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MOLD ATTACK ON FRESCOES AND STONE
WALLS OF GRADAC MONASTERY

ABSTRACT: Microfungi can colonize stone surfaces and form sub-aerial biofilms
which can lead to biodeterioration of historic monuments. In this investigation samples for
mycological analyses were collected from stone material with visible alteration on stone
walls of Gradac monastery exterior. The prevailing fungi found on stone walls were dema-
tiaceous with yphae an tructures (dlternaria,
Aurcobasidium, Cladosporium and Epicoccum species). The frescoes inside the monastery
building were also analyzed for the presence of mycobiota. The predominant fungi found
on frescoes were osmophilic species from genera Aspergillus and Penicillium. The signifi-
cant result is identification of human pathogen species Aspergillus fumigatus on frescoes.

KEY WORDS: Aspergillus fumigatus, biodeterioration, biofilm, cultural heritage,
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INTRODUCTION

During the recent decades there has been a general concern regarding the
deterioration of historic and art buildings. The deterioration problem of works
of art is significantly relevant in countries that are rich in cultural heritage,
such as Serbia. Therefore, it is important to protect the cultural heritage objects
from damages caused by air pollution, physical and chemical agents and biode-
grading activity of microorganisms. Microorganisms can colonize monuments’
surface and form microbial sub-aerial community, biofilm. All biofilm-form-
ing microorganisms may cause biodeterioration and degrade monuments me-
chanically, chemically and aesthetically through the metabolic activities and
biomineralization process in these biofilms (Suihko etal., 2007). Filamentous
fungi are also part of sub-aerial biofilms and they can cause biodeterioration
of historic monuments resulting in weathering of monuments. There are many
publications focused on fungal deterioration of stone monuments, historical
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buildings, frescoes and art objects (Gaylardeand M orton, 2005). The
two main mechanisms of fungal biodeterioration activity is hyphal penetration
through the substratum and biocorossive activity as a result of production of
organic acids and pigments (W arscheidand Brams, 2000).

Object of this research was the Gradac monastery, which was founded in
13" century by Helen of Anjou, and it was declared as Monument of Culture
of Exceptional Importance in 1979, due to its architecture, wall paintings, and
role in the history. As a part of the conservation process of cultural heritage of the
Republic of Serbia, aim of this study was to isolate and identify biodegrading
filamentous fungi from stone walls and frescoes.

MATERIAL AND METHOD

Samples for mycological analyses were collected from stone walls and
frescoes with visible alterations of Gradac monastery. Thirty six samples
from stone walls and 20 samples from frescoes were taken by swabbing with
sterile cotton swabs. In the laboratory, swab samples were shaken mechani-
cally for 10 minutes in 10 ml sterile distilled water and 1 ml aliquots of the
resulting suspension were used for inoculation of spread plates on Malt agar
medium containing 500 mg streptomycin per litre (MSA) in three replica-
tions. The inoculated plates were incubated at 25°C. Fungal growth was ob-
served daily, for the period of 10 days, and they were submitted to the routine
laboratory procedure to obtain pure fungal culture. Reisolations were done
successively to the selective nutrient media: Potato dextrose agar (PDA), Cza-
pek’s agar (CzA) and Malt extract agar (MA) using standard mycological
methods (B o o t h, 1971). Reisolated cultures were also incubated at 25°C.
Identification of the obtained isolates to species level was done by macro-
scopic and microscopic examination. Microscopic preparates were dyed with
lactophenol or fuchsine acid, observed by light microscopy (Zeiss Axiolm-
ager M.1, with software AxioVision Release 4.6) and determined by appropri-
ate keys (Ainsworth etal, 1973; E1lis and E1lis, 1997, Pitt, 1979;
Rapper and Fennel, 1965).

RESULTS AND DISCUSSION

Out of a total of 56 samples, 17 fungal taxa were identified (Table 1). All
isolates were obtained in pure culture by single conidial transfer. Mycological
analyses showed that mycobiota was specific to different substrata (stone
walls and frescoes).

The results of identification by morpho-physiological methods showed
the abundance of dematiaceous hyphomycetes with melanized hyphae and
reproductive structures on exterior stone walls of the monastery, while the
prevailing taxa isolated from frescoes were osmophilic Aspergillus and Peni-
cillium species. Non-sporulating isolates that could not be assigned to any
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Tab. 1 — Molds isolated from stone walls and frescoes of Gradac monastery

stone walls frescoes

Alternaria alternata +

| Alternaria sp +

Aspergillus fumigatus +

+

Aspergillus nidulans

Aspergillus versicolor ¥
pullulans
Cladosporium cladosporoides
Epicoccum purpurascens
Fusarium sp.

Mycelia sterilia

Mycelia sterilia )
Nigrospora nigra

Paccylomyces sp. +
Penicillium sp. :

]

Penicillium sp. 2 +

Sporobolomyces roseus ¥
Ulocladium sp. ¥

taxonomic group were referred to as Mycelia sterilia. The production of dark
conidia and pigments was recorded in culture media during the cultivation of
melanized fungi isolated from stone walls. Accordingto Milanesietal
(2005), species from genera Alternaria, Aureobasidium, Cladosporium, Epi-
coccum, Nigrospora, and Ulocladium, which were found during our study,
cause discoloration, as well as the mechanical exfoliation of building stone
material that was analyzed through mechanical hyphae penetration and the
production of different pigments and organic acids. Aureobasidium pullulans
is a stain fungus that usually causes staining of different stone surfaces which
decreases the aesthetic qualities of historic monuments. Penicillium and As-
pergillus species are ubiquitous taxa that can produce numerous conidia and
are widespread in the environment and easily dispersed by air. These fungi are
usually found as contaminants or biodeterioration agents in many different
habitats and materials, including those considered as representative of historical
and cultural heritage. The significant result is the presence of 4. fumigatus on
frescoes inside the monastery. This mold can cause opportunistic infections
in humans including aspergillosis which can sometimes be fatal. Indoor mold
presence, including the interior of monasteries and other culture heritage build-
ings, can lead to sick building syndrome. This is why the fungal presence in
indoor environment should not be neglected.

In conclusion, deterioration and alteration of stone walls and frescoes can
be related to growth of filamentous fungi. The most frequent fungal contami-
nants of the historical and cultural monuments are air-borne and soil-borne
micromycetes with cosmopolitan distribution that can colonize many kinds of
surfaces.

341



ACKNOWLEDGMENTS

This work is a part of the research realized within the project No. 143041,
which was financially supported by the Ministry of Science and Technological
Development of the Republic of Serbia.

REFERENCES

Ainsworth, G. C., Sparow, F. K., Sussman, S. A.(1973): The Fungi, Vol-
ume IVA, Taxonomic Review with Keys: and Fungi Imperfecti. Academi
Press, New York and London,

Booth, C.(1971): Fungal culture media. U.C. Booth Ed., Methods in Microbiology, Vol 4,
Academic Press, London, New York, 49-94.

Ellis, M. B., Ellis, P. J.(1997): Microfingi on Land Plants. An Identification Hand-
book. The Richmond Publishing Co. Ltd.

Gaylarde, C. C., Morton, L. H. G.(1999): Deteriogenic biofilms on buildings
and their control: a review. Biofoulnig, 14: 59-74,

Gaylarde, C. C., Gaylarde, P. M.(2005): 4 comparative study of the major mi-
crobial biomass of biofilms on exteriors of buildings in Europe and Latin America. Int.
Biodeter. Biodegr, 55: 131-139.

Milanesi, C., Baldi, F., Vignani, R., Ciampolini, F., Faleri, C.,
Cresti, M. (2005): Fungal deterioration of medieval wall fresco determined by ana-
Iysing small fragments containing copper. Int. Biodeter. Biodegr., 57: 7-13.

Pitt, J. 1.(1979): The Genus Penicillium and its teleomorphic state Eupenicillium and Ta-
laromyces. Academic Press, London, New York, Toronto, Sidney, San Francisco.

Raper, B. K., Fennell, D. I.(1965): The Genus Aspergillus. The Williams and
Wilkins Company, Baltimore.

Suihko, L. M., Alakomi, L. H., Gorbushina, A. A., Fortune, I.,
Marquardt, J., Saarela, M. (2007): Characterization of Aerobic Bacterial and
Fungal Microbiota on Surfaces of Historic Scottish Monuments. Syst. Appl. Microb., 30:
494-508,

Warscheid, T., Brams, J.(2000): Biodeterioration of stone: a review. Int. Biodeter.
Biodegr, 46: 343-368.

342



TJIECHA HA ®PECKAMA 1 KAMEHUM 3UJIOBUMA
MAHACTHWPA ,,PAJIAIL”

Muztom Y. Crynap', Munnua B. Jbasesith l"p6uh’ Jenena B. Byxkojesuh',
Autexea A. Jenukuh?

! UucturyT 3a Botanuky, Buonourku axyrer, Yuusepsuter y Beorpazy,
TakoBcka 43, 11000 beorpaza, Cp6uja, e-mail: jmilica@bio.bg.ac.rs
2MHeTUTYT 33 3aWTHTY KyJITYpHUX ciomennka CpGuje, Pajocnasa Ipyjuha 11,
11000 beorpaz, Cp6uja

Pesnme

TliecHn MOT'y J1a KOJIOHH3Y]y KAMEHH CYTICTPAT H Ja ¢a JAPYTHM MHKPOOPraHH-
3MuMa Gopmupajy crenuduaHy MUKpobujanHy 3ajexnuiy, onoduam. Ipucycto
GroduMa Ha KaMEHHM NOBPLIMHAMA JIOBOJIH JI0 TIpolieca OHoIeTepHOpH3aLje KOji
HapyIaBa eCTETCKHU H3IJIe]l 0GjekaTa ol Ky/ITypHO HCTOpHjcKor 3Havaja. OGjekar nc-
TpaxuBaa, MaHacTHp I'paziall, koju je ocHoBaia Jenena Ankyjcka y 13 Beky, je 36or
TOCEGHOT apXMTEKTOHCKOT 3Hauaja, 3HIHOT CIMKapCTBa M HEroBe YJIore y HCTOPHjH
1979. roanHe nporiameH 3a KyJITy PHH CHIOMEHHK OJf H3y3eTHOT 3Hauaja 3a Pery6mnuky
Cpbujy. Kao 1e0 KOH3epBAIHOHOT NTpoLeca, y OKBHPY IPOrpaMa ouyBamba KyJITypHe
GaiuTHHe, I0CTABILEH je INJb — H30JIaLHje U HieHTHDHKALM]Ee PHIAMEHTO3HUX [IbHBA
ca KaMeHHX 31/10Ba M (pecaka. Y3opkoBame j ]e M3BPIIEHO ca 56 MecTa ca BUUBHBUM

n omrel M CTaH, UM MeToZamMa un-
cre kysnrype. Hajsehn 6poj unent IIECHH ca X 3MIMHA Ma-
HacTHpa cy u3 rpyne Dematiaceae ca kKapakTepHCTHUHUX METAHN30BAHNM XH(pama H
KoHMHMjaMa (BpcTe ponoa Alternaria, Aureobasidium, Cladosporium v Epucoccum).
MebyTum, y ysopumma ca pecaka IOMHHIpAIE CY BPCTE POLOBA Aspe; gzllus " Pemctl—
lium. 3nauajuo je ncrahu ja je Ha dp HJICHT BPCT: Top-
TYHHCTHYKH XYMaHH I1aTOreH, usasuBay pecrupaTopHe acrepr mlozc, H BEHO upcua—
MHOKaBambe y 3aTBOPEHOM MPOCTOPY j€ OMACHO 110 3APABIHE Jhy/IH.

343



