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An investigation and analysis of airborne fungi in summer in
the Hall of Mental Cultivation of the Forbidden City

ZHANG Guoqing*, WANG Fang, LI Gen, REN Meng

Department of Conservation and Science, the Palace Museum, Beijing 100009, China

Abstract: [Objective] In the natural environment in ancient buildings, cultural relics are vulnerable to
mold, especially in the sweltering summer. Therefore, it is important for protecting cultural relics and
visitors there to find out the species of airborne fungi. [Methods] We employed the natural precipitation
method and the impacting method to collect samples of six representative sites in the main hall of the Hall
of Mental Cultivation in summer and analyzed ITS1 rDNA sequences of the airborne fungi. [Results] A
total of 22 species of airborne fungi were yielded with the natural precipitation method, which were
dominated by Cladosporium, Aspergillus, and Penicillium. At two sites (the second floor of the Buddha
Hall and the West Chamber), the count of airborne fungi exceeded the standard. The impacting method
measured over 100 species and a large proportion of them were saprophytes. The dominant taxa were
Alternaria, Cladosporium, Trichoderma, Rhizopus, Aspergillus, and Penicillium. At all the six sites, the
count of fungal communities was above the standard. As for the correlation between environmental
factors and fungal diversity, the abundance of fungi was in close relationship with the temperature,
humidity, and suspended particulate matter in the Hall. In June when relative humidity is low, temperature
had great impact on abundance. In the instance of high humidity, suspended particulate matter and
humidity had greater effect on fungal abundance. The abundance of filamentous fungi was in significantly
positive correlation with small suspended particulate matter and relative humidity, while the airborne
yeast had a higher correlation with temperature. [Conclusion] This study identifies the species of airborne
fungi in the main hall of the Hall of Mental Cultivation and analyzes the correlation with environmental
factors, which lays a scientific basis for the prevention, exhibition, and preservation.

Keywords: the Hall of Mental Cultivation; summer; airborne fungi; precipitation; suspension; preventive
conservation
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Figure 1 Schematic of sampling positions. DNG, MJ, XNG, SXT, FT (FT1, FT2) are the name of sampling
positions: Dongnuange, Mingjian, Xinuange, Sanxitang, Fotang (the first and second floor), respectively.
Circles and triangles represent different sampling methods.
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Figure 2 The number of colonies in different sites. The abscissa is the name of sampling position; the
ordinate is the number of the colonies; columns of different colors represent different methods. *: a
significant difference P<0.05; **: a significant difference P<0.01; ***: a significant difference P<0.001.
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Figure 3 Phylogenetic tree based on ITS1 rDNA gene sequence of sedimentation fungi. The accession

numbers of the sequences in GenBank were shown in parentheses, the number at nodes of tree indicates
bootstrap confidence. The length of branches represents the evolutionary distance.
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Figure 4 Colonies sedimentation fungi.
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Table 1 Analysis on diversity index of fungi community

Similarity level of 97%

Position No. Observed species Shannon Simpson Chaol ACE Coverage
DNG DNG 120 4.189 0.891 139.748 139.212 0.998
MJ MJ 160 4.274 0.875 208.274 203.279 0.997
XNG XNG 148 4.260 0.888 174.154 172.520 0.998
SXT SXT 161 4.868 0.931 183.338 181.134 0.998
FT1 FT1 167 5.095 0.928 180.793 183.438 0.999
FT2 FT2 180 4.085 0.817 217.298 210.531 0.998
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Figure 5 Venn figure of OTUs distribution of
different sample groups. DNG, MJ, XNG, SXT, FT1,
FT2 represent the name of sampling positions.

Table 2 Dominant eukaryotic genera with relative abundance >0.1%

Genus Relative abundance/% Number of species
Alternaria 14.37 1
Hannaella 13.90 4
Rhizopus 6.42 3
Cladosporium 4.79 3
Aspergillus 3.14 13
Naganishia 3.01 3
Penicillium 2.41 8
Papiliotrema 2.05 5
Neurospora 1.80 1
Rhodotorula 1.31 1
Filobasidium 1.16 1
Trichoderma 0.87 2
Trichosporon 0.79 1
Sporidiobolus 0.67 1
Rhodosporidiobolus 0.66 2
Fusarium 0.60 5
Aureobasidium 0.56 2
Schizophyllum 0.49 1
Mucor 0.46 2
Vishniacozyma 0.34 1
Chaetomium 0.25 1
Choanephora 0.21 1
Issatchenkia 0.11 1
Vanrija 0.11 1

http://journals.im.ac.cn/actamicrocn
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Figure 6 Phylogenetic tree and abundance of suspended fungi with each position. The abscissa is the name
of sampling position, and the ordinate is the species name. The relative abundance of different species in

each position is displayed by the color block.
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upper abscissa is the time of sampling, and the ordinate is the relative abundance. The function of different
species is displayed by the color block. The function represented by the color is on the right side of the figure.
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Figure 9 RDA figure between fungal abundance and environmental factors in each position RH: relative
humidity; T: temperature; PMg 5, PM; o, PM; 5, PMs o, PM g, represent particulate matter with a particle size
of 0.5, 1.0, 2.5, 5.0, 10.0 um; TPM represents total particulate matter; Jun, Jul, Aug are the time of sampling.
The sampling areas are shown in the legend in the upper right corner.
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Figure 10

Relationship between dominant fungi and environmental factors. The abscissa is the

environmental factor; the ordinate is the species name of dominant fungi. RH: relative humidity; T:
temperature; PMg s, PM; o, PM, 5, PMs o, PM;¢, represent particulate matter with a particle size of 0.5, 1.0,
2.5, 5.0, 10 um; TPM represents total particulate matter. The relationship is displayed by the color gradient
of the color block, and the value is represented by the color gradient on the right side of the figure. *: a
significant correlation P<0.05; **: a significant correlation P<0.01.
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