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Abstract

Aim : The degree of microbial contamination of air and surfaces reflect a potential risk of disease which
increases proportionally with the density of microorganisms and the presence of pathogenic or potentially
pathogenic species. The paper focus on the degree of bacterial and fungal contamination of air and
surfaces inside a historical wooden church from Oradea city, Romania.

Methodology : The conventional technique of open plates (Koch sedimentation method) was used for the
microaeroflora inside the wooden church. The air samples were taken from two places (from the middle of
the room and from a corner, both places being at the same height), during different times of the day. In order
to determine the fungi types present on the wood surfaces, dust samples were collected from five places
inside the wooden church.

Results : The results obtained showed that the bacterial contamination of air had reached the maximum
limit of 100 CFU/4 hrs, meanwhile fungal contamination had exceeded the contamination level C which
provides 50 CFU/4 hrs according to the European Union Guide to Good Manufacturing Practice (1997).
The fungi identified in the air inside of the wooden church belong to the genus : Aspergillus, Penicillium,
Stachybotrys, Scopulariopsis, Arthrinium, Mucor, Rhizopus, Absidia and Geotrichum.

Interpretation : The results obtained from the analysis of microaeroflora inside the wooden church
highlights the presence of various species of fungi with potential health risk at worship place. The
environmental conditions present within the church favours the development of fungi and bacteria.

Bacterial and fungal contamination inside of
a historical wooden church

Air Surface

Koch sedimentation method

Fungi
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Microbial contamination of air and dust inside wooden church
Introduction

Indoor air quality is an issue of public concern as people
spend most of their time indoors (Mondal et al, 2013). Air
contamination is closely related to the degree of contamination of
surfaces and objects, which are frequently contaminated with
microbial flora present in the air. Once the dust is rising in the air,
there are many microorganisms and spores on the surfaces. The
significance of the presence and number of germs on surfaces is
similar to the meaning of their existence in the air, so that a high
density of germs reflects both an increased epidemiological risk in
the rooms and evidence of inadequate sanitary conditions (Gent et
al., 2002; Dales et al., 1991). The flora from the rooms' air and
generally from the enclosed spaces play an important role in the
airborne transmission of infectious diseases, especially in
crowded or poor ventilation conditions (Yasir et al, 2015;
Howard-Reed et al., 2003). The initial geographical location of
the wooden church “St. Martyrs Constantin Brancoveanu and
His Sons, “St. Archangels Michael and Gabriel “ was in the
village Letca, Salaj County (18" century), which impressed with
its specific features being included in the great European family
of wood churches (llies et al., 2011; llies, 2013; llies et al., 2014;
llies et al., 2016; Baias et al., 2015). In 1993, the wooden church
was displaced and moved into the campus of the University of
Oradea (Bihor County), located in north-western part of
Romania. Since 2010, the wooden church is on the new list of
historical monuments (BH-1I mB- 20 958 m) (Godea et al., 1978).

The deteriorations caused by fungi as well as by
rainwater infiltration are the most common causes of degradation
in the most historic wooden buildings (Akgul et al., 2015; Timar et
al., 2009; Capatana et al., 2007). The development of fungi is
influenced by a number of factors such as temperature, humidity
and appearance of nutrients. In certain conditions of microclimate
specific to multiplication, the fungi can contaminate almost all the
surfaces. The presence of fungi in the indoor air should not be
tolerated as the fungal spores, mycelial fragments and
mycotoxins are the major cause of respiratory diseases and
allergies (Bucsa et al., 2008; Vlad, 2009). The present study was
aimed at evaluating microbial and fungal contamination of air and
dustinside the mentioned historic wooden church.

Materials and Methods

Air sampling procedure : The microaeroflora was analysed by
conventional techniques of open plates called Koch
sedimentation method (Spengler et al., 2008). The sedimentation
method consisted in exposing the Petri plates with a diameter of
90 cm that contain specific culture medium, at two places, inside
the wooden church for four hours. In each exposing place there
have been used two Petri plate groups, each group including one
plate with nutrient agar medium for quantitative analysis of bacteria
and the other with Sabouraud agar medium with the addition of
chloramphenicol (0.5 g I") for the quantitative determination of fungi.
A group of plates was exposed in the middle of the room at the
height of the table (60-100 cm from the floor) and the second
group was exposed in a corner of the room at the same height.
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The exposure was carried out by opening the lids of Petri plates
and their placement with opening part towards the ground
altogether with the culture medium plates. After exposure, the
Petri plates were coated and were transported to the laboratory.
In laboratory, they were incubated in a thermostat for 5 days at
25°C to determine the total number of fungi expressed in CFU m®
of air (colony forming units) and for 24 hrs at 37°C for determining
the total mesophilic aerobic bacteria (CFU m®). After the
incubation period, the colonies were counted on each plate with
the same culture medium and the arithmetic mean was calculated
(Azarietal., 2008).

Microorganisms present in a volume of air, a
transformation of the number of germs on the surface of the plate
into the number of germs per volume of air are required. Thus, the
results were expressed with the help of Omelianski calculus
formula based on the observation according to which on a surface
of 100 cm’ exposed for a certain period of time, the number of
germs equal to that contained in 10 dm’ of air (Cernei et al., 2013)
was deposited.

Dust sampling procedure : Samples from surfaces were taken
from 5 places represented by : painted canvas located at the
entrance hall of the church, interior left wall, interior right wall, alter
apse and the right exterior wall under the roof. The swab was
used to wipe an area of 100 cm’ delineated by the outline. Before
the sampling procedure began, the swab was moistened in sterile
water. Sampling was performed by passing the swab rod for three
times through the same place in different directions (Rached et
al., 2013). The samples were transported to the Microbiology
Laboratory, Faculty of Environmental Protection, University of
Oradea and were subjected to fungal culture from which viable
colonies were identified (the plates were incubated for 5 days at
25°C). The identification was based on the morphological
characteristics of fungal colonies (shape, colour, texture, etc.) as
well as microscopic examination techniques (morphological
characteristics of the hyphae and conidia cells).

Results and Discussion

The total number of aerobic mesophilic bacteria and total
number of fungi were determined in the air inside the wooden
church by sedimentation method. Air samples were collected by
passive air sampling (the settle plates) because only
microorganisms that settle onto the agar surfaces are detected,
settling plates can be used as qualitative or semi-quantitative air
monitors (Samuel et al., 2014). Determination of total number of
germs developing in the air inside the rooms at 37°C allows us to
appreciate the air loading level with flora of human origin as well
as hygiene specific conditions (overcrowding, ventilation,
cleanliness, etc.) that influence the transmission of airborne
infections (Gorny, 2004).

After counting the colonies with colony counter, 47
bacterial colonies and 31 fungal colonies were observed. In order
to calculate the number of germs present in one m® of air, the
results obtained were interpolated in Omelianski's formula to give
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100 bacterial cells:m” of air and 65 colony-forming units-m” of air
regarding the concentration of fungi (Fig. 1).

A quantitative interpretation of the results describing the
air quality inside the wooden church is difficult. The legislative
framework from Romania doesn't foresee certain threshold levels
for the exposure to pollutants of the indoor ambiental air.
Universally applicable standards defining an acceptable level of
indoor air contamination with microorganisms have not been
established yet (Samuel et al, 2014). According to the
recommended limits for microbial contamination provided by the
Pharmaceutical Cleanroom Classification, the results show that
the bacterial contamination of air had reached the maximum limit
of 100 CFU per 4 hrs. Meanwhile, the fungal contamination had
exceeded 50 CFU per4 hrs. The results highlight the fact that the
air inside the small wooden church is a potential risk to human
health. Ahumaninhales more than 14 m’ of air daily. This leads to
the theory that the airborne microbial intake per day of the
parishioners might likely exceed by at least 14-fold the average
number of the microorganisms determined after the air quality
monitoring inside the wooden church (Brochu et al., 2006). To
prevent possible health risks of the people coming to the church,

D.C. llies et al.

it is important to control the environmental factors which favour
the growth and multiplication of the indoor microbes. Huixing
(2017) tested the microorganism concentration in the constant
temperature and humidity air conditioning system and the effect
of microbial concentration on the cultural relics. The results
reported cultural relics damage. The fungi present in the dust on
the surfaces inside the historical monument wooden church may
be incriminated in the biodeterioration of the church wood and in
the production of respiratory and allergic diseases in the case of
some species with pathogenic risk (Katja, 2010). Based on the
morphological characteristics of the colonies and microscopic
examination of mycelium and conidial structures, various fungi
types were determined. The fungiidentified from surface samples
and from microaeroflora belonged to the following genus:
Aspergillus, Penicillium, Stachybotrys, Scopulariopsis,
Arthrinium, Mucor, Rhizopus, Absidia and Geotrichum (Fig. 2).
These fungi types are recognized as opportunistic pathogens for
humans and are often associated with clinical manifestations
(Bush, 2006).

Penicillium and Aspergillus are the most common indoor
fungi. These fungi produce a variety of toxic chemical substances

Fig. 1 : Determination of microaeroflora: A, B - Petri plates with nutrient agar culture medium for counting the aerobic mesophilic bacteria; C, D - Petri

plates with agar Sabouraud culture medium for counting the fungi.
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Microbial contamination of air and dust inside wooden church

called mycotoxins (Miller, 1992). Aspergillus is one of the most
infectious fungi causing aspergillosis and is also an opportunistic
pathogen (Anagnost et al., 2006). According to Occupational
Safety and Health Administration, the species from
Scopulariopsis genus are classified as allergens and irritants as
they cause dermatitis and allergic alveolitis (Gorny et al., 2002).
Fungi of Stachybotrys genus are found commonly in the air in
homes and the spores can cause possible health risks (Gent et
al., 2002; Brunekreef et al., 1989). The species belonging to
genus Mucor and Rhyzopus are potentially pathogenic
contaminants. Rhizopus is considered a major allergen
responsible for allergies of occupational nature (Yassin et al.,
2010). The species of the genus Absidia can produce
zygomycosis and rhinocerebral infections. Trichoderma is a
potentially pathogenic mold (Zehra, 2017). It can be found in
indoor air because it prefers cellulose, produces mycotoxins
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and that is why it is an important mold in the investigations
regarding the indoor air quality (Stark et al., 2003). Indoor fungi
spread by air may have adverse effects on human health (Onet,
2012). Exposure to indoor fungi and mycotoxins that can be
absorbed by the respiratory tract, can be a major risk to human
health through all the three known mechanisms : infection,
allergy and toxicity (Terr, 2014). The evaluation of microbial air
quality and fungal surface contamination inside the wooden
church highlights the presence of various species with potential
health risk on the parishioners and the people in charge of
maintaining the church. The high values obtained in terms of
bacterial and fungal load of the air inside the wooden church
indicates that the prolonged exposure to identified fungal
species is a real danger to human health considering that
biodeterioration is not visible to the naked eye, but it affects the
internal structure of the wood substrate.

Fig. 2: The microbial cultures of microfungi identified at six monitored places: A- painted canvas located in the hall at the entry into the wooden church; B-
altarapse; C - interior left wall; D - interior right wall; E - exterior left wall and F - exterior right wall.
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