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The aim of the present work is to point out the role of microorganisms in biodeterioration from two different
historical monuments located in Romania: the refectory of the Hurezi monastic complex and Amaérésti church.
Mural painting was made in al frescoes technique applied on the brick or on the wooden poles. HOBO LCD data
loggers revealed values of temperature between 5 and 24°C and relative humidity between 60 and 90% which
are favorable for the colonization by bacteria and fungi. Two different genera of moderately halophilic bacteria
(Nesterenkonia and Halobacillus) and 5 different genera of fungi (Antrodia, Aspergillus, Alternaria, Penicillium
and Ulocladium) had been identified either by molecular techniques or by cultural and mycelium characteristics.
They developed a pink and black pigmentation. The main vehicles for spreading of microorganisms are as follows:
insects, condensation, convection currents and human activity. Bacterial cells and mycelia have been found both
on the surface of the mural paintings, mortars, wooden structure as well as in the fissures and pores. Bacteria
producing carotenoids grow on the surface of the substrates but fungi can be located both on the substrate and
under it developing in the same time aerial and substrate hyphae. Mycelia produce the peeling and loosing of
the pictorial layer. Organic acids act as chelating agents and mycelium as pulling agent. The aesthetical and
structural changes of mural painting can be prevented by monitoring the environment and avoiding contamination.
If damages took place, understanding their origin and proper treatment will contribute to preserving of cultural

heritage.
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1. Introduction

The colonization of mural painting by microorganisms
has as consequence the biodeterioration which leads to
aesthetical and structural changes. The availability of
nutrients, water permeability, chemical composition of
materials and porosity has a great impact on the in-
tensity of biodeterioration [1]. The macroscopic symp-
toms of biodeterioration are: altered structure, fiber
splitting, pitting, microbial colonization, discoloration,
bulging plaster, and peeling pictorial layer [2]. Het-
erotrophic bacteria and fungi are able to colonize both
mural painting and its support represented by bricks or
wood. The colonization is supported by chemical compo-
sition of the mural paintings, environmental conditions
and previous restorations [3]. Most of the microorgan-
isms are common soil inhabitants but they develop spe-
cific biota depending on organic compounds, tempera-
ture, humidity fluctuation, convection currents, and pre-
vious colonizers [4]. The pink discoloration with bac-
terial origin was identified on wall paintings, buildings,
and burial-related material from monuments in central
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and southern Europe [5-7]. Even if on the surface of the
mural painting many species of bacteria and fungi can
be found, only those able to colonize them are consid-
ered as biodeteriogens. The first colonizers are strongly
connected with the initial chemical composition of the
art work and environmental conditions. The following
colonizers are depending on the chemical changes in the
substrate produced by previous species, their debris, and
current environmental conditions.

In this study we investigated the ability of microor-
ganisms to colonize the mural painting and its support
and to produce aesthetical and structural changes in two
Romanian historical monuments with different architec-
ture. Pink and black pigmented areas, peeling and losing
of the pictorial layer have been found. We also put in ev-
idence the ability of fungi to grow on the surface already
colonized by bacteria producing carotenoids.

2. Material and methods

Microclimate monitoring was performed using HOBO
LCD data loggers for temperature and relative humidity
(RH) placed in different areas and heights. In the refec-
tory of the Hurezi monastic complex, the data loggers
have been placed on the southern and northern wall at
the height of 2.75 m. The refectory communicated with
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the outside through the door which was open during the
day. In the Amaragti church, data loggers were fixed in
the pre nave on the northern and on the southern wall at
the height of 1.7 m respectively of 2.5 m, in the nave on
the northern wall at the height of 1.7 m and in the altar,
on the eastern wall, at the height of 1.8 m. All parts
of the Amarasti church communicated with the outside
through blanks arising from the loss of plaster, timber
and windows.

Visual inspection allowed identifying the colonization
of pictorial layer, plaster and bricks (if visible) in the
refectory and the colonization of pictorial layer, plaster
and wood (if visible) in case of Amé#rasti church.

The index of deterioration (DI) was calculated using
the formula proposed by Piotrowska et al. [2]. The north-
ern, southern, eastern, and western walls in the refec-
tory and the porch, pre-nave, nave, and altar walls of
Amaragti church were evaluated over a period of two
years (2014-2015).

The walls of the refectory and Amaérasti church were
sampled at 60 cm above the ground and observed under
scanning electron microscope (SEM; JEOL JSPM 5200,
Japan) to identify the presence of microorganisms and
the state of colonization. Also, the contaminated surfaces
from the refectory, were sampled by swabbing 10 cm?
areas. A total number of 6 samples were taken from
lower part of eastern wall (named R1 and R2), north-
ern wall (named R3 and R4), and western wall (named
R5 and R6). Decimal dilutions had been inoculated on
solid media supplemented with 10%, respectively 20%
NaCl (8] as well as on the yeast-glucose-chloramphenicol-
agar [9] and incubated at 28°C for 35 days. Colony
forming units (CFU) were counted. Pure cultures have
been used to extract DNA either by the procedure de-
scribed by Tamaoka [10] or using an extraction kit, fol-
lowing the protocol described by the manufacturer (Qia-
gen). The resulted samples were analyzed for content and
purity by UV-VIS spectrophotometer (Thermo Scientific
NanoDrop 2000). Subsequently, the DNA was ampli-
fied by PCR, cloned and sequenced by commercial com-
pany Macrogen following their own protocols and using
primers M13F and M13R.

The contaminated surfaces from the altar of Améarasti
church were sampled by swabbing 10 cm? areas (Al-
A6), by cutting a small fragment of wood (A7) or by
detaching drops of wax coming from burning candle
(A8). The samples were weighed (g) and the deci-
mal dilutions were inoculated on yeast glucose chloram-
phenicol (YGC) substrate medium. CFU were counted.
The main filamentous fungi genera were identified to
genus level using macroscopic and microscopic colonies
characteristics [11, 12].

3. Results and discussions

The refectory of the Hurezi monastery was built and
decorated in the beginning of the eighteenth century. The
mural painting was made in al fresco technique. After
successive lime washes applied on the mural painting,

last restoration performed in 1970 covered lacunas placed
in the lower parts of the walls with infilling mortar. The
wooden church from Amaéragti, was built in the same cen-
tury on oak pillars and beams. Mural painting made in
al fresco technique dating from XIX century still exists
only in the altar.

Microclimate monitoring is presented in Table I in
terms of the minimum and maximum values of tempera-
ture and RH.

TABLE I

Microclimate parameters in the refectory and Amarasti
church

Microclimate The refectory, Amarasti
parameter: Hurezi complex church
T [°C], RH [%]|Min value|Max value|Min value|Max value
T winter 2.03 8.23 -14.1 16.8
RH winter 24 39 27.1 89.9
T spring 4.15 18.28 0 21.7
RH spring 35 95 23.4 76.8
T summer 15.62 24.79 13.3 31.9
RH summer 37 82 23.4 73.6
T autumn 7.83 24.1 -1.1 29.9
RH autumn 35 85 23.5 84.3

Visual inspection showed in the refectory the follow-
ing changes: diffuse and heavy pink biofilm on the fres-
coes (Fig. la), original (Fig. 1b) and infilling mortar
(Fig. lc,d), pink and white efflorescences with detach-
ment of the superficial layer (Fig. 1c), heavy discol-
oration, diffuse and light discoloration (Fig. 1a).

Fig. 1.

Diffuse and heavy pink biofilm in the refectory
of Hurezi monastic complex: (a) on the frescoes, (b)
original mortar, and (c,d) an infilling mortar.

The following types of biodeterioration have been
found on the remaining mural painting from Amérasti
church:  heavy discoloration, diffuse and light dis-
coloration (Fig. 2a) and brown spots (Fig. 2b,c).
On the beams, both in the pre nave and nave,
brown cuboid shapes of wood and fruiting bodies
have been noticed (Fig. 2d).
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Fig. 2.

Heavy discoloration on the mural painting and
wooden support of Amar#sti church: (a, b) the northern
wall, (c) the western wall, (d) eastern wall.

3.1. Deterioration index

The highest deterioration index has been found in the
refectory of the Hurezi monastery (0.75), it being re-
flected in aesthetical and local structural damages pro-
duced by microorganisms, chemical and physical factors.
More than 20% of frescoes were lost. The building had
no structural damages and its state of conservation could
be improved after the restoration.

The deterioration index for Amaragti church is lower
(0.5) than in the refectory. More than 75% of fresco was
lost and the building presents structural damages due
to biodeterioration of the wooden structure and physical
factors.

We consider that, in order to express the realis-
tic state of conservation, the value of the deteriora-
tion index has to be taken in account in correlation
with structural damages.

3.2. Microscopy analysis

All stages from the biological cycle of biodetriogens had
been found by scanning electron microscopy. They were
strongly correlated with the biology of species, available
nutrients and environmental conditions. At the Amarasti
church, we found round shaped bacteria isolated or form-
ing groups of 5-10 cells (Fig. 3a) but at the refectory
we noticed large groups of round shaped bacteria pro-
ducing exopolysaccharides and pink biofilm (Fig. 3b).
Fragmented dried mycelia (Fig. 4a) germinated spore
and (Fig. 4b) mycelium with many and branched hy-
phae (Fig. 4c) were observed on frescoes of the Amaragti
church. This type of analysis showed that once the spread
of microorganisms took place inside the monuments, they

could remain in latent stage if environmental conditions
are unfavorable or develop all stages from their biological
cycle finalizing with the colonization of mural painting,
mortar and wood.
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Fig. 3. SEM images of bacteria: (a) small groups, (b)
biofilm.

3.8. Microbiological analysis

Total amount of microorganisms is correlated with nu-
trients, available water and environmental conditions.
Minimum values of temperature and RH stopped multi-
plication of microorganisms and the rate of colonization.
Opposite, the maximum values of temperature and RH
do not inhibit multiplication and rate of colonization, be-
cause they correspond with the species biological needs.
Variation of temperature and RH stimulate or inhibit the
rate of colonization. The infilling mortar samples (R1-
R6) contained 1.0 x 105-1.2 x 108 bacterial UFC/10 cm?.
The pictorial layer and the drop of wax sampled from the
Amariasti church contained 1.0 x 102-1.2 x 10 bacterial
UFC/10 cm?, 1.1 x10°-1.5 x 10 fungal UFC/10 cm? and
fruiting bodies of Antrodia sinuosa. Two different bac-
terial genera as Nesterenkonia and Halobacillus and four
fungal genera as Aspergillus, Alternaria, Penicillium and
Ulocladium had been identified.
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Fig. 4. SEM images of fungi: (a) fragmented and dried
mycelia, (b) germinated spore, (c) fluffy mycelium.

4. Conclusions

The environmental conditions and available nutrients
from the refectory of the Hurezi monastic complex and
the Amaérasti church were favorable for colonization of
mural painting, mortars, and wooden structure.

Cells multiplication occurred only when the environ-
mental conditions were favorable and consequently the
rate of colonization had different values.

Under dry conditions, the bacterial biofilm lost wa-
ter content; part of it was detached contributing to the
spread of cells and becoming a promoter of a new col-
onization in the other areas; the remaining part had a
protective role for the rest of the cells that will become
new colonization promoters on the original/initial site.
Under the same conditions, fungal spores remain viable
and germinate when the substrate becomes wet. If there
is not enough water, germinated spores will not be able
to develop mycelia and colonization will be prevented.
Wet substrate was favorable for the growth of mycelia
and for its sporulation.
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