Black Ear of wheat, edited by: Afonin,
pects of Mold Allergy in Europe, Allergy, 50, 870-877, 1995. A. N., Greene, S. L., Dzyubenko, N. I., and Frolov, A. N., in:

De Linares, C., Belmonte, J., Canela, M., de la Guardia, C. D., Alba- Interactive Agricultural Ecological Atlas of Russia and Neigh-
Sanchez, F., Sabariego, S., and AlongoeR, S.: Dispersal pat- boring Countries. Economic Plants and their Diseases, Pests and
terns of Alternaria conidia in Spain, Agr. Forest Meteorol., 150, Weeds [Online], available abttp://www.agroatlas.ru/en/content/
1491-1500, 2010. diseases/Tritici/TriticiAlternaria.alternata/2008.

Draxler, R., Stunder, B., Rolph, G., and Taylor, A.: Hysplit4 users Gyldenkeerne, S., Ambelas Skjgth, C., Hertel, O., and Ellermann,
guide — Version 4.8, 198 pp., 2007. T.: A dynamical ammonia emission parameterization for use in

Elholm, G., Omland, @., Schhssen, V., Hjort, C., Basinas, |., and air pollution models, J. Geophys. Res.-Atmos., 110, D07108,
Sigsgaard, T.: The cohort of young Danish farmers — A longi-  doi:10.1029/2004JD005452005.
tudinal study of the health effects of farming exposure, Clinical Hernandez-Ceballos, M. A., Garcia-Mozo, H., Adame, J. A,

Epidemiology, 2010, 45-50, 2010. Dominguez-Vilches, E., Bolivar, J. P., De la Morena, B. A,
Escuredo, O., Seijo, M., Feandez-Gonzlez, M., and Iglesias, Perez-Badia, R., and Galan, C.: Determination of potential
I.: Effects of meteorological factors on the levelsAdfernaria sources of Quercus airborne pollen in Crdoba city (southern

spores on a potato crop, Int. J. Biometeorol., 55, 243—-252, 2011. Spain) using back-trajectory analysis, Aerobiologia, 27, 261—
European Commission: Image2000 and CLC2000 Products and 276, 2011a.

Methods European Commission, Joint Research Center (DG@Hernandez-Ceballos, M. A., Garcia-Mozo, H., Adame, J. A.,

JRC), Institute for Environment and Sustainability, Land Man-  Dominguez-Vilches, E., De la Morena, B. A., Bolivar, J. P., and

agement Unit, 1-21020 Ispra (VA), Italy, 2005. Galan, C.: Synoptic and meteorological characterisation of olive
Fagerli, H. and Aas, W.: Trends of nitrogen in air and precipitation:  pollen transport in Cordoba province (south-western Spain), Int.

Model results and observations at EMEP sites in Europe, 1980— J. Biometeorol., 55, 17-34, 2011b.

2003, Environ. Pollut., 154, 448—-461, 2008. Hertel, O., Ellermann, T., Palmgren, F., Berkowicz, R., Lafstrom,
Ferrandez-Llamazared., Belmonte, J., Alarén, M., and lopez- P., Frohn, L. M., Geels, C., Skjgth, C. A., Brandt, J., Christensen,
Pacheco, M.Ambrosia L.in Catalonia (NE Spain): expansion J., Kemp, K., and Ketzel, M.: Integrated air-quality monitoring —

and aerobiology of a new bioinvader, Aerobiologia, 28, 435-451, combined use of measurements and models in monitoring pro-
2012. grammes, Environ. Chem., 4, 65-74, 2007.

Ferrandez-Rodguez, S., Skjgth, C. A., Tormo-Molina, R., Bran- Hill, R. A., Wilson, D. M., Burg, W. R., and Shotwell, O. L., Viable
dao, R., Caeiro, E., Silva-Palacios, I., Gonzalo-Garijo, A., and  Fungiin Corn Dust, Appl. Environ. Microbiol., 47, 84-87, 1984.
Smith, M.: Identification of potential sources of airborne Olea Hirst, J. M.: An automatic volumetric spore trap, Ann. Appl. Biol.,
pollen in the Southwest Iberian Peninsula, Int. J. Biometeorol.,, 39, 257-265, 1952.
accepted, 2012. Hjelmroos, M.: Relationship between airborne fungal spore pres-

Friesen, T. L., De Wolf, E. D., and Francl, L. J.: Source strength ence and weather variables: Cladosporium and Alternaria, Grana,
of wheat pathogens during combine harvest, Aerobiologia, 17, 32, 40-47, 1993.

293-299, 2001. Iglesias, |., Rodguez-Rajo, F., and Bhdez, J., Evaluation of the

Gannibal, Ph. B. (A.A. Jaczewski Laboratory of Mycology and Phy-  different Alternaria prediction models on a potato crop in A
topathology, All-Russian Institute of Plant Protection, St. Pe-  Limia (NW of Spain), Aerobiologia, 23, 27-34, 2007.
tersburg, Russia)Alternaria alternata(Fr.) Keissl., Cladospo- Isard, S., Russo, J., and Ariatti, A.: The Integrated Aerobiology
rium herbarum (Pers.) Link., Epicoccum purpurascens Ehrenb., Modeling System applied to the spread of soybean rust into
Botrytis cinerea Pers. — Black Ear of wheat, edited by: Afonin,  the Ohio River valley during September 2006, Aerobiologia, 23,
A. N., Greene, S. L., Dzyubenko, N. I., and Frolov, A. N., In- 271-282, 2007.
teractive Agricultural Ecological Atlas of Russia and Neighbor- Isard, S. A., Gage, S. H., Comtois, P., and Russo, J. M.: Principles of
ing Countries, in: Economic Plants and their Diseases, Pests and the atmospheric pathway for invasive species applied to soybean
Weeds [Online], available atitp://www.agroatlas.ru/en/content/ rust, Bioscience, 55, 851-861, 2005.

diseases/Hordei/Horddilternariaalternata/2008. Kasprzyk, I. and Worek, M.: Airborne fungal spores in urban and
Giner, M. M., Garga, J. C., and Camacho, C. N.: AirborAg- rural environments in Poland, Aerobiologia, 22, 169-176, 2006.
ternaria spores in SE Spain (1993-98), Grana, 40, 111-118,Kasprzyk, I., Myszkowska, D., Grewling, L., Stach, A., Sikoparija,
2001. B., Skjgth, C. A., and Smith, M.: The occurrence of Ambrosia

pollen in Rzeszow, Krakow and Poznan, Poland: investigation of

www.atmos-chem-phys.net/12/11107/2012/ Atmos. Chem. Phys., 12, 1110723 2012


http://www.agroatlas.ru/en/content/diseases/Hordei/Hordei_Alternaria_alternata/
http://www.agroatlas.ru/en/content/diseases/Hordei/Hordei_Alternaria_alternata/
http://www.agroatlas.ru/en/content/diseases/Tritici/Tritici_Alternaria_alternata/
http://www.agroatlas.ru/en/content/diseases/Tritici/Tritici_Alternaria_alternata/
http://dx.doi.org/10.1029/2004JD005459

11122 C. A. Skjgth et al.: Crop harvest in Denmark and Central Europe

trends and possible transport Ambrosiapollen from Ukraine, Rodriguez-Rajo, F. J., Iglesias, |., and Jato, V.: Variation assessment

Int. J. Biometeorol., 55, 633-644, 2011. of airborne Alternaria and Cladosporium spores at different bio-
Kirk, P. M., Cannon, P. F., Minter, D. W., and Stalpers, J. A.: Dic-  climatical conditions, Mycol. Res., 109, 497-507, 2005.

tionary of the Fungi, 10th Edn., Wallingford, CABI, p. 22, 2008. Sikoparija, B., Smith, M., Skjgth, C. A., Radisic, P., Milkovska, S.,
Kukkonen, J., Olsson, T., Schultz, D. M., Baklanov, A., Klein, T.,  Simic, S., and Brandt, J.: The Pannonian plain as a source of

Miranda, A. I., Monteiro, A., Hirtl, M., Tarvainen, V., Boy, M., Ambrosiapollen in the Balkans, Int. J. Biometeorol., 53, 263—

Peuch, V.-H., Poupkou, A., Kioutsioukis, I., Finardi, S., Sofiev, 272, 2009.

M., Sokhi, R., Lehtinen, K. E. J., Karatzas, K., Sané&]oR., Sikoparija, B., Pejak-Sikoparija, T., Radisic, P., Smith, M., and Sol-

Astitha, M., Kallos, G., Schaap, M., Reimer, E., Jakobs, H., devilla, C. G.: The effect of changes to the method of estimating

and Eben, K.: A review of operational, regional-scale, chemical the pollen count from aerobiological samples, J. Environ. Monit.,

weather forecasting models in Europe, Atmos. Chem. Phys., 12, 13, 384-390, 2011.

1-87,doi:10.5194/acp-12-1-2012012. Simpson, D., Benedictow, A., Berge, H., Bergsir, R., Emberson,
Lang-Yona, N., Dannemiller, K., Yamamoto, N., Burshtein, N., Pec- L. D., Fagerli, H., Flechard, C. R., Hayman, G. D., Gauss, M.,

cia, J., Yarden, O., and Rudich, Y.: Annual distribution of aller-  Jonson, J. E., Jenkin, M. E., Ny A., Richter, C., Semeena, V.

genic fungal spores in atmospheric particulate matter in the East- S., Tsyro, S., Tuovinen, J.-P., Valdebeniéo, and Wind, P.: The

ern Mediterranean; a comparative study between ergosterol and EMEP MSC-W chemical transport model — technical descrip-

guantitative PCR analysis, Atmos. Chem. Phys., 12, 2681-2690, tion, Atmos. Chem. Phys., 12, 7825-78@6j:10.5194/acp-12-

doi:10.5194/acp-12-2681-2012012. 7825-20122012.
Larsen, L. S.: A 3-Year-Survey of Micro-Fungi in the Air of Copen- Singh, R. V., Singh, A. K., and Singh, S. P.: Distribution of
hagen 1977-79, Allergy, 36, 15-22, 1981. pathogens causing foliar blight of wheat in India and neighboring

Mahura, A., Korsholm, U., Baklanov, A., and Rasmussen, A.: Ele- countries, in: Helminthosporium Blights of Wheat: Spot Blotch
vated birch pollen episodes in Denmark: contributions from re- and Tan Spot, edited by: Duveiller, E., Dubin, H. J., Reeves, J.,
mote sources, Aerobiologia, 23, 171-179, 2007. and McNab, A., Mexico, D.F., CIMMYT, 59-62, 1998.

Mandrioli, P., Comtois, P., and Levizzani, V.: Methods in Aerobiol- Skjgth, C. A. and Sommer, J.: Two extended pollen and fungal
ogy: Pitagora Editrice, Bologna, ISBN 88-371-1043-X, 262 pp.,  spore calendars for Denmark, their representativeness and cross-

1998. reactivity between pollen and food products, Presented at the
Maya-Manzano, J., Feamdez-Rodriguez, S., Héandez-Trejo, F., 9th international Congress on Aerobiology, Buenos Aires, Ar-

Diaz-Peres, G., Gonzalo-Garijé,, Silva-Palacios, I., Munoz- gentina, 23—-27 August, Abstract and Poster, 2010.

Rodriguez, A., and Tormo-Molina, R.: Seasonal MediterraneanSkjgth, C. A., Hertel, O., and Ellermann, T.: Use of the ACDEP tra-

pattern for airborne spores Afternaria, Aerobiologia, 28, 515— jectory model in the Danish nation-wide Background Monitoring

525, 2012. Programme, Phys. Chem. Earth, 27, 1469-1477, 2002.

McCartney, H. A., Schmechel, D., and Lacey, M. E.: Aerodynamic Skjgth, C. A., Sommer, J., Stach, A., Smith, M., and Brandt, J.: The
Diameter of Conidia of Alternaria Species, Plant Pathol., 42, long range transport of birciBetulg pollen from Poland and
280-286, 1993. Germany causes significant pre-season concentrations in Den-

Melgar, M., Trigo, M., Recio, M., Docampo, S., Gaeanchez, mark, Clin. Exp. Allergy, 37, 1204-1212, 2007.

J., and Cabezudo, B.: Atmospheric pollen dynamics imbter, Skjgth, C. A., Sommer, J., Brandt, J., Hvidberg, M., Geels, C.,
north-western Germany: a three-year study (2004-2006), Aero- Hansen, K., Hertel, O., Frohn, L., and Christensen, J.: Copen-
biologia, 28, 423-434, 2012. hagen — a significant source of bircBdtula) pollen?, Int. J.

Mitakakis, T. Z., Clift, A., and McGee, P. A.: The effect of local Biometeorol., 52, 453-462, 2008.
cropping activities and weather on the airborne concentration ofSkjath, C. A., Smith, M., Brandt, J., and Emberlin, J.: Are the birch
allergenicAlternaria spores in rural Australia, Grana, 40, 230—  trees in Southern England a source of Betula pollen for North
239, 2001. London?, Int. J. Biometeorol., 53, 75—-86, 2009.

Oliveira, M., Ribeiro, H., Delgado, J., and Abreu, |.: Seasonal andSkjgth, C. A., Smith, M., Sikoparija, B., Stach, A., Myszkowska,
intradiurnal variation of allergenic fungal spores in urban and D., Kasprzyk, I., Radisic, P., Stjepanovic, B., Hrga, I., Apatini,
rural areas of the North of Portugal, Aerobiologia, 25, 85-98, D., Magyar, D., Paldy, A., and lanovici, N.: A method for pro-

2009. ducing airborne pollen source inventories: An examplé\of-
Orlanski, I.: A rational subdivision of scales for atmospheric pro-  brosia(ragweed) on the Pannonian Plain, Agr. Forest Meteorol.,
cesses, B. Am. Meteorol. Soc., 56, 527-530, 1975. 150, 1203-1210, 2010.

Pedersen, B. V. and Moseholm, L.: Precision of the daily pollen Skjgth, C. A., Geels, C., Berge, H., Gyldenkaerne, S., Fagerli, H.,
count. Identifying sources of variation using variance component Ellermann, T., Frohn, L. M., Christensen, J., Hansen, K. M.,
models, Aerobiologia, 9, 15-26, 1993. Hansen, K., and Hertel, O.: Spatial and temporal variations in

Perelb, A. E. and Sisterna, M. N.: Leaf blight of wheat caused by = ammonia emissions — a freely accessible model code for Europe,
Alternaria triticina in Argentina, New Disease Reports, 11, 24—  Atmos. Chem. Phys., 11, 5221-528®;:10.5194/acp-11-5221-
28, 2005. 2011 2011.

Ricci, S., Bruni, M., Meriggi, A., and Corsico, R.: Aerobiological Smith, M., Emberlin, J., and Kress, A.: Examining high magnitude
monitoringAlternariafungal spores: a comparison between sur-  grass pollen episodes at Worcester, United Kingdom, using back-
veys in 1992 and 1993 and local meteorological conditions, Aer- trajectory analysis, Aerobiologia, 21, 85-94, 2005.
obiologia, 11, 195-199, 1995. Smith, M., Skjgth, C. A., Myszkowska, D., Uruska, A., Malgo-

rzata, P., Stach, A., Balwierzg, Z., Chlopek, K., Piotrowska, K.,

Atmos. Chem. Phys., 12, 111024123 2012 www.atmos-chem-phys.net/12/11107/2012/


http://dx.doi.org/10.5194/acp-12-1-2012
http://dx.doi.org/10.5194/acp-12-2681-2012
http://dx.doi.org/10.5194/acp-12-7825-2012
http://dx.doi.org/10.5194/acp-12-7825-2012
http://dx.doi.org/10.5194/acp-11-5221-2011
http://dx.doi.org/10.5194/acp-11-5221-2011

C. A. Skjgth et al.: Crop harvest in Denmark and Central Europe 11123

Kasprzyk, 1., and Brandt, J.: Long-range transporafbrosia Stepalska, D., Harmata, K., Kasprzyk, I., Myszkowska, D., and
pollen to Poland, Agr. Forest Meteorol., 148, 1402-1411, 2008.  Stach, A.: Occurrence of airbori@adosporiumandAlternaria

Sofiev, M., Sillamo, P., Ranta, H., and Rantio-Lehtimaki, A.: To-  spores in Southern and Central Poland in 1995-1996, Aerobiolo-
wards numerical forecasting of long-range air transport of birch  gia, 15, 39-47, 1999.
pollen: theoretical considerations and a feasibility study, Int. J. Sterling, M., Rogers, C., and Levetin, E.: An evaluation of two
Biometeorol., 50, 392-402, 2006. methods used for microscopic analysis of airborne fungal spore

Sommer, J. and Rasmussen, A.: Measurements of pollen and spores concentrations from the Burkard Spore Trap, Aerobiologia, 15,
in Denmark 2009 (in Danish: Pollen- og spor@inger i Dan- 9-18, 1999.
mark saesonen 2009): The Astma-Allergy Association, Univer- The Lancet: Allergic rhinitis: common, costly, and neglected, The
sitetsparken 4, 4000 Roskilde, Denmark, 45 pp., 2009. Lancet, 371, p. 2057, 2008.

Sommer, S. G., Genermont, S., Cellier, P., Hutchings, N. J., Olesenyeriankaite, L., Siljamo, P., Sofiev, M., Sauliene, 1., and Kukko-
J. E., and Morvan, T.: Processes controlling ammonia emission nen, J.: Modelling analysis of source regions of long-range trans-
from livestock slurry in the field, Eur. J. Agron., 19, 465-486, ported birch pollen that influences allergenic seasons in Lithua-
2003. nia, Aerobiologia, 26, 47-62, 2010.

Sommer, S. G., Zhang, G. Q., Bannink, A., Chadwick, D., Missel- Vieno, M., Dore, A. J., Bealey, W. J., Stevenson, D. S., and Sutton,
brook, T., Harrison, R., Hutchings, N. J., Menzi, H., Monteny, G. M. A.: The importance of source configuration in quantifying
J., Ni, J. Q., Oenema, O., and Webb, J.: Algorithms determining footprints of regional atmospheric sulphur deposition, Sci. Total
ammonia emission from buildings housing cattle and pigs and Environ., 408, 985-995, 2010.
from manure stores, Elsevier Academic Press Inc, San DiegoZink, K., Vogel, H., Vogel, B., Magyar, D., and Kottmeier, C.: Mod-
335 pp., 2006. eling the dispersion oAmbrosia artemisiifolid_. pollen with the

Stach, A., Smith, M., Skjath, C. A., and Brandt, J.: Examiniug- model system COSMO-ART, Int. J. Biometeorol, 56, 669-680,
brosiapollen episodes at PozingPoland) using back-trajectory doi:10.1007/s00484-011-0468-83012.
analysis, Int. J. Biometeorol., 51, 275-286, 2007.

Stepalska, D. and Wolek, J.: Intradiurnal periodicity of fungal spore
concentrations (Alternaria, Botrytis, Cladosporium, Didymella,

Ganoderma) in Cracow, Poland, Aerobiologia, 25, 333-340,
20009.

www.atmos-chem-phys.net/12/11107/2012/ Atmos. Chem. Phys., 12, 1110723 2012


http://dx.doi.org/10.1007/s00484-011-0468-8

