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Abstract

:

This article is a case study of museum premises at the Museum of King John III’s Palace at Wilanow (Warsaw, Poland), wetted as a result of a failure of the water supply system to the air conditioning unit located in the attic of the building. As a result of flooding, discoloration and cracks appeared on the plaster and stucco decoration of the ceiling, located mainly in the central part of the ceiling of the King’s Library. The paintings (plafonds) mounted on the ceiling of this room also became damp. The article analyzes the microbiological contamination of air and damp paintings in the context of promptly proceeding with the drying of damp building partitions. The obtained results of microbiological air pollution in the flooded rooms were significantly lower than the permissible values recommended by Interdepartmental Commission for Maximum Admissible Concentrations and Intensities for Agents Harmful to Health in the Working Environment. In the King’s Library, i.e., the room with the dampest plaster and stucco as a result of the accident, the concentration of mold spores in the air was only 15 cfu/m3. This means that the immediate commencement of intensive drying of the building partitions (walls, ceilings with wooden floors) brought very good results. The rapid reduction in the moisture of the building partitions contributed to the worsening conditions for the development of microorganisms, which can have an adverse effect on wooden building partitions, plaster, stucco, etc.
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1. Introduction


The state of preservation of monuments is affected by many factors, both abiotic and biotic. Abnormal humidity conditions, dampness in the walls, inadequate lighting or high concentrations of microbiological agents can negatively affect the resistance and preservation of monuments. When relative humidity exceeds 70%, the development of mold fungi is observed, the metabolic activity of which can result in the slow biodeterioration of historic objects [1]. Both enzymes and acidic metabolites synthesized by fungi can lead to serious damage of materials and objects made of them, and even to their permanent loss if no action is taken. In order to preserve the permanence of cultural heritage, it is important to comply with conservation standards that define the optimal recommended climatic conditions conducive to the long-term preservation of the monuments.



Among the factors most threatening to monuments are microorganisms, the development of which is closely linked to the environmental factors prevailing in historic buildings. Temperature and humidity, but also human activity affect the physiological activity of microorganisms. Inadequate ventilation, or construction disasters (damage to water supply systems) can lead to an escalation of the growth of microorganisms, and thus intensify the processes of destruction.



The air microbiome is believed to contribute significantly to the deterioration of objects and historic buildings [2]. Currently, there are no standards or directives, concerning the standards of microbiological quality of air in usable rooms, although there are normative documents, specifying the number of colony-forming units (cfu) of bacteria and microscopic fungi in the air, which indicate that the air in a room is highly polluted. Based on the literature, it can be concluded that the standards of microbiological purity of indoor air adopted in different countries vary [3,4]. According to Swedish requirements, the criterion for the acceptability of microbial contamination of indoor air was adopted up to 500 cfu of bacteria and 300 cfu of fungal spores in 1 m3 [5]. The American Industrial Hygiene Association proposes a value of less than 500 cfu/m3 as the limit of fungal spores in a post-dwelling area and less than 250 cfu/m3 in commercial buildings [6]. There is no Polish legislation pertaining to limits on the permissible concentrations of microorganisms for assessing air quality, although outdated and withdrawn standards for determining the number of bacteria and microscopic fungi in ambient air are still used when conducting routine verification tests [7]. When assessing the microbiological quality of air, one can use the recommendations of the Interdepartmental Commission for Maximum Admissible Concentrations and Intensities for Agents Harmful to Health in the Working Environment, which determined the permissible concentration of microbiological agents in the air in the working environment in Poland [8].



According to the literature, it appears that in Polish museums the most frequently detected types of fungi in air microbiological tests are: Alternaria, Aspergillus, Cladosporium, Mucor, Penicillium, Rhizopus and Trichoderma [9]. Bacteria are dominated by species belonging to the genus: Bacillus, Micrococcus and Acinetobacter [10]. Rojas et al. [11] report that the most common types of fungi in cultural facilities were the genera: Aspergillus, Penicillium, Cladosporium, Fusarium and Monilia, and additionally Aspergillus spp. accounted for 29 to 68% of all identified fungi. An air quality analysis conducted at the Historical Museum of Crete confirmed that the presence of fungi of the genera Alternaria and Malassezia in museum premises is associated with human activity [12]. On the other hand, microclimate studies conducted on a 19th century building located in Romania showed that there is a correlation between the identified fungal species and the microclimate conditions of the premises [13].



The most important factor in the microclimate of the rooms determining the growth and physiological activity of the microorganisms is water activity. Water activity in materials rises with increasing relative humidity, but also due to improper maintenance of facilities or negligence, leading to various types of failures, resulting in the rapid growth of microorganisms and progressive bio-degradation of materials. Major water failures, pervious roofing, or overly impermeable window frames are the most common causes of microbial infection of facilities. Therefore, all activities related to the maintenance of historic buildings should be carried out according to holistic planning, taking into account the multiplicity of factors affecting the historic object.



Biological harmful factors are a very important problem in the museum environment. On the one hand, they may lead to the risk of biodeterioration of important and valuable cultural assets, and on the other hand, they may emit substances hazardous to human health into the air, thus threatening the health of museum employees and visitors. Protection of the microclimate and museum objects against the development of harmful microorganisms is one of the most important procedures in buildings where historical collections are exhibited or stored.



This study analyzes the microbiological contamination of the air and paintings mounted on the ceilings that were dampened as a result of a water supply system failure in part of the building at the Museum of King John III’s Palace at Wilanów (Warsaw, Poland).




2. Materials and Methods


Description of the object. The case in question concerns rooms in the main body of a Baroque palace, which was built in Wilanów near Warsaw between 1677 and 1696 as the summer residence of the Polish King John III, designed by Augustine Locci, in the style of a Palladian villa. The main body was built based on the plan of an already existing building at the site in the style of a Polish manor house, a type of building characterized by a quadrangular one-story central body with four adjoining alcoves. Several stages of expansion of the original establishment resulted in the addition of 2 more stories to the initial structure, without changing its layout. The case in question happened within the southwest alcove. The decorative ceiling and floor of the ground-floor room of this alcove, historically and currently known as the King’s Library, are among the oldest surviving areas in the palace [14]. The second floor of the alcove is occupied by an exhibition room, known as the Historical Cabinet, in which no historical decorations have survived.



Description of the failure and the remedial actions taken. The failure consisted of a leak in the water supply to the humidifier of the air handling unit located in the attic of the alcove (Figure 1), and it occurred on the morning of 15 December 2020. At the time of the palace’s commission opening, the water had already reached the first floor through a room on the second floor. Its rapid arrival on the first floor was possible due to the presence of light and smoke detection installations in the ceiling of the second floor. The ducts of these installations allowed significant amounts of water to quickly pass through the ceiling of the first-floor room and flood the wooden floor of that room. After passing through the floor, the water found its way into the inter-ceiling space between the second floor and the first floor, and had reached the stucco and painting decoration of the King’s Library ceiling directly. There, due to the technical characteristics of the ceiling’s painting decoration (the historical strong duplication of the canvases on wax, which caused them to become an air- and watertight membrane), part of the water was “channeled” and flowed out at the edges of the oil plafond paintings onto the surface of the ceiling, falling onto the marble floor of the King’s Library, and began to seep into the stucco decoration.



A certain amount of water penetrated the walls of the alcove in parallel, and there, its penetration was already slow, typical of the gravitational movement of water reserves through porous structures. This resulted in moisture on both sides of the eastern wall of the upstairs room and the mural paintings on the other side of it that decorated the former staircase, now called the “Room above the Chapel”.



Immediately after the damage occurred and for the next 4 months, a series of rescue and security measures were carried out to alleviate the negative changes and to secure the movable objects and rooms, and make them safely accessible to visitors. The measures taken by the museum were as follows:




	
Immediate shut-off of the water supply to the system;



	
Immediate shut-off of the electricity supply to this part of the palace;



	
Immediate dismantling of the display and mobile decorations of the alcove (paintings on canvas incorporated into stucco framing of the ceiling-forming plafonds);



	
Drying the wall paintings in the Room above the Chapel using conservation methods;



	
Involvement of a professional service experienced in repairing damage after floods and inundations;



	
Involvement of an expert mycologist, due to the development of microorganisms being considered the biggest threat, followed by the danger of indirect physical and chemical effects of water on historic decorative materials.








As a result of a multifaceted analysis of the situation, after ascertaining the proper condition of the electrical system and implementing a procedure for 24 h direct monitoring of the affected rooms, the process of air dehumidification and intensive forced ventilation of the flooded rooms was launched using high-efficiency dehumidifiers and ventilators supplied by a third party. As a supportive measure, the removal of successive, non-heritage wall finish layers gradually began, which primarily affected the upstairs room. Thus, a multidisciplinary task force was formed, consisting of art conservators employed by the museum, microbiologists and technicians, in order to conduct independent, but previously agreed-upon, countermeasures, including moisture measurements of walls and architectural surfaces. The results of the measurements were mutually exchanged and discussed among the members of the task force.



The biggest problem was the control of the processes taking place in the aforementioned inter-ceiling space on the decorative ceiling of the King’s Library. It was, as in many other places in the palace, designed and constructed in the 1960s during the large-scale restoration of the palace, and modernization of its technical infrastructure occurred. The goal, in line with the trend of the time, was to duplicate the original wooden ceiling elements by introducing and concealing a steel structure. As a result, at the time of flooding, there was a hidden, flattened volume of about 12 m3 to deal with, containing a conglomerate of inorganic and organic materials beyond air that had not been fully recognized ever before. Since the removal of the wooden floor on the second floor was out of the question due to the cost, maintenance of the exposition and the need to preserve communication tracts, a process was set in motion to stimulate the flow of air through the inaccessible space based on the assumption that it would “follow the path of water”, picking up moisture from the affected excess areas along the way. To this end, holes with a diameter of 5 cm were made in the floor of the upstairs room, at locations corresponding to the outlets of the electrical system in the ceiling, and the air was pumped into the inter-ceiling space with the help of the unit. After a slight overpressure was created there, it escaped through all possible gaps into the King’s Library. It should be noted that all the countermeasures described above were carried out for 10 weeks.



Description of the realization of microbiological measurements. The general principles of microbiological air testing were taken from the national guidelines for museum facilities [1,15]. In the selected rooms (Figure 2 and Figure 3), 4 bioaerosol samples each were collected using an AQUARIA Microflow α 90c device: sampling head with 380 conical holes ø 1 mm (Aquaria Srl, Lacchiarella, Italy). The operating parameters of the device during bioaerosol sampling were as follows: airflow 100 L/min, exposure time 60 s, air sampling was performed at a height of 100 cm from the floor. Samples were taken in Petri dishes (90 mm) on a maltose–agar medium (Biomxima, Lublin, Poland). The samples were then incubated for 7 days at 22–35 °C and 80% air humidity. The limiting incubation temperatures of the samples were adopted following the methodology of molds growing on building materials [16] and pathogenic molds [17]. Microscopy slides were made from the proliferated mold colonies. Morphological features of individual mycelial cultures were observed using the Delta Optical Evolution 100 light microscope (Delta Optical Sp. z o. o., Warsaw, Poland), using a 60x magnification, equipped with a Levenhuk M1000Plus camera (Levenhuk Poland Sp. z o. o., Warsaw, Poland).



Samples were taken from the surface of the paintings installed on the ceiling of the King’s Library and from the stucco surface by swabbing. Sterile swabs with transport containers without a substrate (Deltalab, Rubí, Spain) were used for this purpose. Samples were taken from areas of 25 cm2. Due to the sampling of museum objects, a so-called dry swab was used, i.e., without wetting the swab with sterile saline. Samples were collected, stored and transported according to the recommendations of test procedure I-01/PO-03 [18]. The samples were then packed into a bulk transport container and sent to the accredited testing laboratory of the Provincial Sanitary and Epidemiological Station in Olsztyn, where the determinations were performed according to instruction PB-OBP-019 [19].



Description of the implementation of moisture measurements (walls and ceilings). Moisture measurements were taken with a Greisinger moisture meter GMH 3831 (GHM Messtechnik GmbH, Remscheid, Germany) equipped with probes, both invasive and non-invasive.




3. Results


3.1. Evaluation of the Actual Technical Condition and Description of the Observed Defects


The King’s Library (room no. 08). At the time of inspection, the humidity in the room was 43.8% and its temperature was 21.1 °C. Two fans and one dehumidification device were operating in the room. As a result of the failure, the ceiling and the walls of the room were flooded. Cracks and separations in the plaster and stucco were located mainly in the central part of the ceiling. In this zone, in addition to the yellowish discoloration, cracks and spalling of the plaster and stucco were visible (Figure 3, Figure 4, Figure 5 and Figure 6). Approximately a quarter of the ceiling area was in the affected zone. On the west facade wall, damp patches were visible from water running down the wall surface (Figure 7). In addition to the discoloration of the stucco, there were also innumerable cracks and spalling behind the surface. Mold colonies were found in the cavities of the stucco (Figure 8). The remaining surfaces of the building partitions were free of mold. The moisture content of the ceiling and walls was in the range of 0.4–3.0%. Locally, the west facade wall showed a moisture content of 0.9–3%. In Figure 6, the extent of this zone is marked with a black dashed line. Figure 9, Figure 10, Figure 11, Figure 12 and Figure 13 show the results of the moisture content measurements of individual building partitions of the King’s Library. The extent and depth of the cracks caused by the failure overlaid their previously benign structure.



Historical Cabinet (room no. 44). Two fans, a compressor to ventilate the floor and one dehumidification device were operating in the room. As a result of the failure, the ceiling above the room, the walls of the room and the wooden floor were flooded. Plaster was removed from about a quarter of the interior wall (on the side of the Room above the Chapel). In the area of the removed plaster, there were cracks in the wall. The plaster was partially removed from the ceiling of the U-shaped room. There were also cracks in the zone of the removed plaster. There was no other visible damage on the walls and ceiling that could be attributed to moisture in the partitions as a result of the failure. The moisture content of the ceiling and walls was in the range of 0.5–0.6% (Figure 14, Figure 15, Figure 16, Figure 17 and Figure 18). As a result of the failure, the wooden floor was dampened. The oak floor elements were locally deformed and discolored due to fungi (Figure 19 and Figure 20). The moisture content of the wooden floor on the day of the visual inspection of the room was between 7.9 and 10.0% (correct moisture content). Figure 21 and Figure 22 shows the results of measurements of the moisture content of the wooden floor.



Room above the Chapel (room no. 45). Two fans and one dehumidification device were operating in the room. As a result of the failure, the ceiling above the room and the walls of the room (mainly the walls on the interior side of no. 44 and the corner on the interior side of 46A) were flooded. Numerous cracks in the plaster were found on the walls of the post-room. Polychromes covering the walls of the room were also damaged. The room showed no macroscopic signs of mold growth on the surfaces of the building partitions. The moisture content of the ceiling and walls was in the range of 0.4 to 0.7%. The moisture content of the floor was 0.5–0.6%. The moisture content of the wooden floor elements ranged from 7.3 to 7.6%. Figure 23, Figure 24 and Figure 25 show the results of the moisture measurements of the building partitions.




3.2. Assessment of Microbiological Air Pollution


Table 1 shows the results of quantitative studies, and Table 2 shows the results of qualitative studies of measurements of microbial contamination of the air.



Only a few molds and bacteria were found in the air samples collected. The amount of microorganisms found in the air was much lower than the permissible air pollution proposed by the Interdepartmental Commission for Maximum Admissible Concentrations and Intensities for Agents Harmful to Health in the Working Environment [20].



Among the molds found were both allergy-causing species and species that can produce mycotoxins [21,22,23]. Molds, proposed as indicators of water damage in the building, such as P. chrysogenum and A. versicolor, were found in the air of almost all water-damaged rooms [24].



The mycobiota of the control rooms was not analyzed in terms of the species composition, as the study mainly focused on analyzing the microbiological risk of the rooms flooded as a result of the failure of the water supply system to the air conditioning unit.




3.3. Evaluation of Microbial Contamination of Stucco Surfaces and Painting Surfaces


On the day of the visual inspection, a swab was taken from the stucco cavities (Figure 5) of the west wall in the King’s Library. The results are shown in Table 3. The result of the swab sample complements the results of the air sample analysis.



On the day of the visual inspection, swabs were taken from the paintings removed from the ceiling of the King’s Library. The results are shown in Table 4.



Fewer species and a different species composition of molds were found on the stucco and plafonds than in the air. This was particularly noticeable for the surface of the plafonds and was likely related to the dust accumulated on the back surfaces of the plafonds. As is well known, dust is a reservoir of mold spores [25].





4. Discussion


The generally accepted key to work in the field of conservatorial prevention in museums is a catalogue of conservatorial risks, compiled in the 1990s by Stefan Michalski of the Canadian Conservation Institute. The list consists of nine heterogenous factors [26], including water and microbiological threats as well. In the envisaged case of water, beyond the usual physico-chemical impact to the materials which the collection objects are made of, the humidity level of the air was raised (which is included in the list of risks independently) and triggered a microbiological invasion, which also posed a threat to humans. Immediate and methodical reaction of the museum preventive team has minimized these risks, and work to improve air quality has proven to be a key effort in tackling the broader crisis.



Microbiological air pollution in the analyzed rooms, flooded by a failure involving a leak in the water supply to the humidifier of the air handling unit located in the alcove attic, was very low. After 10 weeks of drying the walls and ceilings of the water-damaged rooms, the air contamination with mold was 15–85 cfu/m3, with bacteria at 15–40 cfu/m3.



In the world literature, the normative values for fungal contamination of the air of residential rooms and non-industrial work environments ranges from 1.0 × 101 to 1.0 × 104 cfu/m3, so there is a very large discrepancy on this issue among the applicable standards. Unanimity, however, prevails over one very important aspect of microbiological purity of indoor air. The amount of pathogenic fungi and those producing toxic metabolites (mycotoxins) in the bioaerosol should be 0 cfu/m3.



None of the legal and normative acts currently enforce concerning biological agents in the air specified threshold values for air pollution of residential and non-industrial premises in Poland. In view of this situation, publications on the problem of microbiological air pollution cite the proposal of the Interdepartmental Commission for Maximum Admissible Concentrations and Intensities for Agents Harmful to Health in the Working Environment. It concerns the adoption of recommended values for the permissible total concentration of fungi and bacteria found in the air of residential, working and public spaces at a certain level. According to the proposal of the above-mentioned Expert Panel, the permissible concentration of mesophilic bacteria and mold in the air of residential and public spaces is 5000 cfu/m3, while in archives, museums, museum warehouses and historic preservation studios, the Expert Panel on Biological Agents recommends half the allowable concentration for fungi [20]. However, in the national literature, you can also find more restrictive guidelines stating that the level of indoor air pollution should not exceed 200 cfu/m3 [27]. However, the indicated norms can only be treated as facultative standards or auxiliary reference values.



Ubiquitous molds thrive on a variety of substrates, covering them with delicate or dense, white or colored mycelium. The oligotrophic way of life of ubiquitous molds means that they find enough food to grow and reproduce under almost any conditions. Fungi usually grow best in damp, shaded areas and places with limited air circulation. Mold fungi are among the heterotrophs most dangerous to wall polychromes. The decisive factor determining their growth is moisture. Molds cause a number of adverse changes in the materials they overgrow. They secrete large amounts of hydrolytic enzymes, decomposing carbohydrates over large areas around the colonies they form [28]. They can also cause discoloration of paint layers, with not only the type of pigment, but also the binder used being important in this case [29,30]. Mycelium growing deep into the substrate damages its structure and causes the deformation of the paint layer or its detachment. The growing mycelium forms colorful, difficult-to-remove stains on the surface of the painting [31]. Biological corrosion mainly affects the plaster, mortar and stucco decorations. The cause of biodeterioration of these elements is mainly bacteria and fungi [1,15].



Molds that develop on damp building materials can also have harmful effects on human health [17]. Molds can cause many ailments, such as shortness of breath, headache, lethargy, weakness, chronic upper respiratory diseases and mycoses [32]. However, it should be kept in mind that the impact of mold on the human body is an individual matter, and the resulting consequences vary and depend on the health condition and capacity of the human immune system.



The dehumidification treatments carried out in the flooded rooms had a good effect. Measurements taken on the day of the inspection of the flooded rooms showed a low level of moisture on the surface of the building partitions. After 10 weeks of operation of dehumidification equipment, the moisture of the building partitions prevented the development of mold on their surfaces. It should be noted here that not only industrial dehumidifiers, but also fans were working in the flooded rooms. Forced air circulation significantly contributed not only to a faster reduction in the moisture of the building partitions, but also reduced the intensity of fungal development, since air flow is an outstandingly unfavorable factor for the development of fungal morphological structures (both mold and basal).



The results obtained for microbiological purity of indoor air are significantly lower than the permissible value proposed by the Expert Panel on Biological Agents of the Interdepartmental Commission on Occupational Safety and Health for both mold and bacteria [19]. This indicates that there are currently no sources of microbial contamination in the rooms flooded as a result of the accident. However, allergenic mold spores, as well as potentially mycotoxigenic mold spores, were found among the fungi present in the flooded rooms of the museum. In the inspected reference rooms, which were not flooded as a result of the accident, no spores of potentially mycotoxigenic fungi were found, as there are no conditions conducive to their growth there.



Unlike most chemical and physical agents, there are no globally accepted criteria for assessing the exposure to biological agents, as well as no generally recognized normative values [33]. This is primarily due to the fact that there is still no satisfactory epidemiological data defining the relationship between exposure to an agent and the health effect caused by its action. In addition, the sensitivity of each organism exposed to a given biologically harmful agent is an individual feature of that organism, which translates into difficulty in unambiguously determining the effects of such an action. Due to the limited access to data describing the relationship between the concentration of a biologically harmful agent and the health effect caused by its action, there are still no developed guidelines on the MRL and safe time of exposure to mold fungi.



The reason for the appearance of elevated (compared to the reference rooms) concentrations of mold spores, and especially pathogenic species, in the rooms of the Palace (the King’s Library, the Historical Cabinet, the Room above the Chapel, and the inter-ceiling space above the King’s Library and the space above the ceiling of the Room above the Chapel) is the dampness of the building envelope as a result of the failure of the water supply system. This is evidenced, among other things, by the fact that the fungal species found belong mainly to weak and moderate xerophiles. This means that these species can develop only with higher water activity (higher than the acceptable moisture content of the building materials) [10,34]. Once the moisture content of the materials is lowered to the correct (acceptable) level, the conditions conducive to mold growth will disappear.




5. Conclusions


This paper presents the results of a study of air pollution by mold and bacteria, using the example of a museum building flooded by water as a result of the failure of the water supply system to the air conditioning unit located in the attic of the building. After immediate removal of the causes of the failure and drying of the walls and ceilings, it was found that microbiological contamination of the air in the building was lower than the permissible value proposed by Interdepartmental Commission for Maximum Admissible Concentrations and Intensities for Agents Harmful to Health in the Working Environment. This means that the rapid start of drying the damp building partitions has reduced their moisture content, thereby reducing the threat of fungal and bacterial growth in the flooded rooms. The rapid reduction of the microbiological threat to people (museum employees and tourists), building materials and museum exhibits contributed to the quicker reopening of the water-damaged rooms to visitors.
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Figure 1. Floor plan of the second floor of the building water system failure location (blue ellipse). 
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Figure 2. Floor plan of the first floor of the building air sampling location (2, 3, 3.1—air samples symbol; 2R, 3R—symbol of the reference air samples). 
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Figure 3. Plan of the ground floor of the building air sampling location (1, 1.1—air samples symbol; 1R—symbol of the reference air sample). 






Figure 3. Plan of the ground floor of the building air sampling location (1, 1.1—air samples symbol; 1R—symbol of the reference air sample).
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Figure 4. Cracks in the plaster and stucco in the central ceiling of the King’s Library. 
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Figure 5. Cracking and chipping of plaster in the southern part of the ceiling of the King’s Library. 






Figure 5. Cracking and chipping of plaster in the southern part of the ceiling of the King’s Library.
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Figure 6. Discoloration of the stucco and plaster on the ceiling of the King’s Library. 
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Figure 7. Stains on the west wall of the King’s Library. 
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Figure 8. Mold colonies on the stucco of the west wall of the King’s Library. 
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Figure 9. King’s Library: the results of moisture measurements of the west facade wall. 
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Figure 10. King’s library: the results of moisture measurements of the south wall. 
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Figure 11. King’s library: the results of moisture measurements of the east wall. 
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Figure 12. King’s Library: the results of measurements of the ceiling moisture, western part. 
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Figure 13. King’s library: the results of the ceiling moisture measurements, eastern part. 
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Figure 14. Historical Cabinet: the wall on the side of the Room above the Chapel, part 1. 
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Figure 15. Historical Cabinet: the wall on the side of the Room above the Chapel, part 2. 






Figure 15. Historical Cabinet: the wall on the side of the Room above the Chapel, part 2.
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Figure 16. Historical Cabinet: the facade wall, part 1. 
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Figure 17. Historical Cabinet: the facade wall, part 2. 






Figure 17. Historical Cabinet: the facade wall, part 2.



[image: Air 01 00009 g017]







[image: Air 01 00009 g018 550] 





Figure 18. Historical Cabinet: the ceiling on the side of the Room above the Chapel. 






Figure 18. Historical Cabinet: the ceiling on the side of the Room above the Chapel.
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Figure 19. Deformation and discoloration of the oak flooring in the Historical Cabinet, part 1. 






Figure 19. Deformation and discoloration of the oak flooring in the Historical Cabinet, part 1.
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Figure 20. Deformation and discoloration of the oak flooring in the Historical Cabinet, part 2. 






Figure 20. Deformation and discoloration of the oak flooring in the Historical Cabinet, part 2.
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Figure 21. Historical Cabinet: the oak flooring, part 1. 






Figure 21. Historical Cabinet: the oak flooring, part 1.
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Figure 22. Historical Cabinet: the oak flooring, part 2. 






Figure 22. Historical Cabinet: the oak flooring, part 2.
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Figure 23. Room above the Chapel: the wall from the side of the Historical Cabinet. 
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Figure 24. Room above the Chapel: the wall from the side of the Cabinet with portraits of the Czartoryskis. 
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Figure 25. Moisture content of the ceiling boards in the Room above the Chapel. 
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Table 1. Assessment of mold and bacterial contamination of air quantitative analysis.






Table 1. Assessment of mold and bacterial contamination of air quantitative analysis.





	
Symbol Sample

	
Sampling Location

	
Molds *

	
Bacteria *




	
[cfu/m3]

	
[cfu/m3]






	
1

	
King’s Library

	
15

	
40




	
1.1

	
King’s Library: inter-ceiling

	
15

	
15




	
1R

	
Cabinet in front of the gallery: reference samples for the King’s Library

	
<1

	
45




	
2

	
(Historical Cabinet)

	
15

	
30




	
2R

	
Cabinet with portraits of the Poniatowskis: reference samples for the Historical Cabinet

	
5

	
45




	
3

	
Room above the Chapel

	
40

	
40




	
3.1

	
Room above the Chapel: space above the ceiling

	
85

	
40




	
3R

	
Room al fresco: reference samples for the chapel

	
5

	
65








* Recommended permissible air pollution by mold and bacteria in museum rooms: 2500 cfu/m3.
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Table 2. Assessment of the mold contamination of air qualitative analysis.
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	Symbol Sample
	Sampling Location
	Tagged Mold Fungi





	1.
	King’s Library
	Cladosporium cladosporioides *,**, Epicoccum nigrum *, Penicillium expansum *,**



	1.1
	King’s Library: inter-ceiling
	Aspergillus sydowii *, Penicillium meleagrinum **, Penicillium chrysogenum *,**



	2.
	Historical Cabinet
	Penicillium chrysogenum *,**



	3.
	Room above the Chapel
	Alternaria alternata *,**, Aspergillus versicolor *,**, Aspergillus ustus **, Penicillium chrysogenum *,**



	3.1
	Room above the Chapel: space above the ceiling
	Alternaria alternata *,**, Aspergillus ustus **, Penicillium chrysogenum *,**







* Allergy-causing mold, ** mycotoxin-producing molds.
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Table 3. Results of mold analysis taken from the stuccos of the King’s Library.
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	Sample Description
	Test Result





	Stucco, soggy wall zone
	Alternaria alternata *,**, very numerous

Alternaria tenuissima *,**, very numerous

Cladosporium cladosporioides *,**, very numerous

Penicillium chrysogenum *,**, very numerous

Epicoccum nigrum *, single







* Allergy-causing mold, ** mycotoxin-producing molds.
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Table 4. Results of mold tests taken from the paintings from the King’s Library.






Table 4. Results of mold tests taken from the paintings from the King’s Library.





	
Sample Description

	
Test Result






	
Large plafond, reverse, undusted zone

	
Penicillium bravicompactum *,**, very numerous




	
Penicillium chrysogenum *, very numerous




	
Penicillium glabrum *, single




	
Large plafond, reverse, zone dusted

	
Penicillium bravicompactum *,**, single




	
Large plafond, reverse, stain zone

	
Penicillium chrysogenum *,**, single




	
Large plafond, reverse, pocket between canvas and stretcher bar

	
Penicillium chrysogenum *,**, very numerous




	
Penicillium bravicompactum *, single




	
Large plafond, reverse, slot stretcher bar

	
Aureobasidium pullulans, very numerous




	
Large plafond, face, land zone

	
Penicillium bravicompactum *,**, very numerous




	
Penicillium roseopurpureum *, single




	
Large plafond, face, ocean zone

	
Penicillium chrysogenum *,**, very numerous




	
Alternaria alternata *,**, single




	
Fusarium poae *,**, single




	
Small plafond, reverse, stain zone

	
Talaromyces macrosporus, single




	
Small plafond, face, portrait background (part 1)

	
Penicillium chrysogenum *,**, very numerous




	
Fusarium poae *,**, single




	
Small plafond, face, portrait background (part 2)

	
Penicillium chrysogenum *,**, very numerous




	
Fusarium poae *,**, single








* Allergy-causing mold, ** mycotoxin-producing molds.
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