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Abstract

Airborne fungi are being proposed as a cause of adverse health effects. They may adversely affect human health
through allergy, infection, and toxicity. Moreover, they have a great influence on urban air quality in Beijing. In this study,
a systematical survey on the culturable airborne fungi was carried out for 1 year in Beijing urban area. Fungal samples
were collected for 3 min, three times each day, and continued for three consecutive days of each month with FA-1 sampler
from three sampling sites. Results showed that the culturable fungal concentrations ranged from 24 CFU (Colony forming
units) /m* to 13960 CFU/m’°, and the mean and median was 1165 CFU/m® and 710 CFU/m’, respectively. Fungal
concentrations in the greener area around the Research Center for Eco-Environmental Sciences (RCEES) and Beijing
Botanical Garden (BBG) were significantly higher than in the densely urban and highly trafficked area of Xizhimen (XZM)
(***P<0.001), but no significant difference was found between RCEES and BBG (P>0.05). The variation of fungal
concentrations in different seasons was significant in RCEES and BBG, where the concentrations were higher in Summer
and Autumn, and lower in Spring and Winter. However, there were no significant differences in fungal concentrations
between the Spring and the Winter for three sampling sites (P>0.05). Fourteen genera, including 40 species of culturable
fungi, were identified in this study. Penicillium, with the most abundant species, which comprised more than 50% of the
total isolated fungal species. Cladosporium were the most dominant fungal group, and contributed to more than one third
of the total fungal concentration, followed by non-sporing isolates, Alternaria, Pencillium and Asperigillus. The
concentration percentage of Cladosporium was significantly higher in RCEES than in XZM (*P<0.05), and the
concentration percentages of Penicillium (**P<0.01) and Aspergillus (*P<0.05) were higher in XZM than in RCEES and
in BBG. For other groups’ concentration percentages, no significant differences were observed among the sampling sites.
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The distribution pattern of airborne fungi presented log-normal distribution. The highest proportion of culturable fungi was
detected in stage 4 (2.0-3.5 pm), and the lowest was in stage 6 (<1.0 um).

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Airborne fungi are among the most common
organisms in nature. They were considered to be
correlated with air pollution and were proposed as a
cause of adverse health effects on humans, animals and
plants (Harrison et al., 1992; Bush and Portnoy, 2001;
Ren et al., 2001; Shelton et al., 2002). Elevated levels
of particle air pollution were associated with a
decreased lung function, increased respiratory symp-
toms such as coughing, shortness of breath, wheezing
and asthma attacks, as well as chronic obstructive
pulmonary disease, cardiovascular disease and lung
cancer (Hargreaves et al., 2003; Li and Hsu, 1997;
Halonen et al., 1997). More than 80 genera of fungi
were reported to be associated with symptoms of
respiratory tract allergies (Horner et al., 1995), and
over 100 species of fungi were involved with serious
human and animal infections, while many other
species caused serious plant diseases (Cvetni¢ and
Pepeljnjak, 1997). Cladosporium, Alternaria, Asper-
gillus and Fusarium were amongst the most common
allergenic genera. For example, elevated concentra-
tions of Cladosporium were usually associated with
respiratory symptoms (Su et al., 1992). Similarly,
higher concentrations of Cladosporium and Penicil-
lium indoor could cause allergic diseases (Li et al.,
1995). Further more, Reponen et al. (1996) showed
that the deposition of fungal spores in lungs and their
effects on human health not only depended on their
composition (genera and species) and concentration,
but also their size. Larger spores (>10 pum) were
deposited in the upper airway (nose, pharynx) and
might result in hay fever symptoms, while smaller
spore particles (diameter <10 um, especially <5 um)
could penetrate the lower airways and might lead to
other allergies or asthma (Horner et al., 1995).
Attached or unattached fungal allergens that were in
the ultra fine range (<0.1 pm) or submicrometre size,
respectively, could penetrate to the deepest parts of the
respiratory tract (Horner et al., 1995).

For their adverse effects on the human health,
many studies were carried out about the fungal
community both in outdoor and indoor environ-
ments. It was reported that the dominant fungi were
Cladosporium, Alternaria, Penicillium, Aspergillus
in the atmosphere (Pandit et al., 1995; Singh et al.,
1995; Rosas et al., 1997; Waisel et al., 1997; Picco
and Rodolfi, 2000; Huang et al., 2002; Shelton et
al., 2002; Hargreaves et al., 2003; Kuder, 2003;
Adhikari et al., 2004), and their concentrations
differed from place to place because of local
environmental variables, fungal substrates, and
human activities (Banerjee et al., 1987; Li and
Kendrick, 1994; Hameed and Khodr, 2001; Shelton
et al., 2002). However, little is known about the
species, number, and size distribution of airborne
fungi in Beijing. Therefore, it is indispensable to
survey on both concentration distribution and
species of airborne fungi systematically and exten-
sively across different environments in Beijing.
Three sampling sites in different functional areas
were selected for the research on community
structure and dynamic change of culturable fungi
in Beijing city. The objectives of this study were (i)
to describe the groups, concentrations, size distribu-
tions, and relative frequencies of airborne culturable
fungi in outdoor environments, and (ii) to reveal the
distribution characteristics and dynamic changes of
fungal concentrations in three sampling sites in
Beijing.

2. Materials and methods
2.1. Sampling sites

Beijing has a territorially monsoon climate and is
situated in a warm temperate zone, which has a dry
season from November to April and a wet season
from May to October. Beijing is the political and
cultural center of China, and is also one of the 10
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most populous cities in the world, with about 13
million inhabitants. Three sites were selected for the
study in Beijing: (i) Research Center for Eco-
Environmental Sciences (RCEES), a culture and
education region, situated in the Haidian district in
the northwest part of the city, about 17 km from the
city center, with a green area contributing to about
50% of the total area, and a few flows of vehicle
and personnel. (ii) Xizhimen (XZM), a main traffic
junction, located in the Xicheng district near the city
center, with a little green area amounting to no more
than 5% vegetation coverage and about 150 time
min~! flow of vehicles, and a few flows of
personnel. (iii) Beijing Botanical Garden (BBG), a
garden green region, located in the Haidian district
over 30 km from the city center, with a green area
contributing to more than 95% of the total area and
few flows of vehicle and personnel.

2.2. Sampling methods

A six-stage culturable FA-1 sampler (imitated
Andersen sampler), made by the Applied Technical
Institute of Liaoyang, China, was used to isolate
culturable fungi from the atmosphere. Each stage
includes a plate with 400 holes of uniform diameter
through which air is drawn at 28.3 1 min~"' to impact
on petri dishes containing agar media. Airborne
particles are separated into six fractions, and the
aerodynamic cut-size diameters in six stages are 7.0
pm (stage 1), 4.7-7.0 um (stage 2), 3.3—4.7 um (stage
3), 2.1-3.3 um (stage 4), 1.1-2.1 um (stage 5), and
0.65—1.1 um (stage 6), respectively. In each sampling
site, the sampler was mounted on 1.5 m above ground
level with a platform. Sampling was conducted from
June 2003 to May 2004. Samplers were collected for 3
min, three times (9:00, 13:00 and 17:00 hours) each
day, and continued for three consecutive day of each
month. For each sampling, the FA-1 sampler was
loaded with 9.0 cm petri dishes containing Sabouraud
agar adding chloramphenicol to inhibit bacterial
growth. Exposed culture dishes were incubated for
72 h at 25 °C. Results were then expressed as colony
forming units per cubic meter of air (CFU/m?). CFU/
m® was calculated as:

(Number of colonies x 1000)
/(Sampling time x Velocity of air flow)

2.3. Fungal identification

After incubation, fungal colonies growing on each
dish were counted and identified to their genus groups
according to their microscopic morphology of hyphae,
conidia and sporangia. Fungi subcultured onto malt
extract agar (MEA), or other appropriate media that
have not developed sporing structures after 14 days
were described as “non-sporing isolates”. The fungi
selected from sampling sites were identified to their
species using the Biolog Microstation System
(Biolog, Hayward, CA).

Biolog MicroPlates were used to test the ability
of a microorganism assimilating or oxidizing com-
pounds from a preselected panel of different carbon
sources. The test yielded a characteristic pattern of
reddish-orange wells and turbidity changes, which
constituted a “metabolic fingerprint”. All necessary
nutrients and biochemicals were prefilled and dried
into the 96 wells of the plate. Iodonitrotetrazolium
violet was used as a redox dye to colorimetrically
indicate the mitochondrial activity that was stimu-
lated during the oxidation of certain carbon sources.
The MicroPlates were incubated for 1-4 days. The
pattern of reddish-orange and turbid wells was read
with the Biolog MicroStation™ Reader at both 490
nm and 750 nm to detect and quantify both color
and turbidity responses. Biolog’s MicroLog com-
puter software automatically cross-referenced the
pattern to an extensive library of species. If an
adequate match was found, a presumptive identi-
fication of the isolate was made.

2.4. Statistical analysis

All the experimental data were analyzed using
SPSS Version 10.0 (SPSS, Standard Version) for one-
way analysis of variance (ANOVA).
3. Results
3.1. Fungal concentrations
3.1.1. Overall concentration

Considering all sampling sites, the concentration

range of culturable fungi was 24-13960 CFU/m’,
and the mean and median were 1165 CFU/m® and
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Table 1
Concentration data on total airborne fungi in three sampling sites
(CFU/m®)

Sampling site Mean Median Minimal Maximal
level level
RCEES 1357 773 71 8938
XZM 791 586 24 5329
BBG 1332 838 94 13960
General 1165 710 24 13960

710 CFU/m’, respectively (see Table 1). Signifi-
cantly higher fungal concentrations were found in
RCEES and in BBG than in XZM (***P<0.001).
The mean concentration was 1357 CFU/m® (71-
8938 CFU/m’) in RCEES, for 791 CFU/m® (24—
5329 CFU/m?) in XZM, and for 1332 CFU/m’® (94—
13960 CFU/m®) in BBG (see Table 1). The
concentrations of Cladosporium and Alternaria in
RCEES and in BBG were higher than those in
XZM (**P<0.01), but no significant difference was
found between RCEES and BBG (P>0.05). Con-
cerning non-sporing isolates, a highest concentration
was observed in BBG (***P<0.001). However,
there were no significant differences of Penicillius
and Aspergillus concentrations in all sampling sites
(P>0.05) (see Fig. 1).

3.1.2. Seasonal concentration

Significant differences in fungal concentrations
among seasons existed in RCEES and in BBG, where
the mean concentrations were higher in Summer
(months from June to August) and Autumn (months
from September to November), and lower in Spring
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Fig. 2. Seasonal variation patterns of the airborne concentration of
total culturable fungi.

(months from March to May) and Winter (months
from December to February) (**P<0.01), while no
significant variation of fungal concentrations was
observed in different seasons in XZM (P>0.05). In
three sampling sites, there were no significant differ-
ences in fungal concentrations between Spring and
Winter (P>0.05). In RCEES and BBG, the concen-
tration was highest during Summer (**P<0.01),
accounting for 3975.3 CFU/m’ and 2566.5 CFU/m’,
respectively. (see Fig. 2).

3.1.3. Monthly concentration

The total fungal concentrations from June to
October were higher than those of other months in a
year in RCEES and in BBG (*P<0.05). The highest
concentration was recorded in June (5047 CFU/m?)
in RCEES, and in August (5514 CFU/m’) in BBG.
The lowest concentration was found in April in
RCEES (286 CFU/m®) and in BBG (380 CFU/m”).
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Fig. 1. Dominant fungal concentration in three sampling sites.
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However, the concentrations exhibited no significant
differences in XZM throughout the year. In all
sampling sites, no significant variations in fungal
concentrations were found from November to May
(P>0.05) (see Fig. 3).

The same variations were observed between
Cladosporium concentrations and total fungal con-
centrations in three sampling sites during the year.
The highest concentration of Cladosporium was
recorded in June (2691 CFU/m’) in RCEES, and in
August (1936 CFU/m’) in BBG. The lowest concen-
tration was found in April (107 CFU/m’) in RCEES,
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Fig. 4. The diurnal changes of total fungal concentration during
three sampling times in a day.
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Table 2
Culturable airborne fungal populations collected by FA-1 sampler

RCEES XZM BBG

Functional areas/genera/species

Actinomucor
A. elegans
Alternaria

+

A. alternata
Aspergillus

A. clavatus

A. flavus

A. niger

A. sydowii
Cladosporium
C. herbarum
C. sphaerospermum
C. tenuissimum
Emerricella

o+ o+ o+ o+
e T S e
S

+ o+ o+t

E. nidulans var. nidulans
Endomyces

E. fibuliger

Fusarium

+
+
+ o+ + o+

+
+

F. chlamydoporum

var. chlamydosporum
F. verticillioides
Neosartorya
N. fischeri var. fischeri
Paecilomyces
P. varioti
Penicillium
P aurantiogriseum
P, bilaiae
P. brevicompactum
P. chrysogenum
P, citreonigrum +
P. citrinum
P. corylophilum
P. crustosum

+

+

I T
+
+ o+ o+ o+

P. expansum
P, funiculosum
P. glabrum

P. oxalicum

P. pinophilum
P, restrictum +
P. roqueforti

P. rubrum +
P. steckii

P, sydowii

P. variabile
P, verrucosum

T S e S

+ o+ + o+
+
+ +

var. verrucosum
P, viridicatum
Phoma

P, septicidalis
Talaromyces

T. flavus var. flavus
Trichoderma + +

+ o+ o+ o+

+
+

Table 2 (continued)

Functional areas/genera/species RCEES XZM BBG

T. longibrachiatum + +
Trichothecium + +
T. roseum + +
No-identification + + +

and in June in BBG (10 CFU/m’). However, no
significant variations of Penicillium concentrations
were observed during a year in all sampling sites,
except the higher concentration in Sep in RCEES. In
all sampling sites, the Alternaria concentrations from
May to July were significantly higher than those of
other months (*P<0.05), and the variation of Asper-
gillus concentration was opposite to Alternaria.
Concerning non-sporing isolates, the concentration
levels in January and April were relatively lower than
those in other months (Fig. 3).

3.1.4. Diurnal changes during three sampling times

No significant difference of total fungal concen-
tration during three sampling times existed in different
sampling sites (P>0.05) (Fig. 4). The highest con-
centrations of Cladosporium were recorded at 17:00
hours (*P<0.05), and the lowest concentration of
Penicillium was found at 13:00 hours in all sampling
sites (*P<0.05) (Fig. 5).

3.2. Fungal groups

Fourteen genera, including 40 species of cultur-
able fungi, were identified from all sampling sites.
The genus of Penicillium with 21 species occupied
more than 50% of the total number of isolated
fungal species. The genus of Aspergillus only had
four species and genus of Cladosporium had three
species. Eleven genera and 31 species were
identified in RCEES, and nine genera and 19
species in XZM, 10 genera and 22 species in
BBG (see Table 2).

The frequency of the five dominant groups
including Cladosporium, non-sporing isolates, Alter-
naria, Pencillium and Asperigillus, varied from
76.1% to 98.8% throughout the year. The frequency
of other fungal groups, varied from 0.0% to 42.6%
(see Table 3).

Within the dominant groups, Cladosporium had
the maximum fungal concentration percentage, and
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Table 3
Overall percentage and frequency of airborne fungi in three sampling sites
Fungal groups RCEES XZM BBG

Frequency Concentration Frequency Concentration Frequency Concentration

percentage percentage percentage

Cladosporium 95.9% 43.0% 96.4% 36.6% 98.1% 40.7%
Penicillium 92.3% 11.0% 95.2% 15.5% 91.8% 11.0%
Alternaria 95.9% 14.0% 89.9% 11.7% 96.9% 14.5%
Aspergillus 81.7% 6.5% 82.1% 8.8% 76.1% 7.0%
Non-sporing isolates 98.8% 18.0% 98.2% 18.2% 96.9% 20.1%
Trichoderma 7.7% 0.1% 12.5% 0.6% 6.9% 0.2%
Paecilomyces 8.9% 0.2% 11.3% 0.7% 8.8% 0.2%
Mucor 16.0% 0.6% 16.7% 0.6% 21.4% 0.6%
Neurospora 5.9% 0.1% 4.2% 0.1% 8.8% 0.1%
Yeasts 42.6% 2.2% 36.3% 2.9% 8.2% 2.2%
Rhizopus 3.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Fusarium 15.4% 0.4% 12.5% 0.3% 11.3% 0.3%
No identification 68.0% 3.9% 72.6% 3.8% 75.5% 3.2%

accounted for 43.0% in RCEES, for 36.6% in XZM,
and 40.7% in BBG, respectively (see Table 3). The
non-sporing isolates was the second group isolated
from the samples, followed by Alternaria, Pencil-
lium and Asperigillus. Their concentration percen-
tages varied from 6.5% to 20.1%. Other groups
accounted for no more than 3.0% of total fungi
colonies.

The concentration percentages of Cladosporium
were significantly higher in RCEES than in XZM
(*P<0.05). However, the concentration percentages of
Penicillium (**P<0.01) and Aspergillus (*P<0.05)
were significantly higher in XZM than in RCEES and
in BBG, and no significant differences of concen-
tration percentages in other groups were found in all
sampling sites (see Table 3).

3.3. Particle size distributions of airborne culturable
Sfungi

The distributions of particle size of total cultur-
able fungi in different sampling sites were showed
in Fig. 6. The distributing patterns presented log-
normal distribution. The highest proportions of
culturable fungi were detected in stage 4 (2.0-3.5
um), and the lowest in stage 6 (<1.0 um)
(**P<0.01). The proportions were 27.96%
(RCEES), 36.24% (MTL), and 29.49% (BBG) in
stage 4, and 5.01% (RCEES), 4.50% (XZM), 5.62%
(BBQG) in stage 6. On other stages, the proportions
varied from 9.96% to 27.55% in RCEES, from
9.94% to 20.66% in XZM, and from 12.56% to
20.61% in BBG.
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Significant differences of fungal proportions were
found at all stages in three sampling sites except
stage 6. The lowest proportions of total culturable
fungi were found in stage 1 (>8.2 pum) (*P<0.05),
and the highest in stage 4 (**P<0.01) in XZM.

4. Discussion

In general, the fungal concentration in Beijing was
higher compared to the studies conducted in other
urban areas (Takahasi, 1997; Rosas et al., 1997,
Shelton et al., 2002). It may lead to the serious
microbial pollution in the atmosphere in Beijing. The
fungal concentrations in the atmosphere varied greatly
in different sampling sites during a year in Beijing,
and the wide range of those concentrations could be
attributed to the micro-environmental and meteoro-
logical conditions, sampling time of a day and year,
and different climatic conditions in a year (Adhikari et
al., 2004). In other studies, there were large differ-
ences in total fungal concentrations, and the great
variations were also found in the cities of other
countries (Giorgio et al., 1996; Rosas et al., 1997;
Takahasi, 1997; Al-Suwaine et al., 1999; Zhai et al.,
2000; Shelton et al., 2002; Ju et al., 2003). For
example, Rosas et al. (1997) reported a geometric
mean concentration of 143 CFU/m’ in Mexico city.
Shelton et al. (2002) recorded the medium concen-
tration (500 CFU/m®) in the United States. Takahasi
(1997) observed a concentration range of 13-2750
CFU/m’ from the city of Yokohama, Japan. In China,
fungal concentrations ranged from 315 CFU/m’ to
4718 CFU/m® in Lanzhou (Ju et al., 2003); Lv et al.
(1996) also observed a fungal concentration ranging
from 367 CFU/m’ to 6288 CFU/m’ in Wulumugi.
Those great differences could be attributed to the
geographic location, different fungal growth sub-
strates in different countries, as well as different types
of sampler, different type of media and different
sampling methods used by the researchers (Adhikari
et al., 2004).

Significantly high concentration of airborne fungi
was observed in the regions with high vegetation
coverage in Summer in Beijing. On one hand, most
of the fungal airborne spores were supposed to
come from vegetation rather than from soil. In the
vigorous growth of plants in Summer, the phyllo-

planes can allow for the growth of several sapro-
phytic and parasitic fungi (Picco and Rodolfi, 2000).
On the other hand, air temperature and moisture in
the microenvironment in Summer could be adapt-
able for the germination, growth and propagation of
airborne fungi. This result was consistent with the
finding reported by Ju et al. (2003) who observed
that the fungal concentration in the greenbelt was 12
times higher than in the traffic line. In Spring, the
urban plants could not flourish because of the
climatic conditions in Beijing, and the plants
withered away in Winter. There were not enough
growth substrates for fungi in the atmosphere
around the city, and no significant differences of
fungal concentration were found among three
sampling sites in Spring and in Winter. Moreover,
the human activities might also result in the increase
of fungal concentrations in the atmosphere. There-
fore, due to about 50% vegetation coverage and
high frequent human activities, such as personnel
flow and construction in the campus, a high fungal
concentration was also observed in RCEES. In
XZM, a low concentration of airborne fungi was
recorded. It might be attributed to the lack of
vegetation and many other environmental factors
inhibiting the growth of fungi in Summer, such as
serious pollution, high air temperature and low
moisture near the ground.

There was high vegetation coverage in RCEES
and in BBG, the leafage could act as the crude
substrate of airborne fungi, which would be released
into the atmosphere in a certain condition. So the
fungal colonization might vary according to the
season and the plant life cycle (Picco and Rodolfi,
2000). Therefore, the concentration varied greatly
and was higher in Summer and Autumn, and lower
in Spring and Winter. Furthermore, the highest
fungal concentrations in Summer were also recorded
among seasons in RCEES and in BBG because of
the suitable conditions for fungal growth such as air
temperature and moisture (Rahkonen et al., 1990;
Shelton et al., 2002; Kuder, 2003). But there was a
much lower vegetation coverage, and a deficiency
of fungal sources in XZM. No significant seasonal
variation in fungi concentration was recorded during
the year. Nevertheless, our result was inconsistent
with the study of Huang et al. (2002), who reported
that the fungal concentration was higher in Winter
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than other seasons in municipal landfill sites in
southern Taiwan and ascribed it to the geographic
characteristics of the sampling area.

It was reported that light triggered fungal spores
release in several fungi, and light was required to
initiate ascopore discharge in many of the bitunicate
fungi (Leach, 1975; Lyon et al., 1984; Li and
Kendrick, 1994). The study of Salvaggio and
Aukrust (1981) showed that conidia of Cladospo-
rium and Alternaria were often abundant during
midday periods with maximal sunlight. However,
the higher concentrations of Cladosporium were
recorded at 17:00 hours (*P<0.05), and the lower
concentration of Penicillium was found at 13:00
hours in the present study (*P<0.05). Those results
were different from previous studies because the
fungal concentrations were determined by many
environmental and meteorological factors. There
might be other factors influencing the fungal
concentrations, although the sunlight was abundant
in 13:00 hours.

The prevalent fungal groups from all the sam-
pling sites were Cladosporium, non-sporing isolates,
Alternaria, Pencillium and Asperigillus, some of
which have been reported as the most common
airborne fungi in different environments in other
studies (Singh et al.,, 1995; Pandit et al., 1995;
Rosas et al., 1997; Waisel et al.,, 1997; Picco and
Rodolfi, 2000; Shelton et al., 2002; Huang et al.,
2002; Hargreaves et al., 2003; Kuder, 2003;
Adhikari et al., 2004). Cladosporium, comprising
more than one third of the collected samples, was
the most dominant fungal group in the present
study. The same result was also found by Wu et al.
(1982) and by Fu et al. (2000) in Beijing. However,
most of studies in China showed that there were
few Cladosporium in the atmosphere (Zhang et al.,
1987; Zhai et al., 2000; Ju et al., 2003). It might be
caused by the sampling methods (natural sinking
method), different sampling environments, and
culture medium (potato dextrose agar). The different
culture median could permit the isolation of some
species of airborne fungi (Morring et al., 1983).
Studies showed that some of airborne fungi showed
seasonality, corresponding to their seasonal occur-
rence (Singh et al., 1990). Cladosporium was
predominant during Winter months, Alternaria dur-
ing Summers, while Penicillium species were

predominant during Autumn (Singh et al., 1990),
but such variation was not found in the present
study. However, the concentration variations of
different fungal groups were found differently in a
year. The variation of Aspergillus concentration was
opposite to Alternaria. It might be resulted from the
different major sources for different fungal groups.
In different environments, despite the similarity of
the fungal community composition, there was a
great discrepancy of the concentration percentages.
It demonstrated that the concentration percentages of
fungal groups changed with the environmental and
sampling conditions.

The size distributions of airborne fungi in
outdoor environments showed that the distributions
were similar in different sampling sites, presenting
log-normal distribution, which was in accordance
with the studies of Hu et al. (1990) in Beijng and
Meklin (2003) in school buildings of two construc-
tion types (wooden and concrete). In our study, the
highest fungal levels were located in the 2.0-3.5 pm
size range, and lowest in <1.0 um, while Hu et al.
(1990) found that the highest fungal levels existed
in the size range of 3.0-6.0 um, and in the data of
Meklin et al. (2002), the range of 1.1-2.1 um was
the highest across all sampling stages. It suggested
that the fungal spores had different sources in
different environments (Reponen et al., 1992), and
that size distributions were affected by meteorologic
factors such as temperature and moisture (Meklin et
al., 2002). In the study of Meklin et al. (2002),
wooden buildings had mostly traditional organic
insulation materials, such as moss or sawdust, which
might act as a source of the fungal aerosol. In the
present study, the percentage of vegetation coverage
was more than 95% in BBG, where the herbage and
shrubbery were the main sources of airborne fungi.
In RCEES the fungal spores mainly originated from
vegetation or human activities, and in XZM mainly
from soil or dust.

5. Conclusions

In the present study, an investigation of airborne
fungi in outdoor environments was conducted in
Beijing, we can conclude that (i) the major contrib-
utors to the outdoor environments in Beijing,
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respective, were Cladosporium, non-sporing isolates,
Alternaria, Penicilliun and Aspergillus. The genus of
most species richness was Penicillium, and the genus
of highest concentration was Cladosporium. (ii)
there was high fungal concentration in the regions
with high vegetation coverage and many human
activities, where the concentration of airborne fungi
might vary according to the seasonal occurrence and
the plant life cycle, and was higher in Summer and
Autumn, but lower in Spring and Winter, (iii) in
different environments, despite the similarity of
fungal community composition, there was a great
discrepancy of the concentration percentages, (iv) the
size distribution pattern of airborne fungi presented
log-normal distribution, the highest proportions of
culturable fungi were detected in stage 4 (2.0-3.5
pm) and the lowest in stage 6 (1.0 pm).
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