

  applsci-12-03313




applsci-12-03313







Appl. Sci. 2022, 12(7), 3313; doi:10.3390/app12073313




Article



Risk Assessment of Artifact Degradation in a Museum, Based on Indoor Climate Monitoring—Case Study of “Poni-Cernătescu” Museum from Iași City



Oana Florescu 1, Pavel Ichim 2,*[image: Orcid], Lucian Sfîcă 2[image: Orcid], Adriana-Lucia Kadhim-Abid 3, Ion Sandu 4,5,6,7,*[image: Orcid] and Monica Nănescu 8





1



Doctoral School of Geosciences, Faculty of Geography and Geology, “Alexandru Ioan Cuza” University, 22 Carol I Bulevard, 700506 Iași, Romania






2



Department of Geography, Faculty of Geography and Geology, “Alexandru Ioan Cuza” University, 22 Carol I Bulevard, 700506 Iași, Romania






3



Faculty of Architecture G. M. Cantacuzino, “Gheorghe Asachi” Technical University of Iași, Prof. Dr. D. Mangeron Street, 700050 Iași, Romania






4



Academy of Romanian Scientists (AORS), 54 Splaiul Independenței St., Sector 5, 050094 Bucharest, Romania






5



National Institute for Research and Development in Environmental Protection, 294 Splaiul Independenței, 6th District, 060031 Bucharest, Romania






6



Science Departament, Interdisciplinary Research Institute, “Alexandru Ioan Cuza” University, 11 Carol I Bulevard, 700506 Iași, Romania






7



Romanian Inventors Forum, 3 Sf. PetruMovilă St., L11, III/3, 700089 Iași, Romania






8



“Ștefan Procopiu” Museum of Science and Technology Director, “Moldova” National Museums Complex, 1 Piața Ștefancel Mare și Sfânt, 700028 Iași, Romania









*



Correspondence: pavel.ichim@uaic.ro (P.I.); ion.sandu@uaic.ro (I.S.)







Academic Editor: Andrew May



Received: 24 February 2022 / Accepted: 21 March 2022 / Published: 24 March 2022



Abstract

:

Featured Application


The study presents a methodology to assess the risk of degradation for artifacts in a museum using indoor meteorological observations.




Abstract


Preservation of the cultural heritage of museums includes measures to prevent degrading effects induced by air temperature and humidity factors which are difficult to control. The present paper includes a synopsis of values of air temperature and relative humidity characterizing the indoor climate of the “Poni-Cernătescu” Museum of Iași, Romania for a period of one year. The objective of this research was to describe the museum microclimate and to identify and analyze the degradation risk of museum artifacts in order to study the impact of hygrothermal indoor and outdoor loads on indoor microclimate parameters. To achieve the objective, the following activities were carried out: acquisition of data on the relative humidity and the temperature of indoor and outdoor air; analysis of data with climate analysis tools and statistical methods; and transformation of data into quantitative and qualitative numerical measures of collection decay risks. The collected data enabled us to accurately describe the indoor climate conditions of the analyzed building. The main conclusions of the assessment were that the May–July period represented the interval with the highest degradation risk for all types of cultural assets (wood, leather, photos and paintings); this occurred because of the combination of a high amount of water vapor and high air temperature conditions. Based on charts and tabular data, this study presents the evolution of two parameters of internal microclimate, air temperature and relative humidity, and their correlation with external climate factors. The structural and functional parameters of the museum, the working levels of heating and air conditioning systems, the arrangement, the load, and the typological complexity of the artifacts displayed, were also considered in the analysis. The results obtained enabled us to develop useful recommendations to stabilize climate conditions inside the museum. Specific measures to mitigate the detrimental impact of the analyzed environmental factors are proposed. The results obtained show that in the basement, favorable conditions for mycelium growth occurred. In the summer months, across the entire museum space, the preservation indices were the lowest, from 20 to 25, so suitable conditions for storing the artifacts were not met.
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1. Introduction


Preventive preservation of cultural assets in museums represents an important topic in the field of integrative scientific conservation [1,2,3,4,5] and incorporates indirect actions on the environment around cultural objects in order to avoid damaging processes and to increase their lifespan [6,7]. The main environmental factor in museums is the museum’s indoor microclimate, which consists of all changes in air temperature and moisture characteristics, natural and artificial lighting, gas, and particles of matter present in rooms [8,9,10,11]. These elements can have a great impact on the optimal maintenance of cultural assets over an extended period. However, Verticchio et al. consider that “pollutants do not generally represent a significant threat to the overall rate of chemical degradation, as their concentrations are small” [12] in museums or libraries, and that temperature and moisture contribute the most to the deterioration of the materials from which the cultural artifacts are made. The monitoring of indoor and outdoor climate conditions in a museum to reduce the environmental risk [13] can facilitate the accomplishment of the three important roles of a museum: providing public access to cultural assets, preserving them, and restoring the cultural assets in order to make them available for research [11,12]. Many studies have been carried out to establish the peculiarities of the museum microclimate, with a view to ameliorating their indoor microclimatic conditions [14,15,16,17,18,19].



Fabbri [9] proposed that a monitoring campaign to study historic climate should take a minimum of 12 months, or a shorter period if monitoring is used to calibrate building simulation.



For preservation purposes, air temperature (T) is highly important since increase in molecular vibrations is considered the cause of the exponential increase in decomposition reaction processes according to the theory of chemical kinetics. Change in air temperature also determines phase modifications of materials since atoms reorganize their relative positions in order to adapt to higher vibrations at higher temperature [15]. A wider temperature range of various materials causes shearing stress on objects made from laminated materials, such as paintings, veneered furniture and film [15,19,20,21]. Air moisture is also known as hygroscopic moisture since it is adsorbed by organic or inorganic materials until a balance is reached. Hygroscopic moisture represents the amount of water vapor in a volume of air, and is also referred to as absolute humidity [13,19].



Relative humidity (RH) is expressed as a percentage and represents the ratio between the absolute humidity in the air and the maximum possible amount for the observed temperature. For several classes of objects which contain hygroscopic material (such as canvas, textiles, ethnographical objects or animal glue), a stable RH is needed (40–60%), and a stable air temperature (16–25 °C), with fluctuations of no more than ±10% RH over 24 h [22].



More sensitive objects need more specific and closer RH control depending on the composing materials, the state and the age of the cultural object [23,24]. Atmospheric pollutants, such as nitrogen or sulfur oxides, are absorbed in the structure of artifacts, reacting with humidity, leading to in situ formation of acids [25,26,27]. Generally, for most materials, a climate with lower RH (but not below 40%), moderate air temperature and lower lighting are ideal.



Saraiva et al. [28] performed a simulation of the hygrothermal behavior of a historic building in Portugal using EnergyPlus, which they validated with data obtained from a campaign to monitor the conditions of the microclimate. They analyzed fluctuations in the temperature and humidity of the indoor air relative to a performance index with the aim of making recommendations for the climate control system. Zarzo et al. [15] analyzed the temperature fluctuations with IoT (Internet of Things) technology to assess the potential risk for the preservation of cultural artifacts.



Grygierek et al., in their work [23], focused on assessing the impact of variable outdoor and indoor loads on the T and RH of indoor air in three museums from a temperate climate. They found that T and RH values were both above and below the recommended range. Bienvenido-Huertas et al. [24] analyzed the internal climate of a historical building located in a warm climate. The authors used artificial intelligence (multilayer perceptrons) to predict the influence of climate change on the indoor microclimate. For the characterization of the internal climate, they used a performance index (PI) complemented with a variance indicator. The results showed that the most suitable preservation strategies were the dehumidification and cooling of the space where the cultural artifacts were exhibited. The energy efficiency of the air conditioning system in heritage buildings is of particular importance and has been studied by a number of authors, of which we particularly mention Asfahan et al. [29] and Țurcanu et al. [30]. In Table 1 we present references for different types of artifacts.



The Romanian national cultural heritage generally consists of cultural assets displayed by temporary or permanent exhibitions in adequate museum spaces [11] that are considered to respect environmental parameters specific to a museum climate (infra-climate). To preserve historical buildings and their cultural assets, the optimal values of the main parameters characterizing the indoor climate—air temperature and relative humidity—are presented in the Environmental Guidelines ICOM-CC and IIC Declaration [19], Law No. 182/2000 regarding the protection of the movable national cultural heritage, republished in 2008, and Law No. 311 of July 2003 (republished), Romania being a signatory to the international conventions in this regard. Law No. 182/2000 was completed by Governmental Decision No. 886/2008 for the approval of the classification norms of movable cultural assets, and by Governmental Decision No. 1546/2008 for the approval of the rules for preservation and restoration of classified movable cultural assets.



The dynamics of the most important parameters for the preservation of cultural assets (i.e., relative air humidity, absolute humidity and air temperature) depend on the situation and the environment of the object or monument. The actions taken to protect the artifacts include air conditioning in rooms, and monitoring of temperature and relative humidity parameters [20].



The aim of this paper is to not only provide a quantitative description but also an analysis of the indoor climate of the “Poni-Cernătescu” Museum, an assessment of the influence of the external climate on the internal climate, an analysis of indoor hygrothermal loads, and a risk degradation assessment related to the collection, to inform proposals for interventions on the microclimate to preserve the museum collections in the long run. The research questions posed are ‘What is the impact of hygrothermal indoor and outdoor loads on indoor microclimate parameters?’ and ‘What are the risks of degradation of museum artifacts?’




2. Materials and Methods


The house in which the chemist Petru Poni lived is on Romania’s list of historical monuments under code IS-II-m-B-03918 and, following a significant reorganization in 1994, nowadays hosts the “Poni-Cernătescu” Museum, an important cultural site of the historical architectural heritage of Iași City (Figure 1). The museum is open to visitors from Tuesday to Saturday, between 10:00 am and 05:00 pm. The museum collection contains original objects of the Poni family, such as furniture, photos, paintings, decorative artworks and clocks.



The building was originally built in 1839 and functioned as a house until 1991 when it was changed and transformed into a museum. The building has two levels, one of which is underground, and a small attic with no designated function. Both architecture and construction techniques are specific to that period and are based on brick masonry (Figure 2a—exposed brick).



Changing the Poni family house to a museum occurred over a considerable period—about 15 years—the house restoration being completed in 1990. Subsequently, the building has undergone different stages of renovation, the last occurred between 2010–2012 with no structural interventions, but intensive interior renovations. All the exterior and interior walls were covered with gypsum boards and tapestry. The floors were also refurbished, and the ceiling was slightly lowered with a decorative gypsum board (Figure 3).



In Figure 3, it can be seen that the windows were sandblasted so that the objects contained are not subjected to the direct rays of the sun.



Another important intervention was made to the lower level, the mineralogy section, where all walls and ceiling were covered with carved painted decorative Styrofoam, to resemble stone in a cave (Figure 2).



The museum artifacts are openly exposed as they were at the time when the Poni family members lived there and some of them are displayed in showcases. The thermal behavior of the building’s envelope is characteristic of brick masonry buildings with no insulation. This is because the bricks are efficient building materials with low conductivity, but also, partially, due to plastering of the walls and ceiling with gypsum boards which created unventilated air cavities, which act as an effective insulating layer within the envelope.



Based on graphs and tabular data, this study presents the evolution of two parameters of internal microclimate, air temperature and relative humidity, and their correlation with external climatic factors. In addition, the structural functional parameters of the museum, the heating and air conditioning systems with their working levels, and the arrangement, the load, and the typological complexity of the artifacts displayed, were considered in the analysis.



Hygrothermal loads in museums are produced by visitors, lights [23], and in periods of time when the outdoor air temperature and/or humidity are higher than the indoor. During the research, due to the pandemic situation, only a few visitors went through the permanent museum exhibition, so no research could be carried out in this regard. Usually, the light generated by the LED bulbs is turned on upon the arrival of visitors and turned off immediately after their departure from the room.



To describe the internal climate of the building, air temperature and moisture were monitored at hourly time steps for a period of one year, beginning on 17 January 2020, at 01:00 PM. Data were obtained both outside and inside the museum building. This information was used to better describe the influence of external conditions on the internal climate [11].



The data were collected with certified devices recording air temperature and relative humidity, namely six HOBO data-loggers mounted as follows (Figure 4a,b):




	
four sensors mounted in the exhibition circuit halls at 1.5 m above the floor, near the walls, as follows: one in the north-east room—library (S1), one in the south-east room—living room (S2), one in the north-west room—Radu Cernătescu room (S4), and the last one in the basement (S3);



	
two sensors were mounted on the external walls of the museum, one to the northern (S6) wall and the other on the southern (S5) wall, at 2 m above ground level.








The data loggers used for measurements have very good accuracy and resolution for indoor observations as its is shown in Table A1 from Appendix A. The HOBO U23-001A Pro v2 data logger has an operating range for temperature of −40/+70 °C with 12-bit (002 °C to +25 °C) resolution, ±0.2 °C from 0 to +50 °C accuracy, and for relative humidity 0/100% with 12-bit (0.03%), ±2.5% from 10 to 90% accuracy.



All events connected to the internal climate fluctuation (e.g., window opening for airing the museum, entry of visitors, use of air conditioner, room heating, etc.) were recorded daily. The Museum has gas central heating with fan coils that provide heating in winter (via a boiler) and ventilation during summer (via a chiller). Table 2 describes the air conditioning system and its operating parameters. Curtains are used to stop direct light.



External measurements were correlated with weather data recorded at the “Alexandru Ioan Cuza” University of Iași, located at almost 500 m in a green area similar to the surrounding area of the “Poni-Cernătescu” Museum (Figure 1).



The analysis of the collected data was used to identify the degradation risks of materials, to compare the preservation quality of one environmental space to another, and to analyze the museum’s heating and ventilation systems.



Since the exhibited cultural assets were made of various, organic and inorganic materials [11], an estimation of degradation risks can be made based on knowledge of the biological, chemical and mechanical damaging mechanisms. Firstly, mildew development must be avoided as it causes museum buildings to be inadequate for the preservation of cultural assets and for living. Causes of mildew occurrence are related to specific conditions with respect to air temperature and relative humidity [21]. Recommended temperatures to avoid mildew are up to 15 °C, but they must be controlled. Fluctuations are acceptable within a very low range (during summer months) and not outside extremes (±5% RH, ±2 K) [22].



To assess the risk of degradation of heritage objects, we used Martens’ methodology [37] for the assessment of biological, mechanical, and chemical risks of degradation of collections according to ASHRAE norms [34,37], which refer to the optimal intervals for the conservation of heritage objects as applied to the “Poni-Cernătescu “Museum in Iași.



We utilized climate evaluation charts obtained with climate analysis tools (www.monumenten.bwk.tue.nl, accessed on 23 February 2022) to develop a simplified interpretation of the temperature and humidity data.



The ASHRAE quality classes for conservation range from Class D (which prevents dampness) to Class AA (which is associated with no risk of mechanical damage to most artifacts). Class B is considered the reference standard for museums [24,38,39,40,41].



Temperature and relative humidity data were transformed into quantitative and qualitative numerical measures of the collection decay risk. These numerical values describe the space in which cultural artifacts are preserved and explain the type of deterioration of cultural artifacts. Thus, the authors referred to the following: the preservation index (PI) and the time-weighted preservation index (TWPI) to assess the risk for chemical decay for organic materials; the equilibrium moisture content (EMC) and dimensional change (DC) to assess the risk for physical/mechanical decay; and the mold risk factor (MRF) to assess the risk for biological decay for all types of materials [42]. PI values were calculated in years, representing life expectancy values under the existing storage conditions. TWPI was calculated as an average value for PI values obtained at regular periods of time. MRF measures the risk for growth on objects of mold species. Lower values for MRF are preferable. EMC was measured as a percentage.



Based on temperature and relative humidity data, we utilized a dew point calculator [43] which was utilized to obtain numerical values, as for PI, EMC, and MRF, which were input into the analysis of the indoor microclimate. These measurements were used to compare the environmental conditions in the museum spaces during the analyzed period, and then to compare the environmental conditions in the museum with those of the following year.




3. Results and Discussions


3.1. Outdoor Hygrothermal Characteristics in the Museum Microclimate


The city of Iași is located in a temperate warm climate, with uniform annual distribution of precipitation (Cf) according to the Köppen climate classification. This climate can also be framed as a temperate continental climate with a long warm season according to Trewartha’s climate classification (Dc) [44]. In recent years, a warming trend has been observed for the mean air temperature from 9.7 °C in the 1961–2010 period [45], to 10.9 °C [46] and 11.2 °C for the period December 2012–November 2019 [47]. In recent years, a series of studies have been conducted on urban climate variability. Broadly speaking, these studies show an increase in the frequency of thermal discomfort intervals represented by simultaneous high values of air temperature and humidity. In the case of the city of Iași, an urban heat island intensity of approximately 1 °C was observed, with peaks occurring during summer nights when this reached 2–3 °C (Figure 5) [48,49,50].



The mean air temperature values recorded on the exterior walls of the Museum in the analyzed interval were 0.8 °C (southern wall) and 1.2 °C (northern wall) higher than the mean temperature recorded (Table 3) for the same interval at the university weather station. Following measurements taken outside the building, it was observed that the temperature recorded (Table 3) on the northern wall (13.7 °C) was 0.3 °C higher than on the southern wall (13.4 °C). The higher temperature values recorded on the northern wall seem atypical since, theoretically, the southern exposure areas should be warmer. The north-south asymmetry is the result of local air movements which favored the warming of the northern wall. A major role, in this regard, is played by the fact that the museum building is flanked on the northern side by a tall glass building that reflects infrared light toward the northern wall of the museum, especially during the summer.



As a result of the temperature characteristics, the recorded values of the air relative humidity recorded were higher on the southern wall (Table 4) almost throughout the entire interval, except for April, when a minimum relative humidity value was recorded (Figure 6). Over the long term, the annual evolution has followed a single minimum during April and a maximum during the cold season. In contrast, during the analyzed period, a two-shoulders peak evolution was observed, caused by the fact that May and June 2020 recorded very humid conditions with a high amount of precipitation in the area of Iași City.




3.2. Annual Variations in the Indoor Air Temperature and Relative Humidity


Variations in air temperature and humidity act cumulatively on cultural assets and, in the long term, determine their aging. Large variations create stresses on the internal structure of the components of artifacts. From a microclimatic viewpoint, for the entire analyzed interval, the museum building fell within the normal thermal and humidity intervals for the conservation of cultural goods. Thus, the mean temperature inside the building was 19.8 °C, and the mean relative humidity level was 52.4% (Table 4), for the period February 2020 to January 2021. Regarding the microclimatic variations inside the building, the variations were approximately similar to the thermal and humidity variations recorded outside.



Under these conditions, the data loggers located in the northern rooms were 0.3 °C warmer (Table 5) and 0.6% less humid (Table 6) than the sensors installed in the southern part of the building. The most important feature of the air temperature distribution inside the museum was the higher air temperature in the rooms situated in the northern part of the building. This was an effect of the thermal efficiency of the building which was designed with smaller rooms on its northern flank, that could more easily be kept warm during winter, and larger rooms in the southern flank which could benefit from insolation, even during winter. Thus, the dimensions of the rooms represent a key element of the building infra-climatic stability.



According to the data recorded in the museum rooms, the lowest mean monthly air temperature was recorded in April (14.8 °C in the northern rooms and 14.7 °C in the southern room), and the highest mean monthly air temperature was recorded in August (25.8 °C in the northern rooms and 26.0 °C in the southern room). The minimum air temperature recorded in April represented a consequence of stopping the central heating system of the Museum combined with the lower temperature outside. The differences between the indoor (14.7 °C) and outdoor (12.6 °C) mean air temperatures in April were extremely low compared to the rest of the year (12.6 °C).



In Figure 7, it is apparent that the lack of central heating at the beginning of March 2020 caused a rapid decrease in temperature until April followed by a constant increase in the temperature until August. The temperature increases during the summer were correlated with increased values for the outdoor temperature. The basement recorded a clear inertial effect, with an annual maximum at the beginning of September, even though the maximum air temperature in the museum rooms was recorded at the beginning of July. The difference in the annual daily maximum temperature between rooms and basement was almost 4 °C.



Stopping the central heating caused an uncontrolled increase in the relative humidity (Figure 8). The increase in air humidity in the museum’s rooms was closely correlated with the humidity recorded in the basement, which propagated through the elevator shaft. Two peaks in the annual evolution of relative humidity occurred, one related to the increase in absolute humidity in June, and the second corresponding to the decrease in temperature in October.



The heating system maintained the relative humidity in optimal condition during winter, but, during very cold conditions outside, the relative humidity decreased below the threshold of 40% which was also detrimental for some cultural artifacts. In turn, the basement humidity was driven by water infiltration from the underground and by the lower temperatures recorded there during the warm season. In these conditions, in June, the relative humidity even exceeded the threshold of 80%, which could have been harmful to some pieces from the rock collection exposed there.



Figure 9 shows the variation in air temperature and humidity obtained by all sensors over a period of one year, by calculating the median, minimum and maximum values, and the corresponding 25th and 75th percentiles.



Table 7 shows that during the warm season (unheated period) median values were higher than those from the cold season (heated period), and that the variation in temperature and humidity were larger (indicated by the percentile values). The same situation was observed by Ferdyn-Grygierek et al. [23] when they analyzed three museums in Poland (temperate climate).



The analysis of external heat and moisture gain impact was carried out in the warm season (March until October), using the mean daily values for air temperature and moisture. During the observations made, the external temperature varied from 9.3 to 24.3 °C and the external humidity from 37.8 to 66.8%. The internal temperature varied in the range 13.7–22.6 °C in the basement and 14.6–25.9 °C in the upper rooms, while air humidity varied from 53.1–81.3% in the basement and 47.8–64.4% in the rest of the rooms. Table 8 shows the correlations between the indoor and outdoor air temperatures illustrating the increase in indoor heat. Only the temperature values in the basement did not follow the general trend.



Figure 10 shows the outdoor impact of temperature values on indoor microclimate.



Table 9 shows the correlations between indoor and outdoor air humidity.



A correlation close to 1 was observed for the S1, S2 and S4 sensors, while a weak correlation obtained for the S5 sensor in relation to the others is explained by the impact of outdoor humidity on indoor air humidity. It was observed that the indoor humidity in the basement had higher values than the outdoor humidity.



Figure 11 shows the impact of the outdoor air humidity on the indoor climate, during the entire period.



Table 10 shows the ASHRAE classification for the NW room, NE room, SE Room and basement. The NW room, NE room, and SE room were designated Class C and D and could easily achieve Class B. The basement could not protect collections from mold, but could achieve Class D.



To avoid physical problems in museum buildings, it is recommended to meet the ASHRAE Class B standard, that requires an indoor temperature between 15 °C and 25 °C, an indoor air relative humidity between 40% and 60%, with maximum hourly and daily temperature fluctuations no more than 5 °C, and maximum hourly and daily relative humidity fluctuations not exceeding 10%. Table 10 shows that, due to the large seasonal fluctuation of relative humidity and temperature, the Class AA criteria had a low value. Class B criteria, in which seasonal and short fluctuations may vary more (Table 3), a similarity of approximately 80.1 and 98.6% of the time was observed. For classes C and D, with the highest values, RH remained below 75% for NV, NE, SE rooms. The risk for objects displayed in these rooms is best described by classes C and D, as the criteria for class C and D have been met 100% of the time.



Figure 12, Figure 13, Figure 14 and Figure 15 show the climate evaluation charts for ASHRAE Class B for indoor climate for the north-east, north-west, and south-east rooms and basement, as developed by Martens et al. [38].



The basis for the charts is a standard psychrometric chart for air. The indoor climate is represented by colors for every season. They also show hourly and daily changes in temperature and relative humidity. These charts can be used to understand indoor climate performance by following the blue lines. As a total distribution, the indoor climate conditions for Class B in the NE room, SE room, and NW room were 51% (performance), 53%, and 56%, respectively, while in the basement, the climate condition value was very low, at 24%.




3.3. Specific Climate Risk Assessment Results


A specific climate risk assessment model for museum artifacts has been developed by Martens [38]. This model predicts the risk of biological, chemical, and mechanical degradation for paper objects (books, documents, etc.), panel paintings, wooden furniture and wooden statues, of which museum collections are comprised. The temperature and moisture content of the air are related properties.



Biological processes of damage begin when certain conditions of air temperature and relative humidity are met: the temperature should be between 0 °C and 50 °C and the relative humidity should be higher than 70% [51]. The total growth of active fungi is calculated based on the growth rate. A prediction of mold growth for the NW room, NE room, SE room, and basement, based on the indoor climate conditions, is shown in Figure 16.



It was predicted that no germination would occur in the NW room, NE room and SE room, for which no mold growth was expected, while in the basement, favorable conditions for mycelium growth occurred. Table 11 shows the predicted annual mold growth for each room based on the indoor climate measurements.



Major preservation problems are due to chemical changes that are influenced by storage T (°C) and RH (%). All organic materials in collections deteriorate because of chemical reactions that go faster or slower according to T (°C) and RH (%). Examples of chemical deterioration are the discoloration and embrittlement of paper due to chemical changes at the molecular level through chain scission in cellulose molecules. The rate of attack on cellulose linkages varies over time, depending on the temperature and moisture content of the paper. Higher temperatures cause molecules to move faster, collide more and react more rapidly with each other. With higher humidity more water is available for hydrolysis reactions [52,53,54,55,56]. Table 12 shows the deterioration processes that are related to an incorrect indoor climate.



Mechanical forms of deterioration are warping of paper sheets or wooden panels, splitting of wood veneers, gelatin delaminating of glass plate negatives, shrinkage of textiles, etc. Changes in moisture content of these materials cause them to swell or shrink. When such reversible dimensional changes are uniform and unrestrained, they usually do no harm [57]. Sometimes, however, if layers that swell are bonded to layers that do not, or if one part of an object has more moisture than another, deformations, delamination or cracks will result. Both welling and shrinking can be destructive and such problems can occur at any time in the life of a susceptible object. RH (%) is the principal environmental factor concerned here; as long as the moisture content of the objects remains fairly constant, temperature changes or the absolute level of temperature have relatively little bearing on these problems [58]. The predicted risk of mechanical degradation for each room is shown in Table 13.



Artifact preservation indices are used for quantitative risk analysis. The correct interpretation of the preservation indices facilitates the decision-making process regarding the establishment of the risks of deterioration of the cultural goods.



The preservation index (PI) indicates the effects of a constant amount of temperature and relative humidity on the chemical deterioration of artifacts on a yearly basis [58].



The dew point (DP) is the temperature to which air must be cooled in order for water vapors in it to condense into dew or frost. Knowing the dew point can help achieve the preservation of collections.



The equilibrium moisture content (EMC) of a hygroscopic or organic material represents the moisture content at which the material is neither gaining nor losing moisture.



Table 14 shows the three indices calculated [40] for the monthly mean temperature and for mean humidity in the north-west room and the basement (Table 6 and Table 7). PI and EMC indices are described in Table A1 from Appendix A.



In Table 13, it was evident that, in the summer months, the preservation indices were the lowest, so the favorable conditions required for storing the artifacts were not met. Sharifa et al. [14] calculated the PI values for a period of 18 months for the Bonyad Museum and concluded that these values increased in cold seasons, as seen in Table 11. The decrease in temperature in the hot season, and the decrease in relative humidity in the cold season, will increase the PI values, as concluded by Bienvenido-Huertas et al. [24]. These authors also found that PI values were very low in historic buildings with a deficient indoor climate.





4. Conclusions and Recommendations


Cultural artifacts are affected by the physico-chemical factors that characterize the museum microclimate. These are influenced by the architectural characteristics of the building in which the artifacts are kept, the building materials, as well as the external climate. In this paper, the air humidity and temperature values inside and outside the building of the “Poni-Cernătescu” Museum in Iași were measured and recorded over a period of one full year, with the aim of carrying out an analysis of their impact on museum heritage assets.



Measurements showed that fluctuations in indoor air temperature and humidity were caused by the synergic action of the building’s heating/ventilation system and weather variation outside. The evaluation of the monitored data indicated that the existing climate control system, although designed to ensure conditions for the conservation of the collection, has been able to properly maintain the stability in relation to the relative humidity in the environment of collection. During the cold season, between October 2019 and March 2020, the operation of the heating system created relatively good conditions for the preservation of cultural goods. The ceasing of central heating (March–October 2020) led to higher fluctuations in the two parameters studied, which was driven by the outside weather conditions. One of the problems was related to the low humidity levels in winter. This can be interpreted as a result of the air heating system, the functioning of which was not balanced by a humidifier. These sudden shifts in air humidity and temperature should be avoided, as preventive conservation requires constant values of microclimate parameters in order to avoid the risks of degradation and deterioration of the constituent materials of cultural goods. Therefore, sensors that emit alert signals when normal temperature and relative humidity change would be recommended.



The minimum air temperature recorded in April was a consequence of the shutdown of the central heating system of the Museum and the fact that the warmth from outside was being used to increase the temperature of the brick walls. The increase in humidity in the museum rooms in this period of the year also correlated with the increase in humidity in the basement that propagated through the elevator shaft. The increased humidity of the basement almost throughout the year was a consequence of the infiltration of groundwater that penetrated through the capillaries into the walls of the building. One solution to stop the input of wet air from the basement would be to seal the elevator shaft and use a waterproof barrier for water vapor. Another solution would be the use of appliances to dry the air in the room, or a combination of these recommendations.



In this study, indices that analyze the environment for the preservation of cultural goods in museums were calculated to describe the environmental space and explain the type of deterioration of cultural artifacts. The study provided a climate-induced risk assessment based on the chemical, biological and mechanical risks for the preservation of cultural artifacts in the “Poni-Cernătescu” Museum. It was found that the climate conditions in the Basement were conducive to mold development in the summer months due to high RH values. The lower PI values during summer draw attention to the correction of the microclimatic conditions in the basement as well as in the upper spaces.



The results obtained show that in the basement favorable conditions for mycelium growth occurred. In the summer months, across the entire museum space, the preservation indices were the lowest, from 20 to 25, so favorable conditions for storing the artifacts were not met.
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Figure A1. Measurement accuracy and measurement range for HOBO U23-001A Pro v2 data-loggers (https://www.onsetcomp.com/products/data-loggers/u23-001a/, accessed on 10 October 2021). 
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Table A1. PI and EMC indices.






Table A1. PI and EMC indices.





	Mechanism
	Scientific Basis
	Application
	Preservation Measure
	Algorithm
	Interpretation





	Chemical deterioration
	Chemical reaction kinetics
	Organic materials (paper, fabrics, wood, etc.)
	Preservation index (PI)
	Calculated from temperature and humidity data
	Comparative analysis: when it is higher, it is better



	Physical and mechanical deteriorations
	Typical wood physical behavior
	Hygroscopic materials (wood, paper, fabrics, etc.)
	Moisture content in equilibrium conditions (EMC)
	Estimating EMC variations over time
	Risk in extreme conditions:

max EMC > 12.5%, min EMC < 5%—risk

min EMC > 5%, max EMC < 12.5%—good
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Figure 1. Location of “Poni-Cernătescu” Museum. 
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Figure 2. (a,b) “Poni-Cernătescu” Museum’s underground level, currently the mineralogy section. (a)—before renovation, (b)—after renovation. 
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Figure 3. “Poni-Cernătescu” Museum—image from the interior renovation during 2010. 
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Figure 4. (a,b) Location of sensors on the ground floor (S1, S2, S4), and external walls (S5, S6) (a), and basement (S3) (b). 
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Figure 5. Mean monthly air temperature values for exterior data loggers and University weather station (February 2020 to January 2021). 
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Figure 6. Mean monthly air relative humidity for exterior data loggers and University weather station (February 2020 to January 2021). 
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Figure 7. Daily mean temperature for inside sensors during 1 February 2020–31 January 2021. 
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Figure 8. Daily mean relative humidity for inside sensors during 1 February 2020–31 January 2021. 
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Figure 9. Annual median (black line in the colored box), minimum and maximum values outliers and 25–75 percentile of air temperature (a) and air humidity (b) for all sensors (A—S1; B—S2; C—S3; D—S4; E—S5; F—S6). 
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Figure 10. Daily mean temperature values for the entire period. 
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Figure 11. Daily mean humidity for the entire period. 
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Figure 12. Climate evaluation chart of indoor climate conditions in “Poni-Cernătescu” Museum, NW Room, S4 (www.monumenten.bwk.tue.nl, accessed on 26 February 2021). 
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Figure 13. Climate evaluation chart of indoor climate conditions in “Poni-Cernătescu” Museum, NE Room, S1 (www.monumenten.bwk.tue.nl, accessed on 26 February 2021). 
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Figure 14. Climate evaluation chart of indoor climate conditions in “Poni-Cernătescu” Museum, SE Room, S2 (www.monumenten.bwk.tue.nl, accessed on 26 February 2021). 
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Figure 15. Climate evaluation chart of indoor climate conditions in “Poni-Cernătescu” Museum, basement, S3 (www.monumenten.bwk.tue.nl, accessed on 26 February 2021). 
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Figure 16. Specific climate risk assessment of mold growth for NW room, NE room, SE room and basement, “Poni-Cernătescu” Museum, 2020 (www.monumenten.bwk.tue.nl, accessed on 23 February 2022). 
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Table 1. References on topic.
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	Author
	Objective
	Region Climate
	Period of Time
	Methodology
	HVAC System
	Artifacts





	Bienvenido-Huertas et al., 2021 [24]
	Artificial intelligence to predict environmental performance in future scenarios
	warm
	2015–2019; 2030–2100
	UNI 10829

Performance Index
	No
	Wooden objects,

paintings



	Ilieș, D.C. et al., 2022 [31]
	Fungal growth
	temperate
	October 2020–March 2021
	ASHRAE Standard

API® 20 C AUX identification system
	No
	Textile



	De Rubeis, T. et al., 2020 [32]
	Sensitivity of heating performance of energy self-sufficient building
	warm
	September 2019–November 2020
	EnergyPlus simulation model.
	yes
	N/A



	Ishikawa, K. et al., 2021 [33]
	Hygrothermal analysis
	high humidity
	Since February 2018
	Numerical model to simulate humidity and temperature changes in diffrent cases
	no
	Metal artifacts



	Kompatscher, K. et al., 2019 [34]
	Computational model on energy impact during the year
	temperate, humidity
	August 2016–August 2017
	ASHRAE

HAMBASE

Lifetime Multiplier
	yes
	Paper



	ElAdl et al., 2021 [35]
	Climate change
	hot and dry
	N/A
	questionnaire
	yes
	Textiles, stone, fossils



	Nawalany, G. et al., 2021 [16]
	The analysis of the effects of the frequency of religious services and the number of people at the services on the formation of temperature and humidity conditions
	temperate
	May 2018–May 2019
	Numerical method of calculating elementary balances
	no
	wood



	Palomar, T. et al., 2021 [19]
	Assessing the environmental conditions
	warm
	March 2019–October 2020
	VOC analysis
	no
	glass



	Efthymiou, C. et al., 2021 [36]
	Indoor environmental quality
	warm
	February 2019–April 2021
	VOC analysis
	no
	manuscripts, scientific instruments, portrait paintings
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Table 2. Air conditioning system and its parameters.






Table 2. Air conditioning system and its parameters.





	
Cooling

Capacity (kW)

	
Heating

Capacity (kW)

	
Heat Exchanger Water Volume (l)

	
Power Input

(W)

	
Water Flow

	
Water Pressure Drop

	
Fan (m3/h)

	
Power Supply (Hz/V)




	
Cooling

(l/h)

	
Heating

(l/h)

	
Cooling (kPa)

	
Heating

(kPa)






	
6.2

	
6.3

	
1.42

	
40

	
1.06

	
581

	
24

	
15

	
1250

	
1~/50/220–240
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Table 3. Mean monthly air temperature values (°C) for exterior data loggers and University weather stations and the differences between exterior data loggers and University weather station (February 2020 to January 2021).
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2020

	
2021

	
Mean




	
F

	
M

	
A

	
M

	
J

	
J

	
A

	
S

	
O

	
N

	
D

	
J






	
University WS

	
5.1

	
8.1

	
11.6

	
14.7

	
21.5

	
23.1

	
23.8

	
19.8

	
14.3

	
5.0

	
2.7

	
0.7

	
12.5




	
University WS–S5

	
−0.8

	
−1.2

	
−1.3

	
−1.1

	
0.0

	
−0.5

	
−0.5

	
−1.2

	
−0.8

	
−1.1

	
−0.3

	
−1.0

	
−0.8




	
University WS–S6

	
−1.1

	
−1.2

	
−0.6

	
−1.2

	
−0.4

	
−1.2

	
−1.2

	
−1.8

	
−1.2

	
−1.6

	
−1.0

	
−1.7

	
−1.2




	
S5 (south outside)

	
6.0

	
9.3

	
12.9

	
15.8

	
21.5

	
23.6

	
24.3

	
21.0

	
15.1

	
6.1

	
3.0

	
1.7

	
13.4




	
S6 (north outside)

	
6.3

	
9.2

	
12.2

	
15.9

	
21.9

	
24.4

	
25.1

	
21.6

	
15.6

	
6.7

	
3.7

	
2.3

	
13.7




	
S5–S6

	
−0.3

	
0.1

	
0.7

	
−0.1

	
−0.4

	
−0.8

	
−0.8

	
−0.6

	
−0.5

	
−0.5

	
−0.7

	
−0.6

	
−04
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Table 4. Mean monthly air relative humidity values (%) for exterior data loggers and University weather stations and the differences between exterior data loggers and University weather station (February 2020–January 2021).
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2020

	
2021

	
Mean




	
F

	
M

	
A

	
M

	
J

	
J

	
A

	
S

	
O

	
N

	
D

	
J






	
University WS

	
69.7

	
63.2

	
44.8

	
67.9

	
70.2

	
63.0

	
57.0

	
62.0

	
80.4

	
83.0

	
86.5

	
81.2

	
69.1




	
University WS–S5

	
2.9

	
3.3

	
7.0

	
1.6

	
−1.4

	
2.6

	
2.7

	
4.4

	
−3.1

	
−4.0

	
−6.4

	
−4.8

	
0.4




	
University WS–S6

	
5.6

	
4.2

	
6.6

	
4.3

	
2.0

	
6.5

	
6.5

	
8.0

	
1.2

	
0.2

	
−1.9

	
−1.1

	
3.5




	
S5 (south outside)

	
66.8

	
59.8

	
37.8

	
66.3

	
71.7

	
60.3

	
54.3

	
57.6

	
83.5

	
87.0

	
92.9

	
86.1

	
68.7




	
S6 (north outside)

	
64.1

	
58.9

	
38.3

	
63.6

	
68.3

	
56.5

	
50.5

	
54.0

	
79.1

	
82.8

	
88.4

	
82.3

	
65.6




	
S5–S6

	
2.7

	
0.9

	
−0.5

	
2.7

	
3.4

	
3.8

	
3.9

	
3.6

	
4.4

	
4.2

	
4.5

	
3.7

	
3.1
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Table 5. Mean monthly air temperature values (°C) for indoor data loggers and the differences between the interior data loggers.






Table 5. Mean monthly air temperature values (°C) for indoor data loggers and the differences between the interior data loggers.





	

	
2020

	
2021

	
Mean




	
F

	
M

	
A

	
M

	
J

	
J

	
A

	
S

	
O

	
N

	
D

	
J






	
S1 north indoor

	
18.5

	
16.7

	
14.6

	
17.8

	
21.8

	
25.1

	
25.9

	
23.5

	
18.4

	
17.8

	
18.8

	
18.5

	
19.8




	
S4 north indoor

	
18.5

	
17.5

	
15.0

	
18.1

	
21.8

	
25.1

	
25.8

	
23.6

	
18.8

	
18.2

	
18.8

	
18.9

	
20.0




	
S2 south indoor

	
17.9

	
16.4

	
14.7

	
17.9

	
21.9

	
25.3

	
26.0

	
23.5

	
18.2

	
17.6

	
18.3

	
18.0

	
19.6




	
S3 basement

	
13.5

	
14.5

	
13.7

	
15.3

	
17.8

	
21.1

	
22.6

	
22.3

	
20.0

	
16.9

	
15.9

	
15.4

	
17.4




	
Mean north rooms

	
18.5

	
17.1

	
14.8

	
18.0

	
21.8

	
25.1

	
25.8

	
23.6

	
18.6

	
18.0

	
18.8

	
18.7

	
19.9




	
Mean indoor

	
18.3

	
16.9

	
14.7

	
17.9

	
21.8

	
25.2

	
25.9

	
23.5

	
18.5

	
17.8

	
18.6

	
18.5

	
19.8




	
Diff north–south

	
0.6

	
0.6

	
0.1

	
0.1

	
−0.1

	
−0.1

	
−0.2

	
0.0

	
0.3

	
0.4

	
0.5

	
0.7

	
0.3




	
Diff indoor–basement

	
4.8

	
2.4

	
1.0

	
2.6

	
4.1

	
4.1

	
3,.3

	
1.3

	
−1.6

	
0.9

	
2.8

	
3.0

	
2.4
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Table 6. Mean monthly air relative humidity values (%) for interior data loggers and the differences between the interior data loggers.
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2020

	
2021

	
Mean




	
F

	
M

	
A

	
M

	
J

	
J

	
A

	
S

	
O

	
N

	
D

	
J






	
S1 north indoor

	
40.5

	
47.8

	
51.2

	
57.5

	
64.4

	
56.0

	
52.2

	
53.3

	
64.1

	
57.3

	
45.3

	
42.7

	
52.7




	
S4 north indoor

	
40.3

	
45.1

	
49.6

	
56.2

	
63.9

	
55.7

	
52.1

	
52.5

	
61.8

	
55.6

	
45.1

	
41.6

	
51.6




	
S2 south indoor

	
41.2

	
48.0

	
50.6

	
57.5

	
64.0

	
55.3

	
51.6

	
52.9

	
65.1

	
57.7

	
46.0

	
43.4

	
52.8




	
S3 basement

	
48.3

	
53.1

	
55.4

	
71.2

	
81.3

	
72.2

	
65.5

	
61.5

	
65.0

	
53.9

	
48.9

	
45.9

	
60.2




	
Mean north rooms

	
40.4

	
46.4

	
50.4

	
56.8

	
64.1

	
55.8

	
52.2

	
52.9

	
63.0

	
56.5

	
45.2

	
42.2

	
52.2




	
Mean indoor

	
40.7

	
47.0

	
50.4

	
57.0

	
64.1

	
55.6

	
52.0

	
52.9

	
63.7

	
56.9

	
45.5

	
42.6

	
52.4




	
Diff north–south

	
−0.8

	
−1.6

	
−0.2

	
−0.7

	
0.1

	
0.5

	
0.5

	
0.0

	
−2.1

	
−1.2

	
−0.8

	
−1.2

	
−0.6




	
Diff indoor–basement

	
−7.6

	
−6.2

	
−5.0

	
−14.1

	
−17.2

	
−16.6

	
−13.5

	
−8.6

	
−1.3

	
2.9

	
−3.4

	
−3.3

	
−7.8
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Table 7. Median, minimum and maximum values, 25th and 75th percentiles for air temperature and humidity for all sensors (A—S1; B—S2; C—S3; D—S4; E—S5; F—S6) in unheated (March–October) and heated (October–February) periods of the entire year.






Table 7. Median, minimum and maximum values, 25th and 75th percentiles for air temperature and humidity for all sensors (A—S1; B—S2; C—S3; D—S4; E—S5; F—S6) in unheated (March–October) and heated (October–February) periods of the entire year.





	

	
Temperature

	
Humidity




	
Unheated period

	
A

	
B

	
C

	
D

	
E

	
F

	
A

	
B

	
C

	
D

	
E

	
F






	
Median

	
20.17

	
20.11

	
18.78

	
20.55

	
18.5

	
18.5

	
53.5

	
53.16

	
65.7

	
53.03

	
60.26

	
57.16




	
Min

	
11.6

	
11.2

	
13.08

	
12.38

	
−3.7

	
−1.9

	
37.72

	
38.67

	
37.17

	
37.3

	
9.1

	
15.09




	
Max

	
27.25

	
27.5

	
24.4

	
227.03

	
35.74

	
35.9

	
72.6

	
76.9

	
91.42

	
74.37

	
100

	
96.62




	
25%

	
17.34

	
17.2

	
14.76

	
17.27

	
12.46

	
12.77

	
51.02

	
50.5

	
56.7

	
49.57

	
42.55

	
41.9




	
75%

	
24.24

	
24.3

	
21.5

	
24.38

	
22.94

	
23.13

	
48.12

	
48.59

	
55.22

	
47.21

	
93.60

	
88.75




	
Heated period

	

	

	

	

	

	

	

	

	

	

	

	




	
Median

	
18.69

	
18.15

	
15.58

	
18.77

	
4.14

	
4.76

	
44.87

	
45.77

	
49.32

	
45.16

	
88.05

	
83.48




	
Min

	
13.5

	
13.3

	
12.37

	
12.34

	
−3.74

	
−1.958

	
18.4

	
17.9

	
12.3

	
18.43

	
19

	
24.36




	
Max

	
21.7

	
20.3

	
20.69

	
21.29

	
21.41

	
20.17

	
72.3

	
74.11

	
70.97

	
70.71

	
100

	
99.6




	
25%

	
18.15

	
17.7

	
14.2

	
18.58

	
1.39

	
2.28

	
40.03

	
40.7

	
44.42

	
39.8

	
75.53

	
71.28




	
75%

	
18.98

	
18.4

	
17.2

	
18.88

	
7.87

	
8.1

	
53.58

	
53.6

	
56.53

	
53.61

	
94.6

	
89.9
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Table 8. Correlation matrix based on Pearson correlation coefficient for air temperature values from indoor and outdoor during the warm period (March–October).
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	Correlation R
	S1
	S2
	S3
	S4
	S5





	S1
	
	0.99
	0.89
	0.99
	0.93



	S2
	
	
	0.88
	0.99
	0.94



	S3
	
	
	
	0.89
	0.83



	S4
	
	
	
	
	0.91



	S5
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Table 9. Correlation matrix based on Pearson correlation coefficient for air humidity values from indoor and outdoor during the warm period (March–October).
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	Correlation R
	S1
	S2
	S3
	S4
	S5





	S1
	
	0.99
	0.77
	0.98
	0.77



	S2
	
	
	0.72
	0.97
	0.81



	S3
	
	
	
	0.83
	0.51



	S4
	
	
	
	
	0.72



	S5
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Table 10. ASHRAE climate classification values specific to the Poni-Cernătescu Museum, temperature (T °C), relative humidity (RH%), and gradient (K) fluctuations. The similarity between ASHRAE climate classification and the indoor climate of the Poni-Cernătescu Museum.






Table 10. ASHRAE climate classification values specific to the Poni-Cernătescu Museum, temperature (T °C), relative humidity (RH%), and gradient (K) fluctuations. The similarity between ASHRAE climate classification and the indoor climate of the Poni-Cernătescu Museum.





	
Statistical Data

	
Temperature

	
Relative Humidity




	
Mean

	
Drop

	
Rise

	
Tmin

	
Tmax

	
Mean

	
Drop

	
Rise

	
RHmin

	
RHmax






	
NW room

	
20.0

	
3.3

	
5.1

	
12.5

	
27.0

	
51.1

	
11.0

	
7.5

	
32.4

	
69.3




	
NE room

	
19.7

	
3.6

	
5.3

	
11.7

	
27.1

	
52.1

	
12.0

	
7.2

	
34.0

	
71.0




	
SE room

	
19.6

	
3.4

	
5.6

	
11.4

	
27.4

	
52.2

	
12.0

	
6.8

	
34.4

	
72.7




	
Basement

	
17.3

	
3.8

	
4.8

	
12.7

	
24.0

	
59.5

	
13.0

	
15.0

	
24.4

	
90.4




	
ASHRAE

Classification

	
AA (%)

	
As (%)

	
A (%)

	
B (%)

	
C (%)

	
D (%)




	
NW room

	
37.4

	
65.7

	
61.1

	
98.6

	
100.0

	
100.0




	
NE room

	
35.1

	
60.7

	
56.2

	
97.7

	
100.0

	
100.0




	
SE room

	
35.5

	
58.7

	
56.3

	
97.0

	
100.0

	
100.0




	
Basement

	
27.2

	
49.9

	
51.4

	
80.1

	
89.3

	
89.3
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Table 11. Predicted mean annual mold growth for each room.






Table 11. Predicted mean annual mold growth for each room.





	

	
Mould Growth Rate




	

	
NW Room

	
NE Room

	
SE Room

	
Basement






	
Paper

	
safe

	
safe

	
safe

	
8 mm




	
Panel painting

	
safe

	
safe

	
safe

	
8 mm




	
Furniture

	
safe

	
safe

	
safe

	
8 mm




	
Sculpture

	
safe

	
safe

	
safe

	
8 mm
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Table 12. Mechanical and chemical risks for different material depending on indoor climate [56].
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Temperature

	
Relative Humidity




	

	
Set point

	
Fluctuations

	
Set point

	
Fluctuations






	
Paper

	
chemical

major risk

	
-

low risk

	
chemical

high risk

	
mechanical

medium risk




	
Canvas painting

	
chemical

medium risk

	
-

low risk

	
chemical

medium risk

	
mechanical

high risk




	
Textiles

	
chemical

medium risk

	
-

low risk

	
chemical

medium risk

	
mechanical

medium risk




	
Wooden furniture

	
chemical

medium risk

	
-

low risk

	
chemical

medium risk

	
mechanical

high risk




	
Bronze sculpture

	
-

low risk

	
-

low risk

	
chemical

medium risk

	
-

low risk
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Table 13. Predicted risk of mechanical degradation for each room.
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LM (Lifetime Multiplier)

	
Base Material

	
Pictorial Layer




	

	
NW Room

	
NE Room

	
SE Room

	
Basement

	
NW Room

	
NE Room

	
SE Room

	
Basement

	
NW Room

	
NE Room

	
SE Room

	
Basement






	
Paper

	
0.843

	
0.845

	
0.852

	
0.988

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
Panel painting

	
0.9

	
0.898

	
0.905

	
0.943

	
safe

	
safe

	
safe

	
damage possible

	
safe

	
safe

	
safe

	
damage possible




	
Furniture

	
0.896

	
0.893

	
0.9

	
0.936

	
safe

	
safe

	
safe

	
damage possible

	
-

	
-

	
-

	
-




	
Sculpture

	
0.901

	
0.899

	
0.905

	
0.945

	
safe

	
safe

	
safe

	
damage possible

	
-

	
-

	
-

	
-
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Table 14. Dew point (DP), preservation index (PI), days to mold, moisture content in equilibrium conditions (EMC) calculated for NW room and basement (highlighted in bold are the inappropriate values for an indoor climate).






Table 14. Dew point (DP), preservation index (PI), days to mold, moisture content in equilibrium conditions (EMC) calculated for NW room and basement (highlighted in bold are the inappropriate values for an indoor climate).





	
T (°C)

	
RH (%)

	
DP

(°C)

	
PI

	
Days to Mold

	
EMC

(%)

	
T

(°C)

	
RH (%)

	
DP

(°C)

	
PI

	
Days to Mold

	
EMC

(%)




	
NW Room

	
Basement






	
F

	
19

	
41

	
5

	
63

	
no risk

	
7.9

	
14

	
48

	
3

	
99

	
no risk

	
9.1




	
M

	
17

	
48

	
6

	
67

	
no risk

	
9

	
15

	
53

	
5

	
76

	
no risk

	
9.9




	
A

	
15

	
51

	
5

	
80

	
no risk

	
9.50

	
14

	
55

	
5

	
81

	
no risk

	
10.2




	
M

	
17

	
58

	
8

	
51

	
no risk

	
10.70

	
15

	
71

	
9

	
46

	
no risk

	
13.5




	
J

	
22

	
64

	
15

	
24

	
no risk

	
11.70

	
18

	
81

	
15

	
25

	
12

	
16.5




	
J

	
25

	
56

	
16

	
21

	
no risk

	
10.10

	
21

	
72

	
16

	
22

	
86

	
13.6




	
A

	
26

	
52

	
15

	
20

	
no risk

	
9.40

	
23

	
66

	
16

	
20

	
no risk

	
12.1




	
S

	
24

	
53

	
13

	
25

	
no risk

	
9.60

	
22

	
62

	
14

	
25

	
no risk

	
11.3




	
O

	
18

	
64

	
11

	
39

	
no risk

	
11.90

	
20

	
65

	
13

	
29

	
no risk

	
12




	
N

	
18

	
57

	
9

	
47

	
no risk

	
10.50

	
17

	
54

	
8

	
57

	
no risk

	
10




	
D

	
19

	
45

	
7

	
57

	
no risk

	
8.50

	
15

	
49

	
5

	
85

	
no risk

	
9.2




	
J

	
19

	
52

	
9

	
47

	
no risk

	
9.60

	
15

	
46

	
4

	
92

	
no risk

	
8.7
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