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Abstract:  A 1-year aeromycological study was conducted in the area of Zagreb, the 
capital of Croatia, in order to establish seasonal variations in the composition and 
concentration of aeromycota. Sampling was carried out at 3 locations: the city centre, 
the Pharmaceutical botanical garden and the mountain of Medvednica, at regular 
intervals using the Mas 100 Eco Air-sampler with Sabouraud-dextrose agar. Airborne 
fungi peaked during spring and summer (110–284 cfu/m3), while lower levels were 
detected in autumn and winter at each of the 3 sampling sites (6–128 cfu/m3). 
Significantly lower concentrations were found in Medvednica region (p<0.01) during 
most sampling periods. Yeasts were present in higher concentrations in autumn and 
winter (11–46 cfu/m3) than during spring and summer (9–11 cfu/m3) in the city centre 
and botanical garden. In the Medvednica region, yeasts were found at significantly 
lower concentrations than at other locations only during the autumn and winter (1–16 
cfu/m3). The dominant fungi contributing to these differences were species of 
Cladosporium, Penicillium and Alternaria. These genera comprised between 30.4–
79.5% of the samples. Other stable components of aeromycota were Fusarium, 
Aspergillus and sterile mycelia (11.1–44.0%). Total counts of airborne fungi as well as 
individual counts of Cladosporium and Alternaria showed significant positive 
correlations with temperature and solar radiation (p<0.05). Alternaria also showed a 
significant correlation with wind speeds while Cladosporium was negatively correlated 
with atmospheric pressure (p<0.05). Yeasts showed a significant positive correlation 
with relative humidity, yet were negatively correlated with temperature and solar 
radiation in the city centre and the botanical garden. In contrast, a significant positive 
correlation in the case of yeasts was observed in the Medvednica region with respect to 
temperature and solar radiation (p<0.05). 
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INTRODUCTION  
 
Fungi are ubiquitous, occurring as saprophytes or 

parasites on a variety of substrata. From there they 
become airborne. Concentrations of airborne fungi 
depend on several factors: seasonal and daily variations in 
meteorological conditions (temperature, humidity, wind 
speed, rainfall, solar radiation), vegetation, air pollution, 
agricultural, industrial and other human activities [9]. 
Seasonal variations in fungal concentration are related to 

geographical climatic factors of a particular region. Most 
reports showed that higher concentrations of airborne 
fungi were recorded during the summer (July, August, 
September) and early autumn (October), while lower 
concentrations were measured during the winter months 
of January and February [1, 12, 17, 18, 29].  

Among airborne fungi, members of Cladosporium, 
Alternaria, Penicillium and Aspergillus were permanently 
present in many aeromycological calendars. The genus 
Cladosporium is one of the most abundant airborne fungi 
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in warm areas with peaks in summer and early of autumn 
[12, 16, 17, 20, 28]. Also, Alternaria shows a similar 
seasonal pattern in response to temperature while 
Penicillium and Aspergillus were noted at higher concen-
trations during the winter months (December to February) 
[12, 17, 18]. Meteorological factors influence the 
composition and concentration of airborne fungi: high 
temperature increases Alternaria spore concentration; 
frequent rainfall correlates with Fusarium levels; 
relatively low wind speed (0.5 m/s) releases a high 
number of conidia of Penicillium sp. and Aspergillus 
fumigatus [1, 2, 24].  

Various plants can be infected with plant pathogens 
Fusarium and Alternaria species, which can be dispersed 
into the air. On the other hand, the presence of plants, 
known to produce essential oils and aerosol, which 
showed sporistatic, fungistatic, and fungicidal activities 
[25, 26], possibly reduces airspora viability. Increase of 
CO2 concentration stimulates fungal sporulation 
suggesting that levels of the airspora correlate with air 
pollution [13]. In addition, increase of SO2 (product of 
fossil coal combustion) in cold months can reduce 
airborne fungi concentration [1]. Airborne fungi are 
sometimes associated with respiratory diseases, such as 
chronic bronchitis, asthma, allergies, hypersensitive 
pneumonitis and infectious diseases such as aspergillosis 
[9, 23, 30]. Resano and co-workers [27] found fungal 
sensitisation in 20% of patients diagnosed with rhinosi-
nusitis and/or bronchial asthma and the most frequently 
involved fungi were Alternaria and Cladosporium. The 
examination of common airborne fungi distribution in a 
particular region can be helpful in: identifying association 
between domestic fungal sensitisation and clinical 
diagnosis; and clinical prevention of the seasonal allergic 
diseases [33]. Therefore, the purpose of our study was to 
determine seasonal variations in the composition and 
concentration of the aeromycota at different locations in 
Zagreb, the capital of Croatia.  

MATERIALS AND METHODS 
 

The study area. The study was conducted at 3 
locations in Zagreb area: the city centre (C); the 
Pharmaceutical botanical garden “Fran Kušan” (BG); and 
the mountain of Medvednica (M).  

The first sampling site C is characterised by heavy 
traffic and streetcars as public transport. Near the 
sampling station there is a city-park with trees Platanus 
orientalis.  

The second location BG is a residential area with less 
traffic. The pharmaceutical botanical garden (2.4 ha) 
contains continental and Mediterranean plant species, 
including a great number of medical plants such as Picea 
abies, Mentha piperita, Melissa officinalis, Pelargonium 
radula, Rosmarinus officinalis, Artemisia absinthium, 
Salvia officinalis, Micromeria thymifolia, Tanacetum 
parthenium, Lavandula officinalis, and many others. 
These particular species contain essential oils, which 
showed antifungal activities [25].  

The third station M is a picnic area with the mountain 
house “Puntijarka” at the height of 957 m, represented 
with plant association such as Lamio orvale-Fagetum 
sylvaticae, Abieti-Fagetum, Blechno-Fagetum and Aceri 
Fraxinetum. 

 
Sampling, isolation and identification methods. 

Samples were collected over a period of 12 months 
between October 2002–September 2003. Each month, 
samples were obtained 4 times in 6 replicates at 1 
location. Thus, 864 samples were collected in total.  

The samples were usually taken on Sundays between 
12:00–15:00, except when it was raining or snowing. In 
that case, sampling was carried out on another day of the 
week during clement weather, and always between 12:00–
15:00. Fungi were sampled using the Mas 100 Eco Air-
sampler (Merck) (hole-to-agar impactor), with 400 holes, 
and Sabouraud agar plates (9 cm diameter) supplemented 

Table 1. Averages of meteorological measurements: temperature (T), relative humidity (RH), atmospheric pressure (P), wind speed (WS), rainfall 
(R), and solar radiation (SR) in Zagreb and Medvednica from October 2002–September 2003. 

 

  X XI XII I II III IV V VI VII VIII IX 

Zagreb T (ºC) 11.5 12.0 1.5 1.5 1.3 9.5 13.6 23.0 25.5 26.0 28.2 19.3 

 RH (%) 71.8 76.3 87.0 68.3 76.5 49.8 37.3 54.5 51.5 49.0 51.5 56.6 

 P (hPa) 1020.8 1013.4 1023.2 1023.5 1025.9 1026.9 1017.0 1014.9 1014.0 1016.5 1015.7 1023.1 

 WS (m/sec) 0.05 0.1 0.1 0.2 0.2 0.4 0.2 0.3 0.2 0.1 0.2 0.2 

 R (mm) 107.9 75.8 71.3 73.1 30.5 8.1 28.9 19.8 75.2 78.6 17.4 78.6 

 SR (h) 121.7 76.1 21.5 87.3 117.8 183.8 180.8 272.5 287.3 297.0 303.3 214.1 

Medvednica T (ºC) 810 8.0 -4.7 -2 -5.6 3.8 6.0 17.5 17.0 20.0 24.0 18.3 

 RH (%) 84.0 85.0 97.0 81.5 90.0 58.5 52.3 74.5 55.0 58.5 59.0 71.6 

 P (hPa) 902.8 899.0 905.13 904.7 915.8 909.6 902.0 904.2 904.7 906.1 906.8 910.6 

 WS (m/sec) 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.2 

 R (mm) 133.5 87.8 86.1 115.1 71.3 16.1 43.9 26.4 37.3 117.1 49.7 120.5 

 SR (h) 126.3 74.1 16.9 88.1 108.7 180.5 184.9 263.1 270.5 260.3 275.9 204.8 
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with 50 mg/l of streptomycin and 20.000 I.U. of 
penicillin. The impaction velocity is approximately 10.8 
m per second [19]. Airflow rate is 100 l/min. The 
sampling height 0.7–1.2 m and the sampling time was 2 
min.  

After field sampling, the plates were incubated at 25ºC 
± 2 for 5 days, and colony forming units of moulds and 
yeasts in cubic meter (cfu/m3) were counted. Fellers 
correction was not applied [7].  

The airborne fungi were identified on the basis of their 
macro- and microscopic characteristics after subculturing 
on Czapek and Malt, Potato dextrose and Synthetic 
nutrient agar according to keys [6, 28].  

 
Meteorological measurements. Meteorological data: 

temperature, relative humidity, atmospheric pressure and 
wind speed in sampling time, and average monthly 
rainfall and solar radiation (Tab. 1) were obtained from 
the Meteorological and Hydrological Service in Zagreb 
(www.meteo.hr/index.html). 

Statistics. The data obtained as cfu/m3, were 
statistically analysed by the 1-way analysis of variance 
(ANOVA), followed by the multiple comparison proce-
dure (Bonferroni test). The Pearson correlation coeffi-
cients between the cfu/m3 and meteorological data 
(temperature, relative humidity, solar radiation, atmosphe-
ric pressure, wind speed) were also analysed. The level of 
p<0.05 was considered statistically significant for all tests 
performed. 

 
RESULTS 

 
The mean and standard deviation of the concentration 

of airborne viable moulds and yeasts over a period of 12 
months are given in Figures 1-2. Higher levels of airborne 
moulds were counted during the late spring and summer. 
The peaks of concentration were recorded from May to 
September at all the sampling sites and were in the range 
from 110 cfu/m3 in June (M) to 284 cfu/m3 in August (C). 
In June and August significantly higher concentrations of 

Table 2. Airborne fungi detected in central Zagreb (C) with annual mean concentrations (cfu/m3), frequencies (%) and concentration range during the 
12 months. 

 

Airborne fungi (C) % cfu/m3 range (cfu/m3)  
(minimum–maximum) 

detected in months 

Cladosporium 79.5 81.55 1.04–192.97 all 

Penicillium 70.4 13.12 1.86–31.46 all 

Alternaria 59.4 15.84 0.42–66.46 all 

Fusarium 44.0 3.87 0.83–12.91 all 

Aspergillus 43.0 3.63 1.46–8.54 all 

Paecilomyces 6.9 0.42 0.20–1.66 XI, XII, IV, V, VII 

Chrysosporium 10.4 1.24 0.63–5.83 XI, I, II, III, IV, VII, IX 

Phoma 5.9 0.32 0.20–1.25 X, XI, XII, I, II, III, IV, V, VI 

Sterile mycelia 11.1 1.66 0.20–7.92 I, IV, V, VI, VII, VIII, IX 

Botrytis 3.8 0.19 0.42–0.83 X, XI, XII, V 

Mucor 2.7 0.21 0.20–1.67 XI, IV, VII, VIII 

Rhizopus 7.1 0.64 0.20–4.79 X, XI, II, VI, VII, VIII, IX 

Trichoderma 2.4 0.12 0.20–0.42 X, XII, III, IV, V 

Ulocladium 2.4 0.12 0.20–0.42 XI, I, II, VI, VII 

Curvularia 1.4 0.10 0.20–0.63 II, III, VII 

Absidia 1.4 0.08 0.20–0.42 XII, III, VII, VIII 

Geotrichum 3.1 0.17 0.20–1.04 II, III, IV, V 

Arnium 0.3 0.03 0.2–0.63 VII, IX 

Botryomyces 0.3 0.02 0.20 XI 

Trichothecium  0.3 0.02 0.20 III 

Sclerotium 1.0 0.07 0.20–0.42 I, IV, IX 

Dreschlera 1.0 0.05 0.20–0.42 IV, V 

Pithomyces 1.0 0.05 0.20 II, IV, V 

Scopulariopsis 1.0 0.05 0.20–0.42 III, IV 

Unidentified fungi 22.5 2.37 0.42–6.46 all 
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the airborne moulds were found at C (182-284 cfu/m3) 
than at BG (128-201 cfu/m3) and M (110-223 cfu/m3) 
(p<0.05), while in May these concentrations were 
significantly higher at both C (225 cfu/m3) and BG (204 
cfu/m3) than at M (112 cfu/m3) (p<0.01). During July 
(170-197 cfu/m3) and September (190-255 cfu/m3) 
concentrations did not differ significantly (p>0.05). From 
early autumn (October) to early spring (April) 
concentrations of airborne moulds were lower than in 
other periods of the sampling (6-128 cfu/m3). In October, 
December, January and March these concentrations were 
significantly higher at C (25-128 cfu/m3) and BG (30-108 
cfu/m3) comparing to M (6-30 cfu/m3) (p<0.01). In 
November and April the levels of airborne fungi were 
significantly lower at M (30-48 cfu/m3) than at C (77 
cfu/m3) (p<0.01), while at BG and M concentrations did 
not differ significantly (p>0.05). Significant correlation 
was found between monthly means of airborne fungi 
concentrations and both, temperature and solar radiation 
(p<0.001) (Tab. 5).  

Yeasts were found in higher concentration during the 
autumn and winter periods at C (15-46 cfu/m3) and BG 
(11-36 cfu/m3), compared to their levels in spring and 
summer (10-16 cfu/m3 at C, 9-11 cfu/m3 at BG). 
Measured concentrations did not differ significantly 
(p>0.05). The levels of the yeasts showed a significant 
positive correlation with relative humidity and significant 
negative correlation with temperature and solar radiation 
(Tab. 5).  

At site M, yeasts showed a different pattern; they were 
found at significantly lower concentrations during autumn 
and winter (0.62-16.0 cfu/m3) than at C and BG (p<0.01). 
In spring and summer months these levels were higher 
(7.2-15.4 cfu/m3) and similar to those recorded at C and 
BG (p>0.05). The levels of the yeasts at site M showed 
significant positive correlation with the temperature and 
solar radiation. The airborne fungal genera are listed in 
Tables 2-4 in descending order based on their frequencies, 
which were calculated as positive samples in the total 
number of samples for each location. 

Table 3. Airborne fungi detected in the Pharmaceutical botanical garden (BG) with annual mean concentrations (cfu/m3), frequencies (%) and 
concentration range during the 12 months. 

 

Airborne fungi (BG) % cfu/m3 range (cfu/m3)  
(minimum–maximum) 

detected in months 

Cladosporium 79.5 61.94 2.92–150.00 all 

Penicillium 66.3 9.34 2.92–16.88 all 

Alternaria 59.0 18.07 0.20–60.83 all 

Aspergillus 34.7 4.10 0.83–4.58 all 

Fusarium 36.1 3.49 1.46–11.25 X, XI, I, III, IV, V, VI, VII, VII, IX 

Sterile mycelia 17.3 1.62 0.20–6.46 XI, XII, I, III, IV, V, VI, VII, VIII, IX 

Chrysosporium 5.9 0.95 0.20–3.12 XII, I, II, III, IV, V, VI, IX 

Geotrichum 5.9 0.93 0.20–5.83 I, III, IV, V, VII, VIII 

Rhizopus 6.6 1.01 0.42–7.10 XI, I, V, VI, VII, VIII, IX 

Botrytis 3.8 0.27 0.63–1.46 XI, XII, IX 

Basidiomycete typea 2.7 0.24 0.20–2.70 II, VIII 

Phoma 2.7 0.21 0.20–0.83 XI, XII, II, V, VI 

Paecilomyces 2.7 0.19 0.20–1.25 X, I, II, VI, VII 

Ulocladium 2.7 0.19 0.20–1.67 I, III, IV, VI 

Sclerotium 2.7 0.19 0.20–0.63 X, XII, IV, VI, VII 

Mucor 2.7 0.14 0.20–0.63 XI, III, V, VII 

Absidia 1.7 0.08 0.20–0.42 III, IV, VI, IX 

Trichoderma 4.1 0.39 0.20–1.25 X, XI, II, III, V, VI, VIII 

Curvularia 0.3 0.03 0.20 XI, VII 

Phialophora 0.3 0.03 0.20 IV, V 

Dreschlera 0.3 0.02 0.20 V 

Gliocladium 0.3 0.02 0.20 XI 

Nigrospora 0.3 0.02 0.20 III 

Arnium 1.0 0.07 0.20–0.63 VIII, IX 

Unidentified fungi 18.7 1.94 0.20–5.00 all 
 

acharacterised with white mycelium, clamp-connections and arthroconidia 
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Cladosporium was the most abundant genus at all 
locations (up to 79.5%), followed by Penicillium (up to 
70.4%), Alternaria (up to 59.4%), Fusarium (44.0%) and 
Aspergillus (up to 43%). These fungi were detected in all 
12 months at C and BG in presented order with similar 
AMC and frequencies (Tab. 2-3).  

At site M, Penicillium was in third place in descending 
order (30.4%), behind Cladosporium (73.3%) and 
Alternaria (46.2%), followed by sterile mycelia (21.5%) 
and Fusarium (18.4%) (Tab. 4). At this sampling site, 
Cladosporium and Penicillium were constantly present, 
while Alternaria and Fusarium were not found during 1 
month in the winter period. Also, Penicillium, Alternaria, 
Fusarium and Aspergillus (11.8%) were present in lower 
AMC and frequency at M than at C and BG.  

Some white and dark sterile mycelia were detected 
predominantly in the summer period at all locations, with 
higher frequencies at sites M and BG (up to 21.5%) and 
lower at C (11.1%). Chrysosporium and Rhizopus were 

found sporadically during all seasons at each location, but 
with higher AMC and frequency at C and BG (5.9-10.4%) 
than at M (up to 5.5%). On the other hand, basidiomycete 
type (characterised with white mycelium, clamp-
connections and arthroconidia), Absidia and Geotrichum 
were more frequently found at site M (8.7-10.4%) 
particularly in August and September, compared to BG 
and C.  

Concentrations of basidiomycete type at M did not 
correlate with meteorological parameters. Trichoderma, 
Botrytis, Phoma, Paecilomyces, Mucor, Curvularia and 
Sclerotium were found sporadically over the sampling 
period at all sites with lower frequency (1-5%) and AMC 
(lower than 1 cfu/m3). Arnium, Nigrospora, Gliocladium, 
Dreschlera, Phialophora, Scopulariopsis, Chaetomium, 
Botryomyces and Trichothecium were rare in samples, 
found only one or three times during sampling. Since 
Cladosporium, Penicillium, Alternaria, Fusarium and 
Aspergillus were constant airborne fungi, dominating over 

Table 4. Airborne fungi detected on Medvednica (M) mountain with annual mean concentrations (cfu/m3), frequencies (%) and concentration range 
during the 12 months. 

 

Airborne fungi (M) % cfu/m3 range (cfu/m3)  
(minimum–maximum) 

detected in months 

Cladosporium 73.3 53.44 0.63––196.7 all 

Alternaria 46.2 10.99 0.42–56.67 only not detected in II 

Penicillium 30.4 4.42 0.20–23.3 all 

Sterile mycelia 21.5 2.62 0.20–12.92 XI, XII, I, III, IV, V, VI, VII, VIII, IX 

Fusarium 18.4 1.55 0.20–2.29 only not detected in XII 

Aspergillus 11.8 0.68 0.42–1.46 X, XI, XII, III, IV, VI, VII, VIII, IX 

Sclerotium 9.7 0.69 0.20–2.50 XI, XII, II, V, VI, VII 

Geotrichum 8.7 0.97 0.20–7.30 I, II, III, IV, VII, VIII 

Basidiomycte typea 10.4 5.81 0.63–35.83 XI, XII, III, IV, V, VII, VIII 

Absidia 10.4 0.76 0.20–4.37 I, III, IV, V, VI, VII, IX 

Chrysosporium 5.5 0.64 0.20–2.71 XI, I, II, III, IV, V, IX 

Mucor 2.7 0.23 0.42–1.25 V, VI, VII 

Rhizopus 3.5 0.22 0.42–0.83 V, VI, VII, VIII, IX 

Botrytis 1.7 0.08 0.20–0.63 X, XI, XII 

Chaetomium 0.7 0.06 0.42 XI 

Paecilomyces 0.7 0.03 0.20 X, VI 

Ulocladium 1.4 0.07 0.20–0.63 IV, V 

Trichoderma 3.1 0.33 0.20–1.66 X, I, VI, VII, VIII 

Arnium 0.3 0.02 0.20 VII 

Nigrospora 0.3 0.02 0.20 IV 

Curvularia 1.0 0.10 0.20–1.04 VII, IX 

Pithomyces 1.0 0.06 0.20–0.63 V, VIII 

Phoma 1.0 0.05 0.20–0.42 XII, V 

Phialophora 1.0 0.05 0.63 V 

Unidentified fungi 14.9 2.35 0.20–8.12 all 
 

acharacterised with white mycelium, clamp-connections and arthroconidia 
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a sampling period, variations in their monthly mean 
concentrations were statistically analysed.  

Cladosporium and Alternaria (Fig. 2-3) showed similar 
seasonal patterns at all locations, with some statistical 
difference in airspora counts from month to month. 
Generally, they were present at higher concentrations in 
late spring and summer (70-200 cfu/m3 for Cladosporium, 
6-70 cfu/m3 for Alternaria), than in autumn and winter (1-
93 cfu/m3 for Cladosporium, 0-9.4 cfu/m3 for Alternaria). 
Concentrations of the airborne Cladosporium peaked in 
May (150 cfu/m3) at BG, and in August and September at 
C and M (200 cfu/m3). From May to September, these 
concentrations were similar at C and BG, except in June 

and August when the significantly higher Cladosporium 
levels were counted at C than at BG (p<0.05). During 
October, January, May, June and August, Cladosporium 
was found at significantly higher concentrations at C than 
at M (p<0.01). In October and March, higher levels were 
detected at BG than at M (p<0.05). In September, 
significantly higher level of Cladosporium was found at 
M than at BG (p<0.05) while the levels recorded at C and 
M did not differ significantly (p>0.05). Spores of 
Alternaria peaked in August at all locations, with similar 
concentrations (56-70 cfu/m3). Significantly higher 
concentrations were counted during October, May, July 
and September at C and BG, then at M (p<0.01), while 
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Figure 2. Monthly variations in concentration of airborne yeasts in 
Zagreb area. Monthly concentrations (cfu/m3) of airborne yeasts in the 
city centre (C), the Pharmaceutical botanical garden (BG) and 
Medvednica (M) mountain presented as monthly mean and standard 
deviation. 
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Figure 1. Monthly variations in concentration of total airborne moulds 
in Zagreb area. Monthly concentrations (cfu/m3) of airborne moulds in 
the city centre (C), Pharmaceutical botanical garden (BG) and 
Medvednica (M) mountain presented as monthly mean and standard 
deviation. 

Table 5. Correlation coefficients (r) among cfu/m3 of airborne moulds (total), yeasts, Cladosporium, Alternaria, Penicillium, Fusarium, Aspergillus 
and Basidiomycete type and meteorological data: temperature (T), relative humidity (RH), rainfall (R), solar radiation (RS) atmospheric pressure (P) 
and wind speed (Ws) in Zagreb (r1) and Medvednica (r2). 

 

 Pearson (linear) 
correlation r 

Average of T 
(ºC) 

Average of RH 
(%) 

Average of R 
(mm) 

Average of SR 
(h) 

Average of P 
(hPa) 

Average of Ws 
(m/sec) 

Airborne moulds (total) r1 0.92a -0.53 0.05 0.84a -0.54 0.05 

 r2 0.87a -0.50 0.14 0.73a 0.16 -0.49 

Airborney easts r1 -0.69a 0.87a 0.40 -0.85a 0.19 -0.54 

 r2 0.77a 0.49 0.18 0.60a -0.18 -0.40 

Cladosporium r1 0.91a -0.51 0.06 0.84a -0.61a 0.03 

 r2 0.82a -0.42 0.23 0.70 0.19 -0.40 

Alternaria r1 0.76a -0.43 0.06 0.73a -0.34 0.01 

 r2 0.76a -0.50 -0.08 0.67a 0.07 -0.68a 

Penicillium r1 -0.27 0.30 0.24 -0.30 0.45 0.33 

 r2 0.40 -0.09 0.20 0.25 0.33 -0.06 

Fusarium r1 0.31 -0.29 0.33 0.06 -0.37 -0.31 

 r2 0.76a -0.38 -0.23 0.56 -0.29 -0.48 

Aspergillus r1 0.30 -0.20 0.08 0.22 -0.29 0.38 

 r2 0.04 -0.02 0.01 0.19 -0.24 0.33 

Basidiomycete type r2 0.56 -0.40 0.09 0.49 0.05 -0.34 
 

a marked values are statistically significant (p<0.05) 
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between C and BG significant difference was not found in 
that period (p>0.05). During November, December 
January, March, April, June and August, these concen-
trations did not differ significantly at all sites (p>0.05). 
Only in February Alternaria was not found in samples 
collected at M. Significant positive correlation was found 
between monthly means of Cladosporium and Alternaria 
concentrations and both, temperature and the solar 
radiation (p<0.001) (Tab. 5). Also, positive correlation 
was found between Alternaria concentrations and wind 
speed, and negative correlation between Cladosporium 
concentration and atmospheric pressure (p<0.05).  

Penicillium (Fig. 4) was present at higher concen-
trations during autumn and winter, particularly in the 
areas of C and BG (9-17 cfu/m3), while at M lower levels 
were detected over this period (0-5 cfu/m3) (Fig. 4). Peaks 
were measured in September at all locations (from 17 
cfu/m3 at M to 32 cfu/m3 at C). From October to March 
and in April significantly higher concentrations were 
found at C and BG than at M (p<0.05). In May and June, 
lower concentrations were measured in areas C and M 
compared to BG (p<0.05). In July and September, 
significantly higher levels of penicillia were found at site 
C than at M and BG, respectively (p<0.05). Significant 
correlation was not observed between monthly concen-
trations of airborne penicillia and meteorological measu-
rements (p>0.05).  

Fusarium and Aspergillus (Fig. 5-6) were constantly 
present during the year, but measured in lower concen-
trations than Penicillium. Airborne fusaria peaked in 
October at C (15 cfu/m3) and BG (11 cfu/m3), when the 
rain was more frequent. During the winter period, 
Fusarium concentrations were low or not detected in the 
samples at all locations (0-3 cfu/m3), and slightly 
increased in summer at C and BG (5-7 cfu/m3). At these 
two locations significant difference in monthly concen-
trations was not found, while at M concentrations ranging 
from 0–3 cfu/m3 were significantly lower than at C and 

BG. Aspergillus peaked in May only at C (9 cfu/m3) 
(p<0.05), while during the year it was present in 
concentrations from 2–4 cfu/m3 at C and from 1–4 cfu/m3 
at BG.  

At site M, Aspergillus airspora levels were extremely 
low, approximately 1 cfu/m3 or not detected during 
January, February and May. Monthly airspora counts of 
Fusarium at the site M correlated with temperature, while 
Aspergillus did not correlate with average of the monthly 
meteorological measurements. 

 
DISCUSSION 

 
Fungi are ubiquitous microorganisms with a great 

capacity to colonise many kinds of substrata and to 
develop in extreme environmental conditions, on soils, 
plants and animal remains, and from there they are 
airborne [3]. Peaks of concentration of the airborne 
moulds in spring and summer and lower levels detected in 
autumn and winter at each of the 3 sampling sites in 
Zagreb, are highly influenced by seasonal temperature 
changes and solar radiation.  

During most of the sampling time lower levels of 
airborne fungi were found in Medvednica region and this 
might be determined by the sampling height (above 900 
m), type of vegetation, lower temperatures, rare traffic 
and no pollution.  

During the sampling year, monthly mean concentra-
tions of the airborne fungi were lower in the 
Pharmaceutical botanical garden than in the city centre, 
but without significant difference. Significantly lower 
levels in the botanical garden were only detected in June 
and August. One of the reasons for decreased concentra-
tions in this location is less traffic and consequently 
decreased air pollution. The other reason could be the 
presence of medical plants known to produce essential 
oils and aerosols with antifungal activities, which could 
reduce airspora viability [25, 26].  
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Figure 4. Monthly variations in concentration of Alternaria airspores in 
Zagreb area. Monthly concentrations (cfu/m3) of Alternaria in city 
centre (C), Pharmaceutical botanical garden (BG) and Medvednica (M) 
mountain presented as monthly mean and standard deviation. 
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Figure 3. Monthly variations in concentration of Cladosporium air-
spores in Zagreb area. Monthly concentrations (cfu/m3) of Clado-
sporium in the city centre (C), Pharmaceutical botanical garden (BG) 
and Medvednica (M) mountain presented as monthly mean and standard 
deviation. 
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Yeasts showed an opposite seasonal pattern. They were 
present with higher concentrations during autumn and 
winter when the relative humidity was higher, then in 
spring and summer at locations in the city centre and 
botanical garden. These findings are similar to those 
conducted in Italy [17]. In Medvedica, yeasts were found 
at lower levels in the autumn and winter months (except 
in October), as they were greatly influenced by low 
temperatures.  

The dominant airborne fungi were Cladosporium, 
Penicillium and Alternaria. Species of Cladosporium are 
the most common saprophytic fungi living on organic 
materials worldwide. They produce dry spores 3-5 µm in 
size depending on species, which can be easily spread in 
the air by wind. Earlier studies on airborne mycoflora in 
Croatia also identified Cladosporium species as the 
dominant airborne fungi [5, 26].  

Alternaria was present at lower concentrations than 
Cladosporium but the spores of Alternaria are larger in 
size (some species up to 150 µm in length) and they are 
comparable in biomass [1]. These 2 entities peaked in 
spring and summer, which is in agreement with studies 
conducted in Italy, Spain, Poland, Japan and Australia [8, 
17, 18, 20, 29]. Asan et al. [1] found higher levels of 
Alternaria and Penicillium than Cladosporium. Also, 
some studies in Nigeria, Kuwait and Uganda showed that 
Aspergillus, Alternaria and Penicillium dominated over 
Cladosporium [10, 14, 22]. These differences may be due 
to climatic and geographical characteristics of the region 
and sampling methods.  

Penicillium was frequently present in autumn and 
winter, and peaked in September, which can be the 
consequence of temperature decrease.  

Other stable components of the airborne mycoflora 
were Aspergillus and Fusarium. Species of Aspergillus 
were constantly present in the samples from the city 
centre and botanical garden, and were not found during 
the winter months in Medvednica region when the 

temperature was below 0ºC. Higher frequency and con-
centrations of aspergilla were found in the city centre 
during sampling, which was probably influenced by 
heavy traffic, dust and pollution sources. Lugauskas et al. 
[16] found Aspergillus niger (57%) and A. fumigatus 
(84%) as the most frequent airborne moulds in polluted 
areas of some Lithuanian cities. Fusarium was detected 
with higher incidence in the city centre and botanical 
garden than at Medvednica site, with higher concentra-
tions in autumn when the rainfall was more frequent, 
while sterile mycelia peaked in summer in all sampling 
locations. Some studies indicated positive correlation bet-
ween frequent rainfall and Fusarium concentration [32].  

Basidiomycete type (characterised with white mycelium, 
clamp-connections and arthroconidia) was detected in a 
few samples in February and August in the botanical 
garden, and more frequently at the Medvednica site with 
peak in September. Marchiso et al. [17, 18] found basi-
diomycete mycelia at higher concentrations between 
September and January.  

Similar results were obtained for Absidia and 
Geotrichum. Species of Geotrichum are not common 
airborne fungi in the outdoor environment but prevailed in 
decaying organic material, and animal excrements [15, 
16], and from there they become airborne. Decaying plant 
material and animal excrements may be the source of 
Geotrichum spores in the samples from the botanical 
garden and Medvednica. Trichoderma, Botrytis, Phoma, 
Paecilomyces, Mucor, Curvularia and Sclerotium were 
found sporadically at all the sampling locations with more 
or less lower frequencies and concentrations, apart from 
Chrysosporium and Rhizopus, which were detected in 
most of the sampling months.  

Other airborne fungi identified, including Arnium, 
Nigrospora, Gliocladium, Dreschlera, Phialophora, Sco-
pulariopsis, Chaetomium, Botryomyces and Trichothe-
cium, were rarely present in the samples, which is in 
agreement with other literature reports [17, 18, 29]. 
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Figure 6. Monthly variations in concentration of Fusarium airspores in 
Zagreb area. Monthly concentrations (cfu/m3) of Fusarium in the city 
centre (C), Pharmaceutical botanical garden (BG) and Medvednica (M) 
mountain presented as monthly mean and standard deviation. 
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Figure 5. Monthly variations in concentration of Penicillium airspores 
in Zagreb area. Monthly concentrations (cfu/m3) of Penicillium in the 
city centre (C), Pharmaceutical botanical garden (BG) and Medvednica 
(M) mountain presented as monthly mean and standard deviation. 
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The result of any aeromycological study is highly 
influenced by the method of sampling, type of sampler 
and collecting media, frequency of collecting, location 
and other factors. In this study, Sabouraud agar with 
antibiotics was employed as the medium for collecting 
moulds and yeasts. Therefore, some species, which are 
present at lower concentrations in the outdoor air, could 
be overgrown with the dominant ones and their presence 
and/or number may be underestimated. Subculturing on 
different media (Czapek and Synthetic nutrient agar) 
increases conidial germination of some fungi such as 
Penicillium and Fusarium species.  

Various meteorological factors affect the type and 
concentration of airborne fungi. Many literature reports 
showed that higher temperature and solar radiation in 
spring and summer are responsible for the increase of 
airspora concentrations, while low temperature or dryness 
in the winter seems to reduce airborne fungi in the 
outdoor air.  

Similarly, in the present study concentration of the 
airborne moulds peaked in August and September, 
positively correlating with temperature and solar radia-
tion. Species of Cladosporium and Alternaria peaked in 
August and September, showing significant positive 
correlation with temperature and solar radiation, which is 
in agreement with studies conducted in other countries [4, 
8, 17, 18, 20, 29]. Also Fusarium correlated with tem-
perature changes in Medvednica.  

Wind is an important factor for dispersion of airspora. 
Alternaria significantly correlated with wind speed. 
Studies in Italy and UK also found positive correlation 
between wind velocity and fungi producing larger spores 
[17, 18, 29]. According to Pasanen et al. [24], minimal 
wind speed for the release of Cladosporium sp. spores is 1 
m/s, while Aspergillus and Penicillium release high 
number of spores at 0.5 m/s.  

Cladosporium showed significant negative correlation 
with atmospheric pressure. Studies in Italy [17, 18] 

showed that the airspora release is insignificantly affected 
by the atmospheric pressure.  

Von Vahl and Kersten [32] found significant positive 
correlation between frequent rainfall, high relative humi-
dity and Fusarium spore concentration. In the present 
study, Fusarium peaked in October when the rainfall was 
more frequent (average 107 mm) than in other months 
(average 8-78 mm).  

In the city centre and botanical garden, levels of the 
yeasts were positively correlated with relative humidity 
and negatively correlated with temperature and solar 
radiation, while in Medvednica they were positively 
correlated with both, temperature and solar radiation. 
These differences were probably caused by low tempera-
ture during winter months in Medvednica, (below 0ºC) 
when significantly lower levels of the airborne yeasts 
were measured. 

 

CONCLUSIONS 
 

Concentration of airborne fungi during the year shows 
variability mostly depending on seasonal, climatic and 
geographic conditions of the particular area. In this 1-year 
study, a higher incidence of airborne fungi was found in 
the city centre than in the botanical garden and Medved-
nica. Increased concentrations in the city centre can be a 
consequence of air pollution, traffic and dust. Lower 
levels found in the botanical garden and Medvednica can 
be due to decreased pollution, special environmental 
conditions and type of vegetation, which could reduce 
airspora viability.  

At all the sampling sites, Cladosporium, Penicillium 
and Alternaria, as the most common aeroallergens, 
dominated over other detected airborne fungi, showing 
quantitative variations greatly influenced by temperature 
changes and solar radiation. Monitoring of airborne fungi 
can be helpful in prediction of their qualitative and 
quantitative variations depending on meteorological, 
geographical and seasonal climatic factors, which is of 
great importance for prevention of fungal allergic 
diseases. 
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