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Abstract

:

Air pollution risk factor on human health was surpassed only by high blood pressure, tobacco use and poor diet. Total number of deaths due to air pollution worldwide was estimated to 6.67 million people in 2019. In the European Union, 97% of the urban population is exposed to levels of fine particulate matter above the latest guideline levels set by the World Health Organization. Air pollution accounts for 20% of newborn deaths worldwide, most related to complications of low birth weight and preterm birth. Low birth weight and preterm birth are responsible for 1.8 million deaths worldwide. Bucharest is the capital city of Romania and one of the most polluted cities in Europe, ranking in the 9th position out of 96 of the top cities from Europe and in the 4th position out of 32 of the top cities in Eastern Europe, data from June 2022. The aim of this study was to measure the real time level of indoor particulate pollution levels in different indoor environments from Bucharest, during the pandemic period. The PM2.5/PM10 ratio and its rate of change were also determined for the measured data. The PM2.5/PM10 ratio and its rate of change were also calculated based on the measurement data. The PM2.5/PM10 ratio showed an upward trend on weekends compared to weekdays, suggesting a relationship with outdoor PM where leisure activities and traffic infiltrated the indoors. The fluctuation range of the PM2.5/PM10 ratio was 0.44~0.95, and low measured values were detected on weekdays. Of the seasons, the proportion of particulate in autumn and its rate of change tended to be higher than in summer. It was suggested that outdoor air may have permeated the room. In addition, the relationship was considered, such as it is a holiday period, there are few rainy days, the concentration of coarse particles is high, and the number of residents in the city decreases. When it comes to indoor air quality, the higher this ratio, the more serious the air pollution. PM10 concentrations decreased by 29.1% in the absence of human activity and increased by 35.1% in the presence of humans. PM2.5 concentration decreased by 30.3% without human activity and increased by 3.1% with the presence of humans. Certain trends were suggested for the resumption of human activity and an increase in PM2.5 concentrations. The average relative difference between October 2021, a pandemic period, and October 2022, a post pandemic period, was 64% for PM10 and 47% for PM2.5. The pandemic period brought a significantly better indoor air quality from the particulate pollution point of view.
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1. Introduction


Air pollution was the 4th leading risk factor for early death worldwide in 2019, according to the State of Global Air 2020 Report [1,2,3]. Air pollution risk factor on human health was surpassed only by high blood pressure, tobacco use and poor diet [1]. Total number of deaths due to air pollution worldwide was estimated to 6.67 million people in 2019 [1]. Air pollution accounts for 20% of newborn deaths worldwide, most related to complications of low birth weight and preterm birth. Low birth weight and preterm birth are responsible for 1.8 million deaths worldwide [1,2,3]. The most difficult transition for human lifetime experience is the adaptation from intrauterine to extrauterine life [4]. Particulate matter pollution affects this difficult adaptation for new humans and contributes to almost 500,000 deaths among babies during their first month of life [1]. Outdoor and indoor air pollution is made up of a mixture of airborne particulate matter (PM) and gaseous pollutants [5,6,7,8,9]. Indoor air pollution is due to internal sources [10,11,12,13,14,15], as well as the outdoors as a function of building envelope level of filtration [16,17,18,19,20,21,22]. Outdoor air pollution is made up of a variety of pollutants, generated mainly by vehicle traffic, industrial sources, power plants, agriculture and forest fires [23,24]. Particulate pollutant composition depends on sources of contamination. The source of contamination can be natural or anthropogenic. The particles can be emitted directly into the atmosphere as primary particles or formed in the atmosphere from the transformation of gaseous precursors as secondary particles [25] and photochemical generation of new particles [26,27]. Urbanization and increased population density determined high exposure to traffic-related air pollution, leading to health concerns in both developing and developed countries [28]. The polluted air we breathe is responsible for increasing mortality even in countries known for a lower level of pollution. In 2018, outdoor air pollution caused 84,300 deaths in Italy and 78,400 in Germany, 47,300 in France and 41,900 in the United Kingdom [29]. Agglomerated cities’ road traffic pollution affects a large part of the population. In 2015, it was estimated that 66% of the population in Beijing, 41% in New Delhi, 67% in Paris and 96% in Barcelona were exposed to high levels of pollution due to road traffic [30]. In Sydney, Australia, 16.9% of PM2.5 pollution is due to road traffic. The maximum PM concentration in Sydney can reach up to 280 μg/m3 [31,32]. Epidemiological studies have shown that coarse (particles measuring between 2.5 to 10 μm in aerodynamic diameter) and fine particles (particles measuring less than 2.5 μm in aerodynamic diameter) and ultrafine particles (particles measuring less than 0.1 μm in aerodynamic diameter) do have large surfaces on which poisonous chemicals, such as metals and PAH (Polycyclic Aromatic Hydrocarbons), viruses (SARS-CoV1,2) can attach and travel [33,34,35]. Ultrafine particles have a higher surface area on which toxic substances can be absorbed, thus being generally considered more toxic for human health than the coarse and the fine [36,37,38]. Fine particles generally represent one to three parts of total particulate matter mass. Within this fraction the ultrafine particles represent a small part of volume but in a large number and thus a large surface area to attach [39]. Both fine and ultrafine particles contain higher concentrations of toxic metals, such as Pb, Cd, and Ni [40], partly because these particles have a higher surface area and volumetric ratio, which give them a more significant potential to transport toxic compounds compared with coarse particles. Fine and ultrafine particles have different toxic species distribution. Fe, Ba, and Cu had more than 70% of their mass in PM1–2.5, whereas Pb, Zn, and Ni showed contributions higher than 60% in the accumulation mode. [41]. Metals and organic components transported by airborne particles cause inflammation of cells, oxidative stress, genotoxicity and even cell death [35,36,37,38,39,40,41,42,43]. In the European Union, 97% of the urban population is exposed to levels of fine particulate matter above the latest guideline levels set by the World Health Organization [44]. Particles penetrate the lungs till the alveolar level, being difficult to be eliminated after [45,46]. The particles with diameters less than 10 µm are considered to be dangerous for the human health. The particles having diameters less than 2.5 µm penetrate the respiratory system till the alveolar level while those with a diameter between 2.5 to 10 µm affect the upper tract of the respiratory system [47,48,49,50,51]. People spend generally most of their time indoors, even more during the pandemic period. Elderly people, children and people with heart or lung disease are more susceptible to inhaling ambient pollutants [23].



Studies on PM2.5 and PM10 conducted separately are plentiful in the literature, considering their impact on human health, road visibility, climate, and indoor or outdoor air quality. Less research is focused on the relation between PM2.5 and PM10 given by a ratio with the help of which the different source of particulate matter can be described and locally regulated to reduce emissions, rather than just controlling particulate matter, can be applied [52,53,54,55]. PM2.5/PM10 ratio was studied for the UK and Arabia [53,54] and for China [55]. Zhao [55] found that PM2.5/PM10 ratio and its rate of change were high in winter, owing to the low temperature and domestic heating and on weekends with additional leisure activities and traffic travel in a majority of the regions. They concluded that is essential to reduce the PM2.5/PM10 ratio rather than simply decreasing PM2.5. High PM2.5/PM10 ratios are found in areas with industrial and traffic emissions and low ratios in areas with resuspended dust and sand [55]. For Romania, there are no studies focused on PM2.5/PM10 ratios, thus our research focused on this parameter.



Annual mean outdoor PM2.5 concentration from all measuring stations from Romania for 2018 was 15.10 μg/m3 compared with the EU27 annual mean value of 11.59 μg/m3 and it caused a number of 21,453 premature deaths [44]. Bucharest is the capital city of Romania and is one of the most polluted cities in Europe, ranking in the 9th position out of 96 in the top cities of Europe and in the 4th position out of 32 in the top cities of Eastern Europe [56], data from June 2022. Indoor air quality is established as a function of outdoor pollution through the building’s envelope, depending on its degree of filtration [16], as well as of the existing internal pollution sources that result from the activity carried out indoors. One of the main sources of pollution in Bucharest is the heavy road traffic in [5], along with the pollution generated by the construction sector. An apparent improvement in air quality in 2020 was observed [44] and is explained by weather patterns and the impact of lockdown measures related to the COVID-19 pandemic period.



In 2021, the PM10 annual mean value was 30.77 μg/m3 compared with 35.77 μg/m3 in 2019, for local station B-3, the closest one regarding our experimental locations, from Romania National Air Quality Network [57]. A total of 22 days with daily average concentration surpassed were declared for 2021 [58].



The aim of this study was to measure the real time level of indoor particulate pollution levels in different indoor environments from Bucharest, during the pandemic period. The outdoor particulate pollution sources impact on indoor air quality, weather and seasons’ influences and indoor activities were considered. The PM2.5/PM10 ratio and its rate of change were also determined for the measured data.




2. Materials and Methods


Indoor air quality measurements from a particulate matter point of view were carried out in Bucharest, in two indoor spaces located on heavy traffic roads. The first measuring point, hereinafter referred to as “Iancului Square”, is an office space located on Mihai Bravu Road, close to Iancului Square. The office space is placed on the 1st floor of a 9 floors building built of reinforced concrete in 1964 and refurnished in 2017, overlooking Mihai Bravu Road, a very crowded street in Bucharest, and Avrig Street, a more quiet small street. In this location, two office rooms were considered during the experiments, one overlooking Mihai Bravu Road, with a floor area of 18 m2, named hereafter “Iancului Square (a)” and the second overlooking Avrig Street, with a floor area of 15 m2, called “Iancului Square (b)”. Both office rooms are unorganized and naturally ventilated by the occupants. Air conditioning equipment was not used. Only one occupant works in the “Iancului Square (b) office room; three persons work in the other office. The working program was from Monday to Friday, from 9 am.–6 pm. The working program and number of occupants was not affected by COVID-19 restrictions during the experimental campaign, being the same as before. The particles counters were placed on the office table, measuring almost at the nose level of the sitting desk occupant, 1.5 m distance from the windows. During the measurements, the PVC multi-chamber profiles windows were opened or closed; their position will be specified for each case when referring to obtained results. Both rooms contain one laser printer, with a 10 pages per day average use. No coffee machine or carpeted floors are present in the two rooms. The floor is covered with laminar parquet and occupants use the same shoes as outside. The second point of measurements, hereinafter referred to as the “FII Building”, was in the building of the Faculty of Building Services, in an office located on the 2nd floor overlooking Pache Protopopescu Boulevard. The particles counter was placed on the desk, less than 1 m distance from the two rows of old single wooden glaze windows. The office is normally naturally unorganized and ventilated by the professor to whom the office belongs and it is not provided with air conditioning equipment. During the measurements, one of the rows of windows was closed; for the situation in which the rain starts, the second row of windows was opened. During the measuring period, there was no human presence inside the office, neither in the halls nor the offices around, being during the pandemic period and all university activities were taking place online and the university was closed. The floor, with a total area of 8 m2, is covered with laminar parquet. There is one coffee machine and one printer, which were not used during the experiments. During the measuring period, the person entered or passed near the office’s door. The building of the Faculty of Building Services is very old and was built in approximately 1900 of burnt clay bricks. The building was first used as a French Catholic girls’ school, which was housed in the building until World War II—“Notre Dame de Sion” Institute. The building was reconsolidated in several stages till approximately 2006 but was not refurnished due to being located in a protected historical area of Bucharest.



Bucharest ranks in the 8th position of 404 cities considered worldwide, based on traffic index for 2021 [59], with a time lost in traffic per year of 115 h. The first position is occupied by Istanbul, Turkey at 142 h lost per year. A distance of 800 m is between the two measuring points, as the map shows in Figure 1.



The particles concentrations were measured with particles counter GRIMM (PLAS—Portable Laser Aerosol Spectrometer, Model Mini-Las 11-E) that has 31 sampling intervals for diameters between 0.25 µm and 32 µm. Optical particles counters use correlation algorithms between the amount of light reflected at an angle θ and the diameter of the particle passing in front of the detector, according to the principle diagram shown in Figure 2 [60]. The operation range for the particles counter is between +4 °C and 40 °C for temperature and relative humidity less than 95%. Particles counter reproducibility is ±3% for the entire measuring range. The particles counter is also provided with a temperature and humidity sensor. The sensor’s temperature span ranges from −40 to 80 °C, with a 0.2 K accuracy. The humidity sensor provides a 0.1% resolution inside the 0 to 100% relative humidity range [61]. Three particles counters, GRIMM 11-E type, were used during the experimental campaign, all of them being just calibrated before the experimental campaign. Real time measurement of dust concentration is therefore possible with data output from 6 s to 60 min. The experimental campaign was conducted from August 2021 till January 2022 and in October 2022. The dust concentration time span was 1 min.




3. Results and Discussions


The experimental results are presented hereafter, considering the importance of season of the year, starting from summer till winter, the outdoor sources of pollution impact on indoor air quality, the inside human presence, and the influence of the SARS-CoV-2 pandemic period.



3.1. Outdoor Particulate Infiltration, PM2.5/PM10 Ratio and Its Rate of Change


In order to describe short-term or instantaneous pollution, based on source of pollution description, the rate of change (ROC) for PM2.5/PM10 is an important parameter to be calculated. This parameter describes the degree of change, meaning that significant ROC implies important changes in emission source type. The formula used for ROC ratio is [55]:


    ROC  t  =      (     PM 2.5     PM 10     )   t  −    (     PM 2.5     PM 10     )    t − 1        (     PM 2.5     PM 10     )    t − 1      



(1)




considering ROCt being the rate of change between PM2.5 and PM10 for the moment t and t − 1 is the time before the moment of the same parameter.



The rate of change (ROCt), calculated for the measured data at the “FII Building” location, according to Equation (1) is presented in Table 1. Additionally, the PM2.5 and PM10 daily average concentrations were calculated, as well as the ratio between the two of them. The experimental campaign was conducted in a period without human activity in the building, as only online courses were scheduled during that period. The office where the measurements were done is located at the 2nd level of the building, meaning almost at 7 m high from the nearby road. The particles counter was place on the desk, less than 1 m away from the closed window, as already presented in the Methods section. As the building was closed, the nearby sources of particles pollution from inside the building can be neglected (e.g., indoor sources of pollution correlated to human activity, PM resuspension, printer, coffee machine, presented in previous section). The outdoor particulate pollution is considered the main source by infiltration through the building envelope, at the window level. The outdoor particulate pollution values were taken from a continuous local measurement station (B-3 point of measurement), the closest situated at a distance of 1140 m from the “FII Building” [57]. Only the outdoor hourly PM10 values were available, measured with a Sharp 5030 monitor that combines light scattering photometry and beta radiation attenuation for continuous measurement. The local air quality station, which belongs to Romanian National Network of Air Quality Monitoring, a governmental entity, does not provide PM2.5 measured values, and other nearby local stations were not in operation for the needed period of time, in 2021.



Calculated averaged concentrations based on 1 min time span measured values did not exceed daily maximum values for PM2.5 (25 µg/m3) or for PM10 (50 µg/m3), according to Romanian Law [62,63]. An indoor PM10 daily average concentration of 34 µg/m3 (Table 1) at 7 m altitude from the road, measured with closed windows, can signify exceeded levels of pollution at the pedestrian’s level. Indoor PM10 daily average values increased until the 8th of October, when they approximately decreased by 38% due to the fact that this day was a rainy one and outdoor coarse particles were washed. The PM2.5 daily average concentrations were less influenced by the rain which cleaned the outdoor air, as can be seen in Table 1. An only 10% decrease in the PM2.5 daily average concentration appeared after the rainy day.



Concerning the PM2.5 to PM10 ratio, values greater than 0.8 were obtained from Saturday the 2nd of October till Wednesday the 6th of October and again from Sunday the 10th of October till Monday the 11th of October. The ascending trend line of PM2.5/PM10 ratio starts on Saturday and achieves the maximum value on Sunday. Zhao et al. [55] also found, for outdoor particulate pollution, greater PM2.5/PM10 ratios values for weekends than weekdays, being correlated to greater private vehicles use during the weekends all day and night, as can be seen in Figure 3. We found this for indoor measured data, but considering the outdoor pollution sources being the main ones.



Outdoor fine particles in the cities are mainly produced by traffic, while the coarse came from industrial and construction sectors, which are closed during the weekend and so affect the PM2.5/PM10 ratio.



After the weekend, the PM2.5/PM10 ratio starts to decrease, till the next weekend. The lowest PM2.5/PM10 ratio was obtained on the 8th of October, just before the rain washed an important amount of outdoor coarse particles. In addition, this day is Friday and PM2.5/PM10 also increased when the weekend started from the 1st to the 2nd of October. The rate of change highlights the same change in the source of pollution, as the ROCt calculated for weekends is higher than that for weekdays.



Figure 3a presents PM2.5 concentration in time, and Figure 3b presents particles’, having the mean diameter between 2.5 and 10 µm, concentration in time for site “FII Building”, without human activity, for Wednesday, a weekday, and Saturday, a weekend day. Figure 4 presents outdoor and indoor PM10 concentration in time, for Wednesday, a week-day in Figure 4a and for Saturday, a weekend day in Figure 4b, same days considered in Figure 3.



As it can be seen in Figure 3a, PM2.5 for Saturday achieves the almost maximum value at approximately 10 a.m. and maintains this level of pollution till 12 a.m. If we consider Wednesday, a working day, high levels of PM2.5 appear at approximately 8 a.m. till 2 p.m. So, measured real time particles concentration can be explained as people’s mobility and use of vehicles during weekdays is less than during the weekend, and this represents a reason for which fine particles concentration increases. From 12 a.m. till 7a.m., the Wednesday PM2.5 concentration level is approximately the same to Saturday’s PM2.5 concentration level. After that moment, the Saturday PM2.5 concentration level is 1.5–2 times higher than that of Wednesday. Having the mean diameter between 2.5 and 10 µm, the particles’ concentration increases almost five times for Wednesday during daytime compared to night-time. If we compare Wednesday to Saturday, for the same particles’ diameter span, an increase in their concentration of three to five times can be observed (Figure 3b), which can be due to coarse particles production and accumulation during the interval between the two days, without any rainy day during this period. The increase concentration of particles having the mean diameter between 2.5 and 10 µm from 12 p.m. till 3 p.m. may be attributed to outdoor sporadic work near the measuring point, the resuspension of deposited particles by traffic cars, or an increased wind speed within this time range, which increased outdoor particles through building envelope infiltration, as can be seen in Figure 4a,b where the outdoor PM10 ups and downs are exactly followed in the indoor environment, showing again the outdoor particulate infiltration impact on indoor air quality.



Daily-averaged outdoor PM10, indoor PM10 and indoor PM2.5 are compared in Figure 5 for the “FII Building” for the same period of time as in Table 1, from 1 to 11 of October 2021. As already presented, the outdoors particulate pollution values were taken from the closest continuous local air quality station and the indoor values were measured. Figure 5 shows the clear influence of outdoor pollution on indoor pollution; the same trend can be observed for outdoor PM10 and the indoor PM10 and PM2.5, thus showing that outdoor pollution was the main source for indoor pollution for these measurements. A mean value of 0.45 was calculated for the PM10 outdoor/indoor penetration factor [16].



Monthly average values for PM2.5/PM10 ratio calculated for “Iancului Square (a)” site, from August 2021 to January 2022, are presented in Figure 6. As said before, all measurements in “Iancului Square” were also made considering office human activity from Monday to Friday between 9 a.m. to 6 p.m., so indoor and infiltrated outdoor sources determined the measured levels of particulate pollution. Windows were opened during August and September and closed for the other months. The office is unorganized and naturally ventilated by occupants. Indoor sources of pollution, described in the “Methods” section were the same no matter the season. The PM2.5/PM10 ratio shows an ascending trend from summer to autumn and a descending trend from autumn to winter. During the summer (August, September), the windows were opened, so the outdoor sources influenced more the indoor air quality. If we consider the outdoor sources entered through the opened windows, the summer represents holiday time, with lower road traffic but higher coarse particles levels coming from the construction sector, which is more developed during the summer than during the winter. In September, the schools are opening again and in October also the universities. In September 2021, only elementary educators were present in schools, all the other pupils studied from home in an online format. Yet, even then, the scholars were back from holidays to Bucharest. In October 2021 the Universities started in an online format. The students from outside Bucharest stayed in their original zones as university campuses were mainly closed. In October, the windows were closed, impacting on outdoor PM10 infiltration of the indoors. So, lower levels of outdoor PM10 could infiltrate through the building envelope than in summer when the windows were opened. Concerning the occupants, the amount of PM10 brought on shoes from outside was smaller, as the outside environment was cleaner being washed by rain. The PM2.5/PM10 ratio difference between the smallest calculated value for August and the highest one for October can also be explained by the fact that in Bucharest in August we barely see the rain, while in October is the opposite. The rain washes the coarse particles, making the fine particles the majority. The decrease of the PM2.5/PM10 ratio with the winter starts in November and shows that some sectors, being responsible for coarse particles pollution, are starting to close their activity till January, which is the coldest and most snowy month of the year in Bucharest.



Other authors from the literature have observed lower levels of outdoor pollution during the pandemic period [44] than before. Further studies shall be conducted to verify the behavior of pollution levels for our case during and after this period. The next chapter presents a comparison between indoor particulate pollution for October 2021 and October 2022, which highlights the same results as found in the literature.




3.2. Human Activity Influence on PM2.5/PM10 Ratio and Its Rate of Change


Human activity inside the indoor space can modify the PM2.5/PM10 ratio and the rate of change. In order to highlight the effect of human activity on indoor particulate air pollution, measurements were made in an office space overlooking Avrig Street, at a distance of approximately 100 m from it, called hereafter “Iancului Square (b)” site. We have tried to isolate as far as possible that this can be done in a real office from Bucharest and not in a laboratory; the effect of outdoor particulate pollution sources from the effect of indoor particulate pollution. The main indoor source of particulate pollution for our case was human activity. From the experimental campaign carried out in the “Iancului Square (b)” location, one weekend and the day before and after were considered.



The measurements were performed from Friday to Tuesday, thus including 3 working days (Tuesday was not a full day) and 2 days without activity, from weekend. All measurements were done indoors with the windows closed. For weekdays, human activity was present from 9AM to 6PM, as can be observed in Figure 7. For weekend-days, no human activity indoors was presented. The PM concentrations variation presented in Figure 7 shows the influence of human activity on PM concentration and also outdoor sources’ influence due to the building envelope’s level of filtration.



In Figure 7, the effect of human activity from 9AM to 6PM can be seen on both graphs, for PM10 on the left and PM2.5 on the right side. Human activity influences re-suspension of PM10 more than of PM2.5, as shown. Infiltration of outdoor particulate pollution is not obvious during the weekend-days, or for PM10 or PM2.5, meaning that the particulate variation peaks measured are due only to indoor sources. The variation of the PM10 concentration caused by human activity is approximately 29 ± 6% and for PM2.5, the decrease in concentration due to lack of activity is approximately 30% but with a very low concentration increase with the resumption of activity of 1 ± 3%. Being in the summer season, coarse particles are more likely brought on the feet from outdoors by occupants and raised in suspension by human activity than by PM2.5.



The PM2.5/PM10 ratio and its rate of change, according to Equation (1) are calculated in Table 2. The rate of change calculated for Monday, with a value of −0.25 compared to 0.05 for Saturday and −0.02 for Sunday (Table 2), shows that the pollution source changed, once human activity resumed. The PM10 concentration increased 35% from Sunday to Monday, and only 1% for PM2.5 is observed also in the PM2.5/PM10 ratio calculated for Monday, which is 20.6% lower than that for Sunday.



Daily-average PM10 and PM2.5 concentrations for “Iancului Square (b)” site are presented in Figure 8. The building unit having an office destination is provided with two rows of new windows on Mihai Bravu Road and one on Avrig Street, with double exposure. The indoor door of the room where the measurements were conducted was always opened, so particulate pollution migration from the other room offices around, where three other persons were working, was allowed. The daily average limits for PM10 or PM2.5 were not exceeded on any of the days. However, it is worth specifying that the daily average level for particulate pollution varies between 13.2 and 18.9 μg/m3 for PM2.5 and 19.6 to 27.6 μg/m3 for PM10, with the windows closed. Figure 8 clearly presents that human activity has great impact indoors on coarse particles concentration, with an almost 30%-30% decrease-increase in concentration without-with human activity. Particle resuspension fractions increase with particle size and walking speed [64].



Indoor PM2.5/PM10 ratio showed an increased value for weekend-days compared to weekdays, being connected to additional leisure activities and traffic travel, but also to lower activity for industrial and construction sectors. Ratio and its rate of change was higher in autumn than in summer, based on the decrease of the number of inhabitants in the city, being a holiday period. In addition, the autumn brings rainy days, which wash coarse particles, making the fine particles the majority. In terms of indoor air quality, the higher ratio indicated that the air pollution would be more severe. Fine particles (PM2.5) are more harmful than large particles, and the higher the PM2.5/PM10 ratios, the more serious the air pollution. It is important to reduce the proportion of PM2.5/PM10 rather than just decreasing PM2.5. The PM2.5/PM10 ratio is suitable to be used to mitigate air pollution and improve ambient air quality. Human activity determined an approximately 30% variation in PM10 and 30% for PM2.5 but with a slower increase with the resumption of activity only for PM2.5. The diurnal variations of PM2.5/PM10 ratios should be further analyzed to better understand the relationship between air pollution and human daily activities.



Indoor PM2.5 and PM10 calculated daily-average values did not exceed the legal limits, but the experimental campaign took place in 2021–2022, a pandemic period and other studies from the literature have reported lower levels of outdoor pollution during the pandemic period [44], which influence the indoor levels for unorganized naturally ventilated buildings. Further studies are planned for the moment to determine the levels of indoor particulate pollution, as human habits have almost returned to their pre-COVID-19 state.




3.3. Indoor Particulate Pollution during the COVID-19 Period and after


Indoor particulate pollution was measured for the “Iancului Square (a)” site, in October 2022 to compare with the data measured in October 2021. In October 2021 the SARS-CoV-2 virus with the so called “Indian variant” was predominant in Bucharest. In October 2021 the total number of new cases of COVID-19 disease in Romania was 414,363, while in September 2022 this number was 49,208 (for October 2022 the data are not available for the moment) [65]. No restrictions related to the virus were applied in October 2022, while those for October 2021 were already presented in this article. All measurements in “Iancului Square (a)” were made also considering office human activity from Monday to Friday from 9 a.m. to 6 p.m., so indoor sources and infiltrated outdoor sources determined the measured levels of particulate pollution. Windows were opened in 2022 and closed in 2021, October 2022 being a warmer period of time. Bucharest’s average outdoor temperature for October 2022 was 14.19 °C, compared with that for October 2021, which was 10.62 °C [66].



Figure 9 presents the indoor monthly average for PM10 (Figure 9a) and PM2.5 (Figure 9b) for October 2021 and October 2022 and the relative hourly difference between the two of them. As found in the literature for outdoor pollution [44], much higher levels of indoor particulate pollution were found in October 2022 compared to October 2021, as can be seen in Figure 9. The average relative difference between October 2021, a pandemic period, and October 2022, a post pandemic period, was 64%, for PM10 and 47%for PM2.5. The pandemic period brought a significantly better indoor air quality from a particulate pollution point of view.





4. Conclusions


In order to describe particulate matter air pollution, PM10 and PM2.5 were continuously measured indoors from summer to winter in two location from Bucharest, the Romanian capital, which was in the 4th position of the most polluted cities from Eastern Europe [56], data from June 2022.



The PM2.5/PM10 ratio and its rate of change were also calculated based on the measurement data. The PM2.5/PM10 ratio showed an upward trend on weekends compared to weekdays, suggesting a relationship with outdoor PM that infiltrated indoors due to leisure activities and traffic. The fluctuation range of the PM2.5/PM10 ratio was 0.44~0.95, and low measured values were detected on weekdays.



After a rainy day, the indoor PM10 daily average values decreased by 38%, while the PM2.5 daily average concentrations were less influenced by the rain and an only 10% decrease in daily average concentration appeared after the rainy day.



Measured real time particles’ concentration can provide a visual presentation of people’s mobility and use of vehicles during a period. For our study, the coarse particles’ concentration increases almost five times for Wednesday during daytime compared to night-time and three to five times for Wednesday to Saturday. This can be due to coarse particles production and accumulation during the interval between the two days, without any rainy day during this period. Of the seasons, the proportion of autumn and its rate of change tended to be higher than in summer. It was suggested that outdoor air may have permeated the room. In addition, the relationship was considered, such as it is a holiday period, there are few rainy days, the concentration of coarse particles is high, and the number of residents in the city decreases. When it comes to indoor air quality, the higher this ratio, the more serious the air pollution. PM10 concentrations decreased by 29.1% in the absence of human activity and increased by 35.1% in the presence of humans. PM2.5 concentration decreased by 30.3% without human activity and increased by 3.1% with the presence of humans. Certain trends were suggested for the resumption of human activity and an increase in PM2.5 concentrations. The average relative difference between October 2021, a pandemic period, and October 2022, a post pandemic period, was 64% for PM10 and 47% for PM2.5. The pandemic period brought a significantly better indoor air quality from a particulate pollution point of view.
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Figure 1. The two measurement locations. 
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Figure 2. The particles counter principle diagram [Reprinted with permission from [60] 2022]. 
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Figure 3. Indoor PM10 concentration in time (a) and coarse particles’ concentration in time (b) for “FII Building” location. 






Figure 3. Indoor PM10 concentration in time (a) and coarse particles’ concentration in time (b) for “FII Building” location.



[image: Toxics 10 00757 g003]







[image: Toxics 10 00757 g004 550] 





Figure 4. Outdoor and indoor PM10 concentration in time for “FII Building” location, for a week-day, Wednesay (a) and for a weekend-day, Saturday (b). 
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Figure 5. Daily-averaged outdoor PM10, indoor PM10 and indoor PM2.5 for “FII Building”. 
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Figure 6. Indoor PM2.5/PM10 monthly average ratio for “Iancului Square (a)” point of measurement. 
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Figure 7. Indoor diurnal variations for PM10 (a) and PM2.5 (b) for “Iancului Square (b)” site. 
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Figure 8. Indoor daily average PM10 and PM2.5 for weekend-days and days before and after the weekend for “Iancului Square (b)” site. 
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Figure 9. Indoor daily average PM10 (a) and PM2.5 (b) for weekend-days and days before and after the weekend for “Iancului Square (b)” site. 
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Table 1. Indoor PM2.5 and PM10 daily average concentrations, PM2.5/PM10 ratio and ROC for “FII Building”.






Table 1. Indoor PM2.5 and PM10 daily average concentrations, PM2.5/PM10 ratio and ROC for “FII Building”.













	Measuring Day
	Day of the Week
	Daily Average Value PM10 [µg/m3]
	Daily Average Value PM2.5 [µg/m3]
	PM2.5/PM10 Ratio
	ROCt





	1-Oct.-21
	Friday
	13.4
	8.8
	0.66
	



	2-Oct.-21
	Saturday
	9.2
	8.0
	0.87
	0.32



	3-Oct.-21
	Sunday
	9.3
	8.7
	0.94
	0.08



	4-Oct.-21
	Monday
	12.4
	11.5
	0.92
	−0.01



	5-Oct.-21
	Tuesday
	15.6
	13.1
	0.84
	−0.09



	6-Oct.-21
	Wednesday
	11.4
	9.3
	0.82
	−0.03



	7-Oct.-21
	Thursday
	22.1
	13.0
	0.59
	−0.28



	8-Oct.-21
	Friday
	34.4
	15.1
	0.44
	−0.25



	9-Oct.-21
	Saturday
	21.0
	13.6
	0.65
	0.47



	10-Oct.-21
	Sunday
	15.9
	12.9
	0.81
	0.26



	11-Oct.-21
	Monday
	17.8
	14.0
	0.79
	−0.03
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Table 2. Indoor PM10, PM2.5, their ratio and ROCt for weekend days and weekdays for “Iancului Square (b)” site.
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	Time Span
	PM10 Variation
	PM2.5 Variation
	ROCt
	Week-Day
	

       P    M   2.5      P    M   10        













	Friday compared to Saturday
	29.1%
	30.3%
	
	Friday
	0.68



	Sunday compared to Saturday
	2.0%
	6.8%
	−0.02
	Saturday
	0.67



	Monday compared to Sunday
	35.1%
	1.0%
	0.05
	Sunday
	0.70



	Tuesday compared to Monday
	−12.1%
	3.1%
	−0.25
	Monday

Tuesday
	0.53

0.62
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