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Abstract
Air pollution (indoor and outdoor) is an emerging biggest public health threat. Several studies worldwide have reported that environmental air pollution causes significant illnesses and mortality contributed largely by cardiopulmonary diseases. Recent reports from Western world also suggest causal role of air pollution in obesity, metabolic syndrome and diabetes, which is growing to an epidemic proportion in India.  Another alarming fact is that children or adults living close to high automobile traffic areas were associated with poor cognitive function suggesting that air pollution exposure could impact cognitive function. Many cities in India have been going through thermal state intensification induced by the uncertain growth of impervious land. To address this challenge, one of the megacities of South Asia,  Bengaluru (India), facing intense urbanization transformation, some selected urban schools and colleges indoor and outdoor air quality  has been taken up for detailed investigations. There is a lack of Indoor environmental quality (IEQ) research in school and college buildings in this area and no literature available on studies conducted on IEQ in Indian school classrooms. We considered most of the air pollutants (PM1, PM2.5, PM10 CO, NO2, SO2 and VOC) that have been part of studies and effectiveness of these pollutants' of geographical area. The study was carried out at seven urban locations and one control point in Bangalore city to identify the variation in the concentration of PM2.5, PM10 and NO2 across one year duration from November, 2022 to October, 2023. The annual average indoor air quality at Al-Ameen college, Hobegowda college and MES college for PM2.5 were 76.7, 75.9 and 79.3 µg/m3 and that of PM10 were 179.5, 182.5 and 183.0 µg/m3 respectively was higher than the Santhosh school, Bishop Cotton college, Little Angles School and BET College compare to control point (63.5 µg/m3 and 123.7 µg/m3) and outdoor, all the relevant studies have been considered in the study.
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Introduction

Air pollution (indoor and outdoor) is an emerging biggest public health threat. Several studies worldwide have reported that environmental air pollution causes significant illnesses and mortality contributed largely by cardiopulmonary diseases. Recent reports from Western world also suggest causal role of air pollution in obesity, metabolic syndrome and diabetes, which is growing to an epidemic proportion in India.  Another alarming fact is that children or adults living close to high automobile traffic areas were associated with poor cognitive function suggesting that air pollution exposure could impact cognitive function. Air pollution levels in major cities in India are 2-3 times higher than western world. With Indian economy projected to attain 10% growth in next decade, the levels of air pollution will further rise dramatically as a result of increase in urbanization and industrialization. Despite these concerns, large proportion of public in India is unaware of adverse health effects of air pollution (Sunil, et al., 2020 and Kapoor et al., 2021). 
		The performance of the indoor environment is described as Indoor Environmental Quality (IEQ) and depends upon external environmental factors such as exterior air quality, outer temperature, wind speed, humidity, noise, outer lux levels, etc. In 2020, nine out of the top ten most polluted cities were in India, and thirty-five out of the top fifty world’s most populated cities were also in India. Out of one hundred and six countries, India ranks third after Bangladesh and Pakistan in first and second, respectively, for the worst air quality (IQAir, 2021). Children are the most sensitive group severely affected by diseases as their immune system is weaker than adults. They breathe a higher volume of air than adults according to their body weight as their organs are in the development stage (Shree et al., 2019 and Kapoor et al., 2021). Children’s metabolic rate is also different from that of adults. According to the United Nations Educational, Scientific, and Cultural Organization’s Institute for Statistics Data (UNESCO,2020), the total number of enrolled learners in the Indian education system is 320,713,810 (including higher education), which is approximately 25% of the Indian population, in which 10,004,418 are at the pre-primary level, 143,227,427 are at the primary level, and 133,144,371 are at the secondary level. Therefore, it is essential to study IEQ in school classrooms as approximately one-fourth of the country’s population is related to this study.  CPCB Authority's report on Indoor Air Quality in Indian's Schools has found that the classroom air quality is generally worse than that of the outdoor, and level of PM10 and PM2.5 were higher than the WHO limits (IAQ Report, 2018). This has a significant importance because of appreciable time spend by children in the classrooms where particulate matter (PM) concentrations may vary substantially due to building insulation, indoor sources, and resuspension (Amato et al., 2014) as well as ingress from outdoor sources (Che et al., 2021 and Sarif et al., 2022). The overall goal of this paper is to evaluate current state of indoor and outdoor air pollutants in selected schools and colleges of Bangalore city urban area to improve classroom air quality.  We considered most of the air pollutants (PM10, PM2.5, PM1, CO, VOCs, SO2 and NO2) that have been part of without intervention studies in a geographical area and the relevant studies have been considered in present study.

Materials and methods
 Study Area: Bengaluru Megacity Bengaluru city is located over the Mysore Plateau between 1209N and 1309N latitude and 8012E and 8019E longitude, an inland region of southern India. UN (2018) has stated that the population of this city was 3.90 million in 1989, which increased to 11.88 million in 2019, and if the trend goes the same, then it will be 18.06 million in 2035. The study area has a mean elevation of 873.97 m, and it has an undulating variation (696–1,031 m)over the city landscape of this megacity  with a number of lakes and small to medium size water bodies, which have resulted in insalubrious conditions due to its wet and dry climate (Sunil, et al.,2020 and Matloob et al., 2021). The daily average minimum and maximum annual temperatures are 19.2 and 29.6 C, respectively. The mean total rainfall is 986.9 mm, and the mean number of rainy days is 58.1, where January and February have the lowest rainy days (IMD, 2010).
Urban Data Collection 
Indoor air quality Monitoring: Electrochemical sensors monitor was placed in the hall of each colleges class rooms  to measure indoor air quality for 24 hours. Data has been collected within a 15-kilometer radius of Bangalore  urban, covering seven collges wards:  A survey was conducted in seven educational institutions around Lalbagh batonical garden as epicentre of Bangalore City urban schools and colleges are;  Al Ameen Educational Society, Bishop Cotton Women's Christian College, Bismillah Education Trust (BET) Institutions, Little Angel's Public school, Mavalli Educational Society (MES), Hombegowda First grade College and Santhosh English School.
Methodology: The Wi-Fi enabled electrochemical sensor devices (Atmos) for monitoring PM1, PM2.5, PM10, NO2, SO2 and VOC were installed within the chamber, and pollutant levels were recorded for a 24-hour period. Real time data was retrieved from the company's cloud storage interface (Sunil, et al.,2020 and  Sarif et al., 2022 ).
Assessment of indoor pollution levels in urban and control area in Bangalore city:  Installed Wi-Fi enabled PM1, PM2.5, PM10, NO2, SO2 and VOC sensors in each residence for duration of 24 hr to monitor pollution levels. Recording classrooms indoor air quality  characteristics: Dimensions, proximity to roads, occupancy levels, types of class rooms  used for teaching, ventilation systems, cleaning practices, and furniture specifications were collected through a questionnaire to identify the primary contributor, measuring baseline PM and VOC levels for four days. Data presented is mean values of every hour for 24 hours of 60 outdoor and 81 indoor urban class room environment, levels exceeds WHO (5ug/m3) & National air quality std outdoor PM2.5 (60ug/m3 ; 24h).
Data analysis: The data was analyzed using statistical package for social science (SPSS) version 18.0. Kolmogorov-Smirnov statistic was used to test the normality of the data variables. The analysis done at different level which p<0.05 is set as significant in this study. The Mann-Whitney U was performed to compare the level of IAQ and IAP concentration level in selected seven schools and colleges, since the data was not normally distributed.
Calculation of AQI : On the field data log, fill in the top portion of the form including: the date/time of visit, the site identification, sampler identification, site name, sensor ID number,  start and stop dates and times, and field operator initials. The index of specific pollutant is derived mainly from the physical measurement of pollutants like PM, SOx and NOx. There are several methods and equations used for determining the AQI. In the present study AQI for each location in the study area has been estimated with the help of a mathematical equation given below.
AQI=1/3[{SO2/SSO2}+{NOX/SNOX}+{SPM/SSPM}}] × 100
Where,
SO2=Individual Values of sulphur dioxide NOX=Individual values of oxides of nitrogen
SPM=Individual values of suspended particulate matter and SSO2, SNO2 and SSPM=Standards of ambient air quality of sulphur dioxide, oxides of nitrogen, suspended particulate matter (Kamath and Lokeshappa, 2014).
Results and Discussion
From Table 1,3 and 7, is evident that in Al Ameen college, Bishop cotton college  and  BET college indoor  the AQI was around 110 in November 2022 which has seen an increase until march  2023, and after that has  been falling with an increase in the month of September and October 2023 due to Depavali and  initiation of metro work in this area, this led to an increase in particulate matter due to the construction requirement at this site. In Hombegowda school and college indoor air quality can approximate a steady fall in the AQI over the years. This is mainly due to the changes in ventilation and space, crowd and strength and parking facilties also plantation in the campus that have been adopted by the intuitions. in MES School we can observe a moderate AQI inspite of the small industries because there is not much combustional processes taking place in this area (Table 5).
In residential areas, in and around Little Angles School area indoor air quality had observed a consistent increase until May 2023 after which there has been a steady fall until September 2023. The same trend is noticed at Santhosh School (Table 6), while MES college  has not been noticed with any improvement over the trend it seems to fluctuate every year. In sensitive areas, like Hospital the trend seems to fluctuate but with improvement of air quality.
In moderate areas, like Al Ameen college  the trend has been fluctuating over the trend with not much improvement this is because of passengers, traffic , number of vehicles  who arrive at the railway station opt for various modes of transportation (i.e cabs, auto rickshaws, etc.), which increases in the combustion in this area. The sources of NO2 and SO2 applicable to Bangalore are mainly due to the burning of fossil fuels and diesel exhaust, and the salient health effects attributable to it are known to be inflammation of the respiratory tract, dysfunction of lungs and irritation of the eyes. NO2 also causes health illnesses such as coughing, aggravation of asthma, chronic bronchitis and respiratory tract infections (WHO, 2008). The permissible limits of SO2 in the industrial, residential and moderate areas is 50µg/m3, while for the sensitive areas it is 20 µg/m3.
From the Table 3 and 7, In the case of residential areas, the levels at Bishop cotton college and BET during 2022 has dropped by 22.6% followed by a 69% drop in the year 2023, although there was an increase in the levels by 44% at Santosh school indoor  in the month of November and December 2022, it was followed by a subsequent drop in the month of March to June  2023 by 43%,while  Hombegowda college has had a drop of 10% in the year 2022 followed by a drastic fall in the year 2023 by 66%.There has been an overall reduction in the levels of SO2 at these outdoor environment than in indoor.
        From the Table 2 and 4 in  case of residential areas and school indoor environment,  the regions of Little Angles school the level of NO2 has dropped 8.3% in the month of November and December 2022  and increased by 11.6% in the month of September and October 2023 and interestingly the following there was drop by 27%. Surprisingly, such a pattern in the trend has been recorded at Al Ameen School and college Bishop Cotton college outdoor environment sites. These locations have overall faced a drop through the months of January to July 2023 followed by an increase September October 2023 which was subsequently followed by a drop during the year 2022. These kinds of fluctuations have occurred at all colleges indoor environment sites.
Karnataka has seen dramatic shift in terms of indoor air quality during the period 2022-2023. The PM10 has significantly increased over the years in certain locations due to use of old vehicles, possible fuel adulteration, re-suspension of dust due to increased traffic, absence of water spraying, emission from traffic jams, obstruction to movement of pollutants, use of DG sets during power cuts, low wind velocity and inversions during winter and nights. Increase in the number of high rise buildings is obstructing wind movement, thereby making pollutants almost stagnant in the city 	(Gopinath and Balasubramanya, 2017 and Sarif et al., 2022). PM 10 is thought to contribute to cardiovascular and cerebrovascular disease by the mechanisms of systemic inflammation, direct and indirect coagulation activation, and direct translocation into systemic circulation. Respiratory diseases are also exacerbated by exposure to PM. PM causes respiratory morbidity and mortality by creating oxidative stress and inflammation that leads to pulmonary anatomic and physiologic remodeling (Anderson et al., 2012). The standard permissible limits for all areas are 60µg/m3.
               From the Table 9, in the case of residential areas, BET does not follow any particular trend the levels of particulate matter has been fluctuating throughout, also on an average the level of SPM seems to be 1.8 times higher than the standard permissible limits, in the same way Little angles school also observes a fluctuating trend throughout the analysis, and also on an average the level of SPM seems to be 2 times higher than the permissible limits. Fortunately, in Hombegowda school the levels of SPM seem to be under control throughout the analysis. In the case of sensitive areas, Al Ameen college  had been adversely affected in the year 2023   with an unexpected rise in the levels of SPM by 15% in the year 2022 and 17% in the year 2023,fortunately , the levels have been dropping drastically and is in the standard control limits.
           Recent studies clearly suggest that current standards for PM may not be protecting general public and children, the standards should be revised. The health effects of PM are well documented, but there is no evidence of a safe level of exposure for which no adverse health effects occur. Monitoring of air pollution needs to be improved in many cities, the local authorities should develop dose response models on public health, which can be used to predict health of public. Particulate air pollution can be reduced using advanced technologies, stricter air quality standards, limits for emissions from various sources, reducing energy consumption, changing modes of transport, land use planning, using cleaner modes of transport (Hosamane, 2014 and Sarif et al., 2022).
Analysis of SO2 vs. NO2 vs. PM10
           By obtaining this graph (Table 1, 3 and 6), we can conclude with evidence that the particulate matter (PM10) in Bangalore has been over the standard limits at an alarming rate. While, SO2 and NO2 are within the standard limits causing not much harm to the outdoor environment than indoor. The gaseous component NO2 has been almost constant after 2023, but it is in control. Furthermore, the gaseous component SO2 in outdoor has been steadily decreasing since 2022, which is a very good sign for the environment in Bangalore. Throughout, we are able to analyses that the levels of SPM are proving to be hazardous to our environment. By WHO, the main contributors to this component is reported to be is dust, waste burning, transport, Diesel Generator sets, Industries, domestic cooking and heating. The standard limit of SPM is 60µg/m3, and in most of the recorded sites this component in manifolds higher that the standard limits (Sunil, et al.,2020). Hence, through this paper we can draw conclusions that there should be adequate amount of awareness being spread amongst the contributors making them aware of the hazards being posed by this component.
 Air Quality (AQ) in selected schools and colleges of Bangalore urban area

              A survey was conducted in seven educational institutions around Lalbagh batonical garden as epicentre of Bangalore City urban schools and colleges are;  Al Ameen Educational Society, Bishop Cotton Women's Christian College, BET Institutions, Little Angel's Public school, Mavalli Educational Society, Hombegowda First grade College and Santhosh English School. For a period of six months the indoor and outdoor air pollutants recorded in each school and colleges the data presented in Table 1 to Table 7. AQ has been the most-researched parameter in Indian school classrooms over the last fifteen years. AQ research in India shows that factors such as CO2, particulate matter, Volatile Organic Compounds (VOCs), and other gases (Anderson et al., 2012 Shree et al., 2019 and Bhalekar et al.,2018) are considered important in school classrooms by researchers. The much attention was initially given to particulate matter study in classrooms. However, ventilation rates inside the classrooms need more attention. Ventilation is the main factor to be considered for preventing airborne disease transmission inside the classroom. Class- rooms have a generally high density and low ventilation rate due to space restrictions, human capabilities, closed windows and doors, as well as the negative effect of other IEQ parameters on students and teachers when balancing IAQ (such as noise from open windows, particulate coming from open windows, fan noise, etc.).
         Gadkari et al., (2008) examined the source contribution of personal respiratory particulate matter in school classrooms. Fifteen subjects (initially sixteen) from three naturally ventilated higher secondary schools of Chhattisgarh were considered for this study.  Goyal et al., (2009) tested IAQ by the objective technique in the school classroom of Delhi. Year-long objective testing in the naturally ventilated junior school section (Class 1–8) was executed. The Respirable Suspended Particulate Matter (RSPM) concentration was found higher than the prescribed limits, which shows potential health hazards. The building envelope does not protect students from outer pollution effectively because open doors and windows increase classroom permeability. Ventilation rates and student activity inside the classroom also influence the concentration of PM10 particles in the air due to the re-suspension mechanism (Kapoor et al., 2021). The authors observed that meteorological factors significantly impact IAQ in classrooms.
                Gadkari et al.,(2008) studied the indoor ambient Particulate Matter (PM) in three naturally ventilated higher secondary schools at Bhilai and Durg. During the summer of 2003, a combination of twenty-seven teachers, twenty-two students, and three office staff, cumulatively fifty-two subjects, participated in the study by completing time/activity diaries. A regression showed a significant relation between indoor and outdoor ambient PM levels. The breathable PM level in all schools exceeds the limit (i.e., 60 µg.m−3) mentioned in Indian National Ambient Air Quality Standards (NAAQS). Two schools situated near the industrial area show PM levels five to six times higher than the prescribed limits, creating health hazards in these classrooms similar observation was noticed in Al Ameen Educational Society  and Hombegowda college indoor air quality during the months of September and October 2023.
           Habil et al.,(2011) evaluated IAQ and the ventilation rate in naturally ventilated schools in Agra during the winter and summer seasons. Three hundred subjects participated in a questionnaire survey to test health impacts (dry flaking skin, dizziness, etc.) due to CO2 concentration and exposure to PM in the classroom. The present study in Bangalore urban indoor and outdoor PM levels tested higher in summer than in winter in all the classrooms. Indoor–outdoor (I/O) ratios were higher in most of the cases except for one school situated in a residential area. A high I/O ratio indicates prevailing poor IAQ conditions in those classrooms where schools are situated near busy roads. The I/O ratio decreases with particle size increment. Damaged walls, dirty floors, old furniture, dirty dusting material, shoe dust, chalk dust, and resuspension of old settled particles due to student activities are the main reason for higher indoor PM levels. Deepanjan Majumdar et al.,(2011) tested settled chalk dust for the assessment of fine particles in indoor air along with particle size distribution in the classroom during the dusting and writing process. Three types of chalks were tested for PM1, PM2.5, PM5, and PM10 size particles. Student’s activities severely affect the resuspension of fine particles in the classroom. Long-duration low-level exposure to PM is also harmful to occupant health. Middle-age teachers and primary students are prone to respiratory malfunctions due to regular exposure to fine particulates.
          Chithra et al.,(2012) investigated a naturally ventilated primary-level classroom in a school situated near an urban road. Forty-three subjects from a single classroom were tested in both summer and winter for IAQ testing. The analysis of the collected data form selected schools and colleges in Bangalore city shows that both PM10 and PM2.5 exceed the NAAQS limit 30% and 17% of the time respectively. The occupied-classroom PM is found to be higher than the unoccupied classroom due to the resuspension mechanism. The I/O ratio of PM particles decreases with reduced particle size. The high I/O ratio of PM10 particles represents the high indoor activity of students in the classroom. A low I/O ratio confirms the permeability of vehicular emissions from the nearby road in the classroom. The relations among PM, meteorological parameters, and student’s comfort inside the classroom are significant (Table 8 and 9). Strong seasonal variability is confirmed by determining that the summer   season IAQ is poorer than the winter season. However, the authors suggest to work on creating a management strategy for poor IAQ in school classrooms.  
 
             Goel et al.,(2015) tested two chalk types to understand dust generation scenarios during writing and dusting actions on wooden and ceramic boards in the classroom. Extruded calcium carbonate and molded gypsum-type chalks were tested for PM generation and particle size distribution analysis. Calcium carbonate chalk generates low PM in comparison with gypsum chalk. The authors explored that dustless chalks made of gypsum produce more PM and are equally as harmful as other chalks. Children of the 6–11-years age group are found to be the most susceptible group for developing health problems due to the ill effects of poor-quality chalks in the classroom.

             Habil et al.,(2015) investigated particle and ionic contamination affecting students in school classrooms. Three hundred subjects participated in a questionnaire study with a wide range of students from third class to ninth class. Factors inside and outside the classrooms are equally responsible for poor IAQ. Chalk-dust, wall paint, furniture paint, road dust, vehicular and industrial emissions, and soil dust are the major sources generating PM. Asthma, coughing, dizziness, dry skin, eye irritation, shortness of breath, and frequent headaches were reported as common symptoms in classrooms by the subjects. Poor health is primarily responsible for school absenteeism. Studies shows  simple measures to reduce PM levels in classrooms, mainly cleanliness, less crowded classes, paved areas, high greenery levels, and the selection of a low-pollution area during school construction are potential measures to increase IAQ in the classroom.

           Jan et al.,(2017) tested four classrooms and two-hundred and thirty students at an elementary school in Pune for PM and gaseous exposure assessment. PM levels were five times higher than the NAAQS-recommended levels. All gases (O3, SO2, NO2) measured in the classroom were within NAAQS limits except carbon dioxide, which is due to inefficient ventilation and a higher number of students in the classroom. The subjective assessment showed that coughing a running nose, cold, eye irritation, and fever are the most common symptoms among subjects in classrooms. Similarly, a cold, fever, and a cough were found to be the main reason behind sickness absence.

                Bhalekar et al.,(2018) investigated outdoor and indoor air quality during the winter season in two schools of Manipal town in Karnataka. The authors monitored PM10, NO2, SO2, and CO2. Temperature, relative humidity, and classroom physical parameters are also considered in this study. The study reveals that there is high VOC, NO2 inside the class as per ASHRAE, 2021 standards, and by closing doors and windows the PM particles entering the classroom can be controlled, but ventilation is affected. The authors suggested incorporating mechanical ventilation and air-purifying plants in the classrooms to enhance classroom IAQ.

            Thus, there is a lot of scope in the research on IAQ and its factors, and long-term research programs in Indian school classrooms are needed within a centralized open- access database. Almost all studies concluded that the acoustic environment in Indian school class- rooms is not up to the mark and the limits of various acoustic parameters are out of the prescribed comfort limits recommended by NBC, 2016 and other regulations. However, most students never report the problem as they have adapted to those conditions and modified their behavior accordingly. Despite the highly adaptive behavior of Indian students and teachers, it is necessary to provide them a better acoustic environment during their school time. Most of the students and teachers do not know the existing negative impacts on their learning and teaching behavior as they adapted to these conditions and have never compared their performance in other conditions. This gap should be filled quickly as it is degrading the education quality, and every teacher and student must be well informed regarding indoor acoustic quality and comfort and its effects on them.

Existing Gaps and Deficiencies
            The current status of IEQ in Indian school classrooms by systematically reviewing existing studies for India-specific conditions, fewer real-time research studies were reported throughout India. More than 90% (to be precise, 92.5%) of existing IEQ parameter studies in India were performed in naturally ventilated school classrooms. To date, only two real-time studies (Jayakumar et al., 2019 and Singh et al., 2020) (7.5% of total) consider air-conditioned class- rooms for their research, exploring a huge gap among different classroom operative modes. Further, only one study Vervoort et al.,(2021) considers the relationship between IEQ and energy consumption in Indian school buildings. Only one study Singh et al.,(2014) tested IEQ parameters in Green School (GS) classrooms. However, the energy component is not considered in the GS study. Despite having the most extreme conditions in cold and hot–dry climates, Indian school classrooms in these climatic zones are overlooked for IEQ parameter research.

             Further, there are fewer data available to standardize the testing procedure, thus no specific public IEQ code or standard has been present in this country until now. IEQ is excluded from the National Education Policy (NEP) 2020, which should be part of the new NEP 2020. The inadequate awareness of the Indian public (students, teachers, staff, parents, and other stakeholders) regarding IEQ in school classrooms and other buildings is a huge gap that can be filled by proper training and information. Multi- factor studies on IEQ are have not been performed to date in any Indian schools. Thus, it is hard to explore the combined impact of IEQ parameters on students during any ongoing session. Performance tests were considered within some studies (Singh et al., 2014 and 2020) but most of the studies neglected to assess students’ performance while measuring IEQ parameters in the classroom. Therefore, there is a primary need to carry out further research on the effect of all IEQ parameters simultaneously on students’ as well as teachers’ comfort and health in Indian classrooms along with performance or efficiency tests of students and teachers. Secondly, there is a need to develop an open-access, centralized database for the country, and lastly, more research on factors that can potentially affect IEQ in Indian schools should be conducted.
[bookmark: Factors_Influencing_Future_Research_on_I]
               Studies on IEQ parameters in Bangalore school classrooms are inadequate, unorganized, and unevenly geographically scattered. Therefore, more real-time subjective and objective studies are needed in India along with effective policies and well-drafted plans to implement and enhance IEQ in school classrooms. There are various inconsistencies in methods used by Indian researchers. Therefore, there is a need to standardize the testing methods. This will finally help in creating India-specific public IEQ standards for school buildings as there are no public codes for IEQ in school classrooms to date. Occupants’ social, economic, and cultural aspects should be considered properly for more accuracy in results and accurate future predictions as all these aspects vary largely among the student population in any class.

            Increasing air pollution and other factors that have higher probabilities of affecting IEQ in buildings should be further explored, and it is essential to research these factors and their impact on IEQ conditions so that existing and future codes and standard show less deviation from the real-time indoor comfort conditions. Likewise, air-conditioned school classrooms and other air-conditioned spaces in schools need more research related to their indoor environment. Additionally, AQI should be updated and include biological factors along with chemical and particulate matter.
Conclusions
             The more methodologically rigorous studies in terms of planning, data collection, analysing and reporting, are needed to understand the impact of behaviour change on school students' indoor and outdoor air pollution exposure. Structural interventions in terms of school building renovation and improvement are an important and crucial factor in air quality of schools. Most of the research reaches to an agreed consensus that generally school buildings are poorly ventilated in classroom, which leads to the conclusion that there is a lack of holistic interest concerning energy efficiency and air quality problems in school buildings. Particulate matter PM2.5 & PM10 in indoor and outdoor   concentration has exceeded the air quality standards in most of the sampling locations. Emission from vehicles, construction activities and industries are the main sources of particulate matter in urban areas. Meteorology plays a prominent role towards the transportation and distribution of atmospheric pollutants from one place to another place in urban areas and gets deposited in the downstream or surrounding areas. Exponential growth, Land use plan, indoor Air pollution, Meteorology, Transportation planning are among the key parameters that need a close attention during urban planning.
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	Table 1: Analysis of indoor and outdoor  air pollutants concentration at  Al-Ameen College Bangalore urban area

	Indoor

	Ground Floor

	Co conc
	pm1conc
	pm2.5 conc
	pm10 conc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	3.27
	21.54
	22.81
	23.01
	223.13
	26.65
	105.25
	5CCF7F004F17

	2.55
	35.48
	37.29
	37.31
	217.34
	25.74
	98.95
	5CCF7F004F17

	3.27
	9.5
	13
	13
	53.5
	22
	99.54
	5CCF7F004F17

	First Floor

	1.02
	32.12
	33.93
	34.3
	231.17
	27.36
	49.13
	5CCF7F004F17

	0.78
	21.57
	22.85
	23.1
	232.25
	28.3
	139.77
	5CCF7F004F17

	1.04
	63.66
	67.53
	68.5
	223.43
	23.53
	111.71
	5CCF7F004F17
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	Al-Ameen College

	Outdoor

	Ground Floor

	Co conc
	pm1conc
	pm2.5 conc
	pm10 conc
	NO2 conc
	SO2conc
	Voc conc
	Device id

	3.27
	24
	35.64
	41.06
	222.06
	41.78
	
	ECFABC861DC6

	0.78
	21.1
	31.2
	33.6
	242.5
	50.4
	
	ECFABC861DC6

	0.88
	23.75
	35.62
	35.75
	232.88
	43.19
	
	ECFABC861DC6

	0.73
	20.4
	30.53
	32.97
	262.25
	55.93
	
	ECFABC861DC6

	0.74
	18.28
	27.17
	28.32
	261.92
	55.92
	
	ECFABC861DC6

	0.93
	12.77
	18.12
	18.8
	265.22
	56.08
	
	ECFABC861DC6













  The concentration variation of median level PM1,PM2.5 and PM10 (µg/m3), TVOC, NO2,COand SO2  (ppm) was estimated   in the period from  November, 2022 to October, 2023. 









	Table 2: Analysis of indoor and outdoor  air pollutants concentration at  Hombegowda school and college Bangalore urban area

	Indoor

	Ground Floor

	Co conc
	pm1conc
	pm2.5 conc
	pm10conc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	0.64
	43.26
	45.49
	45.57
	235.08
	31.85
	129.50
	5CCF7F004F17

	0.59
	19.67
	29.08
	30.67
	240.35
	49.2
	148.54
	5CCF7F004F17

	0.59
	14.03
	20.27
	21.02
	236.98
	47.38
	123.56
	5CCF7F004F17

	0.73
	19.62
	28.85
	30.45
	261.73
	56.2
	126.57
	5CCF7F004F17

	0.72
	16.35
	23.7
	24.17
	262.05
	56.07
	159.58
	5CCF7F004F17

	0.95
	21.23
	31.25
	33.44
	263.37
	56.46
	140.47
	5CCF7F004F17














	Hombegowda

	Outdoor

	Co conc
	pm1conc
	pm2.5 conc
	pm10 conc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	
	
	
	
	
	
	
	

	0.95
	9.53
	13.68
	14.33
	246.88
	51.72
	
	ECFABC861DC6

	0.48
	5
	6.78
	7.15
	237.19
	48.36
	
	ECFABC861DC6

	0.52
	11.78
	16.95
	17.4
	234.43
	47.25
	
	ECFABC861DC6

	0.9
	33.08
	50.57
	61.92
	220.25
	39.83
	
	ECFABC861DC6

	0.68
	21.67
	33.2
	37
	251.28
	53.58
	
	ECFABC861DC6

	0.86
	24.33
	36.92
	43.05
	260.72
	55.35
	
	ECFABC861DC6















The concentration variation of median level PM1,PM2.5 and PM10 (µg/m3), TVOC, NO2,COand SO2  (ppm)                                         was estimated  in the period from  November, 2022 to October, 2023. 








	Table 3: Analysis of indoor and outdoor  air pollutants concentration at  Bishop Cottons college Bangalore urban area

	Indoor

	Ground Floor

	Co conc
	Pm1conc
	pm2.5 conc
	pm10 conc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	0.95
	15.72
	22.33
	23.07
	263.26
	56.47
	89.13
	5CCF7F004F17

	0.73
	12.87
	18.3
	18.88
	263.65
	56.4
	56.17
	5CCF7F004F17

	0.59
	7.98
	10.68
	11.15
	237.92
	49.28
	49.33
	5CCF7F004F17

	First Floor

	0.62
	23.02
	34.5
	38.95
	237.27
	47.42
	69.17
	5CCF7F004F17

	0.93
	14.6
	20.67
	21.21
	238.52
	45.4
	87.13
	5CCF7F004F17

	1.02
	32.12
	33.93
	34.3
	231.17
	27.36
	77.19
	5CCF7F004F17












	Bishop Cottons

	Outdoor

	Co conc
	pm1 conc
	pm2.5 conc
	pm10 conc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	0.73
	26.17
	39.73
	46.73
	237.13
	47.5
	
	ECFABC861DC6

	0.92
	32.87
	50.68
	62.17
	221.78
	40
	
	ECFABC861DC6

	0.68
	21.03
	31.98
	34.93
	249.92
	53.17
	
	ECFABC861DC6

	0.88
	23.82
	35.65
	41.13
	260.38
	55.72
	
	ECFABC861DC6

	0.95
	25.03
	37.62
	43.75
	263.63
	55.83
	
	ECFABC861DC6

	0.73
	21.22
	32.03
	35.57
	261.62
	56.32
	
	ECFABC861DC6



















The concentration variation of median level PM1,PM2.5 and PM10 (µg/m3), TVOC, NO2,COand SO2  (ppm)                                         was estimated   in the period from  November, 2022 to October, 2023. 



	Table 4: Analysis of indoor and outdoor  air pollutants concentration at  Little Angles school Bangalore urban area

	Indoor

	Ground Floor

	Co conc
	pm1conc
	pm2.5 conc
	pm10 conc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	0.77
	60.96
	64.23
	64.55
	233.34
	29.3
	72.27
	5CCF7F004F17

	0.88
	72.11
	75.99
	76.42
	233.25
	29.58
	67.46
	5CCF7F004F17

	0.94
	23.67
	36.28
	41.87
	221.98
	40.37
	82.27
	5CCF7F004F17

	First Floor

	0.73
	17.87
	26.53
	27.65
	261.98
	55.78
	69.28
	5CCF7F004F17

	0.73
	17.87
	26.53
	27.65
	261.98
	55.78
	72.27
	5CCF7F004F17

	0.73
	17.87
	26.53
	27.65
	261.98
	55.78
	79.24
	5CCF7F004F17
















	Little Angles

	Outdoor

	Co conc
	pm1conc
	pm2.5 conc
	pm10conc
	NO2 conc
	SO2 conc
	Voc  conc
	Device id

	0.75
	17.9
	26.61
	28.19
	253.14
	53.05
	
	ECFABC861DC6

	0.94
	25.16
	37.57
	43.83
	261.19
	55.69
	
	ECFABC861DC6

	0.93
	23.07
	34.33
	38.93
	263.53
	56.32
	
	ECFABC861DC6

	0.59
	18.67
	28.12
	29.58
	261.23
	56.43
	
	ECFABC861DC6

	0.58
	4.65
	6.2
	6.37
	240.13
	47.95
	
	ECFABC861DC6

	0.45
	3.82
	4.92
	5.18
	237.07
	47.57
	
	ECFABC861DC6















The concentration variation of median level PM1,PM2.5 and PM10 (µg/m3), TVOC, NO2,COand SO2  (ppm)                                         was estimated  in the period from  November, 2022 to October, 2023. 





	Table 5 :   Analysis of indoor and outdoor  air pollutants concentration at  MES college Bangalore urban area

	Indoor

	Co conc
	pm1 conc
	pm2.5 conc
	pm10 conc
	NO2 conc
	               SO2 conc
	Voc conc
	    Device id

	0.79
	49.31
	52.29
	52.99
	233.18
	28.61
	93.54
	5CCF7F004F17

	0.77
	60.96
	64.23
	64.55
	233.34
	29.3
	62.27
	5CCF7F004F17

	0.88
	72.11
	75.99
	76.42
	233.25
	29.58
	67.46
	5CCF7F004F17

	First Floor

	0.92
	31.55
	48.62
	59.21
	223.93
	40.22
	43.72
	5CCF7F004F17

	0.94
	23.63
	35.42
	40.38
	222.1
	40.08
	53.82
	5CCF7F004F17

	0.79
	41.64
	43.9
	44.13
	233.14
	29.18
	33.82
	5CCF7F004F17















	Malavalli Education Ssociety (MES)

	Outdoor

	Co conc
	pm1conc
	pm2.5 conc
	pm10 conc
	NO2conc
	SO2 conc
	Voc conc
	Device id

	0.61
	8.98
	12.19
	12.55
	252.3
	52.28
	
	ECFABC861DC6

	0.59
	10.69
	15.05
	15.5
	239.8
	48.6
	
	ECFABC861DC6

	0.59
	13.03
	18.81
	19.59
	237.92
	47.33
	
	ECFABC861DC6

	0.6
	15.82
	23.86
	25.41
	236.96
	47.18
	
	ECFABC861DC6

	0.55
	5.22
	7.36
	7.73
	238.93
	48.95
	
	ECFABC861DC6

	0.58
	11.7
	17.05
	17.6
	235.82
	47.37
	
	ECFABC861DC6















The concentration variation of median level PM1,PM2.5 and PM10 (µg/m3), TVOC, NO2,COand SO2  (ppm)                                         was estimated   in the period from  November, 2022 to October, 2023. 




	Table 6: Analysis of indoor and outdoor  air pollutants concentration at Santosh School college Bangalore urban area

	Indoor

	Ground Floor

	Co conc
	pm1conc
	pm2.5conc
	pm10 conc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	1.05
	19.43
	29.54
	31.44
	228.48
	44.5
	109.57
	5CCF7F004F17

	0.64
	43.26
	45.49
	45.57
	235.08
	31.85
	129.57
	5CCF7F004F17

	0.73
	16.7
	24.58
	25.37
	261.3
	55.82
	139.75
	5CCF7F004F17

	First Floor

	0.95
	22.55
	33.9
	38.12
	261.18
	55.92
	120.77
	5CCF7F004F17

	0.79
	49.31
	52.29
	52.99
	233.18
	28.61
	93.54
	5CCF7F004F17


	0.95
	22.55
	33.9
	38.12
	261.18
	55.92
	120.57
	5CCF7F004F17




















	Santosh School

	Outdoor

	Co conc
	pm1conc
	pm2.5 conc
	pm10 onc
	NO2 conc
	SO2 conc
	Voc conc
	Device id

	0.59
	7.98
	10.68
	11.15
	237.92
	49.28
	
	ECFABC861DC6

	0.58
	13.47
	19.73
	20.42
	236.61
	48.32
	
	ECFABC861DC6

	0.62
	23.02
	34.5
	38.95
	237.27
	47.42
	
	ECFABC861DC6

	0.92
	32.2
	49.75
	61.15
	223.08
	40.07
	
	ECFABC861DC6

	0.73
	20.55
	31.18
	33.78
	243.9
	50.78
	
	ECFABC861DC6

	0.92
	32.2
	49.75
	61.15
	223.08
	40.07
	
	ECFABC861DC6















The concentration variation of median level PM1,PM2.5 and PM10 (µg/m3), TVOC, NO2,COand SO2  (ppm)                                         was estimated  in the period from  November, 2022 to October, 2023. 



	Table 7 : Analysis of indoor and outdoor  air pollutants concentration at  BET college Bangalore urban area

	Indoor

	Ground floor

	Co conc
	pm1conc
	pm2.5 conc
	pm10 conc
	NO2 
	SO2 
	Voc  conc
	Device id

	3.27
	21.54
	22.81
	23.01
	223.13
	26.65
	105.25
	5CCF7F004F17

	2.55
	35.48
	37.29
	37.31
	217.34
	25.74
	98.95
	5CCF7F004F17

	0.92
	31.55
	48.62
	59.21
	223.93
	40.22
	108.90
	5CCF7F004F17

	First floor

	0.95
	22.55
	33.9
	38.12
	261.18
	55.92
	98.95
	5CCF7F004F17

	0.73
	17.87
	26.53
	27.65
	261.98
	55.78
	101.71
	5CCF7F004F17

	1.04
	63.66
	67.53
	68.5
	223.43
	23.53
	121.72
	5CCF7F004F17
















	Bismillah EducationTrust (BET)

	Outdoor

	Co conc
	pm1 conc
	pm2.5 conc
	pm10 conc
	NO2 
	SO2 
	Voc  conc
	Device id

	0.94
	25.5
	38.62
	45.32
	262.65
	56.1
	
	ECFABC861DC6

	0.59
	20.23
	30.63
	33.65
	261.57
	56.37
	
	ECFABC861DC6

	0.58
	5.4
	7.53
	7.81
	238.67
	48.21
	
	ECFABC861DC6

	0.45
	2.85
	3.67
	3.8
	236.92
	48.08
	
	ECFABC861DC6

	0.5
	10.15
	14.4
	14.8
	235.72
	47.1
	
	ECFABC861DC6

	0.89
	30.55
	46.82
	56.75
	218.93
	39.65
	
	ECFABC861DC6















The concentration variation of median level PM1,PM2.5 and PM10 (µg/m3), TVOC, NO2,COand SO2  (ppm)                                         was estimated  in the period from  November, 2022 to October, 2023. 




Table 8: Comparisons of the physical parameters of indoor and outdoor environment in selected                                                                        colleges and school buildings of Bangalore city urban areas  



	Variables
	    Outdoor (n=60)
	Indoor
 (n=81)
	
	

	
	
	
	z
	P

	
	Median


	Median

	
	

	Ventilation (cfm/person)
	22.278
(18.18 – 24.15)
	16.15
(15.69 – 16.87)
	-2.733
	0.005*

	
Temperature ( ºC)
	22.80
(24.25 – 27.70)
	23.40
(23.48 – 26.16)
	
-2.127
	
0.033*

	Relative Humidity (RH%)
	59.90
(57.87 – 69.60)
	60.20
(57.26 – 62.60)
	-0.838
	0.387

	*Significant at p < 0.05 N141  
	
	
	
	






































Table 9: Comparison of the concentration of indoor and outdoor air pollutants in selected Colleges and   School buildings of Bangalore city urban areas  


	Parameter
	                                     Median
                           			
            Outdoor      
	

    indoor
	
z	p

	
	(n=60)
	(n=81)
	

	
PM1 (µg/m3)
	
923
	
734
	

   -2.646
	

   0.006*

	
	(1067.50 – `1676.51)
	(10422 – 12837)
	

	

	PM2.5 (µg/m3)
	26
(77.23 –169.74)
	14
(68.73 –123.24)
	    -0.581
	  0.484

	PM10 (µg/m3)
	176
(126.53 – 187.76)
	124.55                 
(105.00 –      127.00)
	  -1.702
	0.079

	TVOC (ppm)
	30.50
(212.75 – 487.50)
	334.00
(265.00 –481.75)
	   -1.191
	0.234

	NO2 (ppm)
	566.90
(514.57 – 771.30)
	546.50
(484.00 –  594.75)
	   -1.104
	0.267

	CO (ppm)
	6
(13.50 – 16.60)
	6.5
(4.90 – 5.78)
	 -1.107
	0.119

	   SO2 (ppm)
	66.90
(14.57 – 91.30)
	46.50
(24.00 –  94.75)
	   -1.104
	0.267

	*Significant at p < 0.05,N = 141
	
	
	






