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Abstract: Monitoring the indoor microclimate in old buildings of cultural heritage and significance is
a practice of great importance because of the importance of their identity for local communities and
national consciousness. Most aged heritage buildings, especially those made of wood, develop an
indoor microclimate conducive to the development of microorganisms. This study aims to analyze
one wooden church dating back to the 1710s in Romania from the microclimatic perspective, i.e.,
temperature and relative humidity and the fungal load of the air and surfaces. One further aim was
to determine if the internal microclimate of the monument is favorable for the health of parishioners
and visitors, as well as for the integrity of the church itself. The research methodology involved
monitoring of the microclimate for a period of nine weeks (November 2020-January 2021) and
evaluating the fungal load in indoor air as well as on the surfaces. The results show a very high
contamination of air and surfaces (>2000 CFU/m3). In terms of fungal contamination, Aspergillus spp.
(two different species), Alternaria spp., Cladosporium spp., Mucor spp., Penicillium spp. (two different
species) and Trichopyton spp. were the genera of fungi identified in the indoor wooden church air and
Aspergillus spp., Cladosporium spp., Penicillium spp. (two different species) and Botrytis spp. on the
surfaces (church walls and iconostasis). The results obtained reveal that the internal microclimate not
only imposes a potential risk factor for the parishioners and visitors, but also for the preservation of
the wooden church as a historical monument, which is facing a crisis of biodeterioration of its artwork.
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1. Introduction

Indoor air quality (IAQ) monitoring has become a necessary practice due to the risks
it poses for human health. Specialized studies focus on indoor microclimate as well as
the load of pathogens or hazardous pollutants [1,2]. Older constructions and heritage
attractions are known to have such high fungi loads particularly if insufficient attention is
paid to the monitoring and control of the indoor microclimate around the three elements of
heating-ventilation-lighting. Additional problems are caused by the construction material
(especially wood), which forms a culture medium for the growth of microorganisms and
fungi. Solid wood buildings can present microbial load by means of direct dust settlement
due to a complex combination of local environmental conditions [3,4]. Arguably, old
heritage buildings must be monitored in order to minimize the risks to the health of
visitors and employees, to optimize the maintenance costs, and prior to their inclusion in
sightseeing tours.

This paper undertakes a multi-layered analysis of air quality in a heritage wooden
church, from the point of view of microclimate and fungal load. Three core questions are
addressed: (1) whether there is a hazardous fungal load in comparison to acceptable levels;
(2) what is the evolution pattern of indoor microclimate parameters in various weather
conditions and seasons; (3) whether it is possible to identify areas and periods which are
safe for sightseeing.

Studies related to IAQ show differences between the short-term effects of contact
with various agents, the long-term effects, and unpleasant odors. The effects of short-term
exposure and the effects generated by unpleasant odors are important for sightseeing [5,6].
Contact can be made by inhalation or by touching exposed surfaces. Therefore, this
study combines data obtained from direct measurements of IAQ and data generated from
laboratory tests performed on air and surface samples.

The wooden church of Boianu Mare (Bihor County, Romania) is the focus of investi-
gation, an 18th century heritage building in good state of conservation. It is an attraction
for cultural tourism tours because of its size and the nature of its conservation [7-9]. The
church has been used for several years only on special occasions, for which little funds
have been allocated for heating during the winter season, as well as for other necessary
maintenance operations, and consequently fungal contamination has occurred [10].

The wooden church is dedicated to Saint Archangels Michael and Gabriel and was
classified as a historical monument in the year 2010. It functions as a Greek Catholic parish
church, located in a central area in the village of Boianu Mare (Figures 1 and 2). The
building has a well-defined scale and is built in the Gothic style typical of wooden churches
located in Bihor County. The foundation is made of a carved stone wall. The east-west
oriented building was constructed in 1710 by using massive oak beams on the site of a
previous church for which, inside, religious items dating back to 1686 were found and, on
the beams, various signs of reassembling during building construction are evident [11-13].
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Figure 1. The location of the Wooden Church from Boianu Mare at the scales of Europe, Romania
and Bihor County.

Figure 2. Overview of the exterior of the monument.

2. Literature Review

Conservation of cultural heritage plays a major part in protecting heritage spaces for
future generations. Critical conservation issues arise around the religious and spiritual
values of monasteries and churches as well as valuable items kept inside these buildings
(iconostasis, worship pots, icons, textiles, books, etc.). Among microorganisms, fungi are
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the main biological agents that cause the biodeterioration of religious artefacts in such
churches and also represent a risk factor for human health.

The existing international literature contains several relevant studies. Pepe et al. [14]
analyze the heterotrophic microorganisms found in medieval paintings in seven historic
churches in Campania, Italy. Sterflinger et al. [15] provide an overview of biodeterioration
phenomena on different materials and fabrics: stone and building materials, and objects
exhibited or stored in the museums and libraries. Ortiz et al. [16] identify the genera of
fungi that contribute to wood deterioration by studying eight wooden churches in Chile.
Frankl [17] presents the results of a comparative study on the biological damage to small
and medium-sized Baroque churches in the Czech Republic. Fungal contamination of fabric
items preserved in Slovenian museums and churches was studied by Kavkler et al. [18].
Similar research was conducted by Kalamees et al. [19] and emphasized problems related to
the indoor climate which causes the risk of damage in naturally ventilated churches in the
cold climate of Estonia. Di Carlo et al. [20] investigated bacterial and fungal colonization in
three closed environments with different structures and different temperature and humidity
conditions: archive, cave and hypogeum. Their research highlights the microorganisms
capable of inducing the deterioration of artefacts, as well as being potentially dangerous to
human health. Chmiel et al. [21] investigate bacterial and fungal aerosols in ten historical
attractions from Krakéw (churches, crypts, museums and libraries). Research conducted
by Nawalany et al. [22], Stanaszek-Tomal [23] and Mang et al. [24], addresses issues related
to hygrothermal conditions in churches, with emphasis on air temperature and humidity
which periodically exceed the values of thermal comfort for historical buildings and exert
a negative impact. Microorganisms present on religious items are responsible for these
physical and chemical changes.

For thousands of years, fungi have played an important role in relation to human
culture and the evolution of our society. In contrast to the numerous beneficial effects,
fungi also have many disadvantages including their role as allergens, mycotoxins, in food
spoiling, pathogenicity and biodeterioration of materials [25], and their negative effects
for cultural heritage are noteworthy because of their enormous enzymatic activity. In
recent decades, a challenge has emerged for restorers, architects and researchers on the
development of appropriate treatments for contaminated objects and the prevention of
fungal growth. Fungi can inhabit, alter and degrade all types of organic and inorganic
materials [26]. The inactivation of fungal and bacterial species by ultra-violet radiation
(UV) has been known for a long time [27]. The tested fungicidal effect of UV on different
yeast strains showed that UV sensitivity is dependent on the fungal strain [28].

In Romania, there are several studies that aim to determine the bacteriological mi-
croflora and the internal microclimate in wooden churches, as well as historical monuments,
both in order to preserve them and limit negative effects on human health. Lupan et al. [29]
investigated the fungal load in the wooden church dating back to the 17th century in
Nicula Monastery (Cluj County). Gomoiu et al. [30] focus on a wooden church from
Amarasti, Valcea County. Onet et al. [31] and Ilies et al. [32,33] determined the microbi-
ological contamination in relation to the microclimate conditions in the wooden church
“St. Martyrs Constantin Brancoveanu and His Sons” from the campus I of the University of
Oradea. Microbiological contamination and its implications on cultural heritage frescoes
were studied by Radu et al. [34], Mohanu et al. [35], Bucsa and Bucsa [36] and Ilies et al. [37].
Further, other relevant studies focus on the determination of fungal contamination and
microclimatic problems in museums [13,38-41], sport halls [42,43] or schools [44-46]. These
studies have shown that among the most common fungi that can be identified in the old
wooden churches on the Romanian territory are Aspergillus spp., Mucor spp., Arthrinium
spp., Stachybotrys spp., Scopulariopsis spp., Penicillium spp., Absidia spp., Geotrichum spp. or
Rhizopus spp.
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3. Materials and Methods

The research methodology involved collecting samples from air and surfaces inside
the wooden church, as well as monitoring of the indoor microclimate. The purpose of
these procedures was to determine favorable or unfavorable conditions for human activity
within the historical monument and for the preservation of the monument.

The main indicators of the indoor microclimate, i.e., temperature and relative humidity
(RH), were monitored for a period of nine weeks, between November 2020 and January
2021. For the monitoring activity, Klimalogg Pro data-logger sensors were used, set for
the automatic measurement of values every hour. The thermo-hygrometer sensors record
and store data with an accuracy of £0.1 °C for temperature and +3% for RH. Due to the
relatively small differences between the rooms inside the wooden church, it was decided
to place one sensor in the nave and another in the altar (Figure 3).

O Surface sampling points for the determination of fungal load

‘ Air sampling points for the determination of fungal load

‘ Temperature and relative humidity monitoring points

Figure 3. Spatial distribution of sampling points for the assessment of the fungal load and the location
of the devices for determining the indoor microclimate.

For this study, the winter period was chosen because it is problematic, considering
that the church does not have a heating, ventilation and air conditioning system (HVAC);
this means that the indoor microclimate is mostly conditioned by the outside weather. At
the same time, in this season the biggest variations of the microclimatic parameters (very
high humidity associated with low temperatures) can occur, which can cause degradation
of objects over time and the appearance of bacteriological microflora. All this, combined
with the fact that the winter season is the peak time of the year in terms of liturgical services
organized indoors (due to the winter holidays), creates unfavorable conditions for human
health. These conditions can lead, against the background of low immunity during this
period [47,48], to the easier contacting of different pathogens, both due to the microclimatic
conditions and due to the bacteriological microflora present inside.

In order to secure more accurate results regarding the microbiological contamination of
the air, eight sampling points were applied with Petri dishes seeded with sterile Sabouraud
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culture medium. The Petri dishes were evenly distributed so that samples could be taken
from the narthex, the nave and the altar (Figure 3). These were exposed for 30 min, at
a height ranging between 1.5 and 1.7 m, according to the average human height. The
assessment of the airborne fungal load inside the historical wooden church was performed
by the Koch sedimentation method [49], which is based on the passive sedimentation of
airborne particles due to gravity.

Samples from the surface of the examined items were collected using sterile cotton
swabs [50,51], the sampling surface being approximately 1 cm? for each of the samples.
Cotton swabs were treated by immersion in one milliliter of sterile water. Thereby, four
samples were collected from the surfaces of the paintings placed on the iconostasis and
on the wall of the nave. The material from which the samples were taken was both cotton
canvas and wood. Each sample taken was then inoculated into a nutrient agar on Petri
dishes to identify bacteria, and also in Sabouraud agar containing chloramphenicol to
isolate fungal genera [52]. After incubation at a temperature of 28 °C (in the incubator),
the final identification of the fungi was made through examining of the macroscopic and
microscopic characteristics of the grown colonies [53,54]. They became macroscopically
visible after 24 h; afterwards, they entered a maturation process, with changes in diameter,
shape, color and texture, some genera completely invading the culture medium. Quantita-
tive analysis of the degree of fungal contamination of air was performed by counting the
colonies which had grown on the culture medium, expressed in CFU/mL, and equating
the result in terms of air volume using two formulae, namely the Polish standard PN
89/7-04008/08 and Omelianski’s formula [55,56].

Omelianski’s formula is based on the observation whereby on a surface of 100 cm?
exposed to air for a certain period of time a number of microorganisms equal to that
contained in a volume of 10 dm? air achieves sedimentation.

CFU/m?3 air =n x 10,000/S x k,

where n is the number of colonies grown on the surface of the dish, S is the surface of the

Petri dish (for a9 cm diameter, S = 3.14 x R? = 63.5 cm?) and k is the coefficient of exposure

time to air (expressed in minutes, k = 1 for 5 min; k = 2 for 10 min; k = 3 for 15 min, etc.).
The Polish Standard PN 89/Z-04008/08 Formula is

CFU/m? air =n x 10,000/S x t x 0.2,

where n is the number of Petri dishes used, S is the surface of the Petri dish in cm? (for a
9 cm diameter, S = 3.14 x R? = 63.5 cm?) and t is the exposure time of the dish.

For cleaning the inner surfaces to remove harmful microbiological flora, a good and
non-invasive solution is represented by treatment with ultraviolet radiation of type B (UVB)
(with wavelengths between 290 and 320 nm). For testing this solution, different canvas
samples (from hemp) were collected from the wooden church in Boianu Mare, considering
that, according to Sterflinger [15], among the most frequent hyphomycetes in museums
and on materials of objects of arts are fungal strains, such as Alternaria spp., Aspergillus spp.,
Fusarium spp. and Cladosporium cladosporioides. For an easier application, two different
species of fungi were chosen (Aspergillus tamarii and Cladosporium cladosporiodes) to be
artificially inoculated and carefully grown on the pieces of canvas collected from inside
the monument. Each had a suspension of fungal strain in 1 mL of distilled water. In total
20 uL of suspension was added to each Petri plate.

In order to test the UVB radiations effect on the fungal strains, after an incubation
period of 5 days, two samples were irradiated for 30 min each at a maximum power
of 315 nm, while two other seeded samples were kept as a reference. The experiments
were carried out in a laboratory room controlled in terms of temperature and relative
humidity (25 + 1 °C, respectively between 40-50% RH), using two 15W ROTH 1V type
UVB lamps, with a wavelength between 254 and 366 nm. Before and after the completion
of the irradiation of the materials, they were analyzed by Scanning Electron Microscopes
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Temperature (°C)

= MAX - MIN Temperature

(SEM) to identify any changes in the surface and the fungal load. The device used for this

purpose was FEI Quanta 200 microscope, the images being rendered at a resolution of
30.0 kV.

4. Results

For the proper preservation of indoor items and the comfort of parishioners, the
parameters of the indoor microclimate should not vary greatly and ideally should be kept
within a limited range [31]. In compliance with American Society of Heating, Refrigerating
and Air-Conditioning Engineers (ASHRAE) standards [57], the indoor microclimate is
ideally maintained at an average value of 20 °C (£1-2 °C) in terms of temperature and 50%
(£3%) in the case of relative humidity (RH).

The indoor microclimate is entirely dependent on the outdoor conditions, since the
church does not have HVAC systems. Thus, the average temperature in the nave during the
nine weeks of monitoring was 3.34 °C, while in the altar temperature registered 3.27 °C. The
average values of relative humidity throughout the entire analysed period are 77.45% in
the nave and 79.70% in the altar (Figure 4). These values do not meet the above mentioned
standards and importantly represent a potential hazard to the health of parishioners and to
the integrity of the items found inside the church.
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Figure 4. Fluctuations in the minimum, maximum, and average weekly temperature and RH values within the nave and
altar of the historic wooden church in Boianu Mare, Romania.

The parameters of the indoor microclimate are closely correlated with that of the
outside. The data taken from the nearest weather station (Sacuieni Weather Station, 33 km
away from the monument), reveals that (as inside) the outdoor humidity is on a slight
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upward trend, while the temperature gradually decreases. In the case of external humidity,
the maximum value (100% RH) was met several times in the studied interval, including in
week 5, when the maximum value was recorded inside. In terms of temperature, weeks
3-5 coincided with the highest temperatures both indoors and outdoors; and the last week
was the coldest with negative average values in both situations (Figure 4).

The combined effect of temperature and RH make the indoor microclimate unsuit-
able for human activity and the conservation of items located inside the church (such as
paintings on wood and canvas, icons and other artefacts). At the same time, the extremely
high humidity values favour the development and multiplication of fungi and bacteria
colonies [58].

All fungal colonies grown on culture media were part of the category of molds. There
are currently no universally accepted standards or regulations regarding the airborne
fungal load; therefore, for the assessment of the degree of air contamination inside roomes,
certain indicative rules were established as shown on Table 1 [59].

Table 1. Assessment of the degree of air contamination in a room according to the health rules
applied to non-industrial institutions (Source: Commission of European Communities [56]).

Degree of Air Contamination Koch Sedimentation Method (CFU/m? Air)
A—very low <25
B—low 25-100
C—average 100-500
D—high 500-2000
E—very high >2000

The calculation method involves the arithmetic mean of the colonies on the Sabouraud
medium corresponding to the examined room, the interpolation in Omelianski’s formula,
respectively the formula according to the PN 89/2-04008/08 standard, and interpretation
of the results within one of the five degrees of contamination according to Table 1. An
example of calculation could be achieved using dish 7, on which the lowest number of
different colonies has grown within 48 h, respectively 82 h.

Omeliansk’s formula: CFU/m?3 air = 82 x 10,000/63.5 x 6 = 2152.23 colonies.

Formula according to PN 89/Z-04008/08: CFU/m? air = 82 x 10,000/63.5 x 30 x 0.2
= 2152.23 colonies.

Usually, the dishes are monitored for a period of seven days for a complete analysis
on the growth of fungal colonies. In this case, the mould colonies became macroscopically
visible within 24 h, and on the fourth day the dishes were completely invaded. Thus, 82
different fungal colonies in the air were identified. These results correspond to the degree
of contamination E, according to Table 1, respectively a very high degree of airborne fungal
contamination, with over 2000 CFU/m? air (Figure 5).

Macroscopic and microscopic examination of fungal colonies provided the necessary
information on mold genera. Based on the macroscopic appearance of the colony (size,
contour, shape, color, consistency, tendency to invade the culture medium) and the mi-
croscopic appearance (hyphae, pseudo-hyphae, conidia, sporangiospores, conidiophores,
methules, phialides), we could establish the mold genera grown on culture media. Eight
genera of mold were identified in the samples taken from the air. It was revealed that the
same genera of fungi grew on the surface of the plates to a similar extent, their invasion
being considerable. In the case of the two samples taken from the paintings in the nave
and the iconostasis, the laboratory analysis revealed five genera of mold. Figure 6 shows
that the invasion of the plates moderately increased.
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The results of the fungal evaluation in the nave

Sample 3 Smple 8

The results of the fungal evaluation The results of the fungal evaluation
in the narthex in the altar

e

Sample 4 Sample 5 Sample 6

The results of the fungal evaluation
of the paintings

Wall painting - Painting on
Nave iconostasis

Figure 5. Appearance of fungal colonies at 72 h after sampling from the three rooms of the monument

and from the inside paintings.

NAVE NARTHEX ALTAR PAINTINGS
4 PLATES 2 PLATES 2 PLATES 2 PLATES

8 GENERA OF MOULDS 5 GENERA OF MOULDS

Mucor sp. Cladosporium sp.  Aspergillus sp. Penicillium sp. Alternaria sp. Trichophyton sp. Botrytis sp.
(2 different (2 different
species) species)

Figure 6. The genera of fungi identified inside the wooden church historical monument.
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The textile material made of hemp which constitutes the old painting is very much
damaged by fungi present in indoor air and on the surfaces. These can contribute to the
biodeterioration of the fabric over time, especially due to cellulose decomposing. The most
active bio-deteriogens are: Chaetomium, Fusarium, Aspergillus, Myrothecium, Cladosporium,
Alternaria, Stachybotrys, Penicillium, Trichoderma, Pseudomonas, Arthrobacter, Sarcina and
Streptomyces [18,60-62].

Following the 30 min of UVB treatment a visible inhibition of fungal integrity was
recorded. The SEM image shows a well developed fungal mat (panel A and C) and a clear
degradation hife integrity and aggregation of fungal cells following treatment (panel C and
D), on both samples of canvas, corresponding to Figures 7 and 8. The results attested the
fact that UVB irradiation can be a viable solution for cleaning fungal load textiles. However,
in order to treat the objects belonging to the cultural heritage, which have a very high value,
these treatments must not threaten the integrity of the materials. Therefore, the tests will
continue in order to draw a strong conclusion regarding the effects that UVB irradiation
can have on the long-term constitution of the material.

The analysis of the SEM images of the discussed samples shows interesting visual
information regarding the fungal growth process on the natural hemp fibers from the wall
paintings (Figure 9A,B) due to the presence of hyphae. Fungal growth can especially affect
the surface of the fibers by premature dissolution [63]. Physical effects of biodegradation
may be visible over time such as mass modification, aesthetic modification because of
unwanted pigments or discoloration, structural damage, strength of fibers modifications,
tensile, elasticity, abrasion resistance diminishing, fabric disintegration [64,65], as well as
from a micromechanical point of view (rotting, breakdown, scratches, holes and cracking
of the fibers).

500um LBT 30.0kV

iy e 118

(|

L X

500um

Figure 7. SEM analysis of sample number 1 of canvas from the walls of the wooden church. (A)—SEM image of the
surface inoculated with fungi of Aspergillus tamarii species; (B)—SEM image of the surface inoculated with fungi of
Aspergillus tamarii species after applying UVB treatment; (C)—SEM image of the surface inoculated with fungi of the species
Cladosporium cladosporiodes; (D)—SEM image of the surface inoculated with fungi of the species Cladosporium cladosporiodes
after application of UVB treatment.
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Figure 8. SEM analysis of sample number 2 of canvas from the walls of the wooden church. (A)—SEM image of the
surface inoculated with fungi of Aspergillus tamarii species; (B)—SEM image of the surface inoculated with fungi of
Aspergillus tamarii species after applying UVB treatment; (C)—SEM image of the surface inoculated with fungi of the species
Cladosporium cladosporiodes; (D)—SEM image of the surface inoculated with fungi of the species Cladosporium cladosporiodes
after application of UVB treatment.

30um

Figure 9. Details of the painting on canvas in the monument wooden church wall. (A)—Painting on the hemp fabric on the
walls of the monument wooden church; (B)—SEM image magnification x50.

5. Discussion

In addition to the destructive effects that fungi identified inside can have on the
integrity of the monument itself and the objects inside, they also pose a danger to the health
of visitors and those attending the religious services.

Thus, Alternaria alternata, Chaetomium globosum, Aspergillus flavus and Penicillium ox-
alicum fungal mechanisms in the deterioration of natural aged fibers are indicated as:
“hydrolysis, oxidation, depolymerization and recrystallization” [66]. In order to determine
the potential susceptibility to microbial degradation, respectively the bio-deteriorative po-
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tential of Penicillium spp. and Arthrobacter spp., on canvas paintings, the examination using
FTIR-spectra (micro-Fourier Transform Infrared spectroscopy) revealed that only the inoc-
ulation of both species of indicated fungus can generate observable fibers’ biodeterioration
effects [67].

Alternaria spp. may cause opportunistic human infections at skin level, subcutaneous
infections, upper respiratory tract infections and onychomycosis. As Pastor and Guarro [68]
point out in this regard, “immunosuppression is commonly associated with skin and
subcutaneous infections as well as rhinosinusitis. The most significant risk factors for
skin and subcutaneous infections are solid organ transplant and Cushing’s syndrome”. In
immunocompetent subjects, Alternaria spp. does not represent a cause of infection as it is
associated with allergic respiratory symptoms [68,69].

Previous investigations pinpointed in fungal species that belong to Penicillium, As-
pergillus, Cladosporium and Chaetomium globosum, growth was limited to the surface of
the natural fibers of the textile objects. In addition, the structural and physical changes
induced to the fibers (e.g., discolouration and changes in surface, loss of strength and
elongation) as well as in oxidation state-breakdown of molecular structure, are mainly
shown on cellulotic fibres [18,70-73]. Tensile specific tests: Scanning Electron Microscopy,
Raman spectroscopy, and Viscometric methods emphasized the fungal hyphal growth
visualization on the natural fibers, the “fracture planes and splitting modes, etc., according
to length of the fibers, conditions and time of exposure or other detected modifications in
fibers” morphology and the supermolecular structure” [74].

Penicillium spp. can cause infections and the principal ways of penetration into the
human body are the respiratory system by inhalation. The characteristic pathologies are up-
per and lower respiratory tract infections; penetration into the human body can also be by
ingestion orally and can cause various pathologies: keratitis, endophthalmitis, otomycosis,
necrotizing esophagitis, endocarditis, peritonitis and urinary tract infections. Fungi belong-
ing to the species Penicillium marneffei are pathogenic and specifically infect patients with
Acquired Immunodefucuency Syndrome (AIDS), hematological and immunosuppressive
malignancies [75,76].

Aspergillus may cause pathologies that specifically affect the respiratory system. The
portal entrance into the human body is through inhalation. The infection can spread into
the blood and reach skin, lungs, heart, brain, kidneys and affects people whose immunity
is weakened. General signs and symptoms include: fever, chills, hemoptysis, inspiratory
dyspnea, chest pain, and weight loss. In subjects with asthma, fungi can trigger a severe
allergic bronchopulmonary aspergillosis, which include exacerbation of asthma attacks,
fever and cough with sputum [77,78].

Cladosporium spp. is usually not pathogenic to humans. In prolonged exposure, an
allergic reaction may develop in subjects with a history of atopy. Frequent symptoms are:
dry and chapped skin, skin rash; stuffy nose, itchiness, nasal mucosa; tickly cough, dry
cough, itchiness, laryngeal mucosa; eye secretions and conjunctivitis. In patients with
known asthma, exposure to Cladosporium may exacerbate asthma attacks, with symptoms
of increased wheezing, severe dyspnea associated with anxiety, compulsive cough and
sleep disorders. Allergic fungal sinusitis can occur in subjects with prolonged exposure
to Cladosporium, with the following specific symptoms: pain in the affected sinuses, nasal
congestion, nasal secretions, diminished sense of taste or smell [79-81].

Botrytis spp. is slightly less pathogenic in humans and if inhaled can enter the body
triggering, in the case of prolonged exposure, characteristic pathologies in the respiratory
system, asthma attacks and the development of hypersensitivity pneumonitis. The clinical
picture of the infection includes altered general condition and limited ability to mobilize
the chest, dyspnea, dry cough and wheezing [82-84].

Mucor spp. can cause specific pathologies in humans. One of the gateways to the
human body is again inhalation, which causes and develops infections in the lungs, sinuses
and eyes. At the pulmonary level, patients develop a cough, dyspnea and fever. Symptoms
of sinus mucor-mycosis include local pain, fever and headache. At the level of the skin,
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the pathway is via various traumas of the skin, such as cuts and scratches. Skin infections
occur with changes in the color of the affected tissue, such as blisters [85,86].

In the case of Trichophyton, a fungus that was identified only on the paintings, the
main mechanism of biodeterioration consists in keratinolysis [82]. This dermatophyte can
cause infections in humans, which are transmitted through direct or indirect contact with
an infected person or through conidia. It affects superficial areas of the body such as the
epidermis (skin and skin appendages, hair, nails). The following mycoses are known: tines
pedis (athlete’s foot), tinea corporis (body), tinea cruris (groin area), tinea capitis (scalp,
hair), tinea barbae (beard) and tinea unguium (nails). Among the symptoms of mycoses
are itching or burning sensation in the affected area, flaky or cracked skin, the onset of skin
blisters, thickening and changing the structure and color of the affected nails, until the nail
separates from its bed [87,88].

Most generated pathologies by the fungi are respiratory tract pathologies, which have
an important socio-economic impact both due to their frequency and due to the influence
they have on the quality of life of patients. In particular, people with frequent exposure
to such an environment should follow a respiratory rehabilitation program that aims to
reduce symptoms, optimize exercise capacity and reduce financial costs by stabilizing or
limiting systemic manifestations of disease [89-94].

In terms of fungal removal, in addition to UVB treatments, essential plant extracts
have proven to be very effective, as shown by Palla et al. [95] and Diaz-Alonso et al. [96] in
their studies. The great advantage of these treatments is that they are non-invasive for the
supporting materials, which is very important when it comes to old objects belonging to
the cultural heritage. At the same time, it is essential to improve the air quality by means of
instalation of heating, ventilation and air conditioning systems (HVAC). These technologies
could improve the air change rate by bringing an additional supply of fresh air, besides
that provided through the door, windows and cracks in the walls. Determining the number
of air changes per hour (ACH) is very important when choosing an air purification system.
According to the international standards in force [97], the number of air changes per hour
(ACH) required in the case of churches should be between 8 and 12. The church in Boianu
Mare, given that it has an interior volume of air of approximately 295 m3, would need
HVAC technologies that generate a volumetric flow of at least 36.8 m® /min to meet this
standard. Installing mechanical ventilation will improve air quality, help prevent damage
to structures and equipment, and improve the comfort of people in the church.

The conditions of the internal environment in a church must not only aim at creating
comfort for users but also at adapting the optimal environment to the specifics of the
elements in the location, which is often of a historical nature. The combination of cleaning
techniques, air purification and natural ventilation often results in an excellent response.
All these can ensure the comfort of visitors and compliance with international standards
regarding the quality of the internal microclimate in heritage buildings.

6. Conclusions

According to the data obtained, we can state that the air inside the church (even if it is
not used, being in a state of conservation) has a high degree of fungal contamination and
is a risk factor for both human health and biodeterioration of valuable interior artwork.
With respect to the examined surfaces, they also show a high degree of contamination, in
accordance with the airborne microbial and fungal load. Five different genera of fungi were
identified on the surfaces (two species of Penicillium spp., Aspergillus spp., Cladosporium spp.,
Botrytis spp.) and eight genera were identified in the air (two species of Aspergillus spp.,
two species of Penicillium spp., Trichopyton spp., Mucor spp., Cladosporium spp., Alternaria
spp.).- The development of these fungal colonies is favoured by temperature and RH,
which are closely related to outdoor conditions, given the lack of heating, ventilation and
air conditioning systems (HVAC). Temperature and RH were maintained throughout the
monitoring period outside the accepted range and away from ideal values.
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The effect of UVB was tested on a triplicate of plates for each fungal strain. A change
in macroscopic morphology as compared to control was observed on all treated plates.
SEM imaging revealed severe loss of cellular integrity following treatment. Thus, it can
be concluded that the application of UVB in the doses indicated in this study has a clear
antifungal effect on the Cladosporium sp. and Aspergillus sp. fungal genera, and especially
on the species Cladosporium cladosporiodes and Aspergillus tamarii, very common in old
heritage buildings. The results can be extrapolated to other genera of fungi, as well as to
various objects belonging to the cultural heritage, assuming that the antifungal effects of
UVB are to some extent similar.

The effects of the presented factors contribute to the creation of an unsuitable environ-
ment for parishioners and potential visitors. Over time this could lead to the deterioration
of the structure and the materials of which the monument is made. To remedy the existing
situation, it is necessary to identify non-invasive solutions for removing fungi and adjusting
the values of the main indicators of the indoor microclimate. In this regards, the monitoring
actions will continue in the wooden church, to obtain a complete overview of the changes
in terms of microclimatic conditions and fungal load throughout the year. These variations
will be analyzed in relation to the human health of those who are repeatedly exposed to
this impure environment.

Author Contributions: Conceptualization: EM., D.C.I. and N.H.; Methodology: P.D., LI, EM,,
D.C.I and M.S; Software: T.C. and L.B.-T.; Validation: C.S., A.A. and M.C.; Writing original draft
preparation: D.C.I, A H., EM,, N.H,, M.C. and M.S.; Writing: review and editing: I.C., L.I, PD., A.A.,
M., V.G. and B.S; Visualization: D.C.I,, N.H., C.S,, PS.-A. and V.G,; Supervision: D.C.I.,, A.H. and
T.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by grant PN-III-P1-1.2-PCCDI-2017-0686.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study may be obtained on request from the
corresponding author.

Acknowledgments: The research was made possible by the equal scientific involvement of all
the authors concerned. The authors wish to thank the anonymous reviewers for their thoughtful
suggestions and comments.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Furhapper, C.; Habla, E.; Stratev, D.; Weigl, M.; Dobianer, K. Living Conditions in Timber Houses: Emission Trends and Indoor
Air Quality. Front. Built. Environ. 2020, 5, 151. [CrossRef]

2. Pop, O.L; Judea Pusta, C.T.; Buhas, C.L.; Judea, A.S.; Huniadi, A.; Jurca, C.; Sandor, M.; Negrutiu, B.M.; Buhas, B.A.; Nikin,
Z.; et al. Anaplastic Lymphoma Kinase (ALK) Overexpression in Lung Cancer Biopsies-An 18 month study in north western
Romania. Rev. Chim. 2019, 70, 2690-2693. [CrossRef]

3. Stenson, J.; Ishaq, S.L.; Laguerre, A.; Loia, A.; MacCrone, G.; Mugabo, I.; Northcutt, D.; Riggio, M.; Barbosa, A.; Gall, E.T.; et al.
Monitored Indoor Environmental Quality of a Mass Timber Office Building: A Case Study. Buildings 2019, 9, 142. [CrossRef]

4. Huniadi, A.; Sorian, A.; Maghiar, A.; Mocuta, D.; Antal, L.; Pop, O.L.; Pusta, C.TJ.; Buhas, C.L.; Pascalau, A.; Sandor, M.
6-(2,3-Dichlorodiphenyl)-1,2,4-Triazine-3,5-Diamine Use in Pregnancy and Body Stalk Anomaly-A Possible Association? Rev.
Chim. 2019, 70, 2656-2659. [CrossRef]

5. Patko, C.; Patko, I.; Pasztory, Z. Indoor air quality testing in low-energy wooden houses: Measurement of formaldehyde and
VOC-s. Acta Polytech. Hung. 2013, 10, 105-116.

6.  Sharmin, F; Sultan, M.T.; Badulescu, D.; Badulescu, A.; Borma, A.; Li, B. Sustainable Destination Marketing Ecosystem through
Smartphone-Based Social Media: The Consumers’ Acceptance Perspective. Sustainability 2021, 13, 2308. [CrossRef]

7. Wendt, J.A,; Grama, V.; Ilies, G.; Mikhaylov, A.S.; Borza, S.G.; Herman, G.V.; Bégdal-Brzezinska, A. Transport Infrastructure and
Political Factors as Determinants of Tourism Development in the Cross-Border Region of Bihor and Maramures. A Comparative
Analysis. Sustainability 2021, 13, 5385. [CrossRef]

8. Morar, C.,; Grama, V,; Stupariu, LM.; Nagy, G.; Boros, L.; Tiba, A.; Gozner, M.; Szabo-Alexi, S. Local perspectives over cultural

tourism to heritage sites. the case study of Oradea Fortress (Romania). GeoJournal Tour. Geosites 2020, 33, 1470-1479. [CrossRef]


http://doi.org/10.3389/fbuil.2019.00151
http://doi.org/10.37358/RC.19.7.7407
http://doi.org/10.3390/buildings9060142
http://doi.org/10.37358/RC.19.7.7399
http://doi.org/10.3390/su13042308
http://doi.org/10.3390/su13105385
http://doi.org/10.30892/gtg.334spl04-595

Int. J. Environ. Res. Public Health 2021, 18, 9908 15 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

Ilies, D.C.; Caciora, T.; Herman, G.V; Ilies, A.; Ropa, M.; Baias, S. Geohazards affecting cultural heritage monuments. A complex
case study from Romania. GeoJournal Tour. Geosites 2020, 31, 1103-1112. [CrossRef]

Ilies, M,; Ilies, D.C.; Ilies, A.; Josan, I; Ilies, G. The gateway of Maramures Land: Geostrategical implications in space and time.
Annales 2010, 20, 469-480.

Godea, I.; Panait, I.C.; Chiriac, A.; Malinas, L.M.; Coman, V.; Dragut, V.; Scorobet, M.; Jivi, A.; Zaha, N. Monumente Istorice
bisericesti din Eparhia Oradiei: Judetele Bihor, Sélaj si Satu Mare: Bisericile de lemn. In Historical Church Monuments from the
Diocese of Oradea: Bihor, Silaj and Satu Mare Counties: Wooden Churches; Editura Episcopiei Ortodoxe Roméne a Oradiei: Oradea,
Romania, 1978.

Ilies, A.; Wendt, J.A.; Ilies, D.C.; Herman, G.V,; Ilies, M.; Deac, A.L. The patrimony of wooden churches, built between 1531 and
2015, in the Land of Maramures, Romania. . Maps 2016, 12 (Suppl. S1), 597-602. [CrossRef]

Ilies, A.; Hurley, P.D,; llies, D.C.; Baias, S. Tourist animation-A chance for adding value to traditional heritage: Case studies in the
land of Maramures (Romania). J. Ethnogr. Folk. 2017, 1-2, 131-151.

Pepe, O.; Sannino, L.; Palomba, S.; Anastasio, M.; Blaiotta, G.; Villani, F; Moschetti, G. Heterotrophic microorganisms in
deteriorated medieval wall paintings in southern Italian churches. Microbiol. Res. 2010, 165, 21-32. [CrossRef]

Sterflinger, K.; Pifiar, G. Microbial deterioration of cultural heritage and works of art—Tilting at windmills? Appl. Microbiol.
Biotechnol. 2013, 97, 9637-9646. [CrossRef]

Ortiz, R.; Parraga, M.; Navarrete, J.; Carrasco, I.; de la Vega, E.; Ortiz, M.; Herrera, P,; Jurgens, J.A.; Held, B.W.; Blanchette,
R.A. Investigations of biodeterioration by fungi in historic wooden churches of Chiloé, Chile. Microb. Ecol. 2014, 67, 568-575.
[CrossRef]

Frankl, J. Wood-Damaging Fungi in Truss Structures of Baroque Churches. J. Perform. Constr. Facil. 2015, 29, 04014138. [CrossRef]
Kavkler, K.; Gunde-Cimerman, N.; Zalar, P.; Demsar, A. Fungal contamination of textile objects preserved in Slovene museums
and religious institutions. Int. Biodeterior. Biodegradation. 2015, 97, 51-59. [CrossRef]

Kalamees, T.; Vili, A.; Kurik, L.; Napp, M.; Artimagi, E.; Kallavus, U. The Influence of Indoor Climate Control on Risk for
Damages in Naturally Ventilated Historic Churches in Cold Climate. Int. J. Archit. Heritage 2016, 10, 486—498. [CrossRef]

Di Carlo, E.; Chisesi, R.; Barresi, G.; Barbaro, S.; Lombardo, G.; Rotolo, V.; Sebastianelli, M.; Travagliato, G.; Palla, F. Fungi and
bacteria in indoor Cultural Heritage environments: Microbial-related risks for artworks and human health. Appl. Ecol. Environ.
Res. 2016, 4, 257-264. [CrossRef]

Chmiel, M,; Kral, I; Lenart-Borori, A. Concentration and size distribution of microbial aerosol in the historical objects in Krakow
as a potential health risk and biodeterioration factor. Aerobiologia 2019, 35, 743-758. [CrossRef]

Nawalany, G.; Sokotowski, P.; Michalik, M. Experimental Study of Thermal and Humidity Conditions in a Historic Wooden
Building in Southern Poland. Buildings 2020, 10, 118. [CrossRef]

Stanaszek-Tomal, E. Environmental Factors Causing the Development of Microorganisms on the Surfaces of National Cultural
Monuments Made of Mineral Building Materials. Coat. World. 2020, 10, 1203. [CrossRef]

Mang, S.M.; Scrano, L.; Camele, I. Preliminary Studies on Fungal Contamination of Two Rupestrian Churches from Matera
(Southern Italy). Sustain. Sci. Pract. Policy 2020, 12, 6988. [CrossRef]

Sterflinger, K. Fungi: Their role in deterioration of cultural heritage. Fungal Biol. Rev. 2010, 24, 47-55. [CrossRef]

Mansour, M.; Hassan, R.; Salem, M. Characterization of historical bookbinding leather by FTIR, SEM-EDX and investigation of
fungal species isolated from the leather. Eqypt. J. Archaeol. Restor. Stud. 2017, 7, 1-10. [CrossRef]

Favier, G.L.; Escudero, M.E.; de Guzman, A.M. Effect of chlorine, sodium chloride, trisodium phosphate, and ultraviolet radiation
on the reduction of Yersinia enterocolitica and mesophilic aerobic bacteria from eggshell surface. J. Food. Prot. 2001, 64, 1621-1623.
[CrossRef]

Ozcelik, B. Fungi/Bactericidal and Static Effects of Ultraviolet Light in 254 and 354 nm Wavelengths. Res. J. Microbiol. 2007, 2,
42-49. [CrossRef]

Lupan, I; Ianc, M.B.; Kelemen, B.S.; Carpa, R.; Rosca-Casian, O.; Chiriac, M.T.; Popescu, O. New and old microbial communities
colonizing a seventeenth-century wooden church. Folia Microbiol. 2014, 59, 45-51. [CrossRef]

Gomoiu, L; Enache, I.; Cojoc, R.; Mohanu, I.; Mohanu, D. Biodeterioration of wooden churches from Romania. Case studies: The
church from Amarasti, Valcea County. In Microbes in the Spotlight: Recent Progress in the Understanding of Beneficial and Harmful
Microorganisms; Mendez-Vilas, A., Ed.; Brown Walker Press: Boca Raton, FL, USA, 2016; Volume 51, pp. 51-55.

Onet, A.; Ilies, D.C,; llies, A.; Herman, G.V.; Burta, L.; Marcu, F; Buhas, R.; Caciora, T.; Baias, S.; Onet, C.; et al. Indoor air
quality assessment and its perception. Case study historic wooden church, Romania. Rom. Biotechnol. Lett. 2020, 25, 1547-1553.
[CrossRef]

Ilies, D.C.; Onet, A.; Marcu, EM.; Gaceu, O.R; Timar, A.; Baias, S.; Ilies, A.; Herman, G.V.; Costea, M.; Tepelea, M.; et al.
Investigations on air quality in the historic wooden church in Oradea City, Romania. Environ. Eng. Manag. J. 2018, 17, 2731-2739.
[CrossRef]

Ilies, D.C.; Onet, A.; Wendt, ].A,; Ilies, M.; Timar, A ; Ilies, A.; Baias, $.; Herman, G.V. Study on microbial and fungal contamination
of air and wooden surfaces inside of a historical Church from Romania. J. Environ. Biol. 2018, 39, 980-984. [CrossRef]

Radu, N.; Babeanu, N.; Cornea, P.; Calin, M.; Jecu, L.; Raut, I.; Gurban, A.M.; Doni, M. Painting Degradation from Inside Wooden
Churches Achieved in the Period 1750-1850. Proceedings 2020, 57, 7019. [CrossRef]


http://doi.org/10.30892/gtg.31323-546
http://doi.org/10.1080/17445647.2016.1243075
http://doi.org/10.1016/j.micres.2008.03.005
http://doi.org/10.1007/s00253-013-5283-1
http://doi.org/10.1007/s00248-013-0358-1
http://doi.org/10.1061/(ASCE)CF.1943-5509.0000632
http://doi.org/10.1016/j.ibiod.2014.09.020
http://doi.org/10.1080/15583058.2014.1003623
http://doi.org/10.13189/eer.2016.040504
http://doi.org/10.1007/s10453-019-09614-x
http://doi.org/10.3390/buildings10070118
http://doi.org/10.3390/coatings10121203
http://doi.org/10.3390/su12176988
http://doi.org/10.1016/j.fbr.2010.03.003
http://doi.org/10.21608/EJARS.2017.6823
http://doi.org/10.4315/0362-028X-64.10.1621
http://doi.org/10.3923/jm.2007.42.49
http://doi.org/10.1007/s12223-013-0265-3
http://doi.org/10.25083/rbl/25.3/1547.1553
http://doi.org/10.30638/eemj.2018.272
http://doi.org/10.22438/jeb/39/6/mrn-658
http://doi.org/10.3390/proceedings2020057019

Int. J. Environ. Res. Public Health 2021, 18, 9908 16 of 18

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.
45.
46.
47.
48.
49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Mohanu, I.; Mohanu, D.; Gomoiu, I.; Barbu, O.-H.; Fechet, R.-M.; Vlad, N.; Voicu, G.; Trusca, R. Study of the frescoes in Ionestii
Govorii wooden church (Romania) using multi-technique investigations. Microchem. J. 2016, 126, 332-340. [CrossRef]

Bucsa, C.; Bucsa, L. Romanian Wooden Churches Wall Painting Biodeterioration, Wood science for conservation of cultural
heritage, Braga. In Proceedings of the International Conference Held by Cost Action IE0601, Braga, Portugal, 5-7 November 2008;
Available online: file:///C:/Users/asus/Downloads/GrilJoseph_WoodScienceForConservation_20210502130900.pdf (accessed
on 2 May 2021).

Ilies, D.C.; Hodor, N.; Indrie, L.; Dejeu, P; Ilies, A.; Albu, A.; Caciora, T.; Ilies, M.; Barbu-Tudoran, L.; Grama, V. Investigations of
the Surface of Heritage Objects and Green Bioremediation: Case Study of Artefacts from Maramures, Romania. Appl. Sci. 2021,
11, 6643. [CrossRef]

Indrie, L.; Oana, D.; Ilies, M.; Ilies, D.C.; Lincu, A ; Ilies, A.; Baias, $.; Herman, G.; Onet, A.; Costea, M.; et al. Indoor air quality of
museums and conservation of textiles art works. Case study: Salacea Museum House, Romania. Ind. Text. ]. 2019, 70, 88-93.
[CrossRef]

Ilies, A.; Grama, V. The external Western Balkan border of the European Union and its borderland: Premises for building
functional transborder territorial systems. Annals 2010, 20, 457-469.

Ilies, D.C.; Marcu, E; Caciora, T.; Indrie, L.; Ilies, A.; Albu, A.; Costea, M.; Burtd, L.; Baias, S.; Ilies, M.; et al. Investigations of
Museum Indoor Microclimate and Air Quality. Case Study from Romania. Atmosphere 2021, 12, 286. [CrossRef]

Budrugeac, P; Carsote, C.; Miu, L. Application of thermal analysis methods for damage assessment of leather in an old military
coat belonging to the History Museum of Brasov—Romania. J. Therm. Anal. Calorim. 2017, 127, 765-772. [CrossRef]

Onet, A,; Ilies, D.C.; Buhas, R ; Ilies, A.; Gaceu, O.; Buhas, S.; Rahota, D.; Dragos, P.; Baias, S.; Marcu, F,; et al. Indoor air quality
issues. Case study: The multipurpose sports hall of the University of Oradea. Environ. Eng. Manag. ]. 2018, 17, 2999-3005.
[CrossRef]

Adam, M; Tokar, A.; Popa-Albu, S. Analysis the influence of indoor air parameters on sporting performance. Zb. Medunarodnog
Kongr. O KGH 2018, 49, 225-228.

Ulea, E.; Lipsa, FED.; Irimia Nicoleta, B.A.M. Survey of indoor airborne fungi in different educational institutions from Iasi,
Romania. USAMYV Iasi Lucr. Stiintifice. Ser. Agron. 2009, 52, 518-523.

Lipsa, ED.; Ulea, E.; Chiriac, I.P. Monitoring of fungal aerosols in some educational buildings from Iasi, Romania. Environ. Eng.
Manag. |. 2016, 15, 801-807. [CrossRef]

Mihincau, D.; Ilies, D.C.; Wendt, J.; Ilies, A.; Atasoy, E.; Szabo-Alexi, P; Marcu, F; Albu, A.V,; Herman, G.V. Investigations on air
quality in a school. Folia Geogr. 2019, 61, 190-204.

Nelson, R.J. Seasonal immune function and sickness responses. Trends Immunol. 2004, 25, 187-192. [CrossRef]
Sakamoto-Momiyama, M. Seasonality in Human Mortality; University of Tokyo Press: Tokyo, Japan, 1977.

Puchianu, G.; Necula, V.; Enache, D.V. Research on active and passive monitoring aeromicroflora in the milk units processing.
Ann. Acad. Rom. Sci. 2016, 5, 91-103.

Ciferri, O. Microbial Degradation of Paintings. Appl. Environ. Microbiol. 1999, 65, 879-885. [CrossRef]

Fernandes, P. Applied microbiology and biotechnology in the conservation of cultural heritage materials. Appl. Environ. Microbiol.
2006, 73, 291-296. [CrossRef] [PubMed]

Borrego, S.; Lavin, P; Perdomo, I.; Gémez de Saravia, S.; Guiamet, P. Determination of indoor air quality in archives and
biodeterioration of the documentary heritage. ISRN Microbiol. 2012, 2012, 680598. [CrossRef] [PubMed]

Gary, W.; Procop, M.D.; Elmer, W. Koneman'’s Color Atlas and Textbook of Diagnostic Microbiology, 7th ed.; Lippincott Williams
Wilkins: Philadelphia, PA, USA, 2016.

Buiuc, D.; Negut, M. Tratat de Microbiologie Clinica (Treatise on Clinical Microbiology), 3rd ed.; Editura Medicala: Bucuresti, Romania,
2009.

Puchianu, G.; Necula, V.; Enache, D.V.,; Danes, M.; Lupu, M. Researches regarding the active and passive monitoring of
aeromicroflora in milling and bread manufacturing. Rom. Biotechnol. Lett. 2018, 25, 1465-1472. [CrossRef]

Cernei, E.R.; Maxim, D.C.; Mavru, R.; Indrei, L.L. Bacteriological analysis of air (aeromicroflora) from the level of dental offices in
IASI County. Rom. J. Oral Rehabil. 2013, 5, 53.

Chapter 23: Museums, Galleries, Archives and Libraries. In ASHRAE Handbook—-HVAC Applications; ASHRAE Research: Atalanta,
GA, USA, 2011; pp. 1-23.

Dannemiller, K.C.; Weschler, C.J.; Peccia, ]. Fungal and bacterial growth in floor dust at elevated relative humidity levels. Indoor
Air 2017, 27, 354-363. [CrossRef] [PubMed]

Commission of European Communities. Biological Particles in Indoor Environments, European Collaborative Action—Indoor Air Quality
and Its Impact on Man; Report No 12; CEC: Luxembourg, 1993.

Bott, J.; Blumenthal, S.; Buxton, M.; Ellum, S.; Falconer, C.; Garrod, R.; Harvey, A.; Hughes, T.; Lincoln, M.; Mikelsons, C.; et al.
Guidelines for the physiotherapy management of the adult, medical, spontaneously breathing patient. Thorax 2009, 64 (Suppl.
S1),i1-i51. [CrossRef] [PubMed]

Arangnak, C.; Singhasiri, C. Biodeterioration of cultural property. In Proceedings of the 3rd International Conference on
Biodeterioration of Cultural Property, Bangkok, Thailand, 4-7 July 1995.

Strzelczyk, A.B. Observations on aesthetic and structural changes induced in Polish historic objects by microorganisms. Int.
Biodeterior. Biodegrad. 2004, 53, 151-156. [CrossRef]


http://doi.org/10.1016/j.microc.2015.12.020
file:///C:/Users/asus/Downloads/GrilJoseph_WoodScienceForConservation_20210502130900.pdf
http://doi.org/10.3390/app11146643
http://doi.org/10.35530/IT.070.01.1608
http://doi.org/10.3390/atmos12020286
http://doi.org/10.1007/s10973-016-5343-8
http://doi.org/10.30638/eemj.2018.300
http://doi.org/10.30638/eemj.2016.086
http://doi.org/10.1016/j.it.2004.02.001
http://doi.org/10.1128/AEM.65.3.879-885.1999
http://doi.org/10.1007/s00253-006-0599-8
http://www.ncbi.nlm.nih.gov/pubmed/17043826
http://doi.org/10.5402/2012/680598
http://www.ncbi.nlm.nih.gov/pubmed/23762758
http://doi.org/10.25083/rbl/25.2/1465.1472
http://doi.org/10.1111/ina.12313
http://www.ncbi.nlm.nih.gov/pubmed/27272645
http://doi.org/10.1136/thx.2008.110726
http://www.ncbi.nlm.nih.gov/pubmed/19406863
http://doi.org/10.1016/S0964-8305(03)00088-X

Int. J. Environ. Res. Public Health 2021, 18, 9908 17 of 18

63.
64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

Caneva, G.; Nugari, M.P; Salvadori, O. Biology in the Conservation of Works of Art; ICCROM: Rome, Italy, 1991.

Slater, K. 7-The progressive deterioration of textile materials. Part I: Characteristics of degradation. J. Text. Inst. 1986, 77, 76-87.
[CrossRef]

Ionescu, V. Biodeteriorarea Obiectelor in Muzee (The Biodeterioration of the Objects in Museums). Aspecte ale Biodeteriordrii Obiectelor din
Muzee (Aspects of Biodegradation of Objects in Museums); Muzeul National: Bucharest, Romania, 1974; pp. 183-188. Available online:
http:/ /muzeulnationaljournal.ro/?volum=926-muzeul-national-muzeul-national-de-istorie-al-romaniei-i-1974 (accessed on
17 September 2021).

Elamin, A.; Takatori, K.; Matsuda, Y.; Tsukada, M.; Kirino, F. Fungal biodeterioration of artificial aged linen textile: Evaluation by
microscopic, spectroscopic and viscometric methods. Mediterr. Archaeol. Archaeom. 2018, 18, 103-120.

Loépez-Miras, M.D.M.; Martin-Sanchez, I.; Yebra-Rodriguez, A.; Romero-Noguera, ].; Bolivar-Galiano, F; Ettenauer, J.; Sterflinger,
K.; Pifiar, G. Contribution of the microbial communities detected on an oil painting on canvas to its biodeterioration. PLoS ONE
2013, 8, e80198.

Pastor, EJ.; Guarro, J. Alternaria infections: Laboratory diagnosis and relevant clinical features. Clin. Microbiol. Infect. 2008, 14,
734-746. [CrossRef]

Woudenberg, ]. H.C.; Seidl, M.E.; Groenewald, ]J.Z.; de Vries, M.; Stielow, ].B.; Thomma, B.P.H.; Crous, P.W. Alternaria section
Alternaria: Species, formae speciales or pathotypes? Stud. Mycol. 2015, 82, 1-21. [CrossRef]

Szostak-Kotowa, J. Biodeterioration of textiles. Int. Biodeterior. Biodegrad. 2004, 53, 165-170. [CrossRef]

Kavkler, K.; Gunde-Cimerman, N.; Zalar, P.; Dem3ar, A. Fungal deterioration of aged textiles. In History, Properties and Performance
and Applications; Mondal, LH., Ed.; Nova Science Publishers: New York, NY, USA, 2014; pp. 315-342.

Rédulescu, H.C.; Gheorghe, I.; Gradisteanu, G.; Ispas, A.; Popescu, C.; Rosu, G.; Chifiriuc, M.C.; Lazar, V. Molecular characteriza-
tion based on Internal Transcribed Spacer (ITS) marker sequence of fungal strains isolated from heritage ethnographic textiles.
Rom. Biotechnol. Lett. 2019, 24, 906-912. [CrossRef]

Marcu, E; Ilies, D.C.; Wendt, LA ; Indrie, L; Ilies, A.; Burta, L.; Caciora, T.; Herman, G.V.; Baias, S.; Albu, A.; et al. Investigations
regarding the biodegradation of the cultural heritage. Case study of traditional embroidered peasant shirt (Maramures, Romania).
Rom. Biotechnol. Lett. 2020, 25, 1362-1368. [CrossRef]

Crawford, B.; Pakpour, S.; Kazemian, N.; Klironomos, J.; Stoeffler, K.; Rho, D.; Denault, J.; Milani, A.S. Effect of Fungal
Deterioration on Physical and Mechanical Properties of Hemp and Flax Natural Fiber Composites. Materials 2017, 10, 1252.
[CrossRef]

Egbuta, M.; Mwanza, M.; Babalola, O. Health Risks Associated with Exposure to Filamentous Fungi. Int. ]. Environ. Res. Public
Health 2017, 14, 719. [CrossRef]

Visagie, C.M.; Houbraken, J.; Frisvad, ].C.; Hong, S.-B.; Klaassen, C.H.W,; Perrone, G.; Seifert, K.A ; Varga, J.; Yaguchi, T.; Samson,
R.A. Identification and nomenclature of the genus Penicillium. Stud. Mycol. 2014, 78, 343-371. [CrossRef] [PubMed]

Paulussen, C.; Hallsworth, J.E.; Alvarez-Pérez, S.; Nierman, W.C.; Hamill, P.G.; Blain, D.; Rediers, H.; Lievens, B. Ecology
of aspergillosis: Insights into the pathogenic potency of Aspergillus fumigatus and some other Aspergillus species. Microb.
Biotechnol. 2017, 10, 296-322. [CrossRef]

Rudramurthy, S.M.; Paul, R.A.; Chakrabarti, A.; Mouton, ].W.; Meis, ].E. Invasive Aspergillosis by Aspergillus flavus: Epidemiol-
ogy, Diagnosis, Antifungal Resistance, and Management. J. Fungi 2019, 5, 55. [CrossRef] [PubMed]

Sandoval-Denis, M.; Gené, J.; Sutton, D.A.; Wiederhold, N.P; Cano-Lira, J.F.; Guarro, J. New species of Cladosporium associated
with human and animal infections. Pers. Mol. Phylogeny Evol. Fungi 2016, 31, 281-298. [CrossRef]

Sandoval-Denis, M.; Sutton, D.A.; Martin-Vicente, A.; Cano-Lira, J.F.; Wiederhold, N.; Guarro, J.; Gené, J. Cladosporium Species
Recovered from Clinical Samples in the United States. J. Clin. Microbiol. 2015, 53, 2990-3000. [CrossRef] [PubMed]
Miladinovic-Tasic, N.; Otasevic, S.T. Cladosporium spp.-cause of opportunistic mycoses. Acta Fac. Med. Naiss. 2007, 24, 15-19.
Gutarowska, B.; Pietrzak, K.; Machnowski, W.; Milczarek, ]. M. Historical textiles—A review of microbial deterioration analysis
and disinfection methods. Text. Res. . 2017, 87, 2388-2406. [CrossRef]

Jurgensen, C.W.; Madsen, A. Exposure to the airborne mould Botrytis and its health effects. Ann. Agric. Environ. Med. 2009, 16,
183-196.

Hashimoto, S.; Tanaka, E.; Ueyama, M.; Terada, S.; Inao, T.; Kaji, Y.; Yasuda, T.; Hajiro, T.; Nakagawa, T.; Noma, S.; et al. A case
report of pulmonary Botrytis sp. infection in an apparently healthy individual. BMC Infect. Dis. 2019, 19, 684. [CrossRef]
Hassan, M.I.A.; Abdelwahab Hassan, M.L; Voigt, K. Pathogenicity patterns of mucormycosis: Epidemiology, interaction with
immune cells and virulence factors. Med. Mycol. 2019, 57 (Suppl. S2), S245-5256. [CrossRef]

Ribes, J.A.; Vanover-Sams, C.L.; Baker, D.J. Zygomycetes in Human Disease. Clin. Microbiol. Rev. 2000, 13, 236-301. [CrossRef]
[PubMed]

Bhatia, V.K.; Sharma, P.C. Epidemiological studies on Dermatophytosis in human patients in Himachal Pradesh, India. Springer-
Plus 2014, 3, 134. [CrossRef]

Gnat, S.; Nowakiewicz, A.; Lagowski, D.; Zieba, P. Host- and pathogen-dependent susceptibility and predisposition to dermato-
phytosis. . Med. Microbiol. 2019, 68, 823-836. [CrossRef]

Pawliniska-Chmara, R.; Wronka, I. Assessment of the effect of socioeconomic factors on the prevalence of respiratory disorders in
children. J. Physiol. Pharmacol. 2007, 58 (Suppl. S5), 523-529. [PubMed]


http://doi.org/10.1080/00405008608658396
http://muzeulnationaljournal.ro/?volum=926-muzeul-national-muzeul-national-de-istorie-al-romaniei-i-1974
http://doi.org/10.1111/j.1469-0691.2008.02024.x
http://doi.org/10.1016/j.simyco.2015.07.001
http://doi.org/10.1016/S0964-8305(03)00090-8
http://doi.org/10.25083/rbl/24.5/906.912
http://doi.org/10.25083/rbl/25.2/1362.1368
http://doi.org/10.3390/ma10111252
http://doi.org/10.3390/ijerph14070719
http://doi.org/10.1016/j.simyco.2014.09.001
http://www.ncbi.nlm.nih.gov/pubmed/25505353
http://doi.org/10.1111/1751-7915.12367
http://doi.org/10.3390/jof5030055
http://www.ncbi.nlm.nih.gov/pubmed/31266196
http://doi.org/10.3767/003158516X691951
http://doi.org/10.1128/JCM.01482-15
http://www.ncbi.nlm.nih.gov/pubmed/26179305
http://doi.org/10.1177/0040517516669076
http://doi.org/10.1186/s12879-019-4319-2
http://doi.org/10.1093/mmy/myz011
http://doi.org/10.1128/CMR.13.2.236
http://www.ncbi.nlm.nih.gov/pubmed/10756000
http://doi.org/10.1186/2193-1801-3-134
http://doi.org/10.1099/jmm.0.000982
http://www.ncbi.nlm.nih.gov/pubmed/18204166

Int. J. Environ. Res. Public Health 2021, 18, 9908 18 of 18

90.

91.

92.

93.

94.
95.

96.

97.

Brakema, E.A.; Tabyshova, A.; van der Kleij, RM.].].; Sooronbaev, T.; Lionis, C.; Anastasaki, M.; An, P.L.; Nguyen, L.T.; Kirenga,
B.; Walusimbi, S.; et al. The socioeconomic burden of chronic lung disease in low-resource settings across the globe—An
observational FRESH AIR study. Respir. Res. 2019, 20, 291. [CrossRef] [PubMed]

Sahni, S.; Talwar, A.; Khanijo, S.; Talwar, A. Socioeconomic status and its relationship to chronic respiratory disease. Adv. Respir.
Med. 2017, 85, 97-108. [CrossRef]

Corhay, J.L.; Nguyen, D.; Van Cauwenberge, H.; Louis, R. Pulmonary rehabilitation and COPD: Providing patients a good
environment for optimizing therapy. Int. |. Chronic Obstr. Pulm. Dis. 2013, 9, 27-39. [CrossRef] [PubMed]

McNamara, R.J.; Dale, M.; McKeough, Z.J. Innovative strategies to improve the reach and engagement in pulmonary rehabilitation.
J. Thorac. Dis. 2019, 11 (Suppl. S17), S2192-52199. [CrossRef] [PubMed]

Sharma, B.; Singh, V. Pulmonary rehabilitation: An overview. Lung India 2011, 28, 276. [CrossRef] [PubMed]

Palla, F.; Bruno, M.; Mercurio, E; Tantillo, A.; Rotolo, V. Essential Oils as Natural Biocides in Conservation of Cultural Heritage.
Molecules 2020, 25, 730. [CrossRef] [PubMed]

Diaz-Alonso, J.; Bernardos, A.; Regidor-Ros, J.L.; Martinez-Mafiez, R.; Bosch-Roig, P. Innovative use of essential oil cold diffusion
system for improving air quality on indoor cultural heritage spaces. Int. Biodeterior. Biodegrad. 2021, 162, 105251. [CrossRef]
Ventilation for Acceptable Indoor Air Quality; ANSI/ ASHRAE Standard 62.1-2010; American Society of Heating, Refrigerating and
Air-Conditioning Engineers: Atlanta, GA, USA, 2010; Available online: https://www.ashrae.org/file%20library/doclib/public/
200418145036_347.pdf (accessed on 30 August 2021).


http://doi.org/10.1186/s12931-019-1255-z
http://www.ncbi.nlm.nih.gov/pubmed/31864411
http://doi.org/10.5603/ARM.2017.0016
http://doi.org/10.2147/COPD.S52012
http://www.ncbi.nlm.nih.gov/pubmed/24368884
http://doi.org/10.21037/jtd.2019.10.29
http://www.ncbi.nlm.nih.gov/pubmed/31737346
http://doi.org/10.4103/0970-2113.85690
http://www.ncbi.nlm.nih.gov/pubmed/22084542
http://doi.org/10.3390/molecules25030730
http://www.ncbi.nlm.nih.gov/pubmed/32046140
http://doi.org/10.1016/j.ibiod.2021.105251
https://www.ashrae.org/file%20library/doclib/public/200418145036_347.pdf
https://www.ashrae.org/file%20library/doclib/public/200418145036_347.pdf

	Introduction 
	Literature Review 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

