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Volume assessments of the concentration of airborne fungi may provide different results
depending on the methodology used. This work simultaneously analyses two methods for
samples obtained outdoors and analysed in the context of meteorological conditions. The
study was carried out in Badajoz (SW Spain) from Mar. 2009 to Jul. 2011. A Burkard fixed spore
trap was used for the non-viable sampling, and three different methods were used for the
viable sampling: a Burkard portable spore trap with two inlet port types and a Sampl’air AES
trap. Daily average total concentrations of 285 CFU m > and 1 954 spores m >
for the viable and non-viable methods, respectively. The spore/colony ratio showed impor-

were recorded

tant differences among the mostrelevant fungal types: Alternaria (2.6), Aspergillus—Penicillium
(2.0) and Cladosporium (11.1). Although the two sampling types were essentially equivalent at
showing temporal variations in outdoor airborne fungi, quantitative differences in the
number of total colonies recorded depended on the culture media and conditions used.

© 2013 Elsevier Ltd and The British Mycological Society. All rights reserved.

Introduction

fungi have also been reported as the cause of several human
diseases through their action as inducers of allergy and/or toxic

Study of the mycobiota in the outside air and in indoor envi-
ronments, as well as the variations in the number and com-
position of the mycobiota are increasingly important because
these organisms present potential risks for human health
(Chakrabarti et al., 2012). Airborne fungal spores are an
important fraction of atmospheric particulate matter and are
major causative agents of allergenic and infectious diseases
(Lang-Yona et al., 2012). Fungal spores transported by air cur-
rents may cause diseases in plants, and knowledge of their
periodicity has a great predictive value for epidemics. Airborne

* Corresponding author. Tel.: +34 924 289300; fax: +34 924289423.
E-mail address: santiferro@unex.es (S. Fernandez-Rodriguez).

responses (Lacey, 1991). Great concern has been expressed
about the potential risks for human health posed by toxic
substances produced by metabolic activity in certain species,
such as Aspergillus or Fusarium, and a relationship exists
between these substances and air quality. Moreover, fungi are
involved in the decomposition of food and raw materials and
the deterioration of organic matter and by-products during
storage (Madelin and Madelin, 1995; Mandrioli et al., 2003).
Several research techniques have been used in aero-
mycological studies; the sampling methods can be classified

1754-5048/$ — see front matter © 2013 Elsevier Ltd and The British Mycological Society. All rights reserved.

http://dx.doi.org/10.1016/j.funeco.2013.11.004


mailto:santiferro@unex.es
http://crossmark.crossref.org/dialog/?doi=10.1016/j.funeco.2013.11.004&domain=pdf
www.sciencedirect.com/science/journal/17545048
http://www.elsevier.com/locate/funeco
http://dx.doi.org/10.1016/j.funeco.2013.11.004
http://dx.doi.org/10.1016/j.funeco.2013.11.004
http://dx.doi.org/10.1016/j.funeco.2013.11.004

Outdoor airborne fungi captured

17

as either gravimetric or volumetric (Ingold, 1971; Kasprzyk,
2008). Furthermore, recent studies have used molecular
techniques based on gPCR (Lang-Yona et al, 2012). The
methods used each have advantages and disadvantages, and
the results obtained cannot be compared directly; different
fungal types may be recorded depending on the method used,
and different concentrations might also be measured (Hirst,
1991; Nikkels et al., 1996; Spieksma, 2003). Several studies on
the presence and distribution of different fungal spores have
been carried out using the volumetric method in Europe
(Larsen and Gravesen, 1991; Munuera and Carrién, 1995;
Nikkels et al., 1996; Tariq et al., 1996; Kurkela, 1997; Grinn-
Gofron and Strzelczak, 2008), North America (Levetin, 1991;
Craig and Levetin, 2000), Australia (Mitakakis et al., 1997,
2001) and the Middle East (Shaheen, 1992).

With non-viable methods (mainly by Burkard Spore traps)
many spores are collected, which is useful for carrying out
continuous studies with hourly and daily intervals (Oliveira
et al., 2005; Stepalska and Wotek, 2009; Mallo et al., 2011).
The disadvantage of non-viable methodologies is that the
associated method for counting the spores under a micro-
scope enables the identification of fungal spores only at the
genus level, whereas viable methods and qPCR-based
molecular analysis can identify fungal spores at the species
level. This disadvantage is outweighed by the ability to
acquire long time series at high temporal resolution (Skjgth
et al., 2012). In contrast, the use of viable methods allows
for the identification of the colonies formed at the species
level in many cases; however, the use of a particular culture
medium may favour the development of some taxa over
others, and even the same species may undergo self-
inhibition processes in terms of germination or growth
(Burge et al., 1977). Therefore, the concentration of certain
fungal colonies may be lower, and the results obtained may
not reflect the actual distribution in the atmosphere. When
recording airborne fungal spores based on continuous sam-
pling with fixed spore traps, inert substrata are used; in
contrast, portable spore traps may use either culture media
or inert substrata (Fernandez-Rodriguez et al., 2011). Portable
spore traps are used for periods from a few minutes to an
entire day (Kenny et al., 1998). Although one would expect
that fixed and portable spore traps placed in the same loca-
tion might produce similar results (Tormo et al., 2010), the
results often differ for the same geographical region because
the range of fungi found in portable spore traps includes
species more closely associated with the ground, the vege-
tation around the traps and hyphal fragments (Green et al.,
2006). The design of portable spore traps for bioaerosols
meets different purposes: the collection of small biological
particles such as bacteria and viruses, which are of great
interest in microbiological studies; the survival of captured
microorganisms (Thompson et al., 1994); sampling for phy-
topathological control (McCartney et al., 1997); and con-
ducting spore trapping in extreme environments (Marshall,
1997). However, portable traps lack vanes, and the influ-
ence of wind vectors can cause the results to differ from
those obtained using fixed samplers. The use of any of these
methods alone underestimates the diversity and concen-
tration of fungal spores. It is generally acknowledged that
the methods and procedures used must be standardised for a

wide variety of spore traps (Macher and Willeke, 1992;
Henningson and Ahlberg, 1994). To design an efficient sam-
pling strategy, it is important to adopt at least two methods:
one for the microscopic assessment of bioaerosols on inert
media and another for their isolation on culture medium to
identify the viable fungus types present (Lacey and Venette,
1995).

For the present study, the Burkard Company (Ltd., 55.
Rickmansworth, U.K.) provided two spore traps based on the
same engine; the first trap is for the collection of non-viable
particles on an adherent substance, whereas the second
trap, the Burkard spore trap for viable samples, includes
space to place a 9-cm Petri dish. The airflows allowed by
these traps are 10 I min~* and 20 I min~?, respectively (Jensen
and Schafer, 1994), and the latter includes a sieve with 100
holes and a conical structure that can be placed on the sieve.
The differences and similarities between the viable meth-
odologies described above were analysed in a previous study
(Fernandez-Rodriguez et al., 2011). The viable Burkard spore
trap has been widely used for sampling in many countries,
including India (Sharma et al., 2010), Saudi Arabia (Hasnain
et al, 1995, 2004; Al-Suwaine et al, 1999a,b), Canada
(Comtois and Marcoux, 1999), Cuba (Aira et al., 2002) and
Poland (Buczynska et al., 2007, 2008) (Table 1). Not all of these
studies provide methodological specifications, and the
available information is incomplete; for example, the use of
the sieve or funnel is not indicated in some cases (Sharma
et al., 2010). In some studies, a correction factor is applied
to the results when using the sieve (Aira et al., 2002; Sharma
etal., 2010). This factor depends on the number and diameter
of holes in the sieve. Studies that compare sampling based
on viable methods to sampling using other standard spore
traps show reliable results (Madelin and Madelin, 1995;
Mehta et al., 1996; Tormo et al., 2010); however, the use of a
spore trap that includes a sieve above the Petri dish requires
adjustments to be made such that the statistical probability
of more than one colony forming unit (CFU) affects every
point of the hole. Some studies (Andersen, 1958; Peto and
Powell, 1970) include correction factors depending on the
number and diameter of the holes. Although fungi can be
cultured on many media, Sabouraud dextrose agar (SDA) and
malt extract agar (MEA) are widely used because they allow
for the development of a wide variety of fungi (Faure et al.,,
2002; Bouza et al., 2002; Adhikari et al.,, 2004; Lugauskas
and Krikstaponis, 2004; Augustowska and Dutkiewicz, 2006;
Perdelli et al., 2006; Panagopoulou et al.,, 2007; Sautour
et al., 2007, 2009).

In recent years, several papers have reported the influence
of environmental factors on the prevalence of allergy-based
diseases (Bousquet et al., 1993; Chakrabarti et al., 2012). For
this reason, the influence of major meteorological factors
(average temperature, relative humidity, rainfall and wind
speed) on fungal concentration has also been studied (Oliveira
et al., 2005; Stepalska and Wolek, 2005; Fernandez-Rodriguez
et al,, 2011; Chakrabarti et al., 2012).

The aims of the present study were to analyse and
compare the results of simultaneous outdoor sampling of
fungi using viable and non-viable methodology, including
hourly and daily data and considering the effects of
meteorology.
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Table 1 — Comparative studies of various methodologies

Reference City Sampler Culture media
Burge et al. (1977) Michigan (USA) And, BSTp MM, SAD, V8, MEA, PDAR
Abdel-Hafez and El-Said (1989) Wadi Qena (Egypt) OPD CA

Hasnain et al. (1995) Riyadh, Jeddah, Al-Khobar (Arabia Saudi) BSTp SDA/CA

Mehta et al. (1996) Houston (USA) BSTp, And DG-18

Al-Suwaine et al. (1999a) Riyadh (Arabia Saudi) 2 BSTp SDA/CA

Comtois and Marcoux (1999) Montreal (Canada) BSTp SDA/MEA
Chakraborty et al. (2000) Burdwan (India) R MEA, PDA

Al-Subai (2002) Doha (Qatar) OPD CA

Aira et al. (2002) Havana (Cuba) BSTp, And SDA

Aira et al. (2003) Valparaiso (Chile) BSTp MEA

Adhikari et al. (2004) Domjur (India) 5 BSTp, And S and RBA

Hasnain et al. (2004) Riyadh, Jeddah, Al-Khobar (Arabia Saudi) 2 BSTp SDA/CA

Green et al. (2006) Nuevo Gales del sur (Australia) BST S

Pyrri and Kapsanaki-Gotsi (2007) Atenas (Greece) 2 BSTp PDA

Stepalska and Wotek (2009) Cracovia (Poland) BST S

Sharma et al. (2010) Assam (India) BSTp RBA

Pyrri and Kapsanaki-Gotsi (2012) Atenas (Greece) BSTp PDA
Fernandez-Rodriguez et al. (2011) Badajoz (Spain) 2 BSTp SAD

Das and Gupta-Bhattacharya (2012) Kolkata (India) BSPT, And S, MEA and CA

And: Andersen; BST: Burkard spore trap; BSTp: Burkard personal spore trap; OPD: opened Petri dish; R: Rotorod. Culture media CA: Czapek agar;
DG-18: Dichloran glycerol-18; MEA: malt extract agar; PDA: potato dextrose agar; RBA: Rose Bengal agar; S: slide; SAD: Sabouraud agar dextrose.

Materials and methods
Study area

Airborne species were monitored at Badajoz (SW Spain); the
station was situated at 16 m above ground level on the terrace
of the Faculty of Science at the University of Extremadura (38°
53'87"N, 7° 00'87"W). Badajoz is located at 184 m above sea
level and has a population of 152 520 inhabitants (NSI, 2012).
Around the city of Badajoz, there are irrigated crops (e.g.,
fruits, corn, tomatoes, etc.), olive trees, more distant holm-oak
trees and extensive grazing.

Meteorological data

The meteorological information used was provided by the
fixed weather station AT Delta-T DL2 located in the exper-
imental garden of the Biology building at the university cam-
pus of the Faculty of Science; the weather station was located
16 m from the spore trap in the garden and 16 m from the
spore trap on the terrace of the Faculty of Science. The
meteorological parameters considered were relative humidity
(Rh), precipitation (R), solar radiation (Sr), average air tem-
perature (Ta), wind direction (Wd) and wind speed (Ws).

Fungal data

The sampling was performed from 2009 to Jul. 2011 at solar
noon once a week. For the sampling on an inert substratum, a
7 d fixed Burkard spore trap was used. For the sampling on
culture media, the colonies were recorded using three types of
equipment: a portable Burkard spore trap with two inlet hole
types (one was 27 mm in diameter, and the other was a sieve
of 100 holes of 1 mm in diameter) and a Sampl’air AES
Chemunex spore trap with a sieve of 258 holes. The inlet flow

speeds were 20 and 100 1 min~" for the Burkard and Sampl’air
traps, respectively. For the non-viable methods, white petro-
leum jelly (CAS number 8009-03-8) was used as the adherent.
For the viable methods, SDA was used from Mar. 25, 2009, to
Mar. 20, 2010, as the medium, and MEA was used from Mar. 26,
2010, toJul. 1, 2011, as the medium; the plates were cultured at
27 °C for 5 d. The data were recorded as spores and colony
forming units (CFU), both per cubic metre. Standardised data
management procedures were used, similar to those descri-
bed by the Spanish Aerobiology Network (REA) (Galan et al,,
2007). For the non-viable methods, slides were examined at
1 000x magnification along two longitudinal transects.

Data on the total daily average concentration and the
major types of fungi present (Alternaria, Aspergillus—Penicillium
and Cladosporium) were analysed. In addition to the data on
the continuous non-viable sampling, hourly concentration
was considered at the time at which the viable sampling was
performed. The normality of the data was analysed using the
Shapiro—Wilk test (W ). The Kruskal-Wallis test (x%) was used
to study the daily and hourly variations between spore traps.
Spearman’s correlation coefficient (r) was used to analyse the
relationships between fungal concentration and the mete-
orological parameters. A 99 % confidence level was applied.

Results

The total number of samplings performed was 115. The daily
average spore concentration was 1 954 spores m~—>, with a
range of 93—10 274 spores m . The daily averages for the first
and second years of the study were 1 823 and 2 052 spores m >,
respectively. The greatest concentration of total spores was
recorded in autumn (2 845 spores m ), and the highest con-
centrations were recorded in Oct. (5 121 spores m ).

The annual total concentration did not show statistically
significant differences (x> = 0.392, p = 0.531); however, the
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seasonal comparison did show differences (x> = 37.362,
p < 0.001). Total spores, Alternaria, Aspergillus—Penicillium and
Cladosporium differed significantly between seasons (Fig 1).
The maximum monthly spore concentration was recorded in
Oct. (5 121 spores m ), and the minimum was recorded in
Feb. (408 spores m ). A comparison between the daily average
concentration and the average concentration recorded at
solar noon each day in the fixed Burkard spore trap showed
statistically significant correlations in all cases (Fig 2).

The daily average colony concentration was 285 CFU m 3,
and the range was 5—2 590 CFU m™~>. The averages for years
one and two were 206 and 345 CFU m ™3, respectively. The
greatest concentration of total colonies was recorded in the
spring (443 CFU m~3), whereas the lowest concentration was
recorded in the summer (218 CFU m3). Significant differences
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Fig 1 — Seasonal concentration, with error bars, of total
spores (A), Alternaria (B), Aspergillus—Penicillium (C) and
Cladosporium (D) during the entire study period

(spores m—3).

were found between the 2 yr (x*> = 16.685, p < 0.001). A seasonal
comparison showed significant differences for total colonies
(x* = 15.090, p = 0.002), Aspergillus—Penicillium (x> = 10.425,
p = 0.015) and Cladosporium (x* = 22.496, p < 0.001). However,
no seasonal differences were found for Alternaria (X2 = 7.579,
p < 0.056). The maximum monthly spore concentration was
recorded in Oct. (495 CFU m™3), and the minimum monthly
spore concentration was recorded in Aug. (111 CFU m~3). This
maximum monthly concentration is attributed to Cladospo-
rium cladosporioides, the concentration of which reached two
strong peaks in that month (on Oct. 9 and 30, 2009, and on Oct.
8 and 15, 2010). During the first year of sampling, the highest
concentrations were recorded in autumn and the lowest
concentrations were recorded in summer (Fig 1A). During the
second year of sampling, the highest concentrations were
recorded in spring and autumn and the lowest concentrations
were recorded in summer and winter (Fig 3B).

The daily average spore and colony concentrations showed
important differences: Cladosporium (1 119 spores m~3 and
101 CFU m™3), Alternaria (49 spores m~> and 19 CFU m~>) and
Aspergillus—Penicillium (56 spores m~> and 28 CFU m~3). The
fungal spore/colony ratio of the total average concentration
was 6.8, whereas the values obtained for the predominant
types were 2.5 (Alternaria), 2.0 (Aspergillus—Penicillium) and 11.0
(Cladosporium). The seasonal spore/colony ratios were 5.1
(spring), 8.9 (summer), 7.5 (autumn) and 2.3 (winter). The
values for Cladosporium reached their maxima in summer
(26.9) and autumn (11.1) and their minimum in winter (2.2). In
addition, Alternaria exhibited higher values in summer (5.2)
and lower values in winter (0.2). However, Aspergillus—Penicil-
lium exhibited a maximum ratio in spring (3.0).

A statistically significant correlation was found between
the daily concentration of total spores and colonies and for
Alternaria and Cladosporium, but not for Aspergillus—Penicillium
(Table 2). Statistically significant correlations were found
between the total data and for Alternaria, Aspergillus—Penicil-
lium and Cladosporium with regard to the fungal concen-
trations recorded during the first study year using the Burkard
fixed spore trap and the Burkard portable spore trap equipped
with a sieve and the Burkard portable spore traps equipped
with a conical structure. Furthermore, statistically significant
correlations were found during the second study year using
the Burkard fixed spore trap and the Burkard portable spore
trap equipped with a sieve and the Burkard portable spore
traps equipped with a sieve and the AES (Fig 4). Fig 5 shows the
monthly average concentrations of some fungal types deter-
mined at the species level.

A comparison between the spore data and the meteoro-
logical parameters showed the greatest number of correla-
tions for the fungal types Alternaria and Cladosporium recorded
using the non-viable method. In contrast, for the viable
method and using the Burkard spore traps with the conical
structure and AES, the greatest number of correlations was
found for Aspergillus—Penicillium. The spore concentration at
solar noon using the non-viable methodology for Alternaria
and Cladosporium was statistically significantly correlated with
solar radiation (r = 0.221**, p = 0.018; r = 0.280"™, p = 0.002),
average temperature (r = 0.275", p = 0.003; r = 0.456™,
p < 0.001) and relative humidity (r = —0.193%, p = 0.039;
T —0.279", p = 0.002). The type Aspergillus—Penicillium
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Fig 2 — Daily average concentration and concentration at solar noon of total spores (A), Alternaria (B), Aspergillus—Penicillium
(C) and Cladosporium (D) during the entire study period (spores m—3).

showed no statistically significant correlations between the
data collected with the non-viable technique and the mete-
orological parameters; however, statistically significant cor-
relations were obtained between the data of colonies and
relative humidity (r = 0.225*, p = 0.016), solar radiation
(r = 0.327*, p < 0.001), wind direction (r = —0.275", p = 0.003)
and wind speed (r = —0.292"*, p = 0.002).

Discussion

In the present study we found similar ranges of concentrations
of non-viable spores (82—2 365 spores m > and
156—2 022 spores m~> during the first and the second study year,

respectively) to those found by Adhikari et al. (2004). In contrast,

the ranges for the viable spore concentration were higher in our
study (72—1 796 CFU m~2 and 155—1 256 CFU m~ in years one
and two, respectively) than in Adhikari et al. (2004). Other
studies (Pyrri and Kapsanaki-Gotsi, 2007) found similar total
spore and colony maximum concentration (3 175 spores m >
2 435 CFU m™3), Cladosporium concentration (2 565 spores m >
2 169 CFU m~>) and Alternaria concentration (280 spores m >,
180 CFU m3). The lowest concentration recorded using viable
methods is shown above and indicates that these methods
provide underestimates in relation to the non-viable method.
The most abundant fungal types were Cladosporium, Penicillium,
Aspergillus and Alternaria, as found by Pyrri and Kapsanaki-Gotsi
(2012). Of these types, Cladosporium was most prevalent in the
total count in other European regions (Ebner et al., 1989;
Filipello-Marchisio and Airudi, 2001; Filipello-Marchisio et al.,

)

)
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Fig 3 — Seasonal concentration of total colonies, with error
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1997, Stepalska et al., 1999; Stepalska and Wotek, 2005; Pyrri and
Kapsanaki-Gotsi, 2007). The viable method recorded high total
concentrations from Apr. to Nov. and a maximum total con-
centration in Oct.. A lower variation with two maximum values
was found using the viable spore trap, the first between Mar.
and Jun. and the second between Oct. and Dec.. Similar trends
were found in other Mediterranean countries. Filipello-
Marchisio et al. (1997) found a maximum between Jun. and
Sep., and Pyrri and Kapsanaki-Gotsi (2007) found three maxima:
oneinJan., a second between May and Jun. and a third between
Oct. and Nov.. The highest concentrations were reached in
northern countries; for example, in Austria (Ebner etal., 1989) in
May and Aug. and in Denmark (Larsen and Gravesen, 1991)
between Jun. and Sep.. Geographical zone may affect the
recorded concentrations and trends, as does sampling year.

In our study, the non-viable methodology recorded greater
concentrations than the use of viable sampling, as shown
previously (Burge et al., 1977; Adhikari et al., 2004; Pyrri and
Kapsanaki-Gotsi, 2007). In the latter paper, the authors sug-
gested several reasons for the difference between these
methods. Various groups of fungi, especially plant symbiotic

fungi, do not grow readily in certain culture media. In addi-
tion, the loss of viability in a considerable percentage of spores
may also explain the reduced number. Kramer and Pady (1968)
indicated a loss of 20—94 % viability among common airborne
fungal spores. Spore sampling on slides records all spores,
regardless of their viability, whereas sampling on plates only
records viable spores. Therefore, the viable method under-
estimates the actual number of spores present in the air. The
studied viable methods considerably underestimated the
spore concentration of Cladosporium from Apr. to Nov. relative
to the studied non-viable methods. Furthermore, Pyrri and
Kapsanaki-Gotsi (2007) considered the high temperature and
intense solar radiation during the summer months as factors
that might reduce the viability of spores that have relatively
thin walls. In part, this theory is consistent with the max-
imum values found for the Cladosporium spore/colony sea-
sonal ratio in summer (26.9) and autumn (11.1). Furthermore,
some spring fruiting and sporulating species (for example
Cladosporium) might have released their spores immediately
before summer; thus, sporulation might have been higher
during summer and/or autumn, and, in contrast, the number
of colonies might have been lower during the same period.

We found that the concentration of Alternaria spores
exhibited temporal variations, with increases from May to
Oct. in the non-viable spore trap; two maxima were recorded
in the viable spore trap, one from May to Jul. and a second in
Oct.. The first maximum is consistent with variations
observed in other Mediterranean regions, such as Italy
(Filipello-Marchisio and Airudi, 2001) and Greece (Pyrri and
Kapsanaki-Gotsi, 2007). In more northern places such as
Austria (Ebner et al.,, 1989), Denmark (Larsen and Gravesen,
1991) and the United Kingdom (Corden and Millington, 2001),
the main peak was reached in Aug.. These differences might
be attributed to differences in geoclimatic zone and sampling
year. The spore/colony ratio of Alternaria reached a maximum
in summer (5.2). The viable method produced underestimates;
as with the differences among the findings of the Medi-
terranean studies listed above, the effect of intense solar
radiation or a previous sporulation on the viability of the thin-
walled spores might provide an explanation.

Using the non-viable method, the conidia of the species of
these genera were identified as Aspergillus—Penicillium type
because these conidia are morphologically indistinguishable.
This shortcoming is a clear example of the main disadvantage
of the non-viable method: that is, it fails to distinguish

Table 2 — Correlations between the total concentrations of spores and the main types of instruments

Type of comparison Coefficients Total Alternaria Aspergillus—Penicillium Cladosporium
concentration

Daily average, spores (BST) — colonies r 0.273* 0.255** 0.018 0.241**
(BPSpf, BPSps and AES) p 0.003 0.006 0.846 0.009

Daily average spores (BST) — hourly r 0.818™ 0.603** 0.533** 0.833"
12 hr average spores (BST) p <0.001 <0.001 <0.001 <0.001

Daily average colonies (BPSpf and r 0.382** 0.525** 0.475** 0.407**
BPSps — AES) p <0.001 <0.001 <0.001 <0.001

BST: Burkard spore trap; BSTp: Burkard personal spore trap; f: funnel device; s: sieve device; AES: Sampl’air AES Chemunex.
Bold values represent non-viable fungi. Fungal spores captured on inert substrates.
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Fig 4 — Daily average concentration of the spores and total colonies (A) and of Alternaria (B), Aspergillus—Penicillium (C) and

Cladosporium (D) (spores m~2 and CFU m—3),

between Penicillium and Aspergillus. For the Aspergil-
lus—Penicillium type, no definite seasonal model was found.
Using the viable method, increases were found for Aspergillus
in autumn and for Penicillium in spring and autumn. Under the
non-viable methodology, slight increases were found in May
and significant increases were found in Oct.. In fact, the spore/
colony ratios varied between spring (3.0) and autumn (1.0),
with intermediate values observed in summer (1.9) and winter
(1.3). Aspergillus—Penicillium does not appear to be affected by
seasonality as strongly as Cladosporium and Alternaria.
This difference might be attributed to the high number of
Aspergillus (14) and Penicillium (25) taxa included as viable
Aspergillus—Penicillium type compared to the number of non-

viable taxa. Furthermore, many of the variations observed
might be mainly due to differences in the spore source and
fungal biology of different species within each genus. Tem-
perature and solar radiation might also be factors.

In this study, the comparisons of the daily data for the
spores obtained using both viable and non-viable methods
showed statistically significant correlations in the total
number of spores for Alternaria and Cladosporium; these results
are consistent with the results reported by Pyrri and
Kapsanaki-Gotsi (2007). The absence of a correlation with
Aspergillus—Penicillium may be because the number of counted
colonies was too low; as a result, the influence of randomness
might have been too high for any statistical relationship to be
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observed. Moreover, species of other genera might have been
included during the identification of these spores because the
small size of their propagules hindered their precise identi-
fication. Furthermore, due to methodological/manufacturing
limitations, smaller particles such as Aspergillus and Pen-
icillium do not always adhere to slides or tapes in the Burkard
trap; therefore, their underestimation is usually accounted
for.

In other studies, spore density was correlated with max-
imum temperature, relative humidity, rainfall and solar radi-
ation (Stepalska and Wotek, 2005). However, there were fewer
correlations for average temperature, wind direction and wind
speed. The diversity of spore species recorded in this study
using two methods depended on diverse factors, mainly due to
the capacity of airborne spores to grow in culture media.
However, uredospores, teliospores and the spores of myx-
omycetes, which are common components of airborne myco-
biota, do not grow in the culture media that are typically used.
Moreover, the germination potential of culturable organisms
varies when these are placed on an artificial medium. Physio-
logical needs and biotic interactions may exert an effect on the
germination of each spore and on the growth of a CFU. Airborne
fungi may be precisely identified using the viable medium, but
few genera may be recognised with precision based on spore
morphology (Pyrri and Kapsanaki-Gotsi, 2007). The complexity
of the effect of atmospheric pollutants on the survival of bio-
aerosols that affect viability must also be considered (Abdel
Hameed et al., 2012).

The meteorological parameters studied affected the cor-
relation of the Alternaria, Cladosporium and Aspergil-
lus—Penicillium types in the viable and non-viable methods.
Alternaria and Cladosporium showed higher meteorological
correlations for the non-viable methods. However, Aspergil-
lus—Penicillium exhibited correlations with most meteoro-
logical parameters when using viable methods but not with
non-viable methods. Temperature clearly depends on solar
radiation, and relative humidity is closely negatively corre-
lated with temperature; therefore, these three parameters are
closely related. The remaining meteorological factor is wind,
which affects sampling efficiency; in addition, wind direction
can greatly affect the results depending on the source loca-
tion. Wind significantly alters the hourly/daily pattern (Tormo
et al.,, 2013).

It is difficult to compare diversity and spore concentration
among the different methodologies used (Mallo et al., 2011);
however, the experimental efficiency of the aerobiological
samplings has previously been analysed (Grinn-Gofron, 2011).
According to previous studies, there is no universal method
for the continuous sampling of air that provides a reliable
determination of all types of spores. The volumetric method,
using Burkard or Lanzoni spore traps, is selective and less
efficient for particles with diameters of less than 5 pm. Viable
methods allow for the precise identification of growing fungi.
Unfortunately, these methods are selective because not all
spore types germinate on the same substrate or under the
same culture conditions. The BPSp sampler including a funnel
device registered less than one-third of the CFUs compared to
the other viable spore sampling methods (BPSps and AESps,
Fig 3). This difference might indicate that the BPSp sampler
equipped with a funnel device is less effective and that the

viable samplers equipped with a sieve (BPSp and AESp) should
be used.

None of the methods, when used separately, provide
complete information about the actual concentration of
spores in the air. It has been proposed that an ideal solution
would be to use both methods simultaneously; however, this
might be difficult due to the high cost (Grinn-Gofron, 2011),
effort and time required to perform these analyses. Our
results are consistent with previous studies (Stepalska and
Wotek, 2005; Pyrri and Kapsanaki-Gotsi, 2007; Mallo et al.,
2011) and suggest that viable and non-viable methods are
currently complementary under normal conditions because
combining the two methods overcomes the limitations that
each has separately, providing more comprehensive data on
airborne mycobiota.

Conclusions

The concentration of spores in the air gave values between six
and seven times greater than the concentration of colonies
grown. Measured as the spore/colony ratio, this difference
was highest for Cladosporium (11.1) and lower for Alternaria
(2.6) and Aspergillus—Penicillium (2.0). The statistically sig-
nificant correlations found between spore concentration and
colonies in the predominant types of Cladosporium and Alter-
naria indicate that the two sampling types are equivalent
regarding their use in determining temporal variations.
However, the quantitative differences between the two sam-
pling types and the differences found for Aspergillus—Penicil-
lium indicate that the viable and non-viable samplings are
complementary. These inequalities may demonstrate differ-
ences in viability or an absence of substrates or adequate
conditions for growth. Similarly, the viability of Cladosporium
and Alternaria depends on season; in summer, the spores are
less viable. The presence of fungal propagules in the air
exhibits a pronounced seasonality, and maximum concen-
trations are found in autumn. The observed correlation of
spore concentration with relative humidity and temperature
might be influenced by these seasonal differences. The BPSp
sampler equipped with a funnel device appears to be less
effective than other viable samplers, and the viable samplers
equipped with a sieve device (BPSp and AESp) should be used.
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