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Abstract: [Objective] Environmental fungi emerge as the principal agents causing microbial
deterioration of museum collections. The varying materials and origins of collections and the
different storeroom environments in a museum contribute to high diversity of environmental
fungi. Additionally, the air conditioning system within a museum may instigate fungal
dispersion among storerooms. Recognizing the compositional differences and seasonal
variations of fungal communities in the air across varied storerooms underpins the early
warning and prevention against microbial hazards in museum settings. [Methods] Sampling
was carried out every two months by the impacting method in the iron and silk storerooms of a
museum for one year. Fungal species and community composition were examined by ITS
rDNA sequencing. [Results] The amplicon sequencing yielded a broad spectrum of fungal data,
encompassing five phyla, 20 classes, and 184 families, over half of which displayed notable
seasonal changes. Distinct and comparatively consistent fundamental fungal populations
existed in both iron and silk storerooms, exhibiting minimal seasonal variations. However,
during summer when it was humid, substantial proliferation of the fungi capable of degrading
proteinaceous and cellulosic materials was observed in both storerooms, which presented a
latent hazard to the collections. Furthermore, it was noted that certain fungi produced acidic
by-products during growth, which could compromise the integrity of the collections.
[Conclusion] This investigation provides groundwork for the mitigation and management of
environmentally derived fungal threats in museum contexts, underscoring importance for the
preventive conservation of museum collections.
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Figure 1

Monitor the first-level changes of major fungi in the warehouse within one year. A: The results of

the iron warehouse. B: The results of the silk warehouse. S1: August 2020 sample; S2: October 2020 sample;
S3: December 2020 sample; S4: February 2021 sample; S5: April 2021 sample; S6: June 2021 sample.
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Figure 2 The results of PLS-DA analysis for monitoring the composition changes of major fungi in the
warehouse within one year. A: The results of the iron warehouse. B: The results of the silk warehouse. S1:
August 2020 sample; S2: October 2020 sample; S3: December 2020 sample; S4: February 2021 sample; SS5:
April 2021 sample; S6: June 2021 sample.
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Figure 3 The results of K-mer PCA analysis for monitoring the composition changes of major fungi in the
warehouse within one year. A: The results of the iron warehouse. B: The results of the silk warehouse. S1:
August 2020 sample; S2: October 2020 sample; S3: December 2020 sample; S4: February 2021 sample; S5:
April 2021 sample; S6: June 2021 sample.
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Figure 4 The most significant changes in the major fungal species in the iron warehouse and silk warehouse

during the year. A: The results of the iron warehouse. B: The results of the silk warehouse. S1: August 2020
sample; S2: October 2020 sample; S3: December 2020 sample; S4: February 2021 sample; S5: April 2021

sample; S6: June 2021 sample.

2 B (Lycoperdaceae) i (1) &8 43 7 J& 2 AT 43 Wb
AHLREY T RE S0, SRR A
XF 4 JE . AR A A TR b T AR O AE, IF HOH
PRI O A 25 5 I B s 28 SR B o o o Wi 5
WoR, #BEEF(Mortierellaceae) H #4314 )&
HA 7= A WL R S A I 27 4 2R 1 250,
A BB X A J5T AT T 28 i i A R M R 1Y A
P o BRAR I 5 B o st B A R g,
75 %R % WA ) . Cystofilobasidiaceae
FHE e (358 4 B i AT i A TR 47 4 R 1
71, XCRAE R AR RN EE; L2

(L7700 k2 oA VNN = o S s B s e R SRR
R, WAl RRUE T AN A B AL . &S
RGBS E N G /Y Ehmshi ks gy, JaLLes
B — PP A

22 U5 PR A5 i /R (6] 4B), i FDR K
T 0.01 WIAMRIEATIRLE, 75 184 P LR,
A 97 FIAEAE B AR AL, BRI ZE15 U sh Pk
B, 36 A BRI 5 B (Mycosphaerel laceae) . 1%
1t 7 F (Pleosporacea) . 14 H-#F#H Seccherinaceae) .
W A Bl (Psathyrellaceae) . %2 #i f £ Bl
(Trichosporonaceae) . #ffi&:FH(Mortierellaceae). /)

M\

http://journals.im.ac.cn/actamicrocn



2302

TANG Ming et al. | Acta Microbiologica Sinica, 2024, 64(7)

PEFFH Microascaceae) . 1 FH(Tricholomataceae) |
BRFERFHGlomeraceae) . AR e Bionectriaceae) .
= T Bl (Agaricaceae) 5 . H 1 /) #E B OB
(Microascaceae)™*” | 'l BER}(Tricholomataceae)® |
Bk % % Bl (Glomeraceae)™ . 4 Ak 5% B
(Bionectriaceae)**!! | 4> i %} (Agaricaceae)*”!
LY AR, CA MHRGE B 5
BB A E AT . KRR RELK, IF
HAEAERK OB PR IREYI BT, XM
K i A SO B BRI FES 3 . BT
#9755 Bl (Mortierellaceae) H 11 3 23 i J& H A A
PR EARRE S, TEMEICE AU . AR
o PO 26 B T SR I DG T IR L

LRSS BN, ARIWESR, HEEER
FhRAFAE R B 225, UL R[] S PR
Dy, MTXXW A SN . HERE . AR
X SERE, SETHERARES 2
Y D e S, HE o R % B0 A TR AR A A
BN RS, USSR R R S
B 4 e L MR S Fh 2 45 2 R B AT BT R
LiE .
3 itk

Wit 2 THEA) s ST P CR AP AR A S A
FERIRIE, it DRAF IR T ) Tl A P ek iz 3]
SCUMRS TAE B TR, ENA 2 K Y ks
FEIE T TN = AR P o 0 A
WA, FEEEPEEYE R RIT A
FERLAS (6], EEAT E % AN [R) B 5T 6 & 22 o B B o
AR I SE . X T4 R ZEE IR S
JE D 2 LA Al e KRB i, R IR
B O R B IR PR . S ik
W5 SCIR R B E Z AR A S, 25
SR ATAEIE WA P AR SO R A B R
IR R 22— Rk, 0 A T R R

<l actamicro@im.ac.cn, & 010-64807516

P PR b s S AR D M I AATE Y, X RGO
v DA XU SR A YL 1 AR A AR 2 G
T SO B R SRR L T R R A
o H AR E VAP TR BR800 o 255 25 JE ST
JoT DA B St RS e 1, A SE 4y B BT JCHL
A B Bk 2 D R ML B2 oA 32 %) 22 80 I
YERWEFEXS G, R3S -0 % 7 X0 —4E
) LA AR A AT T LA .

AT R R I, edn T2 805 e B e 4
SN N 75 S N 11 < BT I i1 3| RN Nl =
(Nectriaceae) . & I#F}(Trichocomaceae) . i 5 i
2 Ft
(Saccharomycetaceae) . &2 % #}(Dothioraceae) .
BR 1 T R (Mycosphaerellaceae) 45 B 14 Fh 25 i 17
TE, UL S TR R AT RE O D 1) AL I
RV, HIE ME S R R EL . BT R G55 %
YIMOG . [l , XS] 2245 28 10 FL R A 52 i
TN, BRERPE D ML B R EAN R T B H
AR 1Y) FL TR S I N B 2 e S A AE 25 S LT 2
B, BARTED | — BT ROR AR R, 3
JE HAR BB N FE 21 B R S A =E i B I
FHRON R M 22 5, Qi <=F} (Psathyrellaceae) |
3k 60 #} (Cephal othecaceae) % . % F& 31| 4> J4E
Ji b T 6] — A PR DX PR35 2 Rl — 3 KR 52
T, A AS B BT S AT 0 TR R DL SR R A B |
S TG AR ELA, T RE Rl sk Fh 22 S ) J2 2
SR oSS — PR SE, E A E A
PRIE T L 5 2 SR AL, 008 JE B R S
R . A, AR A, 7ERkZE(2020 4
10 J)PIANFE B3 B4 1 ] (Basidiomycotay) 1 2%
Ry AL (Filobasidiaceae) ) 32 1 i 2 & 4 H H:
AEXT = B A AR, PT AR S TR 1 2 0
REERF 9-10 A0t Z FBRIg a0 sl
P AR BT AR DG, 30T WA ALY
JIEN A, JoSLA T i — 2P SC R B IE

W Fb (Plectosphaerellaceae) .



R H | EEdR, 2024, 64(7)

2303

EIECPNEZ QL X7/ kiGN Th 1) S
SEPRBEPEW R GE, R B R B R AR
85, ARG 25 0 RV o ASBIF 5 1od Xt 126 B
W —AF N WA, R EA
W AR E B s, 22 A
SO SN A T S R AR, PR s ELA Y
AR ML T R F N E R, RZHA
B AE G R Y R AT AR B W A 1) 21 3 A1
ik, 6 i THT W ) B A 0 45 A0 XU B 42 2 %2
AR o DRHGJE SEAE X T A9 U R 28 P 358 L T T
JRAIFFE LA LR U 3 B gt iy, 5 B85 7%
BT . N BT Sl AR U 55 22 5 T A
R, AL EIEAT B A RO AR 12 D
PR AR

4 Zik

(1) ABFFEiE I ITS § 34 7P 877 % 2 4>
VP B EL A 2= e A EA T T RGERI I . 45
R, 2 DNERBERRRSE FAAERO 25 1)
PEDHRESIE . [RImE, MBTEIRE B, R BLPANE
P B HLTR 2 BRI A AE — € R T e sh i, 30
O3 BRI AR AL B SR AR I AR A A 5 5
BEAb, A A8 R W A 21 D5 8 ) R R A
FAE—E R 5 22 5%, AT RE -5 2 3 i A 4 Jot
AR A LR ARG

(2) ASBIFGEAE—AF fR B 18] P, o 1849y o Al 750
DY N W A N R i s N )
WEEH W ZHAME A, RS T EINFEE N ER
MRS, KRBT Ve B 2R AR G
FHE, e it — a5 o I 00 46 E = W 4
PSR EC R AP | AT LR S U R RS 25 1R AL
PEEAL T SCSERL AR, X L B X AN [R] B
T | AN [R)A Je S0 A R A0 -5 T Y S
PERATY | WA T U0 R0 A T TR P 2 5 B
fETIA R, B AR R AN

S

[1] 5KEL, skt R, SRR AUR A M RE R W Y
WEZR[1]. P EE4L, 2015, 34(3): 31-34.

ZHANG H, ZHANG JP, ZHU QG. Effect of mold on
paper chemical property[J]. China Pulp & Paper, 2015,
34(3): 31-34 (in Chinese).

[2] DAKAL TC, ARORA PK. Evaluation of potential of
molecular and physical techniques in studying
biodeterioration[J]. Reviews in Environmental Science
and Bio/Technology, 2012, 11(1): 71-104.

[3] SAKR AA, GHALY MF, HELAL GE, ABDEL
HALIEM MEF. Effect of thymol against fungi
deteriorating mural paintings at tell basta tombs, lower
Egypt[J]. International Journal of Research Studies in
Biosciences, 2018, 6(2): 8-23.

[4] FBEEE, skif, WAME. 4CBCW BT RED] M
AT RZ2 224 (2R BHF R, 2018, 40(1): 101-105.
ZHENG XX, ZHANG N, HU N. “Dweller” on paper
cultural relics[J]. Journal of Nanjing Tech University
(Natural Science Edition), 2018, 40(1): 101-105 (in
Chinese).

[51 WU FS, WANG WF, FENG HY, GU JD. Realization
of biodeterioration to cultural heritage protection in
Chinal[J]. International Biodeterioration &
Biodegradation, 2017, 117: 128-130.

[6] ZUCCONI L, GAGLIARDI M, ISOLA D, ONOFRI S,
ANDALORO MC, PELOSI C, POGLIANI P,
SELBMANN L. Biodeterioration agents dwelling in or
on the wall paintings of the Holy Saviour’s cave
(Vallerano, Italy)[J]. International Biodeterioration &
Biodegradation, 2012, 70: 40-46.

[71 NUGARI MP, PIETRINI AM, CANEVA G, IMPERI F,
VISCA P. Biodeterioration of mural paintings in a
rocky habitat: the Crypt of the Original Sin (Matera,
Ttaly)[J].
Biodegradation, 2009, 63(6): 705-711.

[8] UROZ S, CALVARUSO C, TURPAULT MP,
FREY-KLETT P. Mineral weathering by bacteria:
ecology, actors and mechanisms[J]. Trends in
Microbiology, 2009, 17(8): 378-387.

[9] DUPONT J, JACQUET C, DENNETIERE B,
LACOSTE S, BOUSTA F, ORIAL G, CRUAUD C,
COULOUX A, ROQUEBERT MF. Invasion of the
French paleolithic painted cave of Lascaux by

International Biodeterioration &

members of the Fusarium solani species complex[J].
Mycologia, 2007, 99(4): 526-533.

http://journals.im.ac.cn/actamicrocn



2304

TANG Ming et al. | Acta Microbiologica Sinica, 2024, 64(7)

[10]

[11]

[13]

[15]

TAYLER S, MAY E. A comparison of methods for the
measurement of microbial activity on stone[J]. Studies
in Conservation, 1995, 40(3): 163-170.

CAPODICASA S, FEDI S, PORCELLI AM,
ZANNONI D. The microbial community dwelling on a
biodeteriorated 16th century painting[J]. International
Biodeterioration & Biodegradation, 2010, 64(8):
727-733.

del MAR LOPEZ-MIRAS M, MARTIN-SANCHEZ I,
YEBRA-RODRIGUEZ A, ROMERO-NOGUERA J,
BOLIVAR-GALIANO F, ETTENAUER J,
STERFLINGER K, PINAR G. Contribution of the
microbial communities detected on an oil painting on
canvas to its biodeterioration[J]. PLoS One, 2013,
8(11): e80198.

PINAR G, KRAKOVA L, PANGALLO D,
PIOMBINO-MASCALI D, MAIXNER F, ZINK A,
STERFLINGER K. Halophilic bacteria are colonizing
the exhibition areas of the Capuchin Catacombs in
Palermo, Italy[J]. Extremophiles, 2014, 18(4):
677-691.

SRR, 7, M, AR, EEHCE TR0 B A
HLE WA 500 [0]. AR, 2022, 62(11):
4397-4413.

ZHANG GQ, WANG F, LI G, REN M. An
investigation and analysis of airborne fungi in summer
in the Hall of Mental Cultivation of the Forbidden
City[J]. Acta Microbiologica Sinica, 2022, 62(11):
4397-4413 (in Chinese).

iRk, o, PRRRE, £7°, Mk Eib, 28
JU, s, fREL, AEE, WK, HEHEN, Kk
B, ARSAN, BRI = RME ol g F R R
Py o3 85 28 BT R BOR VA [J]. 5 BRI AR W)
243, 2022, 28(3): 543-552.

HE YQ, JIANG LM, CHEN JC, WANG N, XIAO L,
WANG C, LI SF, QU JW, CHENG Q, SHI XX, TAN
YL, CAO XD, ZHANG ZW, ZOU LK, ZHAO K.
Isolation and identification of microbial diseases
breeding on the surface of ancient Ivory unearthed
from the Sanxingdui Ruins and evaluation of the
inhibition effect of antimicrobial agents[J]. Chinese
Journal of Applied and Environmental Biology, 2022,
28(3): 543-552 (in Chinese).

FER, JUSCAT, EA, K E. P R = e i
INFREE A S AR W R S RO R S SRS, S
TRy 525 R 2, 2017, 29(1): 35-43.

TANG H, FAN WQ, WANG C, ZHANG LL. A
the species and quantity of

dynamic study on

<l actamicro@im.ac.cn, & 010-64807516

[18]

[19]

[20]

[22]

microorganisms in the micro-environment, Chongqing
China Three Gorges Museum[J]. Sciences of
Conservation and Archaeology, 2017, 29(1): 35-43 (in
Chinese).

WU DD, SONG ZW, XU AL, ZHENG Y, XIA Y.
Metabolic characteristics and community diversities of
airborne microbes at different functional regions in
Qingdao in winter[J]. Acta Ecologica Sinica, 2015,
35(7): 2277-2284.

SPERLING T, O’NEIL D, NIECIECKI V, SMITH P,
SCHROEER S, SCHOLLE N, POLIDORI M,
SPRENGER-HAUSSELS M. Novel procedure for
improved results in soil microbiome analysis using the
DNeasy® PowerSoil® Pro Kit[R]. Germany: QIAGEN
GmbH, 2018.

LIGUORI G, LAMAS B, RICHARD ML, BRANDI G,
Da COSTA G, HOFFMANN TW, Di SIMONE MP,
CALABRESE C, POGGIOLI G, LANGELLA P,
CAMPIERI M, SOKOL H. Fungal dysbiosis in
mucosa-associated microbiota of Crohn’s disease
patients[J]. Journal of Crohn’s and Colitis, 2016, 10(3):
296-305.

MAGOC T, SALZBERG SL. FLASH: fast length
adjustment of reads to

short improve

2011,

genome
assemblies[J]. Bioinformatics, 27(21):
2957-2963.

CAPORASO JG, KUCZYNSKI J, STOMBAUGH 1,
BITTINGER K, BUSHMAN FD, COSTELLO EK,
FIERER N, PENA AG, GOODRICH JK, GORDON JI,
HUTTLEY GA, KELLEY ST, KNIGHTS D, KOENIG
JE, LEY RE, LOZUPONE CA, McDONALD D,
MUEGGE BD, PIRRUNG M, REEDER I, et al.
QIIME allows analysis of high-throughput community
sequencing data[J]. Nature Methods, 2010, 7: 335-336.
Wi, B, sk, BREDE, FETRXR, 4ERE, R
Az T 3 I AR £ A R A A T AR
PRIEY) ZFEMERT )], iRl Rz = (B AR
%), 2020, 35(3): 392-400.

YANG M, YIN R, ZHANG GT, SHAO JH, DU F,
DENG WP, ZHU SS. Study on the grape rhizosphere
microbial diversity in Shangri-La Wine Region by
high-throughput sequencing technology[J]. Journal of
Yunnan Agricultural University (Natural Science),
2020, 35(3): 392-400 (in Chinese).

MACINTYRE DA, CHANDIRAMANI M, LEE YS,
KINDINGER L, SMITH A, ANGELOPOULOS N,
LEHNE B, ARULKUMARAN S, BROWN R, TEOH
TG, HOLMES E, NICOHOLSON JK, MARCHESI JR,



R H | EEdR, 2024, 64(7)

2305

[24]

[25]

[30]

BENNETT PR. The vaginal
pregnancy and the postpartum period in a European
population[J]. Scientific Reports, 2015, 5: 8988.
‘%ﬁ*‘fﬂi FEME, Bl dl, ML, R4, B,
FEIEFS, XUJT. R i i e B R 4 O
B AR il RARLBRIA W) Z AR PR TE (0], SR 2741,
2022, 39(9): 1639-1648.

XIAO HL, WANG JP, YANG YK, ZHENG QL, XU
WH, GONG L, SONG ZZ, TANG ML, LIU WH.
Analysis of microbial diversity in rhizosphere soil of

microbiome during

‘LJ‘/[_D

Shine Muscat grape on different rootstocks using
high-throughput sequencing[J]. Journal of Fruit
Science, 2022, 39(9): 1639-1648 (in Chinese).
COETZEE JOHANNES C, VAN WYK ABRAHAM E.
The genus Calvatia (Gasteromycetes, Lycoperdaceae):
a review of its ethnomycology and biotechnological
potential[J]. African Journal of Biotechnology, 2009,
8(22): 6007-6015.

VL7, AR, BOER, MUARLL, ACORAE, MRS, RENK.
FNAN A= TR L T T R A [ XA R Bl U T 1 VA
FREE[T]. A44R, 2023, 42(6): 1311-1329.

JIANG Y, ZOU F, HUANG J, DAI WH, ZUO RH,
TIAN SY, XIONG H.
characteristics of six ectomycorrhizal fungal strains
under different insoluble phosphorus sources[J].
Mycosystema, 2023, 42(6): 1311-1329 (in Chinese).
T, 7N, EEME, B[S0, AME, T,
B, BRZE. EhEh B Al il o ik 5 ke K A B T B
SRR, AR BE 2 KRR, 2021, 37(4):
609-618.

DING XT, TANG QH, WANG YW, MIN W, SUN X,
YIN SP, GU W, CHEN J. The chemical constituents
and application prospects on wound healing of
lasiosphaera seu Calvatia[J]. Journal of Nanjing
University of Traditional Chinese Medicine, 2021,
37(4): 609-618 (in Chinese).

OLIVEIRA RB, ROBL D, IENCZAK JL. Potential of
Mortierellaceae

Phosphorus  dissolving

for polyunsaturated fatty acids
production: mini review[J].
2023, 45(7): 741-759.
KOECHLI C, CAMPBELL AN, PEPE-RANNEY C,
BUCKLEY DH. Assessing fungal contributions to
cellulose degradation in soil by using high-throughput
stable isotope probing[J]. Soil
Biochemistry, 2019, 130: 150-158.
THL, BRAR, 05, KGR, BAREE, SR, kAE
e WA X A S TR A O RS AT R A RS2 R (D],
T+ 2R, 2022, 59(1): 206-217.

Biotechnology Letters,

Biology and

[32]

[33]

[35]

[37]

[38]

[40]

NING Q, CHEN L, LI F, ZHANG CZ, MA DH, CAI
ZJ, ZHANG JB. Effects of Mortierella on nutrient
availability and straw decomposition in soil[J]. Acta
Pedologica Sinica, 2022, 59(1): 206-217 (in Chinese).

SUCHOVA K, FEHER C, RAVN JL, BEDO S, BIELY
P, GEIJER C. Cellulose- and xylan-degrading yeasts:
enzymes, and

applications biotechnological

potential[J]. Biotechnology Advances, 2022, 59:
107981.

SONG CL, LIU GL, XU JL, CHI ZM. Purification and
characterization of extracellular B-galactosidase from
the psychrotolerant yeast Guehomyces pullulans 17-1
isolated from sea sediment in Antarctica[J]. Process
Biochemistry, 2010, 45(6): 954-960.

TSUJI M, TANABE Y, VINCENT WF, UCHIDA M.
Mrakia arctica sp. nov.,
isolated from an ice island in the Canadian High
Arctic[J]. Mycoscience, 2018, 59(1): 54-58.
HAMADA N, BABA T, SAKUMA D. Culturable
keratinophilic fungi isolated from house dust by

a new psychrophilic yeast

hair-baiting technique[J]. International Biodeterioration &
Biodegradation, 2024, 186: 105702.

VENICE F, SPINA F, DAVOLOS D, GHIGNONE S,
VARESE GC. The genomes of Scedosporium between
environmental challenges and opportunism[J]. IMA
Fungus, 2023, 14(1): 25.

ABBOTT SP, SIGLER L. Heterothallism
Microascaceae demonstrated by three species in the
Scopulariopsis brevicaulis series[J]. Mycologia, 2001,
93(6): 1211.

A, INE, BARHT, £ E/NERERIITTE].
WY, 2012, 10(1). 13-19.

LI J, SUN Q, ZHAO XM, WANG XW. Study of the
Microascaceae from China[J]. Journal of Fungal
Research, 2012, 10(1): 13-19 (in Chinese).

BARRASA J, ESTEVE-RAVENTOS F, DAHNCKE
RM. Clitocybula canariensis
(Tricholomataceae), a new brown-rot fungus from the
Canary Islands (Spain)[J]. Fungal Diversity, 2006, 22:
1-11.

KAUR S, CAMPBELL BJ, SUSEELA V. Root

metabolome of plant-arbuscular mycorrhizal symbiosis

in the

Fungal diversity

mirrors the mutualistic or parasitic mycorrhizal

phenotype[J]. The New Phytologist, 2022, 234(2):
672-687.

CHIBA DE CASTRO WA, VAZ GCO, SILVA
MATOS DMD, VALE AH, BUENO ACP,

FAGUNDES LFG, COSTA LD, BONUGLI SANTOS

http://journals.im.ac.cn/actamicrocn



2306

TANG Ming et al. | Acta Microbiologica Sinica, 2024, 64(7)

[42]

[43]

RC. The invasive Tradescantia zebrina affects litter
but it the
lignocellulolytic fungal community in the Atlantic
forest, Brazil[J]. Plants, 2023, 12(11): 2162.

XZFGE, #AAE, FFE-F, BREE, UIREE, M. IR
A IR5ETE Bo-1 WIS HL By 70 i alif | AT
AT [I]. MR 4R, 2014, 41(1): 41-44.

LIU QY, JIANG DH, QI YP, CHEN C, XIE XC, SUN
L. Isolation, identification and activity analysis of

decomposition, does not change

antimicrobial compound from Bionectria ochroleuca
strain Bo-1[J]. Journal of Plant Protection, 2014, 41(1):
41-44 (in Chinese).
VELLINGA EC. Ecology
lepiotaceous fungi (Agaricaceae): a review[J]. Nova
Hedwigia, 2004, 78(3/4): 273-299.

GYSELS K, DELALIEUX F, DEUTSCH F, van
GRIEKEN R, CAMUFFO D, BERNARDI A,
STURARO G, BUSSE HJ, WIESER M.

environment and conservation in the Royal Museum of

and distribution of

Indoor

Fine Arts, Antwerp, Belgium[J]. Journal of Cultural
Heritage, 2004, 5(2): 221-230.

LECH T, ZIEMBINSKA-BUCZYNSKA A. Evaluation
of a modified sampling method for molecular analysis
of air microflora[J]. Genetics and Molecular Research,
2015, 14(2): 3200-3208.

CHEN YP, CUI Y, DONG JG. Variation of airborne
bacteria and fungi at Emperor Qin’s Terra-Cotta

<l actamicro@im.ac.cn, & 010-64807516

[46]

[47]

(48]

[49]

Museum, Xi’an, China, during the “Oct. 1” Gold Week
Period of 2006[J]. Environmental Science
Pollution Research, 2010, 17(2): 478-485.

DUAN YL, WU FS, WANG WF, HE DP, GU JD,
FENG HY, CHEN T, LIU GX, AN LZ. The microbial

ancient

and

community  characteristics  of painted
sculptures in Maijishan Grottoes, China[J]. PLoS One,
2017, 12(7): e0179718.

BE Ik, RA&A, IR, RIS, M55, KEsIN
A1 T B T R AE PR 05 A SO B 1 2R AR AR [T]. B
H W2, 2019, 46(3): 468-480.

DUAN YL, WU FS, WANG WF, HE DP, LU XS.
Seasonal variation of airborne bacteria of the
Tiantishan Grottoes and Western Xia Museum,
Wuwei[J]. Microbiology China, 2019, 46(3): 468-480
(in Chinese).

AR, A i AORE Y R W E R B IR S
BRI AN Rk R BT, 2022, 1(2):
27-41.

WU FS, LI J. Advances of microbial deterioration of
ancient wall paintings and it’s controlling strategies[J].
Research on the Conservation of Cave Temples and
Earthen Sites, 2022, 1(2): 27-41 (in Chinese).
LAZARIDIS M, KATSIVELA E, KOPANAKIS I,
RAISI L, PANAGIARIS G. Indoor/outdoor particulate
matter concentrations and microbial load in cultural

heritage collections[J]. Heritage Science, 2015, 3(1): 34.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


