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            Abstract
          
        

        
          This pilot study measured Traffic-Related Air Pollution (TRAP) and calculated the corresponding Air Quality Index (AQI) in Peshawar. Using Libelium wireless sensors, the research measured outdoor TRAP and monitored indoor air quality for 48 days. The maximum outdoors daily mean concentration was 47 μg m-3 for PM1, 90 μg m-3 for PM2.5, 356 μg m-3 for PM10, 258 ppb for SO2, and 219 ppb for NO2, respectively. This corresponds to PM2.5 AQI of 158 (Unhealthy), PM10 AQI of 148 (Unhealthy for Sensitive Groups; USG), SO2 AQI of 181 (Unhealthy), and NO2 AQI of 123 (USG). The maximum daily average concentration for the indoor condition was 31 μg m-3 for PM1, 49 μg m-3 for PM2.5, 78 μg m-3 for PM10, 465 ppb for SO2, and 247 ppb for NO2, respectively. The corresponding AQI was 135 (USG) for PM2.5, 62 (Moderate) for PM10, 254 (Very Unhealthy) for SO2, and 129 (USG) for NO2. Data analysis shows that about 73% of the overall indoor AQI falls in the category of “USG”, while SO2 was the largest contributor to overall AQI. The study concludes that indoor AQI was slightly better than outdoor AQI because of the distance and height from the outdoor location. Moreover, Pakistan’s AQI for PM2.5 exceeds WHO’s 24-hours limit; however, it was relatively better by 23%, 65%, and 170% compared to China, India, and Bangladesh, respectively. In contrast, AQI for SO2 and NO2 was poor as compared to the same countries. The concentration and AQI for traffic-related air pollutants remain unhealthy and sometimes becomes hazardous, which means the sensitive groups are at greater risk.
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      1. INTRODUCTION
      Urban air pollution is of growing concern, a larger part of which is attributed to vehicular traffic emissions. In Pakistan, within two decades, from 1991 to 2012, the number of automobile vehicles has increased roughly by 530% (Sánchez-Triana et al., 2014) from around 2 million to 10.6 million. Rapid growth in demand for motor vehicles and their excessive use has led to elevated traffic emissions, which generally pose an adverse health risk to the residents in the city. The energy used by the transportation section in Pakistan accounts for 31.4% of the total energy consumption (Khan and Yasmin, 2014). Similarly, oil in the transport sector accounts for 77% (Ministry of Finance, 2019a). In 2008, 85% of PM2.5 was due to road transport from fossil fuel combustion, while 12.2% was due to combustion in the manufacturing industry, and the rest 2.3% included other combustion sources. Similarly, 72% of PM10 arose due to fossil fuel combustion in road transport, 21.6% due to combustion in the manufacturing industry, and 6.4% included other combustion sources (Sánchez-Triana et al., 2014).

      Major traffic-related air pollution causes are fossil fuel combustion, poor vehicle maintenance, and low-quality fuel consumption. A decade-long study conducted by Pérez-Martínez et al., (2015) to assess traffic emissions of Sao Palo, Brazil, concluded that 63% of CO2 is attributed to the consumption of gasoline and ethanol while 83% of NOx is due to diesel consumption. It was observed from the two-years study conducted by Linares and Díaz (2010) in Madrid that PM2.5 is the most significant traffic air pollutant among PM10, NOx, SO2, NO2, and O3. Other pollutants originate from light-duty vehicles (LDVs), which use gasoline and ethanol as fuel and are the cause of CO and volatile organic compounds (VOC); also, heavy-duty vehicles (HDVs) generate NOx and particulate matter (PM) (Pérez-Martínez et al., 2015).

      Dispersion of PM1 and PM2.5 was investigated by Wu et al., (2002) and found that concentration reduces with an increase in the height of 2-79 m, while a difference up to 10% in the horizontal direction for 280 m was noticed. In contrast, the maximum concentration exists between 2 to 3-meter height from the Earth’s surface. It was elucidated by Kim et al., (2004) that TRAP has a high concentration for schools within a 300-meter circle compared to schools outside of this range.

      Traffic-related air pollution has health, economic and environmental impact. Newman et al., (2014) claimed that 18.6% of children having asthma were readmitted to the hospital because of exposure to TRAP. Ten schools in high traffic areas near busy roads at San Francisco Bay in 2011 were investigated by Kim et al., (2004), and it was found that asthma has a linear relation with TRAP in children. Linares and Díaz (2010) concluded that hospital readmission for age 75 or more was increased due to TRAP. Also, an increase in blood pressure, variation in heart rate, myocardial infarction, stroke, ischemic disease, coronary atherosclerosis, arrhythmias, and infarction are greatly related to fine particulate matter PM2.5 exposure. The study by Costa et al., (2014) suggests that TRAP is a key contributor to air pollution and damaging effect on behaviour abnormalities, neuroinflammation, and oxidative stress. Further, high emission concentration contributes to developmental disabilities, hyper activities, autism, neurotoxicity, and decreased cognitive functions. The consequences of particulate matter on lung function, respiratory problems, and pulse rate have been investigated in Delhi by Kesavachandran et al., (2015), which shows that increase in the concentration of PM1 and PM2.5 has declined the forced respiratory volume (1-sec FEV) and peak respiratory flow rate (PEFR). To know the consequences of lead (Pb) from traffic air pollution on the nearest roadside soil and plants, Ahmad et al., (2019a) have tested roadside soil and leaf samples from five different locations. The test reveals that lead (Pb) was present from 28.8 to 44.8 mg kg-1 in concentration for soil while the concentration of 3.48 to 5.93 mg kg-1 in the leaves. By studying the effect of reducing TRAP in Rome by Cesaroni et al., (2012), from 2001 to 2005, it was revealed that 3.4 days of life was gained per person for citizens living near high traffic zones. Pascal et al., (2013) investigated filthy air’s economic and health consequences in twenty-five European cities by estimating air and health figures. After a controlled decrement of 2.5 μg m-3 in the air, it was observed from health data that a massive € 14 billion could be saved annually. Lin et al., (2018) found that the cost of energy increases in providing cleaner air to buildings, as the ambient air has been contaminated by particle matter due to high economic activities assisted by transportation. Investigation of the effects of traffic policies implementation in 2018 in Beijing, China by Fontes et al., (2018) reveals that the first traffic curtailment reduced PM2.5 by 5% from 95.4 μg m-3 to 91.1 μg m-3 while the second traffic policy implementation has increased concentration by 16%, from 102.4 μg m-3 to 121.6 μg m-3. The measure restricted certain vehicles in a specific area for a particular time. Anwar et al., (2021) investigated air pollution of various sources, including vehicular traffic in China, India, and Pakistan. The study compiles that air pollution mitigation is a multidimensional approach, including making legislation, implementing laws and rules, establishing policies, implementing new technologies, upgrading emissions standards, and continuously monitoring air pollution. Air pollution, especially particulate matter from various sources, including traffic, reduces visibility claimed by Zhao et al., (2013) and causes regional haze US-EPA (2006), affecting tourism and air traffic. Huang et al., (2016), in their 12 years investigation, concluded that visibility had been greatly deteriorated because of worsening air quality. Due to the absorption of sunlight by particulate matter and the excess of greenhouse gases, climate changes are prominent, and an increase in global average temperatures is obvious, Lelieveld et al., (2019) concluded. The rise in temperature poses a greater threat to food security as the investigation by Asseng et al., (2014) reveals that there is a reduction in wheat yield by 6% with an increase of 1°C.

      Numerous methods have been implemented to study TRAP. Berkowicz et al., (2006) used the Danish Operational Street Pollution Model (OSPM) of estimation for traffic emission (NOx and CO) at the Copenhagen University building based on the COPERT model. Other studies, such as Zanella et al., (2014), have conducted a pilot study at Padova, Italy, about new IoT technology, for the street lighting system and measurement of environmental parameters. Mobile Crowd Sensing (MCS) was another IoT technique coined by Montori et al., (2018), which collected corporate, state, and end-user data for analysis. Another research by Ahmad et al., (2019b) determined the particulate matter PM10 and Pb concentration at Upper Dir and Charsadda using Reference Ambient Air Sampler and graphite furnace atomic spectroscopy. Similarly, an investigation discovered the temperature, humidity, and CO2 level using IoT, where data from the transmitter node has been sent to the receiver node and stored in a customized excel sheet (Shah and Mishra, 2016). To measure the concentration of CO2, NOx, and PM10, non-dispersive infrared photometry, chemiluminescence, and automatic sampling of beta radiation methods were used respectively by Pérez-Martínez et al., (2015). The correlation of exposure to TRAP and hospital readmission was analyzed by Newman et al., (2014) for a period of 12 months employing logistic regression and the Cox proportional hazard regression model (a regression model for evaluating simultaneously the influence of multiple factors on patient survival or the rate of a particular event happening (e.g., infection, death)) and found that TRAP has a positive effect on readmission to hospital.

      Not many studies assessed TRAP, as most of them worked on the interconnection of health with air pollution (Pascal et al., 2013) and focused on the impact of TRAP on asthma (Newman et al., 2014) and other health issues (Ahmad et al., 2019a; Kesavachandran et al., 2015; Costa et al., 2014; Cesaroni et al., 2012; Linares and Díaz, 2010; Kim et al., 2004). There is hardly any research for monitoring TRAP based on contemporary IoT systems. However, traffic-related air pollution is the primary concern in this research. It is being analyzed by measuring and monitoring the concentration of parameters responsible for the degradation of air quality. Mitigating traffic-related air pollution (TRAP) is a formidable challenge, and consistent long-term commitment to environmental protection is indispensable. This pilot study covers the aspects of measurement, monitoring, processing, and reporting of data related to TRAP in the city hotspot, in particular at BRT Bus Station at Peshawar University, opposite to Khyber Teaching Hospital (KTH) Peshawar for outdoor investigation while at the University of Engineering and Technology Peshawar for indoor infiltration. Wireless sensors technology was deployed on the road for data acquisition for the concentration of traffic air pollution by measuring the concentration of PM1, PM2.5, PM10, NO2, SO2, CO2, and meteorological parameters (pressure, temperature, and humidity). The measured concentration was transmitted to Amazon Web Services (AWS) for storage, analysis, monitoring, and reporting purposes. The Air Quality Index (AQI) was calculated from the pollutant’s concentration. The study of TRAP remains a nascent topic in Pakistan, and very little data is available in this regard. The current study is one of the first efforts to measure TRAP in Peshawar, Pakistan. This data analysis would provide a source to make data-based decisions, an intelligent, reliable, and acceptable ways to build strategies for limiting TRAP in the city.

    

    

  
    
      2. METHODOLOGY
      The current research consists of these main parts (a) Setting up Libelium’s Smart Cities Pro Model along with sensor probes (b) Sensors deployment at the site (c) Using Libelium Cloud Bridge as buffer storage (d) Using AWS IoT and AWS DynamoDB for sensors data storage and (e) Data analysis.

      
        2. 1 Libelium Sensors
        Libelium Smart Cities Pro Model, along with particulate matter sensor (PM1, PM2.5, PM10), NO2, SO2, CO2, and the sensor for meteorological parameters (pressure, temperature, and humidity), have been used for data acquisition of TRAP as shown Fig. 1. The measured pollutants concentration was transmitted to Libelium Cloud Bridge and forwarded to AWS DynamoDB. The configuration was placed on a two-meter high stand, designed for sensors mounting. The study by Wu et al., (2002) shows that the maximum concentration of particulate matter occurs in-between heights of 2-3 meters. OPC-N3 is a particulate matter (PM1, PM2.5, and PM10) sensor by Libelium, which measures the concentration of particulate matter (Libelium, 2019). The air inhaled by the sensor passes through a built-in laser beam. Particles in the air scatter the laser light and determine the size and concentration of particles in return. Libelium has developed SO2-A4 sensor for SO2 measurement, “NO2-A43F” for NO2, “NE20-CO2 P-NCVSP” for CO2, and BME280 (Bosch Sensortec) for meteorological parameters (pressure, temperature, and humidity). Specification of all these sensors has been given in Table 1.

        
          
          

          Fig. 1. 
				
          

          
            Libelium sensor probes for (a) particulate matter (PM1, PM2.5, PM10), (b) CO2, (c) NO2, (d) SO2, (e) sensor for meteorological parameters (pressure, temperature and humidity), (f) Libelium Smart Cities Pro Node, to which all sensor has been attached with six different sockets for various sensors.
          
          

          

        

        
          Table 1. 
				
          

          
            Specifications of Libelium sensors.
          
          

        

        
          
            
              	Sensor
              	Measuring range
              	Accuracy
              	Response time
              	Max. power consumption
            

          
          
            	Particulate matter
(PM1, PM2.5, PM10)
            	Max. 2,000 μg m-3 at rate
up to 10,000 particles/second
from 0.35 μm to 40 μm
            	-
            	-
            	270 mA @ 5 V
          

          
            	Nitric dioxide (NO2)
            	0 to 200 ppm
            	±0.2 ppm
            	≤30 seconds
            	1 mA
          

          
            	Sulfur dioxide (SO2)
            	0 to 20 ppm
            	±0.2 ppm and sensitivity of
320 to 480 nA/ppm
            	≤45 seconds
            	1 mA
          

          
            	Carbon dioxide (CO2)
            	0 to 5,000 ppm
            	±50 ppm for (0 to 2,500 ppm)
±200 ppm for (2,500 to 5,000 ppm)
            	≤60 seconds
            	80 mA
          

          
            	Temperature
            	-40°C to +85°C
            	±1°C
            	1.62 seconds
            	1 μA
          

          
            	Relative humidity (RH)
            	0 to 100%
            	<±3%
            	1 second
            	2.8 μA
          

          
            	Pressure
            	30 kPa to 110 kPa
            	±0.1 kPa
            	-
            	4.2 μA
          

        

        

      

      
        2. 2 Sensors Deployment at Site
        Outdoor TRAP was measured at the University of Peshawar (UOP) BRT Bus Station at coordinates 33.997795 N, 71.486272 E on February 24, 25, 27, and March 4, 9, 2020, as shown in Fig. 2(a) and Fig. 2(b). Indoor air quality is contaminated by pollutants that infiltrate from outside. Indoor air was monitored over 48 days from January 24, 2020, to March 12, 2020, for 24-hours, continuously, at the 3rd-floor University of Engineering and Technology Peshawar (main campus) at coordinates 34.001779 N, 71.485471 E. Also, the distance between the indoor and outdoor sites was approximately 450 m. Similarly, indoor measurements were taken at the height of 10 m, while outdoor at the height of 2 m. The sensor node and sensor probes were deployed at the designated location on the road for encountering maximum traffic emissions.

        
          
          

          Fig. 2. 
				
          

          
            (a) TRAP measurement sites (source: Google Earth), (b) Deployed sensors at BRT.
          
          

          

        

      

      
        2. 3 AWS for Storage and Analysis
        This research opted for AWS cloud service for IoT data storage, analysis, and reporting. Data sent from the sensor to Libelium Cloud Bridge was then forwarded to AWS DynamoDB. With AWS IoT, sensors were connected through protocols for bi-directional communications (AWS, 2020). Sensor node was registered as a “Thing” in AWS IoT Core, a virtual representation of sensor in the cloud. Afterwards, a rule was established by simple query statements to extract the required data part from the sensor readings and forward it to Amazon DynamoDB. Further, the data was extracted from DynamoDB, transformed into tabular form for batch analysis and reporting, and loaded into IBM SPSS 25 and Excel.

      

      
        2. 4 AQI Calculation
        The daily average AQI for each pollutant was calculated from their concentration (Cp) based on US EPA procedures using Equation 1 (US-EPA, 2018) and US EPA breakpoints for AQI. The calculated AQI falls in one of the six predefined categories. Each category is represented by a colour scale that conveniently helps in knowing the level of hazard or toxicity of pollutants. The higher the AQI, the worse the air quality and vice versa.
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Where,
Ip =the (air quality) index of a pollutant
Cp =the pollutant concentration,
BPlow=the concentration breakpoint that is ≤Cp
BPhigh=the concentration breakpoint that is ≥Cp
Ilow=the index breakpoint corresponding to BPlow
Ihigh=the index breakpoint corresponding to BPhigh

        The values of BPlow, BPhigh, Ilow, and Ihigh can be found in US EPA breakpoints for AQI (US-EPA, 2018). For example, finding PM2.5’s AQI for a concentration of 40 μg m-3 (Cp=40 μg m-3) using Equation 1;

        
          
            
              	
                
                  
                    
                      
                        I
                      
                      
                        P
                        
                          
                            M
                          
                          
                            2.5
                          
                        
                        =
                        
                          
                            
                              
                                150
                                -
                                101
                              
                              
                                55.4
                                -
                                .
                                35.5
                              
                            
                            
                              
                                40
                                -
                                35.5
                              
                            
                            +
                            101
                          
                        
                        =
                        112
                      
                    
                  
                
              
              	
            

          

        

      

    

    

  
    
      3. RESULTS AND ANALYSIS
      Concentration and AQI analysis for indoor and outdoor condition has been discussed below. The upcoming analysis has given each pollutant concentration with its peak and minimum values.

      
        3. 1 Outdoor Analysis
        Outdoor data were measured on Feb 24-25, February 27, March 4, and March 9, 2020, with about 20 data points for each variable each day with 5 minutes of logging interval. Data was measured in the daytime with 90-minutes data recording on the first day, starting at 11:30 a.m. to 01:00 p.m. on February 24, another 120 minutes from 11:30 a.m. to 01:30 p.m. on February 25, 90 minutes from 12:00 p.m. to 1:30 p.m. on February 27, 120-minutes from 10:30 a.m. to 12:30 p.m. on March 4, while 60-minute data from 12:00 p.m. to 1:00 p.m. on March 9 was recorded. Outdoor data has been summarized in Table 2.

        
          Table 2. 
				
          

          
            Descriptive statistics of outdoor measurements.
          
          

        

        
          
            
              	Parameters
              	PM1
(μg m-3)
              	PM2.5
(μg m-3)
              	PM10
(μg m-3)
              	CO2
(ppm)
              	SO2
(ppb)
              	NO2
(ppb)
              	Temp.
(°C)
              	RH
(%)
            

          
          
            	Mean
            	28
            	69
            	249
            	405
            	232
            	212
            	24
            	40
          

          
            	Maximum
            	61
            	167
            	1,074
            	2,285
            	373
            	252
            	29
            	54
          

          
            	Minimum
            	6
            	20
            	52
            	311
            	107
            	147
            	20
            	28
          

          
            	Median
            	26
            	62
            	201
            	359
            	232
            	214
            	24
            	40
          

          
            	N
            	100
            	100
            	100
            	100
            	81
            	100
            	100
            	100
          

          
            	Variance
            	146
            	761
            	32,490
            	67,588
            	3,481
            	423
            	7
            	60
          

          
            	Std. Dev
            	12
            	28
            	180
            	260
            	59
            	21
            	3
            	8
          

          
            	Range
            	55
            	147
            	1,022
            	1,974
            	265
            	105
            	9
            	26
          

        

        

        AQI between 101-150 corresponds to “Unhealthy for Sensitive Groups (USG).” The maximum AQI for outdoor pollutants was 169 (Unhealthy) for PM2.5, 203 (Very Unhealthy) for PM10, 181 (Unhealthy) for SO2, and 123 (Unhealthy) for NO2. SO2 contributes the largest to overall AQI as compared to other pollutants. From the analysis, four days overall outdoor AQI falls in the category of “Unhealthy,” and for a day, it was recorded as “Very Unhealthy.” Data analysis has shown that indoor AQI was slightly better than outdoor AQI. It was due to the distance and height of the indoor location, as mentioned in the upcoming comparison section. The unhealthy category has greater health consequences for the sensitive group (people with respiratory problems, heart diseases, the elderly, and children), while the general public is less affected. Further, according to US EPA, “for particle pollution, the sensitive groups include people with heart and lung disease, older adults, children, people with diabetes, and people of lower socioeconomic status (SES; a composite number indicating income, education, occupation).”

        Vehicles were counted for five days in the daytime, as mentioned above. A total of 16,662 vehicles were counted for a duration of 1.5-hours on February 24, 18,916 for 2 hours, on February 25, 15,797 for 1.5-hours, on February 27, 20,156 on March 4 for 2 hours, and 11,211 for one hour on March 9, 2020. These traffic counts were used to find the correlation between measured pollutant concentration and the number of vehicles. Pearson correlation coefficient (r) shows that measured parameters are somewhat related to each other. A moderate positive correlation of 0.45 exists between motorcycles against PM1, and a low relationship of 0.27 exists between the former against NO2. Similarly, a correlation of 0.34 exists between humidity and PM10 while 0.47 between temperature and PM1. The rest of the correlations were not prominent, as those show little or no correlation. Outdoor measurement for PM2.5, PM10, SO2, NO2, and CO2 is plotted in the box and whisker plot in Fig. 3. The maximum daily mean for PM2.5 was 90 μg m-3 on February 27, while the maximum data spread was observed on March 4. Similarly, PM10 had the maximum daily mean of 356 μg m-3 on March 4 and the highest concentration of 1,074 μg m-3. Two outliers of 2,070 and 2,285 ppm for CO2 on February 25 have been removed, so boxplot for CO2 can be seen more apparently. Outdoor data has been recorded before the COVID-19 lockdown. The lockdown took place on March 13, 2020, in the city. The country observed smart lockdowns implemented in most affected areas, the frequency and degree (strictness) of which varies from place to place depending upon the severity of the disease.

        
          
          

          Fig. 3. 
				
          

          
            Box and whisker plot for outdoor concentration (PM1, PM2.5, PM10, SO2, NO2, and CO2).
          
          

          

        

      

      
        3. 2 Indoor Analysis
        Indoor measurements were taken at the 3rd floor, New Academic Block, University of Engineering and Technology Peshawar (main campus). Data was recorded with 5-minute intervals, 24-hours continuously for 48 days, with 220 data points daily for each pollutant parameter each day starting from January 24, 2020, to March 12, 2020. Descriptive statistics of indoor data are given in Table 3.

        
          Table 3. 
				
          

          
            Descriptive statistics of indoor measurements.
          
          

        

        
          
            
              	Parameters
              	PM1
(μg m-3)
              	PM2.5
(μg m-3)
              	PM10
(μg m-3)
              	CO2
(ppm)
              	SO2
(ppb)
              	NO2
(ppb)
              	Temp.
(°C)
              	RH
(%)
            

          
          
            	Mean
            	16
            	25
            	34
            	418
            	169
            	233
            	17
            	50
          

          
            	Maximum
            	49
            	294
            	1,090
            	2,737
            	560
            	437
            	28
            	58
          

          
            	Minimum
            	1
            	2
            	2
            	272
            	0
            	0
            	13
            	34
          

          
            	Median
            	15
            	23
            	28
            	349
            	142
            	240
            	17
            	51
          

          
            	N
            	10,584
            	10,582
            	10,581
            	10,585
            	7,450
            	7,314
            	10,583
            	10,584
          

          
            	Variance
            	87
            	282
            	1,094
            	54,684
            	8,293
            	1,678
            	7
            	20
          

          
            	Std. Dev
            	9
            	17
            	33
            	234
            	91
            	41
            	3
            	5
          

          
            	Range
            	48
            	292
            	1,088
            	2,466
            	560
            	437
            	15
            	25
          

        

        

        
          3. 2. 1 The Indoor Concentration of PM2.5, PM10, SO2, and NO2
          Analysis of PM2.5 shows that the maximum daily average of 49 μg m-3 was noted on February 7, while the peak value of 294 μg m-3 was on February 19 and the minimum daily mean of 6 μg m-3 was noted on March 8 as shown in Fig. 4. The maximum daily mean for PM10 was 78 μg m-3 on February 19, while the minimum was 7 μg m-3 on March 8. Similarly, the concentration for SO2 was mostly below 200 ppb, as shown in Fig. 5, with a maximum daily mean of 465 ppb on January 24. Likewise, NO2 has the maximum daily mean of 247 ppb on February 1. The most considerable variation for NO2 was 437 ppb on March 6.

          
            
            

            Fig. 4. 
				
            

            
              Boxplot showing the indoor concentration of PM2.5 and PM10.
            
            

            

          

          
            
            

            Fig. 5. 
				
            

            
              Boxplot showing the indoor concentration of SO2 and NO2.
            
            

            

          

          The highest concentration of particulate matter was recorded on February 19, as arranged in Table 4. The most probable cause could be weather variation (wind storm) on that day. Because of the scope of the current study, the effects of other factors such as wind speed/direction, temperature, rain, and humidity could not be included. The frequency percent for PM2.5 shows that range 1 to 50 μg m-3 is responsible for 90.4% of the total day distribution, as shown in Fig. 6. The rest, 9.6% of the distribution, is between 51-294 μg m-3, with only a 3% distribution above 200 μg m-3. Similarly, the highest concentration was 1,090 μg m-3 for PM10 on February 19. Frequency histogram shows that 1 to 50 μg m-3 is the highest recurring range with 67.6%, while 8.6% of the distribution is between 151 to 1,090 μg m-3, with merely a 6% distribution above 400 μg m-3. The PM10 AQI for February 19 was 62, which lay in the moderate range.

          
            Table 4. 
				
            

            
              Descriptive statistics of indoor measurements on February 19, 2020.
            
            

          

          
            
              
                	Parameters
                	PM1
(μg m-3)
                	PM2.5
(μg m-3)
                	PM10
(μg m-3)
                	CO2
(ppm)
                	NO2
(ppb)
                	Temp.
(°C)
                	RH
(%)
              

            
            
              	Mean
              	16
              	38
              	78
              	698
              	229
              	18
              	18
            

            
              	Maximum
              	45
              	294
              	1,090
              	2,128
              	250
              	21
              	21
            

            
              	Minimum
              	2
              	3
              	3
              	426
              	155
              	18
              	18
            

            
              	N
              	210
              	210
              	210
              	210
              	210
              	210
              	210
            

            
              	Variance
              	100
              	2,238
              	24,591
              	119,515
              	149
              	0
              	0
            

            
              	Std. Dev
              	10
              	47
              	157
              	346
              	12
              	1
              	1
            

            
              	Range
              	43
              	291
              	1,087
              	1,702
              	95
              	3
              	3
            

          

          

          
            
            

            Fig. 6. 
				
            

            
              Histogram frequency (%) of indoor concentration of PM2.5 and PM10 on Feb 19.
            
            

            

          

        

        
          3. 2. 2 Indoor AQI of PM2.5, PM10, SO2, NO2, and Overall Indoor AQI
          Indoor AQI for individual pollutants, PM2.5, PM10, SO2, NO2 is shown in Fig. 7. PM2.5’s AQI falls in three categorical limits. The first one, less than or equal to 50 AQI, corresponds to the “Good” category, consisting of 17% of the total data points measured during 48 days. Second, between 51 to 100 AQI corresponds to the “Moderate” category, making 52% of total data recorded, suggesting that PM2.5 belongs to the “Moderate” category for slightly more than half of the time. Lastly, the rest of 31% of the time, PM2.5’s AQI remains between 101 and 140 AQI, which corresponds to the “USG” category. Moreover, the maximum AQI of 135 for PM2.5 was on February 7, while a minimum AQI of 26 was noted on March 8, 2020. AQI of PM10 shows that 85% of the AQI values lie below 50 indexes, while the rest of 15% belongs to the “Moderate” category. It can be inferred from data that AQI for PM10 belongs to the “Good” category most of the time. Further, the maximum AQI was 62 for PM10 on February 19, while the minimum of 7 on March 8, 2020. The highest AQI for SO2 was 254 on January 24. By analyzing the data for SO2, 25 days belong to the category of “USG,” making a total of 66% of the total measurement. Similarly, SO2 AQI was “Unhealthy” for nine days that is 24% of the data, while the rest of the four days AQI were in the “Very Unhealthy” category making it 10% of the total data. AQI of NO2 resonates between 125 to 128 indexes and remains the “USG” category all of the time. Highest AQI was 128 for NO2, while the lowest of 107 was observed.

          
            
            

            Fig. 7. 
				
            

            
              Indoor AQI of PM2.5, PM10, SO2, and NO2.
            
            

            

          

          Data of overall indoor AQI shows that nine days, which makes 19% of the total measurement, belongs to the “Unhealthy” category, while 35 days AQI making 73% of the total belong to “USG” and the rest of 4 days making 8% of the total days belongs to “Very Unhealthy” category. Maximum overall AQI was found on January 24 with 254 indexes, while minimum AQI 123 was observed on March 8, 2020. Likewise, SO2 contributes the largest to overall AQI.

        

        
          3. 2. 3 Frequency Analysis of Indoor Data
          Frequency distribution for PM2.5, PM10, SO2, and NO2 has been shown in Fig. 8. PM2.5 has the highest frequency of 45% for the concentration interval of 1 to 20 μg m-3, while only 3% was above 40 μg m-3 concentration. Likewise, PM10 has the highest frequency of 45% for the concentration interval of 1 to 25 μg m-3, while 35% distribution is in the range of 26 to 50 μg m-3 and merely 1% above 100 μg m-3. Percentage frequency of SO2 shows that the highest frequency of 47% for the concentration interval of 100 to 150 ppb was found, while 23% distribution was in the range of 151 to 200 ppb. Similarly, NO2 has the highest frequency of 78% for the concentration interval of 225 to 250 ppb.

          
            
            

            Fig. 8. 
				
            

            
              Histogram frequency (%) distribution of indoor PM2.5, PM10, SO2, and NO2 concentration.
            
            

            

          

        

      

      
        3. 3 Comparison of Indoor and Outdoor Measurements
        Interior and exterior AQI has been compared. It has been noted that overall indoor AQI was slightly better as compared to outdoor AQI. The comparative analysis concludes that the concentration and AQI of outdoor measurement for PM1, PM2.5, and PM10 were higher than indoor data, as Table 5 shows. The most probable reason for the betterment of indoor AQI was the distance (450 m) and height (10 m) of indoor location from the outdoor site. Similarly, outdoor measurements were taken at the designated spot on the road, which encountered a more significant amount of traffic-related air pollution than the indoor one. Moreover, there was no clear pattern for SO2 and NO2 concentration; sometimes outdoor takes lead while other-time indoor takes the lead, and this continues to their AQI. Also, it is difficult to arrive at an absolute judgment that outdoor concentration and AQI will be higher than indoor (valid in the case of PM1, PM2.5, and PM10, humidity and temperature), as it may seem, but analysis reveals otherwise. It can be deducted that more data is needed to arrive at a satisfactory conclusion. Because of the pilot study, the research scope was limited, which means the research needs to be continued for a longer time.

        
          Table 5. 
				
          

          
            Comparison of indoor (In) and outdoor (Out) pollutant’s concentration.
          
          

        

        
          
            
              	Date
              	PM1 (μg m-3)
              	PM2.5 (μg m-3)
              	PM10 (μg m-3)
              	CO2 (ppm)
              	SO2 (ppb)
              	NO2 (ppb)
            

            
              	In
              	Out
              	In
              	Out
              	In
              	Out
              	In
              	Out
              	In
              	Out
              	In
              	Out
            

          
          
            	24-Feb
            	22
            	26
            	36
            	70
            	46
            	254
            	345
            	361
            	223
            	226
            	228
            	217
          

          
            	25-Feb
            	19
            	28
            	29
            	55
            	35
            	132
            	493
            	502
            	220
            	223
            	226
            	210
          

          
            	27-Feb
            	24
            	47
            	46
            	90
            	81
            	229
            	517
            	406
            	271
            	258
            	269
            	209
          

          
            	04-Mar
            	12
            	22
            	28
            	74
            	99
            	356
            	450
            	368
            	238
            	221
            	160
            	219
          

          
            	09-Mar
            	15
            	12
            	38
            	54
            	92
            	284
            	381
            	352
            	235
            	230
            	142
            	196
          

        

        

      

    

    

  
    
      4. DISCUSSION
      TRAP in Peshawar city at BRT Peshawar University Bus Station was measured to know the outdoor concentration. Five days of data were collected for each pollutant each day. Likewise, indoor infiltration and air quality were monitored for 48 days at the 3rd floor, New Academic Block, University of Engineering and Technology Peshawar. The Libelium Smart Cities Pro model and Libelium’s sensor probes were used to find traffic-related air pollution, including PM1, PM2.5, PM10, NO2, SO2, and CO2, with additional meteorological parameters (pressure, temperature, and humidity). The data was sent to Libelium Cloud Bridge, afterwards directed to AWS IoT and AWS DynamoDB for storage and analysis.

      The maximum AQI for outdoor pollutants was 169 (Unhealthy) for PM2.5, 203 (Very Unhealthy) for PM10, 181 (Unhealthy) for SO2, and 123 (USG) for NO2. SO2 dominates overall outdoor AQI. For all of those five days of outdoor reading, all of the time, overall AQI exceeds the 150 mark, which means that outdoor AQI falls in the category of “Unhealthy.” A correlation of 0.45 exists between motorcycle and PM1, while a low relationship of 0.27 exists between motorcycle against NO2. This means that the concentration was high whenever the number of motorcycles were high. Possibly, it was due to the local manufactured inexpensive motorcycles. Likewise, a correlation of 0.34 for humidity against PM10 while 0.47 between temperature and PM1 was noticed. The rest of the correlations were not prominent for further consideration.

      For indoor measurement, PM2.5 has AQI of 135 (USG), PM10 has AQI of 62 (Moderate), NO2 has AQI of 254 (Very Unhealthy), while SO2 have an AQI of 128 (USG). Analysis shows that SO2, among other traffic-related air pollutants, contributes the largest to overall AQI. The overall indoor AQI remains in the “unhealthy” category by 19% of its total time, 73% in “USG,” while merely 8% in the category of “very unhealthy.” The sensitive group, which includes people with asthma, children, and older adults, are at higher risk. They need to be careful, take preventive standard operating procedures (SOPs), and make routine checkups. SOPs are standard instructions that help in lowering the unhealthy effects of pollutants. The unhealthy category, which includes people with lung diseases, children, and older adults, is susceptible at the highest and should avoid long or heavy exposure. While for the “very unhealthy category,” everyone should avoid extended outdoor activities and heavy exposure. Outdoor PM2.5 and PM10 concentrations were higher by 162% (4-Mar), and 452% (24-Feb) compared to indoor concentrations, as shown in Table 5.

      A report by World Air Quality Index for PM2.5 shows that the top 37 out of 40 most polluted cities globally are from South Asia (IQAir, 2020). India, Bangladesh, and Pakistan have one of the worse PM2.5’s AQI in the world. Average AQI by Index (2020) from January 24 to March 12, 2020 (online available) was recorded at (a) Temple of Heaven, Dongcheng, Beijing, (b) Bandra, Mumbai, India, (c) UET Peshawar (current study), (d) Dhaka US Consulate, Bangladesh (PM2.5 AQI only). AQI for PM2.5 in Table 6 shows that all mentioned countries have exceeded the WHO 24-hours mean (25 μg m-3; which corresponds to AQI of 78). Pakistan’s AQI for PM2.5 was relatively better by 23%, 65%, and 170% compared to China, India, and Bangladesh. However, Pakistan’s AQI for SO2 and NO2 was poor as compared to the same countries. The most likely reason could be the Sulphur content of 500 ppm in Diesel and 3% in Furnace oil. Pakistan uses Euro II fuel (Sulphur content 500 ppm) and sub-standard fuel and is shifting to Euro V standard (Sulphur content 10 ppm). Secondly, the National Transport Research Center (NTRC, 2019) estimates that the number of motorcycles/scooters has increased by 219% (6.66 million to 14.62 million) in just four years from 2015 to 2019. The 2-strokes engines of motorcycles/ scooters and rickshaws produce most emissions due to incomplete fuel burning (Ministry of Finance, 2019b). Further, the industrial estate (Hayatabad, Peshawar.) is about 7.5 km away from the measurement location.

      
        Table 6. 
				
        

        
          AQI comparison of neighbouring countries ( January 24 to March 12, 2020) (Index, 2020).
        
        

      

      
        
          
            	Country
            	PM2.5
            	PM10
            	SO2
            	NO2
            	Overall AQI
          

        
        
          	China (Beijing)
          	101
          	67
          	7
          	17
          	101
        

        
          	India (Mumbai)
          	136
          	39
          	1
          	12
          	136
        

        
          	Pakistan (Peshawar - current study)
          	82
          	32
          	153
          	125
          	153
        

        
          	Bangladesh (Dhaka)
          	221
          	-
          	-
          	-
          	221
        

      

      

      It was evident from the indoor data comparison of the current study with Rehan et al., (2021) that the AQI of PM2.5, PM10, and NO2 after lockdown improved from 135 to 49, 62 to 16, and 254 to 115 compared with AQI before lockdown, as shown in Table 7. The highest concentration of particulate matter was recorded on February 19. The most probable cause could be weather variation (wind storm) on that day. Effects of vehicle’s velocity, wind speed, vehicle condition, fuel type, traffic regulations, and other factors were not counted in this research because the scope of the study was limited to measure TRAP on a pilot scale. In addition, the exact reason for the higher correlation of motorcycles with PM1 and NO2 is unknown; however, the introduction of locally manufactured inexpensive motorcycles into the fleet may be the utmost reason. Further, a multidimensional approach is required to encounter the threat of TRAP, the core of which is measuring and monitoring TRAP continuously.

      
        Table 7. 
				
        

        
          Comparison of maximum concentration and AQI before and after lockdown (indoor location).
        
        

      

      
        
          
            	Parameters
            	PM2.5 (μg m-3)
            	PM10 (μg m-3)
            	SO2 (ppb)
            	NO2 (ppb)
          

          
            	Before
            	After
            	Before
            	After
            	Before
            	After
            	Before
            	After
          

        
        
          	Concentration (Maximum)
          	49
          	11.7
          	78
          	17.6
          	247
          	173
          	465
          	177
        

        
          	AQI
          	135
          	49
          	62
          	16
          	128
          	145
          	254
          	115
        

      

      

    

    

  
    
      5. CONCLUSION
      The pilot study concludes that TRAP directly affects air quality deterioration. Data analysis of the pollutant’s concentration shows that the SO2 is the largest contributor to overall AQI for outdoor TRAP and indoor AQI, while PM10 was least contributive in indoor conditions. The maximum overall outdoor AQI was 203 due to PM10, while the maximum overall indoor AQI was 254 due to SO2. Moreover, indoor air quality was slightly better than outdoor air quality. Compared to the US EPA standard for AQI, the frequency analysis of PM2.5 concentration shows that 23% of concentrations were in “Good,” 54% in “Moderate,” while about 17% in the “USG” category of all recorded data. Similarly, PM10 has about 83% in “Good” while 15.6% in the “Moderate” category. SO2 has 73.5% in “USG” while 17% in “Unhealthy,” and NO2 has 97.4% in the “USG” category. This level of AQI translates that the sensitive groups are at higher risk as compared to ordinary people. Further, the peak concentration of particulate matter was observed during the daytime from 12:30 p.m. to 2:00 p.m. After in-depth analysis, this research recommends establishing AQI monitoring stations for continuous TRAP monitoring in the city. By doing so, citizens may have a better sense of air quality and would take preventive SOPs.
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