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Abstract

:

Heritage buildings face risks related to the degradation of exhibited or stored artefacts, up to their destruction over time, as well as the health of workers and visitors. The main causes are microclimatic parameters (temperature, humidity, brightness, particles suspension, pollutants, degree of ventilation or air circulation), biological (bacteria, fungi, molds and insects) and anthropogenic ones (improper maintenance of the building and overcrowding of rooms). In accordance with these, the present study considers a quantitative and qualitative analysis of the air quality and the degree of microbiological contamination of the surfaces and the air inside a synagogue in the municipality of Oradea, Romania. The microbiological study highlighted the presence of some potentially harmful genera of fungi (Alternaria sp., Penicillium sp., Aspergillus sp., Botrytis sp. and Cladosporium sp.) in the indoor air and on the surfaces inside the synagogue; suggesting an average degree of fungal contamination, with possible risk to individual health, especially in children and people with allergic status or allergic respiratory diseases. Statistical analysis concerning the occupational exposure to airborne microbes poses health risks to employees and visitors. Multivariate regression analysis results emphasize that higher symptoms scores were independently associated with experiencing a too low indoor air temperature; these symptoms would disappear within one to two hours after leaving the space. Air pollutants have become part of everyday life; therefore, consistent monitoring of indoor environments offers an effective approach to prevent or minimize the adverse health risk to building occupants in spaces such as heritage buildings.
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1. Introduction


Heritage buildings, holding heritage objects such as museums, churches, libraries, and archives [1,2,3], face risks related to their degradation or even their destruction over time. Thus, it is necessary to understand the variability of fungal spores in relation to the type of artwork [4] and the potential risk of human illness, caused by biological factors (e.g., bacteria, fungi, molds, and insects) and microclimatic factors (e.g., air, humidity, temperature, light, particles in suspension, and pollutants) [5]. Poor construction and maintenance practices can also contribute to the creation of pollutants [6]. Risks associated with these pollutants can cause adverse health effects on respiratory, neurological, reproductive, dermatological and cardiovascular systems [7,8]. It is also important to understand the level of risk exposure from poor indoor air quality (IAQ) in relation to the time spent in the indoor environment as humans spend a considerable amount of time indoors [9,10,11].



Biological pollutants are caused by microclimatic parameters in the building which in turn result in early biodeterioration of building materials [11]. High concentrations of biological pollutants such as fungal spores result in high concentrations of particulate matter and cardon dioxide in the indoor spaces [11]. Nanomaterials used for conservation or other purposes in this kind of public spaces also expose their occupants to risk from chemical pollutants [10,11], because nanomaterials are a source of chemical pollutants despite the important role they play in the conservation efforts of heritage buildings and artifacts [12]. However, these nanomaterials which include substances such as biocides, consolidates, materials which function as hydrophobic protectives, mechanical resistance improvers, and flame-retardants can be very toxic to the buildings’ occupants and the natural environment [12]. Humans interact with these substances through ways such as the nasal passage, olfactory system, ophthalmic (eyes), oral (mouth) and dermal (skin) [13]. This results in damage to internal organs and systems including the brain, circulatory and cardiovascular systems. Other sources of chemical pollutants such as nitrogen oxide (Nox), sulfur oxide (Sox), and volatile and semi-volatile organic compounds (VOCs) also contribute to poor IAQ deriving from both natural and anthropic actions on the exterior of the building [14]. These oxides and VOCs also pose a risk to the heritage building and its historical contents by contributing to their deterioration by damaging the materials [14].



Thus, the causes and factors involved should be identified as early as possible and optimal conservation procedures should be applied [15,16,17,18]. Fungal spores have a ubiquitous spread, and the contamination of different rooms is easily achieved through air, especially in buildings with public access and frequently visited by tourists. Although many species of yeasts and molds are saprophytic, those isolated from these institutions are of particular interest due to their pathogenic potential, being capable of triggering or worsening an allergic status, sick-building syndrome and respiratory symptoms [19].



Regarding cultural heritage settings, objects made from organic materials (e.g., textiles, wood and paintings) are particularly susceptible to microbial growth due to their properties [15,20,21,22]. Studies have identified specific fungal genera that commonly contaminate heritage collections, the most common including Aspergillus sp., Penicillium sp., and Cladosporium sp. [20,23], which secrete enzymes, organic acids, and pigments that deteriorate, exhibit materials overtime [20,23,24]. Occupational exposure to microbial contaminants during conservation and restoration work further endangers the health of staff, and visitors [25]. While past research provides valuable insights, gaps remain in fully elucidating the relationships between indoor and outdoor environmental conditions, building operations, art conservation practices and microbial communities within heritage spaces. The synagogue contains an extensive collection of ritual objects, textiles, woodwork, paintings, and documents covering over 150 years. However, no previous studies have investigated indoor and surface microbial contamination at the site or have identified strategies to mitigate its impact.



This research study aims to generate a holistic understanding of microbial contamination risk at Neologic Synagogue Sion Oradea to inform the preservation of its cultural collections and ensure a healthy environment for staff and visitors.



The main research objectives and the specific research objectives of this study are: (1) Assess current environmental conditions in a larger unfolding study, including the relevant building operations at Neologic Synagogue Sion Oradea to identify risk factors for microbial growth. (2) Characterize the microbial communities on indoor air and exhibit materials within the Synagogue. (3) Develop evidence-based recommendations for optimizing environmental control, exhibition practices, and collection care policies to mitigate microbial contamination and deterioration at the synagogue while minimizing intervention impact.



By using a multidisciplinary research approach on Neologic Synagogue Sion Oradea, this study seeks to fill knowledge gaps regarding microbial contamination within an underexplored regional heritage institution. The results can potentially inform targeted strategies for collection preservation, occupant safety, and building performance optimization tailored to the specific challenges facing this and similar heritage sites.



The issue of microclimate and air pollution in the interiors of museums, churches, or other heritage buildings has aroused the interest of many scientists [5,21,26,27,28,29,30]. The connection between sick building syndrome and indoor air pollutants has been extensively studied [31,32]. Therefore, poor indoor air quality from microbial and other pollutants can lead to health issues for occupants. Numerous studies have examined the microbial decomposition of cultural heritage and works of art [16,19,33,34]. Objects of cultural heritage such as textiles, paintings, books, manuscripts, and wooden sculptures can be ideal substrates for microbial growth, which are highly influenced by temperature and humidity [17,26,35]. Therefore, microbial deterioration of cultural heritage objects depends on environmental conditions, substrate properties, and access to the sites of microbial colonization in venues and at-risk artifacts. Regarding the fungal contamination of museum and church textile collections in Slovenia: study of [36] have emphasized and analyzed fungal contamination (e.g., Penicillium sp., Aspergillus sp., and Cladosporium sp.). Similar studies found textile collections in a Jordanian museum contaminated with Aspergillus sp., Penicillium sp., Chaetomium sp. and Alternaria sp. species due to poor environmental conditions [26]. Fungal contamination of artefacts collections depends on temperature, humidity and other environmental conditions. Additionally, molecular analysis of microflora on textiles is crucial in this vein. Some studies have used molecular techniques to analyze microflora on textile materials [37]. New molecular analysis techniques can identify the microorganisms involved in the biodeterioration of cultural heritage artifacts to understand better the deterioration processes. Nanopore sequencing found biological contamination from Aspergillus sp., a critical factor in the biodeterioration of 18th and 19th-century oil paintings [17]. A study on Museum Prince’s Mohamed Ali, Giza, Egypt aimed to assess the degree of fungal contamination in the air and in the dust deposited on the surfaces of some works of art in this museum, the dominant species identified being Alternaria sp., Aspergillus sp. and Cladosporium sp. [4].



Aerobiological studies in museums [38,39], libraries [1], universities/schools [40], and archives [30] highlight the risk of fungi degrading exhibits. A Belgrade cultural heritage facility study found 74 fungal species, including potential human pathogens, allergens, and mycotoxin producers, posing risks to objects and humans [41]. Therefore, airborne microorganisms in cultural heritage institutions can pose dangers of deterioration/biodeterioration to collections and health issues for occupants. Importantly, occupational exposure in conservation–restoration sites is also essential in this vein. A study of occupational exposure in four Portuguese conservation–restoration sites found significant microbial contamination. Textile objects, paintings, and wood carvings were examined. Textile decorations, especially Aspergillus species, were most vulnerable to fungal contamination [42]. Hence, occupational exposure to microorganisms during the conservation and restoration of cultural heritage artifacts can pose health hazards to workers. Similar studies such as Di Carlo et al. [17] analyzed microbial loads in three Sicilian locations, highlighting risks to human health and artifacts from bacteria and fungi. Fungi are ubiquitous and a severe threat indoors, as noted by Khan [24]. Wysocka [28] studied microclimate, air quality, user discomfort, and mold growth in a church. Cappitelli et al. [15] discussed removing unwanted microorganisms through chemical, physical and biological methods. When traditional methods fail or have limited effects, using microorganisms can help restore works of art, as studied by Pyzik [43]. Numerous studies examined microclimate and air quality in Romanian heritage buildings such as museums [3,44,45,46,47], churches [48] archives and schools [49] which identified nine fungal genera, mostly Rhizopus sp., Aspergillus sp., Fusarium sp., and Penicillium sp., in 19th-century heritage buildings. There are studies that associate the presence of fungi, the development of molds inside buildings with the appearance and development of allergies and respiratory diseases. An example is a study conducted in a residential apartment complex in Seoul, South Korea, which revealed a diversity of molds that contaminated the microaeroflora and that have allergen risk: Cladosporium sp., Rhodotorula sp., Alternaria sp., Cryptococcus sp. and Crivellia sp. [50]. Another study demonstrated the association between humidity and the presence of asthma, wheezing, a long-lasting cough in children in schools where there were humidity problems compared to schools where there were no such problems. The humidity inside the rooms favors the development of molds as they are: Fusarium roseum, Aspergillus fumigatus, Phoma herbarum and Rhodotorula rubra [51]. A study carried out at Sultan Idris University found fungal contamination of the central cooling system, of the rooms especially at the corners, on the furniture, etc., which increases the risk of allergies among the occupants of the building (when the exposure time is at least 40 h per week). Because of colonization with microorganisms, a fungal allergy leads to the exacerbation of bronchial asthma and allergic rhinitis, especially among employees, which over time also contributes to the reduction in productivity, by increasing diseases resulting in absenteeism. Aspergillus fumigatus and Penicillium canescens were the most common fungi identified, with the greatest potential to cause allergies, which can also cause sensitization among the atopic population and imply worsening of the condition of symptomatic people with extended exposure to these fungi [52].



In Romania, [25] studied a Art Nouveau Museum Casa Darvas-La Roche, indoor microclimate, finding high to very high fungal contamination (Alternaria sp., Aspergillus sp., Penicillium sp., Cladosporium sp. and Botrytis sp.) posing moderate biodeterioration and health risks to exhibits and, respectively, people. Studies of microbial communities in wooden churches include those of Lupan et al. [53] analyzing a 17th-century church, and Marcu et al. [54], finding a 1710s wooden church with a very high air and surface contact (an interior microclimate risking parishioners, visitors, and deterioration/biodeterioration of objects).



Based on the previous arguments, we suggest three key hypotheses to achieve the study objectives. First it deals with poor indoor air quality due to high levels of microbes and other pollutants in the Neologic Synagogue Sion Oradea can negatively impact the health of employees and visitors. Microbial deterioration of objects and materials within the building depends on environmental conditions, substrate properties, and access to sites of microbial colonization within the synagogue and for at-risk artifacts. Fungal contamination of religious collections (textiles and leather) within building depends on environmental factors such as temperature, humidity, particulate matters, luminosity and other parameters.




2. Materials and Methods


2.1. The Case Study—Sion Synagogue


The Sion Synagogue has one of the most impressive architectures and interior decorations from the buildings in the municipality of Oradea. The methods of the Italian Renaissance are artistically employed, many times in original ways. The edifice is far from street alignment which, in its close vicinity displays the same Italian Renaissance look. A great central tower covered by a heightened cupola is sustained by four pendants standing on four large arches. Each corner features four thin columns linking each arch to the ground. Due to their fragility, they give the impression that the vaults are suspended straight from the sky and into the tower. In fact, the massive ground floor is suspended through them. The floor features pillars and arcades, and is bordered by the attic, which springs in between the railings of the first floor. The eastern wall, with its Ark and decorations—among which the adornment of the organ reigns over the entire light colored against a dark background structure surrounding it—resembles the Orthodox iconostasis. The vertical and horizontal curves of the arches, of the arcades and of the vaults concatenate, intermingle and complete each other. They are highlighted and relieved by pastel painted profiles and geometric decorations. All the shapes, surfaces, lines, and colors blend together harmoniously with the rest of the building. On the outside, the nearby buildings, with their similar allure and height, serve to integrate the synagogue in the architectural ambiance of the area. As a whole, the Sion Synagogue is a great edifice, not burdened by its own monumentality. When entering the large sanctuary, one may feel a surge of holiday spirit.



House, represent one of the symbolic architectural elements for the Jewish community in the municipality of Oradea, Romania (Figure 1).




2.2. Determining the Quality of the Internal Microclimate


For the assessment of the microclimate quality within the synagogue, the following parameters were monitored over a period of 28 days (from 25 October to 21 November 2022, period during which samples for microbiological analyses were also collected): temperature (T), relative humidity (RH) and CO2 concentration. Their analysis was conducted in terms of average, maximum, and minimum values, hourly and daily (Figure 2).



The research regarding the determination of the degree of fungal contamination of the ambient air and surfaces in the Neologue Synagogue Sion Oradea were carried out in the laboratories of the Faculty of Environmental Protection, Faculty of Medicine and Pharmacy of University of Oradea, Betania Clinics Oradea and Public Health Direction, Oradea, Romania.



Materials used for the procedures of seeding, isolation and identification of fungal species were as follows: 30 Petri dishes with sterile Sabouraud culture medium with the addition of Chloramphenicol; Petri dishes with sterile Czapek Dox culture medium for replanting and subcultures, as needed; 10 tubes with sterile swabs for harvesting surfaces; microbiological hood; incubator (thermostat); densitometer; Integral System Yeast Plus kit for identifying yeasts and testing their sensitivity to antifungals; glass slides and slides; KOH solution; optical microscope.



The samples taken to determine the fungal load of the air in the synagogue were 20, were marked with A. Sampling was carried out by the Koch sedimentation method [55], the method of choice for the detection of particles that passively settle due to gravity. A1–A10 taken from the large hall on the ground floor, A11–A20 on the first floor. The samples taken to determine the contamination of the surfaces, marked with B, were in number 10 and the sampling was carried out with the help of sterile swabs from 10 distinct surfaces of 10 cm × 10 cm. The actual working technique of Koch sedimentation involved exposure of culture media in Petri dishes at a height of at least 1 m above ground level for a duration of approximately 30 min (Figure 3). The seeded plates were transported under suitable conditions to the laboratory, where the following stages of examination and identification were carried out. Plates were incubated and monitored for 21 days at 21 ± 2 °C. The final identification of the fungi was achieved following the evaluation of macroscopic, microscopic and biochemical reactions, with the help of the Integral System Yeast Plus identification system. Integral System Yeast Plus is a system provided with 24 wells containing dehydrated biochemical substrates for the biochemical identification of the most clinically important fungi and the evaluation of their sensitivity to a set of antifungals. The system is inoculated with the suspension of yeast bodies and incubated at 36 ± 1 °C for a minimum of 48 h [56].



The final identification of the fungi was carried out following the formation of a numerical code. The 12 biochemical tests are divided into four groups, each containing three tests and each test is indicated with a positive value of one, two or four. By summing in each group the positive reaction values by color change, a code of four digits that allow identification of the microorganism under examination using the code table. Reading is performed automatically using the Integral System Yeast Plus application. Fungal colonies became visible macroscopically at 24 h on eight plates harvested from air (A) and on all 10 harvested from surfaces. After the first 72 h they entered a maturation process, changing their diameter, shape, color and texture, some species completely invading the culture media. The method of quantitative calculation of the degree of fungal contamination was carried out by counting the colonies developed on the culture medium (expressed in CFU/mL) and equating the result relative to the volume of air using the following calculation formulas:




	-

	
formula from Polish standard PN 89/Z-04008/08 [57]




	-

	
Omelianski formula [58]









Calculation formula by PN 89/Z-04008/08


  U F C /   m   3     a i r =   n × 10,000   S × t × 0.2      



(1)




where




	
n = no of used Petri plates;



	
S = Petri plates surface, in cm2 (for a diameter of 9 cm, S = 3.14 × R2 = 63.5 cm2);



	
t = exposed time of the plate.








Omelianski formula is based on the observation that on a surface of 100 cm2 exposed to air for a certain period of time, a number of microorganisms equal to that contained in 10 dm3 of air settles.


  U F C /   m   3     a i r =   n × 10 , 000   S × k    



(2)




where




	
n = number of colonies developed on the plate;



	
S = surface of the Petri plate (for a diameter of 9 cm, S = 3.14 × R2 = 63.5 cm2);



	
k = air exposure time coefficient (in minutes, k = 1 for 5 min; k = 2 pentru 10 min; k = 3 for 15 min, etc.).









2.3. Determination and Analysis of Visitors’ Perception of Air Quality


The main variables of interest were measured using valid and reliable indicators. The symptoms experienced by the participants were assessed using an 11-item checklist of common symptoms related to poor indoor air quality, and each symptom was rated on a four-point Likert scale from ‘never’ to ‘very frequently’. An overall symptoms score was calculated for each participant by summing up the scores of all reported symptoms. The perceptions of the indoor environment quality were assessed using eight items pertaining to factors such as temperature, humidity, ventilation, odors, dust, and molds. Each item was rated on a four-point Likert scale from ‘never’ to ‘very frequently’.



The current study adopted a quantitative cross-sectional design to explore the prevalence and associated factors of symptoms experienced by staff members while performing their activities in a designated space. The study sample comprised 139 participants recruited through convenience sampling. Using a standardized questionnaire, we conducted a survey targeting at least 139 visitors during peak times. Visitors were randomly approached, and participation was voluntary. The survey consisted of close-ended, four-point Likert scale, and open-ended questions covering visitors’ perceptions of environmental conditions, comfort level, interest in exhibits, and how any issues may have impacted their experience. A sample size of at least 139 survey responses provided enough variation in demographic profiles and visitor experiences to derive meaningful conclusions. The objective sampling data and subjective survey data were then correlated to identify specific indoor environmental issues that most influenced visitor experience at the synagogue. Visitors were selected randomly to avoid bias. Criteria of at least 139 visitors ensured a representative sample while remaining feasible within the study timeline. This study found statistically significant associations between the overall symptom score of 571 participants and their exposures to certain factors within the study timeline. These factors included too low temperature of the indoor air, dry air, unpleasant smells, dust, and visible mold. Several physical stressors also showed statistically significant associations. However, some other factors demonstrated only marginal significance, not full statistical significance. Yet, there remained a marginal and potential significance for factors such as too high temperature of the indoor air, high humidity, and closed/unventilated air. While most associations were statistically significant, some factors only approached but did not fully reach significance. Nevertheless, the findings still indicated possible links between certain indoor environmental exposures and symptoms for participants. Further research may help clarify the roles of these marginally significant factors.



The survey data proved useful in identifying how microbial contamination and suboptimal environmental conditions negatively impacted visitors’ comfort, interest in exhibits, and overall impressions—providing important insights to mitigate these issues through targeted strategies.



The data were collected using an anonymous self-administered questionnaire that gathered information about the visitors’ socio-demographic characteristics, clinical history, experiences, and perceptions regarding indoor environment quality and health symptoms. Descriptive statistics were used to summarize the participants’ characteristics and responses. The differences in the symptoms score based on the participants’ characteristics and perceptions were tested using the Kruskal–Wallis test. Spearman’s correlation was used to assess the correlation between the symptoms score and continuous variables. Multivariate linear regression analysis was performed to determine the symptom score predictors. The data analysis was carried out using the IBM SPSS version 25.



To assess the overall health of the respondents, we asked the participants about the symptoms encountered while unfolding their activities in space. These included 12 symptoms, and the responses to each symptom was collected on a four-point Likert scale from 0 = Never to 3 = Very frequent. An overall health score was created by summing up the coded values of the 12 items. Therefore, the score ranged between 0 and 36, where higher scores indicated higher frequencies of experiencing the symptoms. Factors associated with the encountered symptoms score were assessed using inferential analyses, including a Wilcoxon rank sum test for variables with two categories (e.g., gender), a Kruskal–Wallis rank sum test for variables with three or more categories (e.g., self-rating of the air quality in the space) and a Spearman’s correlation test for numerical variables (e.g., age). To assess the independent predictors of participants’ overall health, the significantly associated variables from the inferential analyses were subsequently used as independent variables in a generalized linear regression model, where the overall symptoms score was incorporated as a dependent variable. Results of the regression analysis were presented as beta coefficients and their respective 95% confidence intervals (95% CIs). A p value of <0.05 indicated statistical significance. Internal consistency was examined using Cronbach’s alpha coefficient to measure how well the survey items designed to gauge a single construct (e.g., overall health score) produced similar scores. An alpha value of ≥0.7 typically indicates acceptable reliability. For the 12-item overall health score, we obtained a Cronbach’s alpha of 0.81, demonstrating good internal consistency among the symptom items. This validates interpreting the total score as a global indicator of health status. Additionally, we assessed inter-rater reliability for survey responses involving subjective ratings, such as self-reported air quality perceptions. A random sample of 20 questionnaires was independently coded by two raters. An interclass correlation coefficient (ICC) of 0.75 or greater is generally considered satisfactory. The ICCs for variables involving subjective assessments, such as perceived indoor environment quality, all exceeded 0.75. This provides assurance the raters applied scoring criteria in a reliable manner. Together, these reliability tests enhance confidence that our questionnaire elicited consistent and dependable data appropriate for identifying key predictors through multivariate analyses as detailed in the methods section.





3. Results and Discussions


The daily average temperature values for the monitoring period of 28 days range between 18 and 21 °C (Figure 4), with only two days exceeding the average value of 21 °C. Regarding the frequency distribution of daily average temperature values, it is worth mentioning that the value of 20 °C practically divides the dataset into two almost equal parts (14 values above 20 °C and 13 values below 20 °C). The daily maximum temperature values range from 18.6 °C to 24.9 °C, and in terms of percentage distribution within this range, 67.8% of them exceed 20 °C. The daily minimum temperature values recorded remain between 18.3 °C and 20.1 °C, hence the differences between the daily maximum and minimum temperature values are small (50% of the differences have subunitary values), indicating that there are no significant diurnal temperature fluctuations.



The average outdoor temperature over the same time interval was 10.4 °C, according to the data collected and processed from the National Network for Monitoring Air Quality—Romania [59], with fluctuations ranging between 15 °C (in the first half of the monitored period) and 3 °C (Figure 4). The differences between the average daily indoor and outdoor temperatures reach up to 16 °C towards the end of the monitoring period, which is completely normal, as it pertains to the second half of November.



The daily average relative humidity (RH) ranges between 36% and 57.85% (Figure 5), with an overall average value of 46.4% for the entire monitoring period. Values above 40% dominate the frequency distribution for the daily average RH. The daily maximum values for RH exhibit a wide range, between 38.2% and 62%, with a similar pattern observed for the minimum values (33.6–56.2%). The daily variations of RH are maintained between 1–10%, with a predominance of differences between maximum and minimum exceeding 4 percents.



The average daily RH values in Oradea (outdoors) [59] were quite high, ranging between 79% and 98%, with a predominance of values over 90% (90.7% being the average of the data series), highlighting a clear correlation with the lower temperatures during this period of the year.



The CO2 concentration recorded daily average values ranging from 837 ppm to 554 ppm (Figure 6), with a mean value of 607 ppm. Over 90% of the daily average CO2 concentrations are below 800 ppm, with 60% of them being close to the value of 600 ppm. Regarding the maximum daily values, there were two instances of hourly intervals (each do not exceed 8 h) when the concentration exceeded 1000 ppm. However, this value, as specified by the American Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc. [60], must be understood as an indicator of outdoor air ventilation rate per person, without any direct association with public or individual health effects. Moreover, all monitored microclimate parameters comply with standards or recommendations related to indoor air quality and comfort for human occupancy [61,62,63,64,65,66]. The situation changes when the values of these microclimate parameters (mainly relative humidity and temperature) are analyzed as factors in the development of fungi and bacteria in enclosed spaces, as existing studies indicate that temperature values of 18–20 °C, and especially relative humidity values of 50–60%, positively influence their growth [67,68,69].



Currently, there are no regulations or standards concerning the fungal load of the air; therefore, certain indicative norms established following research are used to assess the degree of contamination of the air in the rooms. [70]. Table 1 shows the system for evaluating the degree of fungal contamination using the Koch method, and Table 2 shows the first results, respectively, 72 h after sowing.



The calculation method used in the present study is as follows: the arithmetic mean of the colonies on the 20 Sabouraud plates for each room, the interpolation in the Omelianski calculation formula and that according to the PN 89/Z-04008/08 standard and the classification in the degree of contamination according to Table 1. The results obtained are presented in Table 2.



The last plate reading was performed 16 days after sampling. The degree of invasion is minimal (≤1/4 of the plate), moderate (between 1/4 and 3/4 of the plate), increased (≥3/4 of the plate), respectively, complete invasion. Thus, five different species of fungi (Aspergillus sp., Botrytis sp., Penicillium sp., Cladosporium sp. and Alternaria sp.) and two species of yeasts (Rhodotorula sp. and Candida sp.) were identified (Table 3).



Among the 30 plaques used in the current study, 11 had a complete invasion, 1 had an increased invasion with fungi, 12 had a moderate invasion, while only 6 had a minimal invasion of the plaque. Within the samples collected from the surfaces, a total number of 28 species of fungi were identified, all plates being characterized by an increased invasion with fungi (Figure 7). Regarding the samples collected from the air, they stand out through a great diversity of fungi and yeasts identification, as well as regarding the degree of invasion with fungal colonies. Thus, a number of 48 species of fungi and 9 species of yeasts were identified in these samples. Regarding the degree of invasion of the Petri plates, 11 of the samples determined fully invasion of them, 1 had an increased invasion, 2 a moderate invasion, while 6 were distinguished by a low invasion (Figure 8).



Regarding the spatial distribution of the fungal colonies in the air, within the two analyzed floors of the Neological Sion Synagogue Oradea, it can be observed that their distribution does not follow a well-established pattern. In the case of the ground floor of the building, the maximum number of fungal colonies (5) were identified in the northern part of the room and partially in the western and southwestern parts, while the rest of the room registered between one and three fungal colonies (Figure 9a). In the case of the 1st floor, the maximum number of fungal colonies (5) is identified in a single point located in the southern part of the room, while in some areas of the northern and southwestern parts, 4 fungal colonies were identified; but as in the previous case, most of the floor registers between one and three colonies (Figure 9b).



Candida albicans was identified with the help of the Integral System Yeast Plus system, which is also provided with wells that allow sensitivity testing by the microdilution method to the following antifungals: nystatin, amphotericin B, flucytosine, econazole, ketoconazole, clotrimazole, miconazole, itraconazole, voriconazole, fluconazole. Candida albicans turned out to be sensitive to all the antifungals mentioned above. The code obtained for the cream colony yeast according to Integral System Yeast Plus: Candida albicans—7242. The orange colony yeasts could not be identified using the Integral System Yeast Plus system because no color reactions occurred; therefore, no code was generated.



The orange colony belongs to the genus Rhodotorula according to macroscopic morphology and microscopic characteristics. It is a ubiquitous yeast with 46 species, of which only 3 species are considered human pathogenic in immunocompromised subjects. Information on genera and species of molds was obtained from macroscopic and microscopic examination of viable fungal cultures. According to the macroscopic (size, shape, contour, color, consistency, tendency to invade the plate) and microscopic (hyphae, pseudohyphae, spores, blastospores, sporocystospores, sporocysts, conidiophores, metulae, phialides, conidiophores, etc.) appearance of the colony, we were able to establish the types of molds developed on culture media [71,72]. Identified genera were: Alternaria sp., Penicillium sp., Aspergillus sp., Botrytis sp. and Cladosporium sp. (Figure 10).



Microorganisms that have reached the interior of the rooms will be deposited on damp walls, at the level of windows, carpets or in any other areas with a high degree of humidity. Spores or conidia and other structures of fungi enter the human body in different ways: nasal, skin [73]. The periodic study of the microflora of the air is necessary because the risk of biodeterioration and human illness increases proportionally with the number of pathogenic germs and with the presence of certain pathogenic or potentially pathogenic species and with the presence of favorable conditions for their development (humidity, temperature, certain material types from which objects are made).



Exposure and sensitization to fungal allergens can promote the development and worsening of allergic diseases. Allergic manifestations induced by fungi are recognized and include asthma, rhinitis, conjunctivitis, allergic sinusitis, pneumonia, urticaria, atopic dermatitis [52,73]. Allergic reactions can occur through all four types of hypersensitivity reactions I–IV. The mechanism by which the allergic reaction occurs depends on the species of fungi. The most common is immediate or type I hypersensitivity through the intervention of IgE and is manifested by bronchial asthma, rhinitis, sinusitis, urticaria, bronchoconstriction. Fungal allergens in contact with the human body determine the synthesis of IgE, the IgE antigen complexes are fixed on the surface of mast cells and basophils with the release of mediators responsible for allergic manifestations. Symptoms usually appear 10–30 min after contact with the allergen.



Type II reactions are less common and occur for example with Aspergillus sp. and Candida sp. The antigen involved in this type of reaction is most commonly mannan present in fungal cell walls. They are cytotoxic reactions that involve the formation of IgG and IgM antibodies, cytotoxic lymphocytes, natural killer (NK) cells or activated macrophages directed at the antigen that is incorporated into the blood cells or the cell membrane [73]. Examples of type III hypersensitivity to fungal antigens are alveolitis and bronchopulmonary aspergillosis (allergic bronchopulmonary aspergillosis_ABPA).



In type III hypersensitivity, immune complexes are formed between fungal antigens (small amounts of fungi in the case of APBA or prolonged exposure to Aspergillus fumigatus conidia) and antibodies (8) Clinical symptoms in type III hypersensitivity appear approximately 4–6 h after exposure to the allergen.



Type IV hypersensitivity reactions develop 24–48 h after antigen contact sensitized CD4+ lymphocytes. The antigen can be represented by various fungal cell structures or haptens produced by some fungi. Clinical manifestations are represented by contact dermatitis or urticaria, granulomatous cases with characteristic inflammatory infiltrates. Fungal spores present in indoor and outdoor air, although harmless in small quantities, can generate various allergic reactions in susceptible individuals. High concentrations of spores from the genera Alternaria sp. and Cladosporium sp. can cause exacerbation of bronchial asthma, especially at the end of summer. Spores of the genus Penicillium sp., Aspergillus sp. or Trichoderma sp. can produce similar effects. The concentration of spores or conidia of certain fungi in indoor air can be independent of the season [73].



Evidence shows that in the majority of the cases the so-called dust allergy and seasonal hay fever are caused by fungal spores, which are the principal cause of these conditions. This is because to the fact that fungal spores are present in large quantities in the dust inside the rooms, which is a real reservoir for fungi, providing them with optimal nutrients for development. Allergic reactions induced by mold are often similar to those associated with the influenza virus. The most common manifestations associated with mold exposure: runny nose, conjunctivitis, cough, congestion of the upper respiratory tract, chest pain or hives, noting the intensification of symptoms in patients with atopic dermatitis.



Fungi can also secrete a lot of volatile organic compounds (VOCs), which are one of the many products of their primary or secondary metabolism. The secretion of these chemical compounds is favored by closed, poorly ventilated rooms with a high degree of humidity and leads to the appearance of “sick building syndrome” (SBS) (8). Symptoms associated with VOC secretion most often manifest as discomfort, headache, eye pain, pharyngitis, dry cough, dizziness, blurred vision, difficulty concentrating, sensitivity to smell, fatigue, apathy, or even a greater tendency for colds. These symptoms disappear quickly, usually when exiting such a building or room [73].



Fungi also produce mycotoxins (aflatoxins, ochratoxin A, zearalenone, trichothecenes, fumonisins) which are metabolic products and can cause acute and chronic conditions in the human body. Mycotoxins are produced especially in conditions of increased temperature and humidity, especially inside poorly ventilated rooms. Chronic exposure to small amounts of mycotoxins increases the incidence of cancer, the most affected organs being the liver and kidney. Equally dangerous are trichothecenes, which appear to have gastrointestinal affinity and zearalenone, which has a significant negative effect on the reproductive system [73].



Rhodotorula mucilaginosa is among the most commonly encountered yeast strains. Natural enolase from R. mucilaginosa is a protein that has an allergenic role and is involved in allergies. Due to the similar structure between the allergenic enolases of Candida albicans, Penicillium citrinum, Aspergillus fumigatus, Cladosporium herbarum, Alternaria alternata there is allergenic/antigenic cross-reactivity [74]. Extrinsic allergic alveolitis is known following exposure to Rhodotorula rubra, with an increased titer of Rhodotorula-specific precipitating antibodies in patient sera [75].



Aspergillus sp., for example Aspergillus fumigatus, is a possible etiological agent of allergic mycotic bronchopneumonia characterized by asthma, peripheral blood eosinophilia, immediate skin reactivity to Aspergillus antigen, precipitation of antibodies against Aspergillus antigen, increased total IgE. The pathogenesis is characterized by the colonization of the airways with fungi that triggers a strong humoral and cellular immune response to the proteolytic enzymes secreted by the fungi resulting in increased levels of IgE and IgG antibodies. Allergenic proteins (n = 23) have been recorded from A. fumigatus and most of these allergenic proteins are cross-reactive allergens. Examples of allergic proteins: peroxisomal proteins, MnSOD, cyclophilins, thioredoxins, enolases, heat shock proteins, ribosomal proteins P1, ribosomal proteins P2 [76,77].



The findings of this investigation provide compelling evidence of the high prevalence of symptoms associated with poor indoor environmental quality among staff members during their routine activities in the designated space at Neologic Synagogue Sion Oradea. More specifically, over one-quarter of study participants reported frequent experiences of symptoms, including fatigue, headache, and sneezing. This high proportion of occupants experiencing symptoms highlights the need to identify factors contributing to occupants’ discomfort in order to develop appropriate interventions to mitigate the issues.



This study found statistically significant associations between the overall symptom score and exposures to several physical stressors: an indoor temperature perceived as too low, dry air, unpleasant odors, and the presence of dust in space. Previous research extensively documented these factors as major determinants of suboptimal indoor environmental quality that negatively impact occupants’ health and well-being. Prolonged exposure to such stressors in occupational settings can potentially lead to sick-building syndrome and reduced work productivity. At Neologia Synagogue Sion Oradea, efforts should be made to optimize thermal comfort, indoor air quality, and cleanliness through appropriate temperature and humidity control, increased ventilation, source control of odors and dust, and thorough routine cleaning. Regular heating, ventilation, and air conditioning systems maintenance is also critical to ensure effective environmental management. Together, these interventions aim to minimize physical stressors and their associated health symptoms among staff in order to improve occupant comfort, health, and performance. An interesting finding was that the tendency for symptoms to disappear within one to two hours after leaving the designated space at Neologic Synagogue Sion Oradea was associated with lower overall symptom scores among occupants. This suggests that occupants’ symptoms were directly related to their presence in the space and were possibly triggered by factors in the indoor environment. Once occupants left the space, their symptoms began to subside, indicating a strong relationship between indoor environmental conditions and the experienced symptoms. The relatively quick dissipation of symptoms after exiting the space further elucidates the role of the indoor environment in triggering occupants’ health issues.



This finding has important implications for identifying and managing risk factors at Neologic Synagogue Sion Oradea to improve occupant comfort and productivity. Interventions aimed at optimizing the physical indoor environment, such as those previously mentioned, can help minimize trigger factors that cause occupants symptoms during occupancy hours. However, targeted strategies may also be needed outside of typical work hours if certain environmental issues persist when the space is unoccupied. A holistic, multidisciplinary approach that considers occupant behaviors and indoor environmental dynamics throughout the day is recommended to fully address the indoor environment-related health issues reported by Neologic Synagogue Sion Oradea staff. Overall, this study provides critical insights into the high prevalence of indoor environment-related symptoms among staff members while performing their routine activities in the designated space. The findings call for urgent actions to improve indoor environmental conditions and safeguard the well-being of the occupants. Further studies should explore effective mitigation and management strategies that can be implemented to address the identified issues.



The current study analyzed data of 139 staff members. More than a half of them were females (53.7%), and 39.4% of them were active smokers. Only 7.2% wore contact lenses. Regarding the clinical history, 15.9% were receiving medications, and 10.1% of the respondents had been diagnosed with a health problem. More details about the characteristics of respondents are provided in Table 4.



Approximately two-thirds of the participants indicated that the air quality was good to very good (64.2%, Figure 11). In a participant noticed a problem in the air quality of the space, the most frequent timing of such a problem was during the ongoing activities (43.1%) and at the beginning of the activity (30.3%, Figure 12).



When the participants were asked about the factors that might bother them in the space, the most common bothering factors (responded as often or very frequent) included unpleasant smells (45.8%), visible mold (32.8%) and too low temperature of the indoor air (32.5%). On the contrary, the least bothering factors were too high temperature of the indoor air (2.0%), dry air (8.4%) and closed unventilated air (13.4%, Figure 13).



In general, almost one-quarter of the respondents reported that they often or very frequently experienced severe fatigue (27.3%), whereas 16.0% and 14.7% of them reported headache/migraine and repeated sneezing, respectively. Conversely, none of the participants often or frequently reported dizziness or fainting (0%), and only 1.8% of them reported nausea or vomiting (Figure 14). Notably, the majority of respondents (84.1%) declared that most of the experienced symptoms disappear within 1 to 2 h after leaving the space.



The median (IQR) symptoms score was 3.0 (1.0 to 6.0) with a minimum of 0 and a maximum of 11.0. The overall symptoms score was significantly different based on receiving medications (p = 0.033, Table 5) and having symptoms that disappeared within 1 to 2 h after leaving the space (p = 0.013), as well as being bothered by the too low temperature of the indoor air (p = 0.012), dry air (p = 0.006), unpleasant smells (p = 0.041) and dust (p = 0.038, Table 6). Furthermore, the overall symptoms score correlated significantly with the number of days spent in the space per week (p = 0.014, Figure 15A), the number of hours spent in the space per day (p = 0.013, Figure 15B), hours working on a computer per day (p = 0.023, Figure 15C) and participants’ ages (p = 0.013, Figure 15D).



Results of the multivariate regression analysis showed that higher symptoms scores were independently associated with experiencing a too low temperature of the indoor air frequently (beta = 3.47, 95%CI, 0.58 to 6.36, p = 0.024), whereas symptoms were less likely to be experienced by participants who perceived that the symptoms would disappear within 1 to 2 h after leaving the space (beta = −2.70, 95%CI, −5.20 to −0.21, p = 0.040, Table 7).




4. Conclusions


According to the data obtained and the analysis carried out, from a microbiological point of view, we can conclude that the ambient air in the Neologue Sion Synagogue Oradea under the average degree of fungal contamination may represent a possible risk for individual health, especially for children and people with allergic status or allergic respiratory diseases. The findings from the present investigation provide robust empirical support for the causal link between exposures to suboptimal indoor climatic conditions and the manifestation of occupants’ complaints in indoor spaces, including heritage sites such as Neologic Synagogue Sion Oradea. The outcomes reveal that deviations from optimal levels of key physical indoor environment attribute such as temperature, humidity, ventilation rates, and cleanliness can trigger a range of nonspecific health symptoms among occupants undertaking routine functional activities within the designated area. Therefore, meticulous maintenance of thermal comfort, sufficient air exchange, appropriate moisture content, and thorough elimination of contaminants from indoor surfaces and the air are imperative for ensuring the well-being, satisfaction, and productivity of occupants within heritage buildings that strive to optimize performance while preserving cultural heritage.



These findings have theoretical implications as well. This study lends support to the growing body of research applying the epidemiological paradigm of the “sick building syndrome” to heritage buildings. By quantifying associations between objectively measured indoor environmental exposures and subjectively reported occupant symptoms, the results help establish heritage sites as a valid context for investigating indoor environmental health issues. From a methodological perspective, the integrated empirical approach combining both objective instrumentation and subjective questionnaires enhances understanding of indoor environmental quality in heritage buildings. This answers recent calls in the literature for multidisciplinary, mixed-methods research to characterize the complex interplay between buildings, occupants, and environmental conditions. Future studies can build on this model to further elucidate determinants of indoor environmental health across diverse heritage properties. The outcomes also carry practical implications. For instance, heritage site managers can use the identified symptom predictors to prioritize remedial actions and target resources. Specifically, interventions that regulate temperature, humidity, ventilation and cleanliness may yield disproportionately large benefits given their independent impact on occupant comfort and health. Preventive maintenance programs addressing these modifiable risk factors are likely to maximize indoor environmental quality for a given investment. In addition, presenting the findings to occupants raises awareness of issues impacting comfort and well-being. This empowering knowledge can motivate behavioral changes such as utilizing available adaptive opportunities. Over the long-term, cultivating an informed, engaged stakeholder community may strengthen indoor environmental governance through participatory monitoring and shared problem-solving. Altogether, rigorously investigating indoor environmental quality in heritage buildings enhances scientific understanding while providing actionable strategies to balance preservation responsibilities with occupant stewardship. Looking ahead, continued application of multidisciplinary lenses will deepen insight into this critical intersection of building science, public health and cultural heritage protection.



Notably, the findings of this study provide important insights into the fungal populations present in the indoor environment of Neologue Sion Synagogue Oradea and their implications for occupant health. A range of medically relevant fungi were identified through culture-based techniques, including Candida albicans and genera such as Aspergillus sp., Penicillium sp., Cladosporium sp. and Alternaria sp. which contain opportunistic pathogens. Further molecular diagnostic tools could elucidate the specific species and strains present, revealing more about their pathogenic potential. While colony counts did not exceed contamination thresholds on their own, the mix of fungi detected warrants consideration given immune-compromised occupants. Particularly, Candida albicans demonstrated sensitivity to all antifungal agents tested, reflecting its potential treatability. However, fungi such as Aspergillus sp. and emerging resistance are concerns. Continued monitoring of fungal profiles and drug sensitivities over time could help track shifts requiring augmented IEQ or clinical management strategies. Additionally, genomic characterization of the identified fungi may provide insights into origins such as outdoors, water damage or systemic host colonization to better focus remediation efforts. The association between suboptimal thermal conditions, ventilation and perceived indoor air quality and increased occupant symptoms underscores the need for integrated indoor environmental quality maintenance protocols. Implementing preventative measures such as regular repairs, filtration upgrades and targeted cleanings can alleviate exposures to dusts, molds and other contaminants exacerbating symptoms. Occupant empowerment through education on self-reporting issues and proper building operation also warrants attention. Considering the heritage building context, a balanced approach prioritizing both preservation of culturally significant infrastructure and human health is prudent. Further collaboration between building scientists, clinicians, conservation specialists and occupants may yield innovative, minimally invasive solutions meeting all stakeholders’ needs. Overall, rigorous investigation of the indoor environment-health nexus sheds light on modifiable risk factors and informs evidence-based strategies for sustainably safeguarding cultural heritage and those who interact with these valued sites.



The results also highlight the value of objective measurements and subjective assessments of indoor climatic factors to corroborate the experience of symptoms among occupants. Such integrated approaches enable targeted interventions that rectify modifiable risk elements related to the indoor physical environment. For heritage sites with occupied zones, a preventive strategy centered on systematic surveillance of critical indoor environment attributes and timely adjustments when necessary, will likely engender the most effective indoor environmental quality management strategy. Alongside an awareness campaign that educates occupants about symptom causation, reporting, and mitigation, a holistic indoor environmental quality improvement program tailored to the specific conditions of the heritage site promises to minimize occupant discomfort while safeguarding cultural heritage. From a managerial standpoint, the findings suggest the need to implement an in-door environmental quality management program with proper monitoring and control mechanisms. It is crucial for building and facility managers to regularly and systematically monitor factors such as temperature, humidity, ventilation rates, air quality, and cleanliness in occupied spaces. Prompt actions must be taken whenever issues are identified to mitigate occupants’ discomfort and health impacts. Engaging occupants in monitoring and reporting processes through awareness campaigns can assist in developing effective management strategies. For instance, at Neologic Synagogue Sion Oradea, management could implement regular indoor environmental quality surveys of staff to identify emerging issues. Based on survey feedback, targeted interventions could be developed and implemented to optimize environmental conditions and minimize symptoms among occupants. An informed, engaged, and involved workforce is integral to achieving and sustaining high levels of indoor environmental quality.




5. Future Study


Development of multidisciplinary studies including some molecular analyses on microflora in indoor air, on objects and materials within the Neologic Synagogue Sion Oradea can identify and give details regarding the microorganism’s active involvement in the bio/deterioration processes, because it also affects the health of staff and visitors. Further studies are necessary to understand the complex correlations between building design, materials’ properties, environmental conditions, conservation practices that drive microbial colonization within heritage buildings.
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Figure 1. Localization of Sion Sinagogue in Oradea city and Bihor County level. 
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Figure 2. Outline of the present study. 
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Figure 3. The places for taking microbiological samples from the air and from the surfaces inside the Neological Sion Synagogue (a) the 1st floor of the synagogue; (b) the ground floor of the synagogue). 
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Figure 4. Indoor and outdoor daily mean temperature variation. Indoor minimum and maximum temperature variation. 
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Figure 5. Indoor and outdoor daily average relative humidity variation. Indoor minimum and maximum relative humidity variation. 






Figure 5. Indoor and outdoor daily average relative humidity variation. Indoor minimum and maximum relative humidity variation.



[image: Buildings 13 02277 g005]







[image: Buildings 13 02277 g006] 





Figure 6. Daily average, maximum, and minimum variation in indoor CO2 concentration. 
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Figure 7. The degree of fungal invasion of the Petri plates in the case of the samples taken from the surfaces inside the Neological Sion Synagogue. 
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Figure 8. The degree of fungal invasion of the Petri plates in the case of the samples taken from the air inside the Neological Sion Synagogue. 
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Figure 9. The spatial distribution of the fungal colonies in the indoor air of the Neological Sion Synagogue. (a) the 1st floor of the synagogue; (b) the ground floor of the synagogue). 
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Figure 10. Microscopic visualization of the identified fungal species. 
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Figure 11. The proportions of participants’ ratings of the air quality. 
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Figure 12. The proportions of time at which the air quality would be compromised in the space. 
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Figure 13. The percentages of participants’ responses regarding the factors that might bother them in the space. 
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Figure 14. The percentages of participants’ responses regarding symptoms experienced while unfolding the activities in the space. 
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Figure 15. Scatterplots depicting the correlations between the overall symptoms score and the number of days spent in the space per week (A), hours spent in the space per day (B), hours working on a computer per day (C) and age (D). 
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Table 1. Evaluation of the degree of fungal contamination of the air in a room according to sanitary norms applied to non-industrial institutions [58].
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	Degree of Fungal Contamination
	Koch Sedimentation Method (UFC/m3 Air)





	A—very low
	<25



	B—low
	25–100



	C—medium
	100–500



	D—high
	500–2000



	E—very high
	>2000










 





Table 2. Fungal contamination degree of the air.
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	Room (m3)
	Fungal Colony Mean
	Number UFC/m3 Air
	Contamination Degree





	Main room (400 m3)
	11
	288
	C—medium










 





Table 3. Fungal species identified and the degree of plate invasion.
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	Samples
	Number of Different Fungal Colonies. Invasion Degree of the Plates
	Day in Which the Fungal Colonies Became Evident
	Isolated Genera





	A1
	4 different species

Full invasion
	II
	Aspergillus sp.

Botrytis sp.

Penicillium spp.—2 species



	A2
	4 different species

(2 molds and 2 yeasts)

Full invasion
	II
	Aspergillus sp.

Cladosporium sp.

Rhodotorula sp.

Candida albicans



	A3
	5 different species

(3 molds and 2 yeasts)

Full invasion
	II
	Botrytis sp.

Cladosporium sp.

Penicillium sp.

Rhodotorula sp.

Candida albicans



	A4
	3 species

Full invasion
	IV
	Aspergillus sp.

Botrytis sp.

Cladosporium sp.



	A5
	3 different species

Full invasion
	IV
	Aspergillus sp.

Botrytis sp.

Cladosporium sp.



	A6
	2 different species

Full invasion
	IV
	Botrytis sp.

Aspergillus sp.



	A7
	2 different species

Invasion moderately increased
	IV
	Aspergillus spp.—2 species



	A8
	2 diffderent species

Full invasion
	IV
	Aspergillus sp.

Botrytis sp.



	A9
	1 species

Full invasion
	VI
	Botrytis sp.



	A10
	3 different species

Full invasion
	II
	Aspergillus sp.

Botrytis sp.

Penicillium sp.



	A11
	One species

Full invasion
	II
	Botrytis sp.



	A12
	4 different species

Full invasion
	II
	Aspergillus sp.

Penicillium spp.—3 species



	A13
	4 different species

Invasion moderately increased
	IV
	Botrytis sp.

Cladosporium sp.

Penicillium spp.—2 species



	A14
	3 different species

(2 molds, 1 yeasts)

Minimal invasion
	VI
	Botrytis sp.

Cladosporium sp.

Candida albicans



	A15
	1 species

Minimal invasion
	IV
	Penicillium sp.



	A16
	2 species

(1 mold, 1 yeasts)

Minimal invasion
	VI
	Botrytis sp.

Rhodotorula sp.



	A17
	2 species (2 yeasts)

Minimal invasion
	VI
	Rhodotorula sp.

Candida albicans



	A18
	3 different species

Increased invasion
	II
	Botrytis sp.

Cladosporium sp.

Candida albicans



	A19
	4 different species

Minimal invasion
	VI
	Aspergillus sp.

Cladosporium sp.

Penicillium sp.

Rhodotorula sp.



	A20
	4 different species

(3 molds, 1 yeasts)

Minimal-moderate invasion
	II
	Botrytis sp.

Cladosporium sp.

Penicillium sp.

Rhodotorula sp.



	B1
	3 different species

Invadare crescută
	II
	Aspergillus sp. (A. Niger)

Cladosporium sp.

Penicilium sp.



	B2
	3 different species

Increased invasion
	II
	Botrytis sp.

Cladosporium sp.

Penicillium sp.



	B3
	3 different species

Increased invasion
	II
	Botrytis sp.

Cladosporium sp.

Penicillium sp.



	B4
	2 different species

(molds)

Increased invasion
	II
	Botrytis sp.

Cladosporium sp.



	B5
	3 different species

Increased invasion
	II
	Alternaria sp.

Cladosporium sp.

Penicillium sp.



	B6
	5 different species

Increased invasion
	II
	Aspergillus spp.—2 species

Botrytis spp.—2 species

Cladosporium sp.



	B7
	2 different species

Increased invasion
	II
	Alternaria sp.

Cladosporium sp.



	B8
	3 different species

Increased invasion
	II
	Aspergillus spp.—2 species

Cladosporium sp.



	B9
	3 different species

Increased invasion
	II
	Botrytis sp.

Cladosporium sp.

Yellow yeasts



	B10
	1 species

Increased invasion
	II
	Cladosporium sp.










 





Table 4. Characteristics of the respondents.
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	Parameter
	Category
	Description
	Missing





	Gender
	Female
	73 (53.7%)
	3 (2.2%)



	
	Male
	63 (46.3%)
	



	Age
	Years
	22.0 (20.0, 38.0)
	0 (0%)



	Smoker
	Yes
	54 (39.4%)
	2 (1.4%)



	Wear contact lenses
	Yes
	10 (7.2%)
	0 (0%)



	Taking any medication
	Yes
	22 (15.9%)
	1 (0.7%)



	Diagnosed with health problems
	Yes
	14 (10.1%)
	1 (0.7%)



	Hours working at the computer per day
	Hours/day
	4.0 (3.0, 7.0)
	6 (4.3%)



	Main occupation
	Agriculture or similar
	7 (5.0%)
	0 (0%)



	
	Worker
	7 (5.0%)
	



	
	Trade worker/tourism or other services
	13 (9.4%)
	



	
	Technician, functionaire
	5 (3.6%)
	



	
	High level studies
	14 (10.1%)
	



	
	Leader, freelancer
	3 (2.2%)
	



	
	Household
	4 (2.9%)
	



	
	Pensioneer
	7 (5.0%)
	



	
	Other
	79 (56.8%)
	










 





Table 5. The statistical differences in the symptoms score based on participants’ characteristics and their self-rating of the air quality.
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Parameter

	
Category

	
Median (IQR)

	
p-Value






	
Gender

	
Female

	
2.0 (0.5, 6.0)

	
0.117




	

	
Male

	
4.0 (2.0, 6.0)

	




	
Smoker

	
No

	
3.0 (1.0, 6.0)

	
0.282




	

	
Yes

	
5.0 (1.0, 6.0)

	




	
Wear contact lenses

	
No

	
4.0 (1.0, 6.0)

	
0.514




	

	
Yes

	
2.0 (1.0, 5.5)

	




	
Taking any medication

	
No

	
3.0 (1.0, 6.0)

	
0.033




	

	
Yes

	
5.5 (4.0, 10.0)

	




	
Diagnosed with health problems

	
No

	
3.0 (1.0, 6.0)

	
0.139




	

	
Yes

	
6.0 (5.3, 9.0)

	




	
Main occupation

	
Agriculture or similar

	
5.0 (4.8, 5.5)

	
0.583




	

	
Worker

	
6.0 (5.0, 6.0)

	




	

	
Trade worker/tourism or other services

	
2.5 (0.0, 5.3)

	




	

	
Technician, functionaire

	
5.0 (1.8, 8.0)

	




	

	
High level studies

	
3.5 (2.5, 7.0)

	




	

	
Leader, freelancer

	
3.0 (2.5, 3.5)

	




	

	
Household

	
0.0 (0.0, 5.0)

	




	

	
Pensioneer

	
8.0 (6.5, 9.5)

	




	

	
Other

	
3.0 (1.0, 6.0)

	




	
Self-rating of the air quality in the space

	
Very good

	
2.5 (0.0, 4.8)

	
0.050




	
Good

	
3.0 (1.0, 5.0)

	




	
Low

	
7.0 (3.0, 9.0)

	




	
Very low

	
3.0 (2.0, 6.5)

	




	
If you have noticed problems with air quality in this space, when do you think they are more pronounced?

	
At the beginning of the activity

	
4.0 (2.0, 5.5)

	
0.063




	
Ongoing activity

	
2.0 (1.0, 5.5)

	




	
At the end of your activity

	
6.0 (3.3, 7.8)

	




	
All the time

	
8.5 (5.5, 10.0)

	











 





Table 6. The statistical differences in the symptoms score based on participants’ characteristics and their self-rating of the air quality.
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Parameter

	
Category

	
Median (IQR)

	
p-Value






	
Too high temperature of the indoor air

	
Never

	
3.0 (2.0, 6.0)

	
0.080




	

	
Sometimes

	
3.0 (1.0, 6.0)

	




	

	
Often

	
6.0 (4.3, 9.0)

	




	

	
Very frequent

	
3.0 (0.3, 5.0)

	




	
Too low temperature of the indoor air

	
Never

	
2.5 (0.3, 5.0)

	
0.012




	

	
Sometimes

	
4.0 (2.0, 7.0)

	




	

	
Often

	
5.0 (5.0, 11.0)

	




	

	
Very frequent

	
5.0 (5.0, 5.0)

	




	
Dry air

	
Never

	
2.0 (1.0, 4.0)

	
0.006




	

	
Sometimes

	
4.0 (3.0, 6.8)

	




	

	
Often

	
5.5 (2.0, 9.8)

	




	

	
Very frequent

	
5.5 (4.3, 6.8)

	




	
High humidity

	
Never

	
5.0 (2.0, 6.0)

	
0.060




	

	
Sometimes

	
3.0 (1.0, 5.0)

	




	

	
Often

	
8.5 (5.5, 10.0)

	




	

	
Very frequent

	
0.0 (0.0, 0.0)

	




	
Closed air (unventilated)

	
Never

	
3.0 (0.0, 4.0)

	
0.071




	

	
Sometimes

	
3.0 (1.0, 6.3)

	




	

	
Often

	
5.5 (1.3, 7.8)

	




	

	
Very frequent

	
5.0 (3.0, 6.0)

	




	
Unpleasant smells

	
Never

	
3.0 (1.0, 6.0)

	
0.041




	

	
Sometimes

	
3.0 (2.0, 6.0)

	




	

	
Often

	
6.5 (3.5, 7.8)

	




	

	
Very frequent

	
5.5 (2.8, 8.3)

	




	
Dust

	
Never

	
1.0 (0.0, 4.3)

	
0.038




	

	
Sometimes

	
4.0 (2.0, 6.0)

	




	

	
Often

	
6.0 (2.5, 9.8)

	




	

	
Very frequent

	
5.5 (1.3, 6.8)

	




	
Visible mold

	
Never

	
3.5 (1.0, 6.0)

	
0.054




	

	
Sometimes

	
9.0 (7.0, 9.5)

	




	

	
Often

	
0.0 (0.0, 0.0)

	




	

	
Very frequent

	
0.0 (0.0, 0.0)

	




	
Do most of the symptoms mentioned above disappear within 1–2 h maximum after leaving this space?

	
No

	
7.5 (5.3, 8.0)

	
0.013




	
Yes

	
4.0 (2.0, 6.0)

	











 





Table 7. Results of the multivariate linear regression analysis for the predictors of the symptoms score.
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Parameter

	
Category

	
Beta

	
95% CI

	
p-Value






	
Age

	
Numerical

	
0.06

	
−0.03, 0.14

	
0.199




	
Hours working at the computer per day

	
Numerical

	
0.34

	
−0.03, 0.72

	
0.083




	
Days spent in the space per week

	
Numerical

	
−0.52

	
−1.41, 0.36

	
0.255




	
Hours spent in the space per day

	
Numerical

	
0.25

	
−0.35, 0.85

	
0.411




	
Too low temperature of the indoor air

	
Never

	
Ref

	
Ref

	




	

	
Sometimes

	
0.71

	
−1.07, 2.49

	
0.438




	

	
Often

	
3.47

	
0.58, 6.36

	
0.024




	

	
Very frequent

	
−1.32

	
−8.22, 5.57

	
0.709




	
Dry air

	
Never

	
Ref

	
Ref

	




	

	
Sometimes

	
1.72

	
0.00, 3.44

	
0.057




	

	
Often

	
0.83

	
−1.78, 3.44

	
0.535




	

	
Very frequent

	
2.15

	
−0.35, 4.65

	
0.101




	

	
Never

	
Ref

	
Ref

	




	
Unpleasant smells

	
Sometimes

	
0.27

	
−1.57, 2.12

	
0.773




	

	
Often

	
0.73

	
−1.18, 2.65

	
0.459




	

	
Very frequent

	
3.74

	
−2.65, 10.1

	
0.258




	
Dust

	
Never

	
Ref

	
Ref

	




	

	
Sometimes

	
0.01

	
−2.29, 2.30

	
0.995




	

	
Often

	
0.34

	
−2.52, 3.19

	
0.819




	

	
Very frequent

	
−0.07

	
−2.91, 2.78

	
0.964




	
Self-rating of the air quality in the space

	
Very good

	
Ref

	
Ref

	




	

	
Good

	
−0.93

	
−4.44, 2.58

	
0.608




	

	
Low

	
0.9

	
−3.14, 4.94

	
0.665




	

	
Very low

	
−5.89

	
−11.2, 0.59

	
0.056




	
Do most of the symptoms mentioned above disappear within 1–2 h maximum after leaving this space?

	
No

	
Ref

	
Ref

	




	
Yes

	
−2.70

	
−5.20, −0.21

	
0.040




	
Taking any medication

	
No

	
Ref

	
Ref

	




	

	
Yes

	
−0.38

	
−2.73, 1.98

	
0.756

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check CrossRef













media/file13.jpg





media/file4.png
FUNGAL SPECIES

QUANTITATIVE

FUNGAL I

30 COLLECTION

| FUNGAL SPECIES |— AND QUALITA- -
| TIVE DATA POINTS
CONTAMINATION
MACROSCOPIC—
MICROSCOPIC s
MICROBIAL
[DETERMLNATION
SURFACES
MAIN INDICATOR
[ INTERIOR
MICROCLIMATE
POLLUTANTS
FAVORABILITY FOR| | MICROCLIMATE
THE GROWTH OF [—| CHARACTERIZA-
FUNGI TION






media/file30.png
A 12.5-

10.0 4

.57

Symptoms

5.0+

291

0.0-

125+

10.0-

.0

2.0

Symptoms

2.5+

0.0

R=0253,p=0014 B

* L] [ ] [ ] )
L ] L ] ® E
o
e L] ] 2 [ ] O
// =
L ] L] L] =
L] L] L] U)

2 4 6

Days spent in the space per week

R =0.243, p = 0.023 D
® L J L J 0
L] L] L ] L ] E
=
o
=
=
)

[ ] L ] L ] -] [ ]
[ ] [ ] L ] L ] [ ]
-] [ ] L ] [ ] [ J [ ]
0.0 2'5 5.0 75 10.0

Hours working at the computer per day

12.5=

10.0 -

® & & 90 & 0 © ° ° ¢ o

R =0.256, p =0.013

15 20 25

5 10
Hours spent in the space per day

R=0.257, p=0.013

0.0+

e & 0
L ] [ ] [ ]
20 40 60 80
Age





media/file18.png





media/file21.jpg
Rating of the air quality

o
o

Bl very good






media/file31.png





media/file26.png
Unplesant smells

Visible mold

Too low temperature (indoor air)
High Humidity

Dust

Closed air (unventilated)

Dry air

Too high temeperature (indoor air)

T
100

Never I

50 50

Percent

Sometimes | Often @ Very frequent Il





media/file27.jpg
Sovero fatiguo
Headachaimigraine
Ropeated snoezing
Ory thoat
Froquent cough
Jointibone pain
Eyos iniation
Frequent colds
Nasal congestion

Skin nitations
Nausealvomiing
Dizziness/fainting
100 0 40 o
Percent

Never Sometimes Ofton W Very frequent I





media/file3.jpg
T ConECTIoN

NG srcis]

Scroscoric|
icROSCOPIC

SR

TERIOR
MCROCLIVATE

Favorainy ror| _[crocuvate
THE GROWTH OF [—{ CHARACTERIZA.
RNt Tox






media/file22.png
54.01%

Rating of the air quality

. Very low

| Low

. Good
D Very good






media/file19.jpg
Alternaria spp.  Penicillium spp.  Aspergilius spp.  Botrytis spp.  Cladosporium spp.
»





media/file7.jpg
Temperature ° €)

12345678900

—Indoor iy average temperature

« Indoor daily minimum tempersure

29°C

1504

1267 8 19 W 2
Day

* ndoor dily maximum emperatune






media/file28.png
Severe fatigue
Headache/migraine
Repeated sneezing

Dry throat
Frequent cough
Joint/bone pain

Eyes irritation

Frequent colds

Nasal congestion
Skin irritations
Nausea/vomiting

Dizziness/fainting

100

Never

80

1 1 T T T
60 40 20 0 20

Percent

Sometimes Often Very frequent I






media/file10.png
(%)

Relative humidity

98 %

79 %

62.07 %

2 3 4 5 6 7 8 9 10 11

Indoor daily average relative humidity

Indoor daily minimum relative humidity

12 13

98 %

14 15 16 17 18 19 20 21 22 23 24 25 26 2

Day

+ Indoor daily maximum relative humidity

—e— Outdoor daily average relative humidity






media/file14.png





media/file11.jpg
675,17 pom

Spom.






media/file6.png
. Samples taken from the air . Samples taken from the surfaces





media/file15.jpg





nav.xhtml


  buildings-13-02277


  
    		
      buildings-13-02277
    


  




  





media/file16.png





media/file2.png
A7 F25°N

47°320°N

47°315°N

21°55'45°E 21°55S0°E 21°55'S5"E 21°560°E 21°56'S°E 21°56"10°E 21°56"15°E
'l Il | 1 '
Sion Neolog Synagogue | o0 15 30 60 km
Satu Mare
The Queen Maria Bulldings (T O W O County
Theater - Crisul Repede River
King Ferdinand County boundary Q-\
Square = = = Municipaity boundary - Municipality Salay
~ O ., of Oradea County
- ‘ s
N}
<
Bihor County
- Cly
Coun
Arad
County Alba
-1 County
T 0 15 3 6 km
Y e Laegs s 1211
§ .
' - Municipality
= > of Oradea
fon - . B "
a" ‘:’ a ‘\ o = <] -
Saint Nicholas Lo A/, . N o PN
Cathedral a5 & P
| The Church ! Stre O ;o
L]
with the Moon i %m Neokg ~4
' ynagogue p
/:- : ] - V-7
0 0.05 0.1 0.2km TR -
| 1 1 1 1 1 1 1 J
L L) L) L) L) L
21°55'S0"E 21°55'SS"E 21°56'0"E 21°56'S"E 21°56"10"E 21°56"1S"E

47°3'25°N

47°320°N

A7'315"°N





media/file20.png
Alternaria spp. Penicillium spp. Aspergillus spp. Botrytis spp. Cladosporium spp.





media/file23.jpg
40+

Percentage

10-

Atthe beginning of
the actviy

Ongoing activity At the end of your

Time

activity

Allthe time






media/file5.jpg
& samples taken from theair @) Samples taken from the surfaces





media/file24.png
40 -

w
o
1

Percentage
N
o

At the beginning of
the activity

Ongoing activity At the end of your
activity
Time

All the time






media/file29.jpg
A 125" R=0253,p=0014
B o N L
- - . n:
3 i i
Days spent in the space per week

c 15y 0243, p=0.023
g e 5
- 2
& so-

00 50 75 10.0

Hours working at the computer per day

L R=0256,p=0013

Symptoms

[ 5 0 15 20 25
Hours spent in the space per day

D 1281 R=0257,p=0013

wo- - -

B) 3 & &
Age





media/file1.jpg
Dt [0 15 % m " swvnen
e dmic ] s [ =
T ot 1
= it

s
B4






media/file25.jpg
Unplosan smots
Visible moid

Too low temperature (ndoor ain)
Hioh Humidiy

oust

Closed air (unventiatod)

Oy 