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Abstract Inside of the historic wooden church airborne indoor bacteria and fungi were assessed. This
was determined through air quality sampling using the ,,open plate technique”. Petri dish
containing Sabouraud medium was used for fungi test, Actinomycetes Isolation Agar and
Plate Count Agar for filamentous bacteria and for aerobic mesophilic bacteria, respectively.
The bacteria isolated were: Staphylococcus sp., Micrococcus sp., Bacillus sp. and Actinomyces
sp. Determination of most common fungi: Aspergillus sp., Penicillium sp.. Alternaria sp.,
Paecilomyces sp., Cladosporium sp., Stachybotrys sp., Chaetomium sp., Absidia sp.,
Trichoderma sp., Trichotecium sp., Scopulariopsis sp., Aureobasidium sp. The yeasts belonging
to Rhodotorula and Candida species were also isolated. The microorganisms present in indoor
air of the wooden curch indicates an intermediate level of contamination according to the
guidelines of the sanitary standards. To broaden the data obtained, we conducted a focus group
in order to emphasize the subjective assessment of indoor air quality inside the wooden
church. Qualitative results are complementary with our air contamination tests results.
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Introduction

The monitoring of the microclimate inside old
heritage building (Figure 1), as the wooden church, and
also the indoor microbial concentrations of airborne
bacteria and fungi are necessary to estimate the health
hazard of the visitors, priests and parishioners etc and to
create standards for indoor air quality control for better
preservation and conservation of the objects inside. Several
studies were developed inside this heritage wooden church
since 2016 [1, 2, 3, 4]. We continued the research in this
sense by monitoring the microclimate and analysing the
level of luminosity, and we also aimed at investigating
their effect on specific objects from inside the church, as
well as the effect of heat distribution on these articles (in
time, the paintings can be deteriorated by microbiological
contamination, heat, humidity etc.). In order to perform
the microbiological investigation we used specific
methods; thus, we investigated bacteria and fungi from the
air inside the wooden church and analysed them using
different exposure time (4 hours), and we also collected
and analysed microbiological samples from the surface
of various objects inside the wooden church, presented
in other studies.

General research upon the microbial degradation of
paintings was done [5], Irbe and Andersone, 2008, present
the research concerning wood decay because of fungi in

Latvian heritage buildings [6]. Effects of fungal air
pollution on human health hazards was studied by many
authors [7, 8, 9, 10, 11]. Microbial-related to risks for
artworks and human health in indoor cultural heritage
environments (e.g. heritage buildings, museums, churches
etc) is a current issue studied by researchers [12, 13, 14,
15]. In Romania we mention the papers [16], concerning
the technology for biodegradation of wood from historic
monuments, biodegradation issues related to historic
monuments from Romania [17]. Issues related to bio-
deterioration problems of wooden churches wall painting
[18], disinfection and consolidation by irradiation of
wooden samples case study Romanian churches [19],
analyses the macromycetes on the construction wood of
historical monuments from Romania [20].

Material and Methods

1. Microclimate

The microclimate inside the historic monument
wooden church was monitored in the period March-May
2016 [1, 2, 3, 4], respectively October-December 2018.
Was used thermo-hygrometer with data function logger
Klimalogg Pro with eight sensors (for the temperature and
relative humidity of the air), “Digi-Sense Data Logging
Luxmeter” (luminosity), for temperature scan “Thermal
Imaging Camera FLIR 177, respectively for CO, moni-
toring - NOVA 5000.

Figure 1. Historic wooden church (XVIII" century),
University of Oradea, Romania

2. Airborne indoor microorganisms isolation

This study was conducted to determinate the micro-
bial diversity in the historic wooden curch in order to have
a preliminary idea of the environmental status. A total of
10 samples were collected in duplicate by open plate
method in 5 different points inside the wooden curch
(locations: 1. entrance table; 2. up right (the settle plates
were placed on beam); 3. on the floor right; 4. up left; 5. in

Figure 2. 3D sketch with the distribution of tempe-
rature sensors, humidity and CO2, and microbiological
samples inside of the wooden church

front of the altar, bottom) (Figure 2). The number of
bacteria, Actinomycetes and fungi present in the indoor air
of the wooden church was studied by exposing Plate Count
Agar (Merck), Actinomycetes Isolation Agar (Merck)
and Sabouraud Dextrose Agar (Merck) with addition of
chloramphenicol plates for 4 hours. After the exposure and
collection, the plates were taken to the Microbiology
laboratory and incubated at 37°C for 24 hours for isolation
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of bacteria and incubated at 28°C for 5-7 days for isolation
of fungi and Actinomycetes. The total number of bacteria,
yeast and moulds in the air samples collected from the
five different locations inside the wooden church was
determined [21]. The total number of colony forming unit
(CFU/m®) was calculated. After the enumeration of the
colony forming units (CFU), CFU/m? were determined,
taking into account the following equation described by
Omeliansky [22].

N = 5ax10* (bt)™!,
Where,

N=microbial CFU/m? of indoor air; a=number of colonies
per Petri dish; b=dish surface (cm?); t=exposure time (min).

The bacterial cultures were identified by using staining
techniques and macroscopic characteristics. The fungal
cultures were identified on the basis of microscopic (using
Lactophenol cotton blue staining and macroscopic charac-
teristics [23].

3. Focus group

A qualitative research method, was also used to
emphasize the subjective assessment of indoor air quality
in the wooden church. We consider that a mixed metho-
dological research design can sustain a more complex
approach of our research objectives. Focus groups were
developed also in other interdisciplinary investigations
[2, 26, 27, 28] in order to provide a more in-depth and
complex analysis of a specific phenomenon [29].

We developed the focus group inside the wooden
church, and we invited six people who are developing
some of their activities in this historic wooden church to
participate at discussions. We mention that the majority
of participants are undertaking their activities inside this
church for at least 10 years, therefore they were able to
provide us significant information for our research. Also,

they develop activities inside the church at least once a
week, for about 2-3 hours daily. We mention that all focus
group participants have high education level. The intensity
of their activity and the length of the time spent inside the
wooden church increases during periods of religious
holidays, when they have activities at least 2 times/week
inside the church. The focus group guide covered aspects
related to: subjective perception of indoor air quality, health
problems due to indoor air quality, suggestions for
improving the air quality inside the wooden church, and
their health status. Discussions were moderated by a socio-
logists who encouraged participants to freely express
their opinion about the topics. Eventually, we collected
important information about the way indoor air quality in
the wooden church is perceived by people.

Results and Discussion

In terms of monitoring the microclimate inside and
outside of the historic wooden church during March-May
2016, respectively October-December 2018, we used
thermo-hygrometer with data function logger Klimalogg
Pro (eight sensors) for the temperature and relative
humidity, Nova 5000 for CO, monitoring; we performed
thermo-scanning by using ”Thermal Imaging Camera
FLIR I7” and “Digi-Sense Data Logging Luxmeter” for
luminosity analysis. The temperature and relative humidity
show variations during the measurement time, mainly due
to outside weather conditions, church activities and the
heating system; so, the highest values were recorded during
the service where a large number of parishioners were
present (approx. 60 persons). Carbon dioxide (CO.) values
remain relatively constant over the seven weeks of
monitoring, exceeding the dangerous threshold for humans
of 1000 ppm (ANSI/ASHRAE Standard, 2003) just to
religious services every Sunday, and just for maximum
of two hours (Figure 3).

e [NncloOT Temperature (°C)
60

e |ndOOT Relative Humidity (%)

Indoor CO; Values (ppm)  PPM

2300
2200

w
o
_

2100
2000

1900
1800

~ vl

o (=]
.
ey

1700
- 1600

B
[=]
I

y : u"%jk

|

JF
L 1500
N/ 1400

w
wl
|

W
- 1300
1200

w
[e=]
I

- 1100

[l
wi

- 1000

Temperature (°C) - Relative Humidity (%)
[
o

- 900

LT W Tv o A T e LS
REie e e

- 600

-
w
|
!

I
|

o

- 500
Bt B st
} 300

week 1 week 2 Wweek 3

Week 4

Wweek S week 6 week 7

Figure 3. Variation of the air temperature, relative humidity and CO, values in the heritage wooden church,
during monitoring period (20.10 — 09.12.2018).
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Microbiological quality assessment of indoor air
study is one of the most vital investigations to determine
the microbial indoor air pollution [30]. The information on
the indoor microbial concentrations of airborne bacteria
and fungi is necessary both to estimate the health hazard
and to create standards for indoor air quality control [31].
Total number of mesophilic aerobic bacteria, Actinomycetes
and filamentous fungi from inside air of the wooden church
was determined using Koch sedimentation method. Data
collected by sedimentation method allow the drawing of
correct conclusions on types of microorganisms present in

the air and can give a good approximation of bacterial and
fungal concentration [32, 33].

Bacteria were identified by the macroscopic estima-
tion through description of colony and by microscopic
estimation using the optical microscope. Diagnosis of
filamentous fungi was based on estimation of morpho-
logical features of growth on Sabouraud medium [34, 35].
The concentrations of bacterial and fungi aerosols in the
indoor environment of the wooden church estimated
with the use of the settle plate method, ranged between
95-308 CFU/m? (Table 1).

Table 1. Average number of bacterial and fungal count (CFU/m?3) in air samples from the wooden church

Sampling points inside Heterog:clizll’(i:aaeroblc Actinomycetes Fungi
the wooden church (CFUIMY) (CFU/m?®) (CFU/m?®)
1. entrance table 272 226 253
2. up right 243 308 167
3. on the floor right 230 190 95
4. up left 207 200 151

In this study, the microbial concentration of indoor air
differs from sampling area to area as shown in Table 1. The
results show that the average number of highest bacterial
concentration of air has been recorded on the entrance
table (272 CFU/m®) and average of the lowest bacterial
concentration of air has been recorded in the up left area
of the church (207 CFU/mq). The highest concentration of
Actinomycetes was determined in the up right area of the
church (308 CFU/m®) and the lowest concentration in front
of the altar, bottom (180 CFU/m3). The average number of
highest fungal concentration of air has been recorded again
at the entrance table (253 CFU/m3) and the average of
lowest fungal concentration of air has been recorded on the
floor right (95 CFU/m?®). The total of bacterial concentra-
tion of air was greater than that of the fungal concentration
in all the collection points.

On the basis of these results we can highlight the fact
that the air inside the small wooden church is in the range
below the high level of contamination according to the
sanitary conditions (500-2000 CFU/m?®) for non-industrial
premises and the microbial contamination level is inter-
mediate (CEC, 1993). According to national standard SC
2009-16219/16.07.2009 the maximum level of mesophylic
aerobic bacteria loading for clean air is less than 1500
CFU/m?® and for infested air is greater than 2500 CFU/m3,
The admissible level for air fungi loading is 550 CFU/m?3
(SC 2009-16219/16.07.2009).The results presented in the
table 1 shows that the bacterial and fungal growth of indoor
air in the wooden church did not exceed the limit for clean
air quality (1500 CFU/m?3) in any of the samples [36].

The fungi identified from aeroflora by the macro-
scopic and microscopic examination method belong to
the genus: Aspergillus sp., Penicillium sp.. Alternaria
sp., Paecilomyces sp., Cladosporium sp., Stachybotrys
sp., Chaetomium sp., Absidia sp., Trichoderma sp.,

Trichotecium sp., Scopulariopsis sp., Aureobasidium sp.
The yeasts belonging to Rhodotorula and Candida
species were also isolated. The bacteria isolates included:
Staphylococcus sp., Micrococcus sp., Bacillus sp. and
filamentous bacteria from genera Actinomyces sp.

In the frame of the similar researches done in 2016
the aeroflora identified by the microscopic examination
method [1, 2, 3] belong to the genus: Aspergillus,
Penicillium, Stachybotrys, Scopulariopsis, Arthrinium,
Mucor, Rhizopus, Absidia, Geotrichum [37]. Bacteria of
the type Bacillus and yeasts of the type Rhodotorula have
been identified. The bacterial contamination of the air has
reached the maximum limit of 100 CFU/4 h meanwhile
the fungal contamination has exceeded the contamination
level C which provides 50 CFU/4 hours. It has been
highlighted on the basis of that results that the air inside the
wooden church had potential risk to human health [3].

In spite of their major source difference, the average
fungi density found in the indoor air of the wooden church
did appear to follow the same trend with bacterial concen-
tration. This can be explained by the fact that the existed
indoor air environmental factors of the wooden church
favor fungi and bacteria growth [38]. As indicated in
numerous studies, the environmental factors especially
dampness enhance microbial growth and multiplication
in the indoor atmosphere [39, 40, 41].

The information on the indoor microbial concen-
trations of airborne bacteria and fungi is necessary both to
estimate the health hazard and to create standards for indoor
air quality control. Some fungal genera and bacteria
identified indoor, results risky for their preservation and
for the human health.

The perception of indoor air quality by using the focus
group method. Relevant qualitative data was obtained
from the focus group, and we state that these results are
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complementary to air contamination tests conducted inside
the wooden church. Data collected was narratively analysed
and discussed based on the thematic conceptualisation of
focus group questions.

Focus group participants were first asked to provide
a general assessment of indoor air quality in the wooden
church, by describing how they perceive it at individual
level. Subjects were very specific about the indoor air
quality, and they outlined various features related to air
temperature, humidity, smell etc. The air is perceived by
most subjects as being too dry and unventilated, especially
early in the morning, before they start their daily activity
inside the church. Seasons also influence the temperature
from inside, and it is sometimes uncomfortable for people.
The temperature is perceived as being too high during
summer especially, but also during winter because the
heating is too intense: I feel that the air is too dry.... is not
ventilated enough... and also, during summer, the room
seems airless because is too hot in here”. During summer,
in order to lower the air temperature, the air conditioner is
turned on. But, participants consider that this practice can
lower indoor air quality inside the church, if the air
conditioner filters have not been replaced beeing a base for
the emergence and spread of bacteria and fungi. Another
important aspect related to air quality was underlined by
one participant who is spending more time inside the
church: especially during seasons with high humidity, a
”smell of mould” can be perceived inside: "I can smell
mould sometimes here like inside an old house with
dampness, and I can feel it up to my lungs ... ... yes,
sometimes during spring and autumn ”.

Some focus group participants suggested that dry air
inside the church could be reduced by using humidifiers.
But, eventually, this would not be a proper solution for the
problem because the church (which is registered as a
historical monument) was built mostly of wood and a high
degree of humidity could negatively affect it and also the
paintings inside the church: A higher humidity would not
be good for all the wood here... for the paintings, can alter
the paintings. This church is very old... it was built about
300 years ago. Humidifiers could multiply fungi and
bacteria”. More vegetation planted around the church
is considered by the participants to be beneficial because
this can probably slightly lower the temperature inside the
church during summer: “More trees, flowers, vegetation
around here could probably improve the air quality inside
the church”.

We must mention that the space inside the wooden
church is very small and many people (aprox. 60) are
participating to the religious service especially in Sundays
and religious holidays, which can also influence indoor air
quality. However, even if subjects outlined especially the
dryness of the indoor air, they generally assess the air
quality as being rather good. Moreover, focus group
participants consider that the air quality inside the church
is not affecting their health status, which they consider
to be rather good, and they did not mention any health
related symptoms due to indoor air quality.

Conclusions

Microbiological quality assessment of indoor air
is one of the most vital investigations to determine
the microbial indoor air pollution. The information on the
indoor microbial concentrations of airborne bacteria and
fungi is necessary both to estimate the health hazard and to
create standards for indoor air quality control. The most
isolates from the inside air of the wooden church are
considered as potential candidates involved in the esta-
blishment of sick building syndromes and often associated
with clinical manifestations like allergy, rhinitis, asthma
and conjunctivitis. In this context the attention must be
given to control those environmental factors which favor
the growth and multiplication of microbes in indoor
environment of the wooden church to safeguard the
health of visitators and parisioners.

The subjective assessment of indoor air quality by
using the focus group method revealed that individuals who
are undertaking their activity inside the wooden church
perceive a rather good indoor air quality. However, they
emphasized some uncomfortable air features such as: dry
air, high air temperature during summer, and also the smell
of mold especially during seasons with high humidity.
But, focus group participants do not relate these air
characteristics with possible health problems and they did
not develop any negative symptoms during years due to
poor air quality inside the wooden church. The researches
emphasise that the the wooden church air quality improved
after the roof change (2016), did not exceed the limit for
clean air quality.
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