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ABSTRACT 

Urban traffic corridors are severely polluted by traffic air, and noise pollution due to 

unprecedented growth of traffic. This study investigated the workplace annoyance and 

cardiovascular health of people working in two microenvironments such as street (vendors) and 

workplace (office workers) whose blood pressure (BP) and heart rate (HR) might be affected due 

to regular exposure to PM2.5 and traffic noise. The PM2.5 and noise levels measurements, face-to-

face questionnaire survey and health check-ups were carried out on working days from 10 a.m. 

to 8 p.m. in Jan-Dec 2019. The data was analysed by various statistical approaches in which the 

link between the traffic-borne PM2.5 and noise level at 1/3rd octave frequencies has been 

established with the participants' BP and HR considering the demographic, socio-contextual, 

habitual and annoyance perception factors. The median measure of PM2.5 (106.67 µg/m
3
 at street 

level and 33.33 µg/m
3
 at office indoor) and noise level (71.35 dB (A) at the street and 65.78 dB 

(A) at office indoor) violated the WHO and NAAQS allowable limit.  In winter, noise levels and 

PM2.5 were relatively higher than in other seasons. The street-side PM2.5 has been observed to be 

slightly correlated (ρ=0.299-0.344) with street-side peak noise and background noise, which 

might be due to the significant contribution from the same source on noise and the particulate 

pollution in that study area. This slight correlation suggests there might be the possible influence 

of other sources and some urban factors.The workplace annoyance was correlated with 

questionnaire variables (ρ: 0.364-1.000) and PM2.5 (ρ:-0.326-0.235). The low-mid frequencies 

noise, PM2.5, residential characteristics, family income, smoking, night traffic activities near 

residential area, and family income were the significant predictors of workplace annoyance. The 

results showed that above 40 dB (A) of 50Hz, 35 dB (A) of 100 Hz, 50 dB (A) of 315 Hz noise 

spectrum and > 50µg/m
3
 of PM2.5 significantly increase high annoyance perception of the 
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respondents. While, noise level > 55 dB (A) 630 Hz leads to decrease annoyance of office 

workers’ and > 100µg/m
3
 of PM2.5 leads to decrease the annoyance of street vendors.  

The results further showed that the workers working in traffic corridors had abnormally high BP 

and HR. The systolic BP, diastolic BP and HR values were higher than normal in male workers 

than female workers. The influence of low noise spectrum (50-630 Hz) was mostly observed. 

Therefore, the combined effect of PM2.5 > 50 µg/m
3
 and noise spectrum (63 and 100 Hz) > 30 dB 

(A) significantly affected the office workers' health in the traffic corridors. The hearing aids, 

breathing troubles in the traffic corridor and annoyance perception also influenced the BP and 

HR of the respondents. SoundPLAN traffic noise modelling study highlighted that car movement 

significantly contributes the low frequencies noise spectrum while, bus and truck contributes the 

higher frequency noise in that study area. The results are indicative and might be helpful in urban 

environmental planning to improve the well-being of urban traffic corridor users. 

Keywords Urban traffic noise; 1/3
rd

 octave frequency; PM2.5, Cardiovascular health; Traffic 

corridors; Workplace exposure; Environmental health 
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CHAPTER 1                                                                                                                      

INTRODUCTION 

1.1 GENERAL 

Rapid urbanisation is leading to environmental pollution, is of utmost concern for its impact on 

human health. Air and noise pollution are the significant environmental stressors of urban areas. 

Road traffic contributes to substantial proportion of environmental air and noise pollution in 

urban areas (Jiménez-Uribe et al., 2020) and add pollution loads in the close vicinity of human 

activities. Besides increasing traffic emissions, rapid urbanisation and populations make 

medium-to-high density housing development in cities almost inevitable particularly, in and near 

transportation hubs and shopping malls. The problem of air pollution becomes severe when the 

road is flanked by the high-rise and densely populated buildings that create deep roadway 

canyons impeding the dispersion of pollutants. Thus canyon effects can further elevate the on-

street pollutant levels (Colvile et al., 2001 ; Huang et al., 2021). Even during less traffic on urban 

roadways, it pollution is much higher than on broad and open streets (Rakowska et al., 2014). 

Similarly, noise due to multiple reflections by the roadside buildings and other surfaces, on street 

noise levels are very high. Therefore, urbanising cities are facing degradation of air and noise 

quality. 

 

 

 

INTRODUCTION 

CHAPTER 1 
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1.2 TRAFFIC AIR AND NOISE POLLUTION AND ITS’ HUMAN HEALTH     

      CONSEQUENCES 

Urbanisation in Indian cities have increased vehicular population up to 700% from 1990 – 2010, 

which is expected to increase higher by 4 - 5 times by 2030 (Guttikunda and Mohan, 2014). The 

older vehicles are emission intensive and contribute 30 - 50% of the total air and noise emissions 

from the transport sector (Guttikunda and Mohan, 2014). In most Asian cities (such as Mumbai, 

Kolkata, Delhi, Dhaka, Jakarta, and Manila in East Asia), motor vehicles are observed as the 

leading sources of air and noise emissions (Desvina et al., 2019). In these cities, pollution levels 

frequently exceed the World Health Organisation (WHO) air quality standards by a factor of 

two, three or more (WRI,2023), causing severe human health risks.  

Commuters in the vicinity of heavy traffic environments are exposed to higher air pollution. 

Exposure level of each human is different and depends on several factors such as the type of 

vehicles (engine/after-treatment technologies/ fuel type), meteorological conditions (Dons et al., 

2011 ; Karanasiou et al., 2014) and the age group of commuter and their health status. 

Commuters, on average, spend 0.34 - 2.06 h for commuting in the vicinity of the traffic 

microenvironment in India (Sabapathy et al., 2012). Besides, traffic-related air pollution severely 

affects the people residing and working in the vicinity of the roadside indoor environment. 

Different transport modes such as three-wheelers, buses, two-wheelers, trucks, bikes, contribute 

to fine particles (PM10, PM5, and PM2.5 ) in the traffiked way (Sabapathy et al., 2012; Forehead 

and Huynh, 2018). Saini and Sharma (2020) reported that PM2.5 concentration in most of the 

Indian cities exceeded the annual average National Ambient Air Quality Standards (NAAQS) of 

40µg/m
3
 and World Health Organisation (WHO) of  5 µg/m

3
 by a factor of 2 - 4. Less than 

0.01% population lives in places which meet the World Health Organisation's (WHO) prescribed 
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limit of 10 µg/m
3
(Chen and Lippmann, 2009). More prolonged exposure to fine particulate 

matter causes morbidity and mortality due to respiratory, cardiovascular, and cerebrovascular 

diseases (Chen and Lippmann, 2009). Han et al. (2005) studied the PM2.5 exposure of different 

urban workers and they observed that the PM2.5 exposure of bus drivers, gas station attendants 

and office workers was 161±8.9 µg/m
3
, 64 ± 26.5 µg/m

3
 and 65 ± 8.5 µg/m

3
, respectively. In 

Asia, the highest level of PM2.5 mortality is observed (Apte et al., 2015). According to Lim et al. 

(2012), ambient and household air pollution is the primary disease factors for Indian people. 

Around 10,000 premature deaths in India are due to air pollution (PHFI, 2014). The premature 

mortality related to PM2.5 pollution in different Indian cities is 114,700 (104,100 - 125,500) 

deaths from ischemic heart disease (IHD), cerebrovascular disease (stroke), chronic obstructive 

pulmonary disorder (COPD), lower respiratory infection, and lung cancer (Saini and Sharma, 

2020). Dey et al. (2012) observed, between 2000 and 2010, the increase in PM2.5 concentration 

in several Indian cities, i.e. Delhi, Mumbai, Kolkata, Patna, Kochi, Amritsar and Jamshedpur. In 

India, most source apportionment and epidemiological studies are conducted on SPM or PM10 

and gaseous pollutants, but studies on PM2.5 and ultrafine particle are limited (Pant et al., 2016). 

Tiwari et al.(2017) studied temporal evolution, source apportionment and transport pathways of 

particulate matter (PM2.5 and PM10) in Guwahati city. In December - March the PM10 and PM2.5 

concentrations were high and in summer it was found low. The estimated annual mean ratio of 

PM2.5 and PM10 was 0.57 ± 0.11, which indicating the dominance of anthropogenic and natural 

emissions during winter and spring seasons. The diurnal variation showed higher concentrations 

during morning and evening and lowest concentration 14:00 - 17:00 hours due to reduction in 

traffic activities and better meteorological effect.  

Besides air pollution, unprecedented growth in vehicular population also causes severe noise 
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pollution in urban areas, contributing to 55% of the total noise in traffic ways (Vij and Agrawal, 

2013). Traffic noise pollution is an important environmental hazard of urban area and its 

exposure is omnipresent both in developing and developed countries (Mehdi et al., 2011; Gan et 

al., 2012 ; King, 2022). Noise levels in urban cities are always higher than 55 dB (A), the 

threshold of different delineating human health hazards (Jiménez-Uribe et al., 2020 ; Münzel et 

al., 2021). Near an urban roadway in Surat city, Ranpise and Tandel (2022) observed A-weighted 

noise level as high as 78.9 dB(A) (46.1 - 114.9 dB (A)), which is way above the CPCB 

recommended standard. The traffic flow, horn honking and improper landscape were 

contributing to the elevated noise levels. In Kanpur city of India, the average A-weighted noise 

levels were 44.85 - 79.57 dB (A) (Mishra et al., 2021). Jiménez-Uribe et al. (2020) observed that 

low frequency noise was influenced by different types of traffic throughout a day, however, high 

frequencies were influenced by heavy vehicles during day and night both. Can et al. (2010) 

noticed that the slow moving vehicle and accelerating vehicle emit low frequency noise (<1 

kHz). Ishiyama and Hashimoto (2000) observed that the reduction of human annoyance 

perception linked with the reduction of road traffic frequency above 4.8 kHz. Caciari et al. 

(2013) observed a noticeable difference in hearing threshold at low - mid frequencies (250 Hz - 

2000 Hz) of urban outdoor and indoor workers of Italy. Liu et al. (2016) observed the 250 Hz, 1 

kHz, 2 kHz, 4 kHz, and 8 kHz occupational noise spectrum influenced the incidence of 

hypertension to the workers. 20 dB(A) increase in noise exposure at 4 kHz was related with a 

34% higher risk of hypertension (relative risk (RR): 1.34; 95% confidence interval (C.I.): 1.01, 

1.77). Alam et al. (2021) developed 3D noise map both vertical and horizontal with SoundPLAN 

model for the densely populated busy street of Delhi city. Banerjee, Das and Fouzdar (2014) 

used SoundPLAN CoRTN model for estimating traffic noise exposure of residents and observed 
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that day-evening-night noise level (Lden) > 65 dB(A) for men and Lden > 60 dB(A) in women 

were associated with the occurrence of hypertension. 

Prolonged, traffic noise exposure causes several psychological and physiological health 

problems, including annoyance, sleep disturbance, stress reactions, hypertension, cardiovascular 

events and diabetes (Dratva et al., 2010 ; Münzel et al., 2021 ; Prasad et al., 2022 ; Shamsipour et 

al., 2022). Some studies have reported the effect of traffic noise on the heart ; which acts on the 

endocrine and autonomous nervous system, increasing the probability of myocardial infarction 

(Ndrepepa and Twardella, 2011; Münzel et al., 2021 ; Shamsipour et al., 2022). Some 

researchers reported significant associations between air and noise pollution (Ögren and Molnar, 

2014 ; Khan et al., 2018), although air pollutant dispersion and noise propagation pathways are 

different, but both of these share a common environmental receptors simultaneously. 

Researchers observed that combined effect of traffic-induced air and noise pollution lead to 

annoyance, blood pressure and cardiovascular mortality, stroke, diabetes and different severe 

health disorders (Beelen et al., 2009 ; De Roos et al., 2014 ; Foraster et al., 2014 ; Tonne et al., 

2016 ; Héritier et al., 2018 ; SWISS TPH, 2018). Most of the air and noise pollution research has 

been conducted in the United Kingdom (UK), Denmark, Norway, Sweden and in Germany, 

indicated significant health deterioration (Klæboe et al., 2000 ; Weber et al., 2014 ; Sørensen et 

al., 2015 ; Fecht et al., 2016b ; Tonne et al., 2016 ; Pitchika et al., 2017b). In Delhi the combined 

impact of PM10, TSP, SO2, NO2 and noise leads to several health disorders related to 

cardiovascular, respiratory and psychological problems (Mandal et al., 2012). Exposure to PM2.5 

and noise can lead to cardiovascular diseases for youth by affecting the heart rate variability 

(Huang et al., 2013 ; Fuks et al., 2017). 

Only a few studies were found to have been carried out in Indian environment where air and 
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noise both together not evaluated (Bhandari et al., 2015) on the problem associated with traffic 

borne PM2.5 and noise pollution at the heterogeneous urban road environments.  

1.3 CONFOUNDERS OF THE RELATIONSHIP BETWEEN TRAFFIC NOISE,     

      PM2.5 AND HUMAN HEALTH AILMENTS  

Most of the studies concluded the importance of demographic, socio-contextual and personal 

factors and existing human health ailments are significant confounders of the relationship 

between pollutants and health. Several studies highlighted the influence of demographic and 

socio-contextual parameters, residential characteristics including housing proximity from nearest 

road, building facing, window and door location, neighbourhood environment including status of 

traffic activities, different outdoor air and noise sources, the perception of noise event during 

sleeping which indicates noise induced sleep disturbances and the information on health status 

are the significant explanatory factors for air and noise pollution annoyance and different health 

ailments (Rotko et al., 2002; ISO 15666 - 2003 ; Rotko, 2004 ; Frei et al. 2014 ; Nieuwenhuijsen, 

2015 ;Chung et al., 2020; Lefèvre et al., 2020). Degree of annoyance is mainly linked to personal 

factors (e.g. sensitivity to pollutant, fear of harm connected with the source, personal evaluation 

of the source, and coping capacity with respect to noise) and social factors (e.g. general 

evaluation of the source, trust or misfeasance with source authorities, history of exposure, and 

expectations of residents) (Pitchika et al., 2017). This human annoyance perception is linked 

with different human health ailments (Babisch et al., 2003;Miedema, 2007). Pitchika et al. 

(2017) observed that heavy traffic passing adjacent to the bedroom and noise annoyance in either 

bedroom or living room was associated with a higher prevalence of hypertension. The same 

researchers highlighted the low income householders are very prone to exposed with high noise 

and air pollutant level. 
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Okokon et al. (2018) observed that people who dwelled with street-side bedroom windows were 

very prone to use antidepressants due to higher noise exposure. It was well established that noise 

events can hamper sleep structure (Ebben et al., 2021 ; Sanok et al., 2022); therefore, noise event 

interference with sleep induces workplace annoyance. Rotko et al. (2002) and Jacquemin et 

al.(2007) observed the influence of PM2.5 and different socio-demographic factors including 

gender, education, vehicle operation near residential area, different residential building 

characteristics, smoking habit on human annoyance response. Petri et al. (2021b) observed that 

an increase of 5 dB (A) in nocturnal noise could elevate diastolic blood pressure (DBP) among 

people > 65 y, residing without household noise protection and those who keep windows open. 

Lim et al. (2021) observed the influence of PM2.5, NO2 and day-evening-night noise level (Lden) 

on the heart failure issues of female nurses who had hypertension and past smoking habit. In 

Delhi city of India, Jain and Barthwal (2022) observed the auto-rickshaw drivers were very 

vulnerable than cab driver for developing various respiratory, ophthalmic, dermatological and 

other health problems due to high exposure to PM1, PM2.5 and PM10. They also considered 

different socio-demographic factors including age, gender, BMI, information of alcohol, 

smoking and tobacco consumption, education, family income, vehicle ownership, working hours 

and different existing health ailments in their research. Prasad et al. (2022) studied the role of 

demographic factors (age, gender, marital status, education, and profession) on the association 

between the traffic noise induced psychophysiological ailments of bike riders, they concluded 

that blood pressure is the significant consequences of annoyance, depression, sleeping problems, 

tiredness and head ache. That means traffic noise indirectly influencing blood pressure. 

Therefore, there is a strong requirement for identifying the significant confounding variables for 

exploring the nexus between traffic noise and air pollution and human health ailments of 
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different urban populations. 

Thus, plethora of literatures focussed on the urbanisation driven traffic population and its’ role 

on increasing environmental air and noise pollution. Among air pollutants PM2.5 is identified as a 

serious threat to human health. Similarly, traffic noise is also a serious environmental pollution 

after air pollution for its’ various delineating human health effects including auditory and non-

auditory viz. cardiovascular, cerebrovascular and various physiological and psychological 

ailments. There is a serious need to characterise the road traffic noise frequencies for 

environmental epidemiological research. Only a few studies focused on the combined effect of 

PM2.5 and noise pollution on human health. Urban workers (e.g. street vendors, office workers) 

are the most vulnerable group of people apart from urban residents, who used to spend a 

significant portion of their daily life in the polluted urban road environments, however very 

limited environmental epidemiological research considered them. 

1.4 RESEARCH AIM 

The introduction warrants that traffic borne PM2.5 and noise pollution could be studied with their 

individual and combined human-health consequences in urban area.  

The main objective of this research is to investigate the human health impact of urban 

traffic-borne noise and PM2.5 for the workers' working in different microenvironments. 

This objective was achieved by studying the following tasks:  

 Selection of a suitable study area in a congested urban traffic corridor and identifying the

microenvironments.

 Measurements of PM2.5 concentrations and environmental noise levels in the office

building and the street side ambient environment. The local meteorology and traffic
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volume on the street side. 

 Development of a social questionnaire about air and noise pollution. And to conduct the 

questionnaire survey for the workers working in the selected microenvironments.

 Conduct a health camp for health surveys to measure blood pressure (BP) and heart rate 

(HR) of the workers.

 Statistical analysis and interpretation of PM2.5, noise, traffic volume, meteorology, the 

questionnaire survey responses, and the health data on BP and HR

 Assessment of PM2.5 and noise pollution in different urban road microenvironments

 Noise level modelling using SoundPLAN

 Model validation with field data

 Identification of traffic which significantly contribute major portion of environmental 

noise in a typical mixed urban road environment.

 Determine the impacts of traffic noise and PM2.5 on urban workers' annoyance.

 Determine the impacts of traffic noise and PM2.5 on the cardiovascular health of urban 

workers.

1.5 NOVELTY STATEMENT AND CONTRIBUTION 

 Noise and PM2.5 pollution indices have been developed for the physiological and

psychological assessment of workers working in an urban traffic corridor's

microenvironments (roadside shops and the workplace).

 The relationships of PM2.5 concentrations and 1/3rd octave frequency-dependent noise

with the workers' cardiovascular health in both microenvironments have been studied.

 A combined effect of PM2.5 and traffic noise has been studied on workers' workplace

annoyance and cardiovascular health (blood pressure and heart rate).
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 Several pertinent non-pollutant factors have been identified affecting the workers' 

annoyance and cardiovascular health indices. 

1.6 ORGANISATION OF THESIS 

CHAPTER 1: Introduction chapter introduces the research topic and provides the summary of 

urban PM2.5 and noise pollution status and its’ related human health consequences in 

consideration of the different mitigation measures. It describes the main goal of this research, 

research objectives, novelty statement, research contributions and organisation of the thesis. 

CHAPTER 2: Literature review chapter highlights the background of the traffic emissions, 

characteristics of PM2.5 and noise, it critically reviews the existing literatures on different 

measurement techniques of PM2.5, various monitoring and modelling approaches of noise, and 

its’ individual and combined human health consequences. It also summarise the overall findings 

of existing literature and its’ research limitations.  

CHAPTER 3: Research methodology chapter provides the detailed methodologies for 

measuring PM2.5 and noise pollution in the study area and evaluating its’ human health 

consequences and the effective mitigation approach. The chapter includes study area selection, 

monitoring locations, data collection techniques, and characterisation of questionnaire study and 

procedure of health survey and noise and PM2.5 modelling approaches for the study 

environments, and the brief procedure of statistical model for linking traffic-borne PM2.5, noise 

and questionnaire and health outcome. The schematic diagram of research methodology has been 

presented. 

CHAPTER 4: Data analysis and interpretation chapter includes the in-depth analysis of the data 

and the interpretation. It includes of the pollutant levels, development of noise-PM2.5 index 

which indicates the environmental air and noise quality of that study area, traffic, meteorological 

TH-3285_166104010



11 

 

characteristics, and questionnaire and health survey outcome. Further, the statistical relationship 

of pollutants with traffic, meteorology, questionnaire and health survey results has been 

presented. Here, the descriptive statistics, Spearman-rho correlation were used to investigate the 

relationship between pollutants, questionnaire and health survey results. 

CHAPTER 5: Traffic noise propagation modelling chapter covers the details of traffic noise 

propagation model for urban roadside outdoor and indoor in terms of single point receiver, 

façade noise map (FNM) and grid noise map (GNM). Then the model output validation with 

measured noise level is also discussed. This section also characterise the different traffic source 

contribution to the environmental noise levels in the microenvironments.  

CHAPTER 6: Traffic-borne PM2.5 and noise impacts on urban workers' annoyance chapter 

describes the impact of traffic noise and PM2.5 on development of urban workers’ annoyance. 

The demographic, socio-contextual parameters which are significantly linked with urban 

workers’ annoyance are also addressed. Lastly, this section also covers the vulnerable traffic 

noise spectrum and PM2.5 for developing annoyance perception of urban workers’. 

CHAPTER 7: Traffic-borne PM2.5 and noise impacts on urban workers' cardiovascular health 

chapter describes the linkage between traffic noise, PM2.5 and cardiovascular health (blood 

pressure and heart rate) along with e demographic, socio-contextual parameters.  

CHAPTER 8: Findings and conclusion chapter summarises the key findings of the research, 

general and specific conclusions, limitations and scope for future work. 
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CHAPTER 2                                                                                                  

LITERATURE REVIEW 

The literature has been critically reviewed on the broad topics in line with the main objective of 

this study. It includes basics of air and noise pollution, traffic characteristic, characteristic of 

PM2.5 and ambient noise roadside, different measurement and modelling techniques, air and 

noise pollution trends and its’ human health consequences. It has been found that air and noise 

together have serious health consequences both physiological and psychological and therefore 

need urgent attention in urban centers.  

2.1 GENERAL 

Urbanisation induced air and noise pollution have become a serious environmental threat. In 

urban areas, air and noise pollution generally originate from traffic, commercial activities and 

construction activities (Kumar et al., 2018). Air and noise pollution both have a common source. 

Therefore, people using traffic corridors in urban areas are exposed to both air and noise 

pollution. It is reported that urban population at large suffer from cardiovascular disease and are 

often annoyed with the rising particle pollution in particular and loud noise continuously 

emitting from vehicular traffic. This review critically identifies the causes and health 

consequences of people being exposed in urban areas while working and commuting in different 

microenvironments. 

2.2 VEHICULAR POLLUTION 

Vehicular emission include combustion products and particles from wear and tear of road 

surfaces and noise from engines (Lipfert et al., 2006). The operating and environmental 

LITERATURE REVIEW 

CHAPTER 2 
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conditions affect the emissions of both air and noise (Pandian et al., 2009). Vehicle parameters 

such as vehicle class, weight, engine size, vintage, mileage, fuel-delivery system (e.g. 

carburetted or fuel-injected), emission control system, and inspection and maintenance have 

direct influence on the air and noise emissions. Fuel characteristics have a considerable impact 

on vehicle tailpipe and evaporative emissions (Pandian et al., 2009). The vehicle operating 

conditions further impact the rate of emissions, which include average vehicle speed, modal 

activities, load (e.g. A/C, heavy loads, or towing), trip length and trips per day, and driver 

behaviour.  

Road traffic emits significant portion of particulate matter (PM2.5 and PM10), nitrogen oxides 

(NOx) carbon monoxide (CO) and non-methane volatile organic compounds (NMVOC) (Waked 

and Charbel ,2012). Singh and Payra (2022) observed that in January 2019, roadside areas of 

Delhi city of India, highly polluted with monthly average of PM10 and PM2.5 of 426.77 and 

301.91 µg/m
3
 in respectively.  

 

 

 

 

 

 

 

 

 

Figure 2.1 Daily average ambient PM2.5 pollution in different Indian cities 

(Source :Sreekanth et al.(2018)) 
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Figure 2.1 shows that almost every Indian cities shown here were highly polluted with PM2.5 and 

post-monsoon season was the severely polluted by PM2.5. Kalaiarasan et al.(2018) observed that 

major portion of ambient PM2.5 originated by two wheeler, four wheeler and heavy vehicle 

(diesel operated) in Mangalore. 

Figure 2.2 Noise level in different Indian cities (Source: Mimani and Singh (2021)) 

Figure 2.2 shows that noise level in most of the Indian cities was exceeded the Central Pollution 

Control Board (CPCB) day time allowable limit of 65 dB (A) of commercial area. In Imphal city 

the observed equivalent noise level (Leq) of 52.2-69.9 dB(A) at morning (7 a.m. - 10 a.m.), 52.4 -

69.3 dB(A) at noon (12 noon-2 p.m.), and 54.6-71.1 dB(A) at evening (4 p.m. -7 p.m.) (Nungate 

and Alam ,2022). Kalawapudi et al. (2020) observed that in Mumbai majority of commercial 

area exposed with the day time noise level of 75-90 dB (A). Fecht et al. (2016) observed that 

roadside area of London highly polluted with PM2.5 and noise. 
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2.2.1 PM2.5 pollution 

Ambient PM2.5 consists of organic carbon (OC), elemental carbon (EC), ion species, trace 

elements and mixture of many primary and secondary aerosols. Exposure to PM2.5 is more linked 

with increases in cardiopulmonary health consequences than exposure to relatively larger 

particles (Park et al., 2018). Particulate pollutants mainly emerge from exhaust but also from 

wear and degradation like tire-wear particles (such as latex and zinc), brake-wear particles, and 

resuspended road dust (Lipfert et al., 2006). These particles tend to occur in all size ranges, but 

those in the fine fraction are of more interest here because of their longer atmospheric residence 

times and thus greater opportunities for human exposure, i.e. PM2.5 .  

Singh et al. (2021) found that PM2.5 mass concentration was high in winter season due to 

combined increased emissions from biomass burning and traffic operations and meteorological 

condition which limits PM2.5 dispersion. Traffic originated PM2.5 consists elemental carbon (EC) 

and organic carbon (OC) with diverse functional groups, as well as few amounts of water-soluble 

ions, trace elements, and water (Onat et al., 2013;Wang et al., 2021). Some semi-volatile 

hydrocarbons consisting polycyclic aromatic hydrocarbons (PAHs) in the organic carbon (OC) 

are identified as human carcinogens (Mohammed et al., 2016). Traffic originated PM2.5 

comprises of redox active trace elements including Ni, Cr, Co, and As that contribute to both 

carcinogenic and non-carcinogenic health risk to individuals exposed to outdoor air pollution 

(Onat et al., 2013 ; Wang et al., 2021). Traffic-related PM2.5 is not only related with the vehicular 

emissions and gas-to-particle conversion procedures, but also with tire and brake wear, asphalt, 

engine oil and re-suspension of road dust (Pant and Harrison, 2013). Now days, increased 

concentrations of PM2.5 and metals during fog periods have been identified to cause significant 

health risk in humans (Liang et al., 2019). 
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PM2.5 can originate from various outdoor sources (e.g. biomass burning, traffic emission, 

industrial emission, dust storms, etc.) and also from indoor sources (e.g. cooking activities, 

printing operations, etc.). Among all, vehicular traffic emission is the major contributor in cities 

in both developing and developed countries (Harrison et al., 2021)). In urban air pollution, PM2.5 

continues to receive remarkable focus due to its’ several harmful effects including visibility 

reduction, adverse health effects and global climate change (Bond and Bergstrom, 2006; 

Harrison et al., 2021; Ryou et al., 2018). It can easily disperse from outdoor sources to indoor 

environment due to its effective penetration ability, considered as an important pollutant of 

indoor environment within 200 m radius (Jodeh et al., 2018 ; Kumar et al., 2021 ;  Meng et al., 

2021 ; Pant et al., 2016; Patton et al., 2014).   

2.2.2 Road traffic noise pollution 

Road traffic emits significant proportion of environmental noise, which is mainly originated by 

road-wheel interaction, engine operation, horn honking and aerodynamic interaction. 

Environmental noise is the sound wave created disturbance in the atmosphere while propagating 

through air medium. This disturbance in the propagation medium influence the velocity of 

sound, density of air, temperature of air, and more importantly atmospheric pressure. This 

atmospheric pressure variation reaches our ear as sound. The amount of pressure variation with 

respect to the undisturbed atmospheric pressure is called as sound pressure. This pressure 

fluctuation is measured by microphone. The salient properties, which can be related to the 

physics of sound are sound pressure, sound intensity and sound power (Gokhale, 2018). 

 Environmental noise is originated at different frequencies but only 20 Hz to 20 kHz 

frequencies are perceived by human ear. Sound frequency in outdoor environment generally 

below 8000 Hz. Sound pressure and sound frequency are two important parameters for finding 
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out the outdoor noise prevention options, because sound frequency affects perceived loudness 

(Singal, 2005). The audible sound frequency range is usually expressed in octave bands in which 

the frequency range is subdivided into few intervals of frequencies. To cover entire audible 

frequency range, the scale is divided into 1/1 or 1/3rd bandwidths (Singal, 2005 ; Gokhale, 

2018). Here, 1/3rd octave preferred for environmental noise analysis as it covers a wide range of 

frequencies. Sound frequency determines sound pitch which is influenced by several 

environmental factors. With the increase of sound frequency, sound pressure increases and a 

high pitch sound is perceived. 

Sound divergence refers to the spreading of sound wave is an important property for outdoor or 

indoor noise propagation. It decreases the sound pressure as it travels distances from the sound 

source. This sound divergence varies with different types of sound sources (e.g. for stationary or 

point sources such as ceiling fan or table fan sound divergence is spherical but for line sources, 

sound divergence is cylindrical) (Gokhale, 2018). 

Sound emanating from motor vehicles spread with equal strength in all directions. Noise level in 

urban area is influenced by a number of parameters such as types of vehicle, types of road, 

different urban elements (e.g. presence of building structure, trees etc.), and meteorological 

parameters (wind speed, wind direction, temperature, relative humidity etc.)(Garg and Maji, 

2014 ; Patel et al.,2022). In urban spaces, sound propagation is influenced by complicated 

acoustics phenomena such as multiple reflections, diffraction, and diffusion due to surrounding 

buildings and obstacles (Patel et al., 2022). 
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2.3 TRAFFIC NOISE PROPAGATION 

Traffic noise propagation depends on the four important factors including, sources, surface 

elements, meteorological condition and demographic characteristics (Pinto and Mardones, 2009).  

During propagation sound waves reflected, absorbed and transmitted by the surface elements 

(e.g. road surface, roadside buildings, trees, etc.). Road pavement materials and building facades 

are generally treated as rigid surface which can make multiple sound reflections in urban street 

canyons and increases the reverberation time. Multiple reflections of sound wave on building 

facades may obstruct sound wave divergence, initiating an amplification of sound (Bistafa, 

2006). Multiple reflections by building facades and a road pavement in a built-up area cause a 

mean increase in noise level of 8 dB (A) (Okada et al., 2010). Guedes and Bertoli (2005) 

identified that interaction of sound waves and different urban forms can cause zone specific 

discomfort. 

Several meteorological parameters (e.g. humidity, temperature and wind speed, etc.) play 

important roles on speed and direction of sound wave propagation, because these parameters 

change the atmospheric air density. Atmospheric absorption of sound energy depends on the air 

density. When temperature increases i.e. humidity decreases then sound absorption may decrease 

(Gozalo and Montes, 2021) .Yadav et al. (2022) observed that the reduction of noise level of 

1.10 dB(A) with 10˚C increase in atmospheric temperature.  
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2.4 DISPERSION OF PM2.5 IN ROADSIDE ENVIRONMENT 

Air pollution hotspots are observed in small environments due to the significant spatial 

and temporal variations (Kim et al., 2015). In atmosphere, air pollutants movement is caused by 

three important processes, i.e. transport, dispersion and deposition. Transport is the movement of 

atmospheric pollutant influenced by a time-averaged wind flow. Dispersion is caused by local 

turbulence, that is, motions that last less than the time used to average the transport and the 

pollutant deposition occurs via precipitation, scavenging, and sedimentation processes, which 

influence downward movement of pollutants in the atmosphere, which ultimately remove the 

pollutants to the ground surface. Pollutant released from moving vehicles is determined by 

emission rate of pollutant from vehicles, pollutant mixing induced by vehicle movement, wind 

speed, direction relative to the axis of highway, atmospheric turbulence, reaction with other 

chemical species, pollutant deposition or pollutant removal rate to the ground surface (Watson et 

al., 1988 ; Pasquier et al., 2017). The increase in distance from the pollution source and the 

influence of meteorological conditions (Zhou and Levy, 2007) (e.g. wind direction and wind 

speed) on horizontal dilution and the mixing layer height, regulate the vertical dilution. There is 

an exponential decrease of air pollutant (e.g. traffic originated gases, ultrafine particles 

(UFP), black carbon (BC), and size-resolved particulate matter (PM)) concentrations with 

distance from roads (Hitchins et al., 2000 ; Kozawa et al., 2012). Hu et al. (2009) and Choi et al. 

(2012) measured ultrafine particles, particle-bound poly aromatic hydrocarbon (PAHs), black 

carbon (BC) up to 2500 m downwind and about 1000 m upwind of major freeways under 

nocturnal surface inversion conditions. Influence of wind direction and wind speed on local scale 

urban concentration of PM10 and PM2.5 on a mass basis and gaseous pollutants have been studied 

by several researchers (Harrison et al., 1997 ; Charron and Harrison, 2005 ;Pateraki 
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et al., 2019). These studies indicated weak or moderate correlations of PM mass with wind speed 

and the significant correlations with wind direction (Aldrin and Haff, 2005 ; Akyüz and Çabuk, 

2009). 

Some studies described a reduction in ultrafine particles (UFP) concentrations as a function of 

wind speed (Ruuskanen et al., 2001 ; Molnár et al., 2002). Kozawa et al. (2012) studied the 

effect of wind direction on near-freeway UFP size distributions, and they observed the effects of 

wind direction when the wind flow is perpendicular or parallel to the freeway. The lower wind 

speeds reduce the dilution of air pollutants; therefore, wind direction is a better indicator of 

emission dilution.  

Other than the natural transport and dispersion processes, moving vehicles induce considerable 

pollutant mixing that influences pollutant concentrations within 100 m of a highway. The 

pollutant mixing depends on the shape and speed of the vehicle and it poses a remarkable impact 

on pollutant concentration when the wind is nearly parallel to the axis of the roadway (Watson et 

al., 1988). Road traffic induced pollutants are transported beyond 100 m from a highway are 

below any NAAQS standard (Watson et al., 1988). Although, in some urban areas and under the 

conditions of limited atmospheric ventilation (i.e. low wind speeds and topographical barriers), 

potential problems related to atmospheric pollution still exist. For example, in Los Angeles 

periods of limited ventilation occurred due to the topographic constraints. Schultz and Warner 

(1982) have revealed that the recirculation of pollutants occurred in the Los Angeles basin. 

Recirculation of urban air can increase the concentrations of primary pollutants (those emitted 

directly into the atmosphere) and secondary pollutants (those resulting from chemical reaction) 

(Watson et al., 1988). In urban street canyons, where the complexities of wind flow exist, which 

can lead to high pollutant concentrations under certain conditions. The wind flow in the street 
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canyons is neither steady nor homogeneous, and street segments do not approximate infinite line 

sources. Similarly, emission from parking vehicles is rarely vented through an isolated, elevated 

point source. Emissions from the parking vehicles present relatively close to the ground in areas 

of complex wind flow due to the different adjacent structures. The initial non-buoyant plume rise 

is difficult to estimate and often hard to determine due to the variation of local air circulation 

(Hosker, 1984). Thus, pollutant dispersion in urban street canyon or in complex urban situation 

where different types of roadside barriers including, buildings, trees, parking vehicles exist, is 

totally depends on urban configuration and meteorological conditions. As a result, people 

working on or using different microenvironments within the traffic corridor or roadside 

environment may be exposed to different level of pollution and express different level of 

perception and annoyance. 

2.5 ENVIRONMENTAL PM2.5 AND NOISE MEASUREMENT 

As discussed earlier, PM2.5 and noise are the two main contributions from vehicular activities in 

urban traffic corridor and have ill effects on the people using various microenvironments upon 

exposure. 

2.5.1 PM2.5 measurement in urban traffic corridor  

Wang et al. (2006) measured roadside CO, PM2.5 concentration from on road vehicles in Hong 

Kong and they studied dispersion using general finite line source model (GFLSM). PM2.5 was 

decreased 11% - 24%, with increasing 30 - 155 m distance from roadside. 

In Hong Kong, Xing and Brimblecombe (2018) studied PM2.5 and black carbon dispersion 

profiles from roadway into urban parks at pedestrian level by mobile high time resolution 

instruments and an analytical pollutant dispersion model. In the downwind direction, there was a  
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rapid reduction of pollutants level was noticed at 17 m distance from roadway. They have 

explained the concept of dispersion from a line source and the transport of pollutants in the park 

on the downwind side (Figure 2.3). 

 

 

 

 

 

 

  

Figure 2.3 Schematic representation of dispersion of pollutants from a line source (e.g. 

                  traffic) (Source: Xing and Brimblecombe (2018)) 

 

 

The decay in air pollutant concentrations away from the roadside is commonly found in various 

researches on near-road air quality (Karner et al., 2010 ; Ducret-stich et al., 2013). The rapid 

decline in concentration causes heterogeneous occupant exposure (Klingberg et al., 2017). 

Sharma et al. (2018) studied the horizontal distribution of coarse particulate matter, fine 

particulate matter and gaseous pollutants near the busy highway (NH-2) in Agra, and found that 

the concentrations of NO2, SO2, O3, NH3, PM10, PM2.5 and PM1.0 were significantly decreased 

within 250 m distance. The diurnal trends of pollutants illustrated the impact of traffic density on 

the pollution level in particular, during the peak traffic density at rush hours.  

Chithra and Nagendra (2012) observed that in Indian roadside school indoor polluted with PM10, 

PM2.5  , PM1 and CO level of 149 ± 69 µg/m
3
, 61 ± 29 µg/m

3
, 43 ± 24 µg/m

3
, 0.10 ± 0.18 ppm at 
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winter and 95 ± 61 µg/m
3
, 32 ±16 µg/m

3
, 18 ± 9 µg/m

3
, 0.11 ± 0.14 ppm at summer. The mean 

indoor to outdoor ratio (I/O) of PM10, PM2.5, PM1 and CO were 2.52 ± 2.71, 1.44 ± 0.67, 0.97 ± 

0.18 and 0.51 ± 0.38 respectively. The higher I/O value for PM10 indicates that the influence of 

classroom activities on PM10 concentration and lower I/O value for finer fraction of particulate 

matter (PM2.5 and PM1) indicate the roadside vehicular contribution of fine particles to school 

indoor. 

Plethora of literature exists on the measurements of PM2.5 in urban areas, but there are very 

limited researches on the infiltration of outdoor PM2.5 into the buildings located urban roadside. 

Therefore, few literatures are reviewed focussing mainly the PM2.5 studies carried out roadside or 

in traffic corridor. 

2.5.2 Measurement of traffic noise pollution in urban traffic corridors 

Traffic noise emanating from vehicular operation is measured by sound level meter containing 

microphone. Memoli et al. (2008) studied the road traffic noise for a period of 15 min at streets 

with different geometries (Type-U and Type-L), by placing microphones at 4 m height to 

simultaneously measure at different distances (6.6 m to 34.0 m) from the façade. In this study, a 

difference of 5.7 ± 0.8 dB (95% confidence) was observed between the measured noise level 

with one of the microphones placed on the reflective surface on a plate and the measured noise 

level of another microphone positioned in free field condition. Mateus et al. (2015) measured 

noise level for 47 months by three microphones first placed in a free field (3.5m above the 

cornice of the building), another flush mounted on the facade using a metal plate and the third 

kept on the glass of a window of the same wall. The distance between the source and the sound 

level meters were 150 m. Their study showed that if the microphone is mounted on the window, 

the difference between the noise levels varies from 4 to 4.4 dB (A), and, if a plate of reflective 
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material is used, the difference is about 4.9 dB (A). Hopkins and Lam (2009) positioned the 

microphone in their study between 1 and 2 m from the building façade, which is having 

dimension of < 5m, they observed that the sound field diffraction was significant for low 

frequency (50-200 Hz) noise. The studies of Hall et al. (1984) and Quirt (1985) concluded that, 

on average, a correction of −3 dB (A) in the range of 0.5 - 2 m in front of the reflecting surface is 

suitable. Jagniatinskis and Fiks (2014) in a study, kept 250 m distance between the microphone 

and the source, in which one microphone was placed 2 m from the facade, and other one on a 

plate in one window of the wall. It showed that the difference between the annual values of the 

day-evening-night noise level (Lden) is about 3 dB (A).  

Picaut et al. (2005) used an array of microphones placed at heights between 1.2 and 6 m 

on a street with a U profile whose buildings are approximately 18 m high, and sound level meters 

were located at 6 m and 50 m from the source. Sound level meter should be place at 4.0 ± 0.5 m 

above the ground in case of the residential areas with multi-storey buildings. In case of 

residential areas with one floor buildings and recreational areas, it should be placed at 1.2 ± 0.1 

m or 1.5 ± 0.1 m respectively Morillas et al. (2016). The FHWA (2018) report of the US 

Department of Transportation proposed the microphone height of 1.5 m as a preferred position 

and 4.5- 7.5 m distance for areas of multi-storey buildings. 

Several studies adopted both short term (1 - 30 min) and long term (24-h) noise 

measurement both near traffic way and in indoors (Murphy et al., 2009 ; Zuo et al., 2014 ; Brink 

et al., 2019 ; Basu et al., 2021). Traditionally, in environmental noise pollution research the 

different noise descriptors have been used such as indicators such as Lden, night time equivalent 

noise (Ln), day-night noise level (Ldn), 24-h noise level (L24 h) (Pitchika et al., 2017; Begou and 

Kassomenos, 2021).  
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Calixto et al. (2003) studied the traffic noise pollution in roadside area of Curitiba. The measured 

noise level was compared with a mathematical model and German RLS 90 model. Both the 

model has shown good agreement with the measured noise level. Zuo et al. (2014) studied the 

temporal and spatial variability of traffic noise in Toronto, at 554 locations over a period of eight 

months. They have measured day time noise level for 30 min at each site and found that the 

noise level of 80% of the sampling stations were exceeded the permissible noise limit of 55 

dB(A). They also noticed the spatial noise variability of about 60%, which is largely attributed to 

traffic volume, length of arterial road and industrial area. 

 Laxmi et al. (2019) studied the road traffic noise level in Nagpur city of India with the 

noise level meter mounted at cycle over a period of 5 min at peak traffic hour. They have 

estimated Leq, L10, L90, Lmax, Lmin and traffic noise index (TNI) and modelled the noise level by 

Geographic Information System (GIS) for investigating the spatial noise map. Their findings 

indicated that the Leq and TNI exceeded the 70 dB (A) for every monitoring locations and the 

GIS based noise map also has shown that the violation of Central Pollution Control Board 

(CPCB) allowable noise limit for various parts of Nagpur city. 

Chowdhury et al. (2015) studied the day time noise level at roadside environment of Kolkata city 

and they observed that the violation of measured Leq of 12.6 ± 2.1 dB (A) with respect to CPCB 

allowable noise limit. The estimated noise climate (NC) and TNI were 13 ± 1.8 dB (A) and 88.8 

± 6.1 dB (A), respectively, which indicate the serious acoustic degradation of that studied area. 

Kalaiselvi and Ramachandraiah (2010) conducted the road traffic noise propagation study in 

heterogeneous traffic condition in Chennai, by, measuring the noise descriptors (Leq, L10, L50 and 

L90) near roadside and the SoundPLAN noise model. They observed that the high noise level > 

70 dB (A) in the study area and it is influenced by vehicular horn  honking. Islam and Kalita 
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(2017) carried out noise measurement study at various commercial, residential and silence zones 

(e.g. hospital, nursing home, institutional area) of Guwahati city and found that noise levels in 

silence zones are exceeded the CPCB prescribed noise level of 50 dB (A) day time. It concluded 

that the vehicular traffic noise is the major contributor to high noise levels in Guwahati city. 

However, limited researches used equivalent noise (Leq), peak noise level (Lpeak), maximum and 

minimum average noise (Lmax and Lmin),peak noise component (noise level equals or exceeded 

10% of study duration) (L10), median noise (noise level equals or exceeded 50% of study 

duration) (L50), background noise components (noise level equals or exceeded 90% and 95% of 

the study duration ( L90 and L95) and noise climate indices related to the fluctuations of noise 

from L90 and L95 refers as NC(L90) and NC(L95) (Prasad et al., 2022). 

2.6 ROAD TRAFFIC NOISE MODELLING 

Lee et al. (2014) used United States Federal Highway Administration (FHWA) traffic noise 

model (TNM) for highway traffic noise study in United States and they observed weak to 

moderate co-efficient of determination (R
2
: 0.013-0.73) between modelled and measured noise 

level. The TNM 2.5 was observed as it accurately performed the noise prediction on an average 

within 2 dB(A) error (DOT, 2006). Cohn and Harris (2001) observed that TNM model decrease 

the over prediction of 4.3 - 3 dB (A) for road traffic noise study. For single traffic stream in 

highway, traffic noise can be modelled by calculation of road traffic noise (CoRTN) method 

(Steele, 2001 ; Garg and Maji, 2014). Ibili et al. (2022) predicted the urban road traffic noise by 

CoRTN model and observed that the high co-efficient of determination R
2
 of 0.943 exist 

between the measured and modelled noise data. Alam and Ahmad (2020) used RLS 90 model to 

predict the urban road traffic noise of Indian city and they observed the standard deviation of 

0.06 - 1.86 between predicted and measured noise level.  
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Several traffic noise models are used for road traffic noise prediction including ASJ RTN-Model 

2008, HARMONOISE, Son Road, Nord 2000 and NMPB-Routes-2008 (Garg and Maji, 2014; 

Fallah-shorshani et al., 2022). 

Several statistical road traffic noise prediction models are also used to forecast traffic noise in 

urban areas e.g. Burgess and CNOSSOS-EU model etc. (Guarnaccia et al., 2019). Calixto et al. 

(2003) developed a linear regression model to identify the traffic noise in Brazilian roads, which 

compared the measured noise levels and the modelled noise levels as per German standard RLS-

90 with good agreement. The geostatistical models are also used to determine the spatial pattern 

of noise level in an urban environment (Zuo et al., 2014).  

 Traffic noise modelling with Artificial Neural Network (ANN) is a simplified approach 

for prediction of urban noise pollution. An ANN based traffic noise modelling adopted by 

several researchers (Nedic et al., 2014 ; Mann and Singh, 2022). Rahmani et al.(2011) studied 

road traffic noise for light, medium and heavy vehicles by genetic algorithm based approach. The 

results of that study indicated that both the models made good agreements with measured noise 

levels for flat road noise prediction. SoundPLAN model efficiently predicts noise levels in 

various urban scenarios by taking into account FHWA, RLS-90, CoRTN, TNM and other 

standards. SoundPLAN efficiently predicts the noise propagation in various complex urban 

scenarios (e.g. street canyon, different urban barriers), which is useful to quantify the role of 

these urban elements on traffic noise propagation and it can provide the impact of possible urban 

intervention for better environmental management (Kim et al., 2012 ;Gilani and Mir, 2022). 
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2.7 IMPACT OF TRAFFIC NOISE ON HUMAN HEALTH 

Noise pollution affects human health psychologically and physiologically, depending upon the 

amount of exposure (Babisch et al., 2013 ; Frei et al., 2014 ; Nieuwenhuijsen, 2016 ; Rudolph et 

al., 2019 ; Lan et al., 2020 ; Cole-Hunter et al., 2022). Nearly 1 billion individuals suffered from 

mental health ailments worldwide in 2019, accounting for almost 13% of the world's population 

(Global burden of disease collaborative network, 2019; Bao et al., 2022). Noise pollution in 

urban areas is high and often exceeds the WHO standards of 53 dB (A), which lead to the human 

annoyance of varying degrees (Frei et al., 2014; Dzhambov et al., 2017). In the European 

context, environmental noise (especially traffic noise) is responsible for 1 million lost healthy 

life years (disability-adjusted life years), including traffic noise accounting for the second-

highest health burden, after only air pollution (WHO, 2011 ; Bao et al., 2022). Studies concluded 

that a possible reduction in the urban traffic noise exposure of merely 1 dB (A) might prevent 

nearly 470 deaths (Tobías et al., 2015 ; Mueller et al., 2017). Noise annoyance is commonly used 

to illuminate the association between environmental noise and mental health risks (Rudolph et 

al., 2019). It is a mental perception and a disturbance to the humans exposed to noise (Dratva et 

al., 2010 ; Frei et al., 2014). Dratva et al. (2010) observed that noise annoyance is associated 

with health-related quality of life (HRQoL) and acts as a precursor for developing insomnia 

(Begou and Kassomenos, 2021 ; Hanibuchi et al., 2021). Dzhambov et al. (2017) studied the 

impact of road traffic noise on youth's psychological health. They showed that elevated noise 

exposure hampers the mental health of the youth population by creating noise annoyance. 

Agarwal and Swami (2009) studied traffic noise annoyance on people at ten commercial road 

networks of Delhi using a new point scale of mean dissatisfaction score to examine the 

correlation between annoyance and different noise indices. Khomenko et al. (2022) estimated 
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that nearly 11 million adults suffer from high annoyance due to vehicular noise. They also 

reported that annual deaths from ischemic heart disease (IHD) of 3608 (95% C.I.: 843-6266) 

could be prevented by maintaining WHO noise standards. Noise is a cardiovascular risk factor 

for it is linked with arterial hypertension, coronary artery disease, heart failure, and arrhythmia 

(Münzel et al., 2021). Babisch (2008) observed that, with increasing noise levels above 60 dB(A) 

is associated with an increase in cardiovascular risk of people in European and Japanese cities, 

such as for an noise exposure of 16 h day time noise level (Lday) of 71 -75 dB(A) is associated 

with the odds ratio (OR) of cardiovascular risk of 1.19 (95% C.I. : 0.90 - 1.57) and 16 h Lday of 

76 - 80 dB(A) is associated with the OR of 1.47 (95% C.I. : 0.79 - 2.76).  

 Short-term simulated traffic noise reduces sleep quality and raises stress hormone levels, blood 

pressure, endothelial dysfunction, and oxidative stress, according to translational field 

investigations in healthy people and cardiac patients (Münzel et al., 2021). Besides noise 

discomfort and sleep, there is sufficient evidence of substantial health repercussions such as 

hypertension, risk of ischemic heart disease, and death (Huss et al., 2010). Petri et al. (2021) 

observed that an increase of 5 dB (A) in nocturnal noise can elevate diastolic blood pressure 

(DBP) among people > 65 y, residing without household noise protection and those who keep 

windows open. However, for young adults in Austria, noise exposure reduced systolic blood 

pressure (SBP) and heart rate variability (HRV) (Moshammer et al., 2019). Powazka et al. (2002) 

found that higher SBP is linked with traffic noise exposure but has no significant association 

with the DBP. Park et al. (2018) found an elevation in heart rate (HR) when exposed to noise 

between 40 - 60 dB (A) for 0.5 - 5 min. For Indian cities, a study found that blood pressure (BP) 

can increase due to traffic noise for bike riders (Balasubramanian and Jagannath, 2014 ; Prasad 

Das et al., 2022). 
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2.8 IMPACT OF AIR POLLUTION ON HUMAN HEALTH 

Air pollution has a significant linkage to cardiovascular morbidity and death. Studies comparing 

the burden of disease show that air pollution is the leading source of lost disability-adjusted life 

years (DALYs). The significant association between air pollution and different health ailments 

are investigated and documented by different researches (Beelen et al., 2008 ; Li et al., 2021). 

Traffic-related air pollution is critically associated with different cardiovascular health ailments, 

including BP and heart rate variability (HRV) (Zhang et al., 2022). PM2.5 causes several human 

health problems, including BP, stroke and other psychological and physiological ailments 

(Martins and Carrilho, 2018). Kheirbek et al. (2016) observed the impact of on-road traffic borne 

PM2.5 emission on human health in the NYC region, the result showed that PM2.5 contribute to 

320 (95% Confidence Interval (C.I.): 220–420) deaths and 870 (95% C.I.: 440–1280) 

hospitalizations and emergency department visits annually within NYC due to PM2.5 exposures, 

accounting for 5850 y (95 % C.I.: 4020–7620) of life lost. Trucks and buses within NYC 

accounted for the major share of ambient PM2.5  , contributing up to 14.9 % of annual average 

levels across 1 km grid cells, and were associated with 170 (95 % C.I.: 110–220) PM2.5 

attributable deaths each year.  

2.9 COMBINE EXPOSURE TO TRAFFIC BORNE AIR AND NOISE AND           

      RELATED HUMAN HEALTH 

Near about 54% of the world’s population resides in urban area (UN, 2014), and affected by air 

and noise pollution from various sources (e.g. traffic operations, industrial activities and different 

anthropogenic activities). Among all these pollution sources vehicular traffic contribute major 

portion of both air and noise pollution in an urban environment (Khan et al., 2018). Traffic 

related air pollution is usually associated with the noise, emanating from the same source 
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(Shepherd et al., 2016). Air pollution and noise can independently pose significant health 

disorders to wellbeing, for that reason these air and noise pollution have been recognised as top 

two stressors in terms of environmental burden of disease (Khan et al., 2018). Many years ago, 

some researchers have considered air and noise in their study for examining the spatial 

relationship between these two stressors and reported the confounding nature of these two 

stressors (Allen et al., 2009). Combine exposure of both traffic related air and noise pollution 

lead to cardiovascular, respiratory and neuro-behavioural disorders to human being (Hoffmann et 

al., 2007 ;Tonne et al., 2008; Babisch et al., 2014; Nieuwenhuijsen, 2021; Hao et al., 2022). This 

is a great challenge now days, when attempting to determine the negative contribution of each 

environmental stressor (air or noise) to human health, and to measure whether these two (air and 

noise) affect human health independently (i.e., unique effects) or in combination (Shepherd et al., 

2016). It is proved that exposure to ambient air pollution (PM2.5  ) and/or noise causes increase in 

BP (Liu et al., 2014). Particulate matter and traffic noise are low to moderately correlated (0.05-

0.74), which may pose combine impact to the human being who is very frequent in commuting 

that polluted microenvironments of cities worldwide (Khan et al., 2018).  

 In an urban environment several factors influenced the correlations between air and noise 

pollution such as, traffic attributes, building configuration and meteorological parameters. 

Building acts as a screen restricting dispersion of air pollutants and in the case of noise 

propagation building causes significant reduction of sound energy. Whereas, meteorological 

parameters (e.g. wind speed, wind direction, relative humidity) influence air pollutant dispersion 

as a noticeable means as compared to noise (Khan et al., 2018). Some studies found strong 

combined impact of noise and air pollution on human annoyance ratings (Stansfeld, 2015). There 

are difficulties in disentangling the effects of the two exposures on account of their substantial 
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covariance, therefore, that independent effects may be more readily assessed by seeking out 

geographical regions with weaker correlations. A further consideration lies on the mechanisms 

by which each exposure may affect health as there are key differences between the two 

exposures. The two types of exposure utilise different biological pathways to affect human 

health.  

Plethora of research carried out modelling for investigating human exposure related to air 

and/or noise pollution. Roswall et al. (2017) determined the long term traffic-originated NO2 and 

noise exposure to human being residing near roadside environment in Copenhagen, Denmark by 

associating street canyon pollution model and Nordic prediction based commercial noise 

mapping method. In Bulgaria, Dzhambov and Dimitrova (2016) studied regional air and noise 

pollution exposure by using US Environmental Protection Agency (US EPA) standard air quality 

model and European Union directive based commercial noise mapping techniques. Some 

modelling studies found a moderate positive to slightly higher positive correlation between air 

and noise exposure (Ögren and Molnar, 2014 ; Sørensen et al., 2015).   

Several statistical modelling studies also have linked the pollution exposures and its’ 

human health impact by using statistical relationships. Apparicio et al. (2016) used land use 

regression (LUR) modelling approach for studying NO2 and noise pollution exposure on cyclist, 

showed a negative correlation (R2= -0.07; p= 0.005) between both NO2 and noise exposure. 

Boogaard et al. (2009) conducted a study to investigate cyclist’s combine short term exposure 

due to particle number concentration (PNC) which refers the ultrafine particulate matter, PM2.5 

mass concentration and noise. It showed a moderate correlation between PNC and noise but 

weak correlation between PM2.5 and noise. Silva and Mendes (2012) developed city noise-air 

index for a Portugese city by considering noise (Lden) and air pollutants (CO, NO2, O3, C6H6) 
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emanating from domestic, industrial and vehicular activities. They have used computational 

simulation model applied in GIS based platform. Study results indicate that air pollutants and 

noise exceeded the allowable limit of that city, and the city noise-air index becomes zero 

indicating red colour, meaning polluted status of the atmosphere. When all the pollutants are 

under acceptable limit then that city noise-air index may be considered for trade off. This city 

index is useful for urban planning. King et al. (2016) studied combined impact assessment of 

PM2.5 and noise for pedestrian at a high line elevated corridor and at a footpath near a traffic way 

in New York using linear regression analysis and introduced air-noise pollution reduction index 

(ANPr) to quantify the status of exposure reduction. The important finding of this study show 

that, at high-line combine exposure of pedestrian to PM2.5 and noise can reduce by 35% than the 

footpath located near the traffic way. This ANPr index is also very useful for urban planning and 

policy making (King et al., 2016). Aspect ratio (the ratio of street width to height of adjacent 

flanked buildings) plays an important role for combine exposure of air and noise pollution in an 

urban area (King et al., 2016). King et al. (2009) observed that introducing a wall between 

roadway and footpath used for pedestrian decrease the air-noise exposure. Receptor position with 

respect to the vehicular activities is an important factor for assessing the stressors exposure. 

Receptor nearer to the road edge is verily affected by traffic induced air pollutants, as the 

pollutant dispersion pattern is exponential with the distance from the source (McNabola, et al., 

2006). On the other hand, in a free traffic way noise exposure decreases by the square of the 

distances from the source (King et al., 2016). Beelen et al.(2009) investigated ischaemic 

cardiovascular risk associated with black smoke, traffic intensity and noise exposure with the 

Cox Proportional Hazard Model. It shows that the association of black smoke and traffic 

intensity with cardiovascular risk but not noise. However, traffic noise above 65 dB (A) were 
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related with elevated risks for ischemic heart disease (IHD) (Relative Risk (RR): 1.15 (95% C.I.: 

0.86 - 1.53)) and heart failure mortality (RR: 1.99 (95% C.I.: 1.05 - 3.79)). 

Stansfeld (2015) found that noise increases morbidity and mortality independently of air 

pollution exposure; though air pollution constituted a greater burden of disease, whilst noise 

exposure had a greater impact on quality of life. However, anatomical and physiological findings 

indicate that the two separate pathways may share a common destination as both are associated 

with an increase in sympathetic activity (Stansfeld, 2015) and ultimately, both noise and air 

pollution can be considered environmental stressors (Klæboe et al., 2008). Stress responses, in 

turn, are known to be better predicted by subjective assessments of the stressor, by resilience 

levels, and by an individual’s coping style.  

Allen et al., (2009) studied spatial relationship of traffic originated ultrafine particle (UFP), NO2 

and noise in nine US communities. PM2.5 is significantly associated with SBP and for DBP, a 

significant association of both PM2.5 and 24-h noise level (L24 h) is observed (Pitchika et al., 

2017b). Lim et al. (2021) observed the influence of PM2.5, NO2 and day-evening-night noise 

level (Lden) on the heart failure issues of female nurses who had hypertension and past smoking 

habit. They observed the hazard ratios (HRs) of 1.17 (95% C.I., 1.01-1.36), 1.10 (95% C.I., 0.99-

1.22), and 1.12 (95% C.I., 0.99-1.26) per increase of 5.1 µg/m
3
 in PM2.5  , 8.6 µg/m

3
 in NO2, and 

9.3 dB (A) in Lden, respectively.  

Moderate correlation between air pollutants and noise indicated the chances of associated 

exposure of these pollutants, but roadway proximity and wind characteristics play an important 

role in minimising the chances of combine exposure.  

Vienneau et al. (2015) studied combined exposure of PM10 and noise (Lden) on mortality and 

morbidity of human being in Switzerland. They conducted meta-analysis for deriving cause 
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specific exposure response function and adopted years of life loss (YLL) calculated from life 

table method, population attributable fraction is used to identify rate of hospital admission for 

several disease. The results indicated that years of life loss (YLL) and morbidity are influenced 

by air pollution and quality of life of human being is affected by noise. Short term combine 

exposure of PM2.5 and noise can lead to heart rate variation (HRV) for young healthy people, 

which is the indication of cardiovascular disorders (Huang et al., 2013). Associated long term 

exposure of PM2.5 and traffic noise, mostly night time equivalent noise level (Lnight) led to 

atherosclerosis (Kälsch et al., 2013). Authors have investigated relationship between combine 

exposure of PM2.5 and noise and thoracic aortic calcification (TAC), which is a measure of 

subclinical atherosclerosis by multiple linear regressions. Singh et al. (2016) evaluated 

concentration of CO, O3, PM2.5, VOC, TVOC and noise at indoor and outdoor of a commercial 

shopping complex and estimated health risk associated with VOCs. The results indicated that 

quality of indoor environment is deteriorated more than outdoor due to the presence of high 

concentration of each air pollutants and noise originated from several indoor activities including 

cooking, photocopying and several anthropogenic activities. This study also concluded that 

people who are above 60 years and kids are at high risk of air pollutants and noise combine 

exposure. 
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2.10 IMPACT OF DEMOGRAPHIC, SOCIO-CONTEXTUAL AND EXISTING                   

        HEALTH ISSUES ON AIR, NOISE RELATED HUMAN HEALTH IMPACT  

        STUDIES  

Some studies investigated the role of socio-demographic, psychosocial, and contextual factors on 

noise annoyance (Paiva et al., 2019 ; Bouzid et al., 2020 ; Pinsonnault-Skvarenina et al., 2021) 

and these research revealed that socio-demographic factors such as building orientation, noise 

sensitivity and psychosocial factors are the important predictors of noise annoyance. Population 

survey draws a detailed picture of the community and identifies disparities in the relative 

importance of socio-demographic factors (age, gender, marital status, education, occupation, 

building attributes, family income etc.) in predicting various degrees of annoyance and other 

health ailments (Prasad et al., 2022). Prasad et al. (2022) observed that education to be a 

negligible factor in annoyance. According to Lipowicz and Lopuszanska (2005), never married 

people have a higher risk of hypertension than married people. However, Prasad et al. (2022) did 

not find any impact of marital staus on annoyance. They observed the influence of profession on 

annoyance. Petri et al. (2021) observed that an increase of 5 dB (A) in nocturnal noise could 

elevate DBP among people > 65 y, residing without household noise protection and those who 

keep windows open. According to Reckelhoff (2001), at similar ages, men have higher BP than 

women. However, Prasad et al. (2022) observed, women have higher BP after being exposed to 

traffic noise than men. 
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2.11 SUMMARY OF LITERATURE REVIEW  

Vehicular traffic contributes major portion of ambient air and noise pollution in urban area both 

at day and at night times. Although, both air and noise pollution share a common source, the 

exposure pathways of these two environmental stressors are different and ultimately the 

destination of these two stressors are same i.e. the environmental receptors (e.g. human being). 

Among all gaseous and particulate emissions fine fraction of particulate (PM2.5  ) and traffic 

noise individually and in association can hamper human health by various means including 

psychological, respiratory, cardiovascular and cerebrovascular disorders. Air pollutant 

dispersion, more specifically fine particulate matter (PM2.5 ) and traffic noise propagation in 

urban roadside area and into roadside indoor buildings depends on air flow pattern, presence of 

barriers (e.g. noise barrier, tree canopies, parked cars with various angle and any elevated 

obstruction including flyover), pavement type (elevated or depressed), building characteristics 

(e.g. types of building facade, crack geometries on building surface, ventilation of building), 

meteorological parameters and traffic characteristics. Different studies used various approaches 

for modelling the traffic noise in urban environment including deterministic, statistical and 

numerical modelling approaches (e.g. Spatial regression, SoundPLAN, TRANEX, CadnaA, 

CNOSSOS-EU, ANN and GA etc.) by maintaining different standards like FHWA, TNM2.5, 

RLS90, CoRTN, NORD2000, NMPB2008 etc. (Khan et al., 2018). Among all these traffic noise 

modelling approaches SoundPLAN better predict the human exposure of traffic noise and its’ 

propagation pattern in the urban environment due to its high end simulation techniques (Khan et 

al., 2018). SoundPLAN can model traffic noise by following different traffic noise modelling 

standards including US’s FHWA and TNM2.5, Germany’s RLS90, UK’s CoRTN, France’s 

NMPB 2008 etc. (Khan et al., 2018).  
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The commonly used noise descriptors in traffic noise modelling and exposure calculations are, 

equivalent noise level (Leq), percentile exceedance of noise level (L10 ,L50, L90), day-evening-

night equivalent noise level (Ldn), % human annoyance (% HA), % sleep disturbance (%HSD), 

traffic noise index (TNI), noise climate (NC), noise exposure index (NEI), equivalent exposure 

time factor (EETF), time weightage average (TWA) and noise dose (ND).  

City air-noise index and is used to indicate ambient air-noise pollution and combine exposure of 

air and noise pollution, respectively. This combine pollution and exposure indicators are the base 

for combine health risk assessment of humans to air and noise. Different techniques including 

questionnaire survey, epidemiological studies are carried out by various researchers all over the 

world for investigating combine health impact due to air and noise pollution. They used meta-

analysis, cox-proportional hazard model, logistic regression approach for calculating combine 

risk of traffic induced air and noise pollution to human being. Besides the air and noise pollution, 

demographic, socio-contextual and habitual factors and existing health ailments could also 

explain the link between different health problems of the receptors and air and noise exposure. 

2.12 RESEARCH LIMITATIONS 

 Most studies considered PM10 and coarser fraction of particulate matter and gaseous 

pollutants for research on atmospheric transport phenomena and its’ human health impact 

in urban street canyon. Limited studies exist in India and across the globe, for fine or 

ultrafine fraction of particulate transport phenomena and its’ human health impact.  

 In Indian heterogeneous traffic context, urban traffic corridors (microenvironments) are 

not focused much to study exposure and health problems. 

 In Indian context there is almost no study till date has characterised the contribution of 

traffic noise spectrum for different vehicular operation 
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 As there is a high potential health impact of both traffic originated particulate matter and 

noise on humans, especially on different urban workers who exposed to high level of air 

and noise pollution over a significant portion of their daily life for their working and 

commuting, study of traffic induced noise and fine (PM2.5) or ultra-fine fraction (PM1, 

PM0.7) particulate matter for heterogeneous vehicular activities are still less explored in 

India and across the globe. 

 There are very limited studies, which investigated the city air-noise pollution index by 

considering fine or ultra-fine fraction of traffic borne particulate and noise.   

 A few studies have explored the combined dose-response functions for traffic originated 

PM2.5 and noise and its’ corresponding psychological and physiological human health 

consequences in complex urban microenvironments both for outdoor and indoor urban 

workers.  

 Very limited research considered the role of traffic noise frequencies on different human 

health burden. 

 The role of demographic and socio-contextual factors on traffic noise and air pollution 

related human health research is not studied clearly in Indian urban road environments. 
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CHAPTER 3                                                                                                     

RESEARCH METHODOLOGY 

3.1 GENERAL 

To achieve the main objective of this research the study area containing the microenvironments 

was selected and the PM2.5 concentration, noise levels, traffic volume, meteorological parameters 

were collected. The questionnaire cum health survey, which has been an important part of this 

research, was conducted for the volunteer respondents. The combined noise and PM2.5 index was 

developed to describe the exposure of people roadside and in indoor microenvironments to 

determine the impacts. The statistical models were developed to investigate the impact of traffic 

noise and PM2.5 individually and jointly on the urban workers’ annoyance and different 

cardiovascular parameters (blood pressure and heart rate). Traffic noise modelling using 

SoundPLAN was done to investigate the traffic noise propagation at the traffic corridor. The 

model validation was done by different statistical measures by comparing with the measured 

noise level. Figure 3.1 shows the research methodology of this research.

RESEARCH METHODOLOGY 

CHAPTER 3 
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Figure 3.1 Flow chart of research methodology
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3.2 SELECTION OF STUDY AREA 

Guwahati city (26.1445°N, 91.7362°E) is the heart of the north-east (NE) India, situated in 

Brahmaputra river valley (BRV), with the hills on the three sides and river Brahmaputra on 

one side. The city has humid climatic condition and hilly fogs most of the portion of year. 

The traffic noise study was conducted inside and outside of office building (EPFO office) 

with brick façade and PM2.5 monitoring was conducted inside and outside of that same office 

building at Bhangagarh location (26.1709° N, 91.7673° E) along the busiest road of 

Guwahati i.e. Guwahati-Shilong road (GS road) where the more than 10,000 vehicles per 

hour throughout the day observed. Many people share of the road stretch for their different 

needs of their daily life including study, office, shopping, business and living. In this 

location, several heights of different types of commercial, residential and institutional 

buildings exist in both direction of the roadway. Due to various busy activities and heavy 

traffic operations, both air and noise pollution act as detrimental stressors to the people who 

use this corridor regularly. 
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Figure 3.2 Sampling locations in the selected study area (Google Earth, 

accessed on 11.10.2022) 

3.3 DATA COLLECTION 

The noise and PM2.5 monitoring was conducted for the year 2019, divided into four seasons, 

namely winter (December-February), pre-monsoon (March-May), monsoon (June-

September) and post-monsoon (October-November) as per Barman and Gokhale (2019). 

3.3.1 PM2.5 data collection 

The PM2.5 concentrations were collected by using two air samplers (Make: Mesa Labs; 

Model: OmniTM FT and Make: Envirotech; Model: APM 550) in indoor and outdoor 

with the inlet height 1.5 m above the ground for indoor sampling and approximately 16.7 m 

above the ground (at rooftop) for outdoor sampling (Figure 3.3 and Figure 3.4). The 

pump associated with this instrument draws air sample at a rate of 5 l /min and 16.667 

l / min through a particle size separator, then through 24-h desiccated and pre-weighted 

PTFE filter medium with 47mm diameter and 2 µm pore size. The 10 µm, 2.5 µm particle 

separation is 

TH-3285_166104010



44 

achieved by the impaction principle. Then again the weight of the exposed and re-desiccated 

filter paper was measured in a microbalance. After that, weight difference was divided by 

average of initial and final air-flow volume drawn by the pump associated with the ambient 

air sampler to calculate the concentration of PM2.5 in µg/m
3
. The PM2.5 sampling was carried 

out in both indoor and outdoor for over 10-h (10 a.m. - 8 p.m.) on five weekdays (Monday-

Friday) for a period of one year in 2019 (N=180 days) and for three days from 12 p.m. - 4 

a.m the sampling was done for background due to lean traffic.

(a)                                                                    (b) 

Figure 3.3 PM2.5 sampling in (a) outdoor and (b) indoor environments 

Figure 3.4 Schematic of PM2.5 sampler position 
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3.3.2 Traffic noise data collection 

Simultaneously, outdoor and indoor traffic noise levels were measured by two Type-1 sound 

level meters (SLM) (Brüel & Kjær type 2250) (Make: SVANTEK, Model: 977) (Figure 3.5). 

The SLM was placed at 1.5 m height from ground level and 1 m away from the sound 

sources (e.g. kerbside for outdoor and door, window for indoor) and any reflective surfaces 

indoors and outdoors (Figure 3.6). The indoor noise measurement was carried out inside the 

most exposed road facing building façade which is in line with many previous studies 

(Bouzid et al., 2020). The weekdays (Monday-Friday) noise was monitored in time segments 

each of 4 h from 10 a.m. – 2 p.m., 1 p.m. – 5 p.m., and 4 p.m. – 8 p.m. in the outdoor road 

environment and in the indoor of the office (N=180 days) and repeated throughout the 

specified monitoring duration. Similarly, for three days from 12 p.m. - 4 a.m the noise study 

was done for background due to lean traffic. The SLM were calibrated after each monitoring 

period. This noise monitoring procedure was in line with the study of Kundu Chowdhury et 

al. (2015) on Indian urban roadway.  

(a)                                                                      (b) 

 Figure 3.5 Noise monitoring at outdoor roadside (a) and inside the office building (b) 
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Figure 3.6 Schematic diagram of traffic noise monitoring 

3.3.3 Meteorological data 

Daily meteorological parameters such as temperature, relative humidity (%RH), atmospheric 

pressure, solar radiation, wind attributes (wind speed and wind direction) were monitored by 

using a weather monitoring station (Model: Vantage Pro 2 weather station, Make: Davis) 

(Figure 3.7). This sensor sensed the data for 10 min resolution. Temperature, relative 

humidity and atmospheric pressure have been used for SoundPLAN traffic noise modelling 

(CHAPTER 5). 
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(a)                                                                                (b) 

Figure 3.7 Location of (a) weather station and (b) weather console box 

3.3.4 Traffic data 

Traffic speed for different vehicular composition (bike, car, bus, truck, auto and multi utility 

vehicle (MUV)) was collected by radar gun, a Doppler radar unit (Make: Bushnell), which 

determines the vehicular speed by detecting the frequency change of reflected radar signal 

produced by Doppler shift of vehicle (Figure 3.8). Traffic recording captured by digital video 

camera (Model: HC-V180; Make: Panasonic) over 20 min hourly interval throughout the 

study period. Then traffic counting including traffic composition was carried out from traffic 

video for SoundPLAN traffic noise modelling (CHAPTER 5). 
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(a) (b) 

Figure 3.8 Locations of traffic attribute study (a)-(b) 

3.3.5 Questionnaire survey  

3.3.5.1 Selection of participants 

The participants were selected after ensuring they work in the study area and commute daily 

between their residences and workplaces. A similar approach was suggested by Paiva et al. 

(2019). The 50 representative samples from the same study area were initially considered for 

the pilot study (Nieuwenhuijsen, 2003; Paiva et al., 2019). This pilot study showed that the 

observed frequency of abnormal BP and HR was nearly 20% by considering a maximum 

error of 5% in 95% of the samples using Eq.(3.1): 

𝑛 =
(𝑝∙𝑞∙𝑧2)

𝑑2 (3.1) 

then, 𝑛 =
(0.20)∙(0.80)∙(1.96)2

(0.05)2
 ; 𝑛 ≅ 246 

where, n is the sample size; p the probable proportion of annoyance response; q is the (1- p); 

z indicates the percentile of normal distribution, which is 1.96; and the d denotes the 

maximum allowable error in the absolute result. 

The Eq. (3.1) provided the value of n = 246. Therefore, 250 workers from different 

microenvironments with tenure of working > 6 months were randomly selected who also 
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voluntarily participated in the questionnaire study. Only completely answered questionnaire 

(N=154) responses were screened for the analysis. The responses, obtained based on the 

profession, were classified as office workers (108) and street vendors (46) for this study 

(Figure 3.9).  

Figure 3.9 Design of questionnaire study 

3.3.5.2 Design of the questionnaire study 

The questionnaire (Table A-1) includes demographic and socio-contextual parameters, 

residential characteristics, neighbourhood environment, perception of noise during sleeping 

indicating noise-induced sleep disturbances and perception of annoyance at home, 

workplaces, and street side, health status, smoking habit, cooking fuel, protective hearing 

aids, mask usage and overall stressor of urban roadside. This questionnaire was developed 

from the standard questionnaire adopted in the studies of  Rotko et al. (2002), ISO 15666 - 
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2003 , Rotko (2004), Frei et al. (2014), Nieuwenhuijsen (2015), Chung et al. (2020) and 

Lefèvre et al. (2020). The demographic and socio-contextual parameters include gender 

(marked as male by 0 and female by 1) and age category of < 20 y, 20 - 40 y, 41 - 60 y, and > 

60 y (denoted by 0,1,2,3 respectively), family income (in INR) categorised as, < 20k, 21k-

40k, 41k-60k, 61k-80k and > 80k (denoted by 0,1,2,3,4 respectively). The residential 

parameters include living duration and the building age categorised as <10y, 10-20y and >20 

y (denoted by 0, 1, 2, respectively), building facing, window and door location (indicated as 

roadside by 0 and 1 as on opposite), and building vicinity categorised as < 2 m, 2-3 m and > 3 

m (denoted by 0,1,2, respectively). The residential indoor noise sources are denoted by 0-10. 

Noise perception during sleep is categorised as 'no' denoted by '0' and 'yes' denoted by '1'. 

Traffic activity status during the day, evening, and night near the residence (e.g., no traffic as 

0, slight, medium and high traffic indicated by 1, 2, 3, respectively), traffic flow pattern 

including no-flow, free-flow, moderate-flow and congested-flow (marked by 0-3).  

The reported health ailments include speech interference, stress, fatigue, annoyance, cardiac 

problems, hypertension and other ailments, individually and in the combination of many 

diseases marked by 0-17. The frequency and duration of health disorders were marked by 

verbal scores ranging from 0-4. The responses on facing breathing troubles of participants 

near roadside were classified as no and breathing problem denoted by 0, and 1, respectively. 

The participants marked their air and noise perception at home, workplace, and roadside by 

the standard verbal scale-like, no annoyance, slightly annoyance, medium annoyance, and 

high annoyance, which were designated by the numerical scale of 0, 1, 2, and 3, respectively 

(Frei et al., 2014; Paiva et al., 2019; Bouzid et al., 2020; Lefèvre et al., 2020). Although most 

authors reported their findings using a 5-point verbal scale to avoid confusion between high 

and extreme annoyance, both were labelled as high annoyance in this study. The response of 

problematic traffic emission in terms of respondents’ bothering was categorised as air, noise, 
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combined air and noise and not bothered (labelled by 0,1,2,3, respectively). Usage of cooking 

fuel was categorised as LPG, a combination of LPG and electric cook stove, a combination of 

LPG and other air pollution creating cooking fuel including kerosene, cow dung and other 

biomass burning and others marked by 0-3. The usage of hearing aid was categorised as 

never, since few days, months and years (denoted by 0,1,2,3, respectively). Using masks was 

categorised into never use, sometimes use and regular use, denoted by 0, 1, 2, respectively. 

Simple arithmetic questions (i.e., simple addition, subtraction, division, and multiplication) 

were asked to ensure the participants' attentiveness. Each participant took about 10 min to 

complete this face-to-face interview-based entire questionnaire survey. 

 

Figure 3.10 Questionnaire and health survey 

3.3.5.3 Blood pressure (BP) and heart rate (HR) monitoring 

The participants who used to take antihypertensive medicine were removed from the analysis. 

The BP and HR were monitored by digital BP monitor, which was calibrated with the manual 

sphygmomanometer. The BP and HR were recorded thrice at the sitting position after arrival 

to the workplace and before departure from the workplace after sufficient rest (Figure 3.10). 

The follow-up BP and HR were measured twice on a weekly basis for four weeks. The 

average Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP) and HR of the whole 

monitoring duration were considered for each participant for further analysis. For the 

analysis, the SBP was classified as SBP1, which is hypotension < 100 mm Hg, SBP2 near 
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normal BP between 100-120 mm Hg, SBP3 is the pre-hypertensive BP which lies between 

122-140 mm Hg and SBP4 is the hypertension which >140 mm Hg (WHO, 2015; Pitchika et 

al., 2017). The DBP was classified as DBP1 is the hypotension BP, which is < 80 mm Hg and 

DBP2 in the range between 80-90 mm Hg, indicating the combination of normal and pre-

hypertensive BP and DBP3 is > 90 mm Hg indicating hypertensive BP (WHO,2015; Pitchika 

et al., 2017). HR is also categorised as HR1, which <72 beats/min i.e. bpm, indicates low HR, 

HR2 lies in 72-80 bpm indicates normal HR and HR3 is > 80 bpm indicates fast HR. Any 

fractional value of average SBP, DBP and HR was treated as the nearest integer value as per 

the above classification. 

3.3.6 Building attributes  

In this study one office building was considered based on their building materials (brick 

façade), ventilation (mixed ventilated) and proximity of the roadside. Window and door 

locations were also taken care during this study. The building windows and doors are located 

towards the traffic way. 
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CHAPTER 4 

DATA ANALYSIS AND INTERPRETATION 

4.1 GENERAL 

In this chapter, the traffic, PM2.5, noise, meteorological, questionnaire and health data 

collected during field study have been analysed and discussed in details. The process of data 

illustration and interpretation helps to convert the data into significant evidence. 

4.2 CHARACTERISTICS OF TRAFFIC ATTRIBUTES 

The traffic data videotaped at the study area along with the speed monitoring throughout the 

study duration have been analysed for traffic flow, composition, and speed (Figure 3.8). The 

traffic counts are categorised into light vehicle (bike, car, multi-utility vehicle (MUV), auto) 

and heavy vehicle (bus, truck). Figure 4.1(a) shows that in that study duration (10 a.m. - 8 

p.m.), observed speed of different traffic including bike, car, bus, truck, MUV and auto were,

28.5 ± 2.2 km/h, 28.2 ± 2 km/h, 26.4 ± 1.6 km/h, 25.1 ± 3.1 km/h, 25.6 ± 1.8 km/h and 26.4 ± 

1.6 km/h, respectively. While, at midnight (12 a.m. - 4 a.m.), the observed speed of bike, car, 

truck, MUV and auto were 30.4 ± 0.8 km/h, 29.8 ± 0.9 km/h, 27.6 ± 3.5 km/h, 26.9 ± 2.1 

km/h, 27.6 ± 1.8 km/h respectively (Figure 4.1 (b)). In Figure 4.2 (a), shows that, out of 

101,865 of total traffic, 45 % of bike, 36 % of car, 3 % of bus, 0.29 % of truck, 6 % of MUV 

(multi utility vehicle), 10 % of auto was observed throughout the study hour (10 a.m. - 8 

p.m.). While during 12 a.m. - 4 a.m. midnight out of 6144 of total traffic, 30 % of bike, 56 %

of car, 5 % of truck, 4 % of MUV and 5 % of auto was observed (Figure 4.2 (b)). This 

finding indicate that bike and car were the dominating traffic in the fleet and both of these 

were moved with relatively faster speeds than other traffic. Thakre et al. (2020) observed 

similar trend of traffic fleet in Indian road. 

DATA ANALYSIS AND INTERPRETATION 

CHAPTER 4 
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(a) 

(b) 

Figure 4.1 Traffic speed (a) at 10 a.m. - 8 p.m. and (b) at 12 a.m. - 4 

a.m. of different traffic in the fleet
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 (a)                                                                                      (b) 

Figure 4.2 Traffic composition (a) at 10 a.m. - 8 p.m. and (b) at 12 a.m. - 4 a.m. 

4.3 TRAFFIC NOISE POLLUTION 

The noise exposure at the workplaces (indoors and street-side) for the work duration was 

estimated from the observed noise as hourly , 10-h and seasonal average of Lpeak, Lmax, Lmin, Leq, 

L10, L50, L90, and L95 respectively by Eq. (4.1). 

𝐿𝑎𝑖 = 10 ∙ 𝑙𝑜𝑔 ∑ 𝑓𝑖 (10
𝐿𝑖

10)𝑛
𝑖=1  (4.1) 

where, ai is the acoustic indicator, fi the time fraction and Li is the noise level at each time 

fraction.  

The hourly, 10-h and seasonal average NC(L90) and NC(L95), have been calculated using Eq. 

(4.2) and Eq. (4.3). 

𝑁𝐶(𝐿90) = 𝐿10 − 𝐿90 (4.2) 

𝑁𝐶(𝐿95) = 𝐿10 − 𝐿95 (4.3) 

The low frequency band is designated at 125 Hz and lower medium frequencies, which includes 

the bands centered at 250 and 500 Hz, while the high frequency contains bands of 1000 Hz and 

above (Ross et al., 2011). 
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In this study monitoring seasons have been classified as winter (December-February), pre-

monsoon (March-May), monsoon (June-September) and post-monsoon (October-November). 

This seasonal classification is in line with the study of Barman and Gokhale (2019). 

4.3.1 Noise exposure throughout the working hour 

Figure 4.3 indicates the noise exposure of the workers’ in the study area. In the outdoor roadside 

area, the median of Leq was 71.35 dB (A), while in the indoors of the office building, it was 

65.78 dB (A). The median Lpeak values in the roadside area and indoor office were 84.94 dB(C) 

and 79.86 dB(C), respectively (Figure 4.3 (a)). The Lmax and Lmin along the roadside were 73.42 

dB (A) and 70.01 dB (A), respectively, and in the office, the levels were 68.16 dB (A) and 62.97 

dB (A), respectively. The L10, L50, L90, and L95 near the roadside exceeded the national ambient 

noise standards (NAAQS) for daytime of 65 dB (A) (CPCB, 2000), and in the office building, 

the levels exceeded the WHO prescribed limit of creating annoyance of 55 dB (A). The NC (L90) 

and NC (L95) were found to be 3.50 dB (A) and 3.85 dB (A), respectively in the roadside area, 

while, in the office indoor, 5.0 dB (A) and 5.50 dB (A), respectively (Figure 4.4). 
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Figure 4.3 Comparison of (a) peak noise (b) noise descriptors including statistical noise 

of street side and indoor office 

(a) 

(b)
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Figure 4.4 Comparison of noise climates of street side and indoor office 

Figure 4.5 (a) shows along the road side the noise at low frequencies (25 - 500 Hz) exceeded 

about 40 dB (A) sound pressure level (SPL). Wang et al. (2016) reported similar findings in 

roadside of Taiwan city. The noise at mid frequencies (630 - 4000 Hz) exceeded 50 dB (A) 

SPL. And the noise at higher frequencies lies within 40 dB (A) SPL. Can et al. (2010) and 

Chang et al. (2019) also observed that at 1 kHz noise level reaches peak, which might be 

attributed to vehicle wheel and road pavement interaction (i.e. rolling noise). In this study, 

similar conclusion could be drawn as the traffic fleet with varying speed throughout the study 

period was observed which contributes a significant proportion of rolling noise, horn 

honking, and multiple reflections of noise due to the presence of different urban forms. Vijay 

et al. (2015) observed similar findings in Indian road environments where horn honking 

exacerbate noise level by about 2-5 dB (A). On the other hand, inside the office the noise at 

31.5 - 125 Hz frequencies exceeded the 30 dB (A), while the noise at remaining frequencies 

till 5000 Hz mostly exceeded 40 dB (A) SPL. The noise at rest at higher frequencies was 
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obtained within 40 dB (A) (Figure 4.5 (b)). Huang et al. (2017) observed that the low 

frequency noise influenced the noise level at lower floors of a high rise building near urban 

expressway. In this study, inside the office apart from ingress of outdoor traffic noise, 

operation of wall mounted fan, public speaking and different public activities might have 

contributed the noise. 

 Figure 4.5 1/3rd octave band noise frequency of (a) street side and (b) office indoor 

(a) 

(b)
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4.3.2 Temporal Noise Exposure 

The noise levels were found to have been exceeded all the hours the CPCB and WHO 

standards (Figure 4.6). For ex, the peak noise component, L10 exceeded 74 dB (A), which can 

cause significant annoyance to the noise receptors. Chauhan et al. (2023) and Ranjan et al. 

(2023) also reported the similar findings in their studies. 

Similarly inside the office, the entrance door’s opening cases were studied as – i) fully open 

between 10 a.m. and 6 p.m. and ii) frequent open-close between 6 p.m. and 8 p.m. It is found 

that some significant influence of outdoor traffic noise increased the indoor noise levels for 

the “door fully open case”. Besides, office activities added some noise in the indoor. 

Most of the time Leq violated the CPCB standard 65 dB (A) for commercial area. From 11 

a.m. to 12 noon and 4 p.m. to 5 p.m. traffic congestion, movement of office employees,

outsiders led to the high noise level. From 5 p.m. to 6 p.m. during office closure time, private 

car operation at adjacent parking area and high level of outdoor traffic increased the indoor 

noise level. Figure 4.7 showed that the NC(L90) and NC(L95) were always higher for office than 

the street ambient environment for the higher on street background noise level (L90 and L95). 
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 (L95) 

(a) 
(b) (c) 

(d) 
(e) (f) 

(h) 
(g) 

Figure 4.6 Temporal variation of 

(a)Lpeak,(b)Lmax,(c)Lmin,(d)Leq(e)L10,

(f)L50,(g)L90 and (h)L95
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Figure 4.7 Temporal variation of (a) NC(L90) and (b) NC(L95) 

At midnight (12 a.m. - 4 a.m.) the observed street side ambient and office indoor noise level 

were 65.51±7.57 dB(A) and 51.16 ± 5.84 dB(A), respectively (Figure 4.8). Mostly some 

extent of traffic activities could be the reason for the night time noise. 

(a) 

(b)
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Figure 4.8 Midnight noise level at street side ambient and office indoor 

microenvironments 

4.3.3      Seasonal variation of noise exposure   

Figure 4.9 showed that the street side equivalent noise level (Leq) was the highest in winter 

(78.28±3.91 dB(A)), followed by post-monsoon (73.32±6.52 dB(A)), pre-monsoon 

(73.26±2.81 dB(A)) and monsoon (73.17±3.09 dB(A)) seasons, violated the WHO safe limit 

of 70 dB(A). The other noise indices including peak noise component (L10), median noise 

(L50) and background noise components (L90 and L95) were also increased during winter 

seasons than other seasons, which reflects the increase in Leq during winter seasons. Wang et 

al. (2016) and Munir et al., (2021) also observed similar rise in winter noise levels than other 

seasons in China and Pakistan. This is basically due to intense public and tourist activities 

along with road traffic movement during winter led to increase Leq level. 

However, inside the office the observed Leq was greater than WHO annoyance level 

of 53 dB (A) in every seasons. The obtained highest monsoon on street noise climates 

(NC(L90) and NC(L95)) of 8.66±3.28 dB(A) and 9.62±3.71 dB(A), respectively, due to irregular 

public activities during rain and when there was no rain in monsoon season. However, for 

consistent public activities during pre-monsoon season induced high level of L10, L90 and L95 
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which results in lowest pre-monsoon street side NC(L90) and NC(L95) of 2.9±1.59dB(A) and 

3.06±1.54 dB(A), respectively. Inside the office the NC(L90) and NC(L95) were increased during 

winter (11.4±5.36 dB(A) and 12.03± 5.39dB(A)) and pre-monsoon (9.65±3.03 dB(A) and 

10.4± 3.12 dB(A)) seasons due to irregular window operation of office and different public 

activities. 
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 (L95) 

(a) 
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Figure 4.9 Seasonal variation of 

(a)Lpeak,(b)Lmax,(c)Lmin,(d)Leq(e)L10,

(f)L50,(g)L90 and (h)L95
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Figure 4.10 Seasonal fluctuations of NC(L90) and NC(L95) 

The results of the noise analysis conclude that there is a serious deterioration of acoustic 

quality both on street-side and inside the office, mainly due to the road traffic movement and 

to some extent also by public activities and a few minor indoor sources. 

4.4 PM2.5 POLLUTION 

 The PM2.5 exposure was calculated by the following Eq. (4.4) 

𝑃𝑀2.5 =
𝑊𝑓−𝑊𝑖

𝑉
                                                                                                             (4.4)

where, 𝑉 = (
𝑄𝑖+𝑄𝑓

2
) ∙ 𝑇                                                                                                         (4.5)

where, Wi and Wf denotes the initial and final weight of filter paper in g and V is the total 

volume of air flow (in m
3
) drawn by the instruments, Qi and Qf denotes the initial and final

air flow rate (in m
3
/min) drawn by the instruments, and T refers the each sampling duration.
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4.4.1 PM2.5 exposure throughout the working hour 

Figure 4.11 shows that the observed 10-h average median PM2.5 concentrations at roadside 

and in office indoors were 106.67 and 33.33 µg/m
3
, respectively, which violated the road side 

PM2.5 concentration for the 24h CPCB and WHO permissible limits of 60 µg /m3 and 15 

µg/m
3
, respectively (WHO, 2021). At midnight (12 a.m.- 4 a.m.) the observed PM2.5 

concentration at ambient street side and indoor were 57.63±17.67 µg /m
3
 and 24.54±4.25

µg /m
3
. Pant et al. (2016) and Singh et al. (2021) observed similar trend of PM2.5 pollution in 

Indian urban environment. Traffic emission contributes to this alarming PM2.5 pollution. 

While inside the office, outdoor infiltration, public activities including movement inside the 

room with shoes, environmental tobacco smoke, cooking activities in pantry may be 

contributing to the indoor PM2.5 concentrations. There is some similar observation drawn by 

Tiwari et al. (2017) in their study for PM2.5 pollution in Guwahati city. 

Figure 4.11 PM2.5 concentration in different microenvironments 
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Figure 4.12 PM2.5 concentration at midnight (12 a.m. – 4 a.m.) in different 

microenvironments 

4.4.2 Seasonal trend of PM2.5 concentration 

Figure 4.13 shows that the highest PM2.5 was observed in winter (131 ± 39 µg/m
3
), followed

by pre-monsoon (91.67± 21.6 µg/m
3
), post-monsoon (64.97± 29.68 µg/m

3
) and monsoon

(38.49±7.98 µg/m
3
). Except the monsoon season, PM2.5 values violated the NAAQS for the

24 h average concentration of 60 µg/m
3
. In winter, the main reason for the poor street-side

PM2.5 was due to the burning of biomass in the early morning (garbage and fire wood burning 

for heating) and the high vehicular activities throughout the day, which is in addition to the 

low-level fog restricting the dispersion of pollutants. Tiwari et al. (2017) also observed 

similar seasonal trends of PM2.5 concentrations in Guwahati. In office indoor, the PM2.5 

concentrations in winter, post-monsoon, pre-monsoon and monsoon of 111.31±15.9 µg/m
3
,

57.82±6.6µg/m
3
, 39.3±3 µg/m

3
 and 22.56±3.51 µg/m

3
, respectively.The on street vehicular

activities also contribute significantly to indoor PM2.5 (Datta et al. 2017). 
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Figure 4.13 Seasonal trend of PM2.5 concentration 

4.5 RELATIONSHIP BETWEEN TRAFFIC NOISE AND PM2.5 

The correlation analysis of noise indicators showed that minimum average noise level (Lmin) 

of the office was negatively correlated with all the noise climate indices NC (L90) (ρ=-0.343; 

p=0.020) and NC (L95) (ρ=-0.325; p=0.028) found in the outdoor at the street side.  

The observed correlation (ρ=0.384; p=0.008) between NC(L95) of office and Lmin of 

street side indicated that with increasing the minimum noise level of street side could slightly 

increase the noise climate of office indoor. This is due to the possible influence of street side 

Lmin on peak noise component (L10) of office indoor. 

The street-side PM2.5 was slightly correlated with street-side peak noise (Lpeak) 

(ρ=0.344; p=0.019) and background noise components (L90 and L95) (ρ=0.299; p=0.044 and 

ρ=0.313; p=0.034), which might be because the noise and the particles are originated from 

the same source. There was a positive and negative correlation observed between street side 

PM2.5 and NC(L90) (ρ=0.301; p=0.042) and Lmin (ρ=-0.374; p=0.010).  

PM2.5 concentration of office indoor was negatively correlated with the noise indices of office 

viz. Lpeak (ρ=-0.337; p=0.022), maximum average noise level (Lmax) (ρ=-0.380; p=0.009), 
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equivalent noise level (Leq) (ρ=-0.4; p=0.009), L10 (ρ=-0.369; p=0.012) and median noise 

(L50) (ρ=-0.37; p=0.001). This shows that the partial or full closure of windows could hinder 

the dispersion of indoor PM2.5 and through the entrance of ambient noise can lead the 

increase in the indoor PM2.5 concentration and decrease indoor noise indices. 

 No significant correlation was observed between PM2.5 of street and PM2.5 of office 

indoor and between the Leq of street and the Leq of office. This may be attributed to the fact to 

the significant influence of multiple factors (pollution source, meteorology and different 

surface roughness and various anthropogenic activities) on air and noise pollution of both 

street side and office indoor microenvironments. 

4.6 NOISE-PM2.5 INDEX  

The Noise-PM2.5 index has been calculated by the linear combination of two equally 

weighted normalised urban stressors i.e. Noise and PM2.5. This index indicates the traffic 

pollution status in urban areas, which plays a crucial role for urban planning and policy 

making (Silva and Mendes, 2012). The weights are assigned as per the number of pollutants. 

Since two pollutants were studied together i.e. PM2.5 and noise, the weights were taken as 1 

each as per the study of Silva and Mendes (2012).  

𝑁𝑜𝑖𝑠𝑒 − 𝑃𝑀2.5 𝑖𝑛𝑑𝑒𝑥 = 0.5 ∙ 𝑎 + 0.5 ∙ 𝑏                                                                          (4.6) 

where, ‘a’ and ‘b’ denotes the noise index and PM2.5 index which is the normalised noise and 

PM2.5 level, respectively. 

The normalised pollution levels were calculated by standardising the pollutant which 

basically transforms any scale into a normalised scale i.e. 0-1. Here, 0 indicates the bad air 

and noise quality and 1 indicates the opposite. 

A sigmoidal function has been adopted for standardisation of the pollutant level 

𝑆𝑐𝑜𝑟𝑒 = cos2 𝛼                                                                                                                    (4.7) 
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where, 𝛼 =
(𝑥−𝑥𝑎)

(𝑥𝑏−𝑥𝑎)
∙ 𝜋

2⁄                                                                                                       (4.8) 

where, ‘xa’ and ‘xb’ are the control points which were 70 dB(A) and 53 dB(A), respectively 

for noise, and 60 µg/m
3
 and 15 µg/m

3
, respectively for PM2.5, and ‘x’ is the observed 

pollutant level which has been considered for normalisation. 

Score is 0 if noise level and PM2.5 concentration > 70 dB (A) and 60 µg/m
3
, respectively and 

score is 1 if noise level and PM2.5 concentration < 53 dB(A) and 15 µg/m
3
, respectively. 

Numerical value of Noise-PM2.5 index varies between 0-1. For very poor or unacceptable 

quality of environment this index become zero and in the case of acceptable or healthy 

condition of environment this index become one (Silva and Mendes, 2012). 

Figure 4.14 shows that city noise-air index of office and street-side was 0.19 ± 0.05 and 0.25 

± 0.68, respectively. It indicates the deterioration of environmental quality in respect of air 

and noise quality. Silva and Mendes ( 2012) and Kundu Chowdhury et al. (2016) reported 

similar findings for the roadside area. 

 

Figure 4.14 Noise-PM2.5 index for roadside and office indoor 
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The results indicated that noise-PM2.5 index were close to 0 for both the study areas, although 

for indoors, it was relatively higher. However, indicating severe degradation of atmospheric 

environmental pollution based on PM2.5 and noise. These pollutants could be detrimental to 

human health that used to share that traffic corridor daily. There is a need for continuous 

monitoring of other air pollutants, including PM2.5, with noise and meteorological parameters 

for developing integrated environmental quality and its’ mitigation strategies. The findings of 

this study could help in urban planning and policy-making for developing cities. 

4.7 METEOROLOGICAL DATA ANALYSIS 

Using the weather station, meteorological data were recorded from 10 a.m. to 8 p.m. in 

weekdays at the indoor and outdoor of a commercial office building located at Bhangagarh, 

Guwahati along G.S. road. The 10-h and seasonal averaged meteorological data includes the 

ambient outdoor and indoor temperature, relative humidity, atmospheric pressure, solar 

radiation and wind attributes (wind speed and wind direction) were monitored.  

4.7.1 Meteorological parameters during the study period 

The street-side ambient temperature was 27±4.29 ˚C and inside the office the temperature was 

nearly 25.65±3.55˚C throughout the study duration (Figure 4.15(a)). Figure 4.15 (b) shows 

that due to high relative humidity in the ambient (73.84±14.85%) the observed indoor air 

relative humidity (72.98±7.31%) was high. Throughout the study duration the observed 

average solar radiation, atmospheric pressure and wind speed were 423.60±33.29 W/m2, 

722.84 ±3.91 mm Hg. and 1.71±0.35 m/s, respectively. The observed average predominant 

wind direction was south-west (SW) with frequency > 55% (Figure 4.16(c)).
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Figure 4.15 Temperature (a) and relative humidity (b) and (c) wind rose during the 

   study period 

4.7.2  Seasonal trend of meteorological parameters 

Figure 4.16 (a) shows that the street side ambient temperature was the highest in monsoon 

(29.47±5.30 ˚C) followed by pre-monsoon (25.77±3.59 ˚C), post-monsoon (24.63±0.64 ˚C) 

and winter (19.06±2.35˚C). And, in the office during winter (20.95±0.97˚C) and post-

monsoon (27.44±0.58˚C) seasons the observed temperatures increased than on street 

temperature. This could be due to the often closure of window during the above seasons and 

intense public activities inside the office. 

(a) (b) 

(c)
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Figure 4.16 Seasonal trend of (a) temperature, (b) relative humidity (%RH), (c) solar 

radiation, (d) atmospheric pressure and (e) wind speed 

 In street side ambient environment the observed relative humidity (RH) in monsoon, 

post-monsoon, winter and pre-monsoon were 81.67±1.67 %, 81.33±1.18 %, 80.10±11.75%, 

and 75 ±17.75%, respectively (Figure 4.16 (b)). And, inside the office in every monitoring 

seasons the RH was >70%. Barman and Gokhale (2019) also have reported the similar 

findings. 

 
 

 
 

 

(a) (b) 

(c) 

(d) 

(e) 
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Figure 4.16 (c) shows that the highest solar radiation (SR) observed during pre-

monsoon season (457 ± 41.15 W/m
2
) followed by monsoon (446.25± 63.09 W/m

2
), post-

monsoon (403.5± 6.36 W/m
2
) and winter (387.67± 33 W/m

2
). This is basically due to the

clear sky exists during pre-monsoon months, due to which solar insolation reaches the earth 

surface. Similar observation was found by Deka (2012) in Guwahati city.  

The observation depicts that atmospheric pressure was the highest in winter (727.31 ± 

0.89 mm Hg) followed by post-monsoon (722.43± 2.11 mm Hg), pre-monsoon (718.62± 2.14 

mm Hg) and monsoon (725.20± 0.80 mm Hg) (Figure 4.16 (d)). This happens due to the 

denser air during winter season. Srinivas and Kumar (2006) observed similar findings in 

Indian city. 

The wind speed was found to be the highest in pre-monsoon (2.12±0.3m/s), followed 

by winter (1.85±0.28 m/s), monsoon (1.56±0.13 m/s) and post-monsoon (1.32±0.12 m/s) 

(Figure 4.16(e)).  Figure 4.17 show that the observed predominant wind direction in winter 

and post-monsoon was the East (E) with > 60% and > 25% frequencies, respectively. In pre-

monsoon and monsoon, the predominant wind was south-west (SW) with > 70% and > 60% 

frequencies, respectively.  
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(a) 
(b) 

(c) 
(d) 

Figure 4.17 Wind rose of (a) winter,(b) pre-monsoon,(c)     

monsoon and (d) post-monsoon season 
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4.8 IMPACT OF METEOROLOGICAL PARAMETERS ON TRAFFIC NOISE            

     AND PM2.5 

Table A-2 shows that street side ambient temperature was negatively correlated with street 

side equivalent noise (Leq) (ρ=-0.355; p=0.015), which could be the reason for lesser public 

activities during warmer days. However, ambient temperature was found to be slightly 

correlated with indoor PM2.5 concentration (ρ=0.345; p=0.019), this could be the due to the 

probable entrance of temperature induced ambient dispersed particle inside the office 

building. Temperature inside the office was slightly correlated with indoor Leq (ρ=0.314; 

p=0.034), this happens possibly due to intense public activities inside the office room.  Yang 

et al. (2018) also observed similar increase of indoor noise with temperature.  

Wind speed was negatively correlated with indoor Leq (ρ=-0.431; p=0.003), which depicts 

that high windy condition could force the office workers’ to close the windows and doors 

which eventually decrease the indoor noise level. Whereas atmospheric pressure was slightly 

correlated with street side ambient Leq (ρ=0.377; p=0.010) and negatively correlated with 

indoor Leq (ρ=-0.386; p=0.008). On the other hand, atmospheric pressure was slightly 

correlated with street side ambient PM2.5 (ρ=0.395; p=0.007). This is basically happens due to 

stable atmospheric condition. Solar radiation (SR) was positively correlated with street side 

Leq (ρ=0.356; p=0.015) and PM2.5 (ρ=0.441; p=0.002) and negatively correlated with indoor 

Leq (ρ=-0.45; p=0.002). 
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4.9 SoundPLAN MODEL SOFTWARE CONFIGURATION CUM MODEL 

      INPUT     

Table 4.1 shows different building, road pavement attributes and receiver properties which 

have been used to model traffic noise propagation by SoundPLAN software. 

Table 4.1 Configuration cum input for SoundPLAN traffic noise model 

Configuration cum 

input variables 

Characteristics 

Geographical data  Coordinate system : Universal Transverse Mercator (UTM )

 Coordinates: Northern hemisphere

 Reference system : World-wide GPS geocentric (GS84)

 Zone:  46

 Latitude: 26.1709 ˚ N

 Longitude: 91.7673˚ E
Pavement  

Traffic data 

Meteorology 

Building dimension 

Building floor
dimension 

Number of floor 

Façade material 

Door 

Window 

Noise Standards and 

Regulations 

Average grade asphaltic bitumen 

Discussed at section 4.2 in Chapter 4 on Page 53
Discussed at section 4.7.1 in Chapter 4 on Page 72
Height (H) = 16.90 m, Length (L) = 14.85 m, Width (W) = 5.75 m 

Floor height (h) = 2.65 m, floor slab thickness (t) = 0.65 m 

4 

Brick work 

Double glazed glass door 

Sliding glass window 

Federal Highway Administration (FHWA) Traffic Noise Model 

(TNM 2.5) 

Calculation Settings  Time intervals: Two (6 a.m.-10 p.m.; 10 p.m. - 6 a.m.)

 Frequency bands: 1/1 octave frequency

 Weighting: dB(A)

 Receiver property for point receiver: Distance between

road and receiver at 2.1 m ; receiver height 1.5 m

 Indoor receiver property: Receiver height 1.5 m from floor

and distance between receiver and adjacent indoor wall 1.4 m

 Receiver position for FNM: Centre of each façade

 Grid property for GNM: 5 m spacing with height of the 1.3

m elevation from ground.

 Reflection order: 1

 Reflection loss: 1 dB(A)

 Field size: 9 m × 9 m
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4.10 CHARACTERISATION OF QUESTIONNAIRE AND HEALTH SURVEY  

        RESPONSES AND ITS’ RELATIONSHIP WITH PM2.5 AND NOISE        

        INDICATORS 

The questionnaire and health data were put to descriptive statistical and Shapiro-Wilk tests to 

determine the distribution of each predictor variable. The non-parametric Spearman-rho 

correlation was estimated between the noise descriptors, PM2.5 and the questionnaire 

variables for multicollinearity, and the relationship of the variables with the workplace 

annoyance and health parameters of the studied participants. The tolerance and variance 

inflation factor (VIF) were estimated to examine the multicollinearity. The average 

annoyance score (AAS) was calculated by averaging each respondent's home, workplace, and 

roadway annoyance scores. By considering demographics, socio-contextual, traffic activities 

near residence, smoking habit, and the collected acoustical indicators and PM2.5 

concentration, the ordinal regression analysis was used to predict the workplace annoyance of 

different microenvironments (Paiva et al.,2015; Camusso and Pronello,2016). The SPSS 

(v.20) was used to conduct the statistical analysis. By considering questionnaire outcome, 

PM2.5 concentration and acoustical indicators, the ordinal regression analysis was done to 

predict SBP, DBP and HR of different microenvironments (Beutel et al., 2016; Camusso and 

Pronello, 2016). In this ordinal regression study, SBP4, DBP3 and HR3 treated as the 

thresholds of dependent variables. The combined dose-response functions were developed by 

identifying the significance impact of PM2.5 and noise on health indices (SBP, DBP and HR) 

for the respondents, which has discussed in the chapter-5 and chapter-6. The SPSS (v.20) was 

used to carry out the statistical analysis. 
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4.10.1 Street vendors’ scenario 

The street vendors (n=46) participated in the questionnaire study, shown in Table A-4, in 

which 2.17% were < 20 y, 20-40 y (67.39 %), 41-60 y (21.74 %), and 8.7% were older than 

60 y. The 89.13% were male and 10.87% were female. The 34.78% of street vendors dwelled 

at their current residences for < 10 y, 17.39% for 10-20 y, and 47.83% dwelled for > 20 y. 

The street vendors who had houses facing roadside traffic were 15.22% and the houses of 

those not facing the roadside were about 84.78 % and 19.57% had houses within the 

proximity of road (< 2 m) and 80.43% had > 3 m. Here, 84.78% and 80.43% of respondents’ 

residential window and door locations were toward the road and 15.22% and 19.57% 

reported the opposite. During sleeping, 36.96 % of street vendors were disturbed by noise 

events and 63.04 % did not perceive the annoyance due to noise while sleeping. In this study, 

76.09 %, 34.78 %, and 2.17 % of respondents were not annoyed at home, at the workplace, 

and during commuting roadside. The slight annoyance was reported by 8.70 %, 6.52 % and 

2.17 % of respondents during their home staying, at the workplace, and on the street side, 

respectively. Similarly, medium annoyance at home and workplace was felt by 8.70% and the 

same at the roadside was felt by 69.57% of respondents. Here, 6.52%, 50%, and 26.09% of 

respondents were highly annoyed at residence, at their workplace, and during roadside travel 

respectively. For street vendors, the 40.65% male of 20-40y age expressed medium home 

annoyance whereas 30.43% expressed high workplace annoyance and 50% expressed no 

roadside annoyance. While, 11.29% female of same age band expressed medium home 

annoyance and 4.35 % of slight workplace annoyance and 4.35% medium roadside 

annoyance. The 18.52%, 17.39% and 4.35% of male respondents of 41-60y age group 

expressed high annoyance during home staying, working at workplace and roadside 

commute, respectively. The 18.52% of female street vendors of 41-60y age group expressed 

medium home annoyance (Figure 4.18). The average annoyance score (AAS) of the street 
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vendors’ was 1.41±0.62, indicating very prone to feel highly annoyed throughout their daily 

life. The 39.13%, 30.43% and, 17.39% street vendors were respectively reported their 

problems with only air pollution, noise pollution, both air and noise, while, 13.04% reported 

no problems. The breathing problem near traffic signal was reported by 82.6%, while 17.4% 

reported the opposite. Table A-4 showed the temporal variations of traffic activities in terms 

of day, evening, and night time traffic activities and the characteristics of traffic flow near the 

participants’ residences. Table A-4 showed that the indoor and outdoor acoustic 

environments of participant’s dwelling significantly dominated by noise originated from 

home appliance, human conversation, different furniture movements and traffic activities. 
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Figure 4.18 Age and gender wise characterisation of (a) home annoyance, (b) workplace 

annoyance and (c) roadside annoyance response of street vendors 

(a) 

(c) 

(b)
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4.10.2 Office workers’ scenario 

The responses for the office workers (n=108) are shown in Table A-5. The 80.49 % of the 

respondents were in the age of 41 - 60 y, 17.07 % were in the age of 20 - 40 y, and only 2.44 

% were > 60 y. Of the 108 respondents, 85.37% were male, and 14.63% were female. 

Regarding the dwelling at the current residences and the building age, 53.66% of respondents 

were dwelling > 20 y, and their houses were also equally old, 24.39% of respondents were 

dwelling < 10 y, and 21.95% revealed their living tenure at their home within 10-20 y. On the 

other hand, among the study participants, 24.39% replied their building age was 10 - 20 y old 

and 21.95 % answered their building age was < 10 y old. The 53.66% of the office workers 

had their houses in the interior, away from the busy roads and 46.34% had their houses near 

the busy roads. The 56.10% had their houses >3 m from the nearest road, 36.59% had within 

2 m and 7.31% had their houses located at 2-3 m from the nearest road. The 58.54% and 

60.98% of respondents’ house windows and doors were not facing the roadside, while, the 

same for 41.46% and 39.02% of respondents’ were facing towards the road. The 56.10% of 

respondents did not sense nuisance due to noise and 43.90% sensed the disturbance due to 

noise. The results of the perceptive annoyance in the form of psychological irritation or 

disturbance showed that 39.02%, 41.50%, and 24.39% of workers were not annoyed due to 

noise and air pollution while at home, at the workplace, and while commuting, respectively. 

The 41.46%, 34.10%, and 39.02% of respondents experienced slight annoyance due to air 

and noise in these microenvironments. Similarly, 17.07%, 19.50%, and 21.95% of office 

workers perceived medium annoyance, and 2.44%, 4.90%, and 14.63% of respondents 

perceived high annoyance at home, at the workplace, and at the roadside, respectively.  

Figure 4.19 shows that for office workers’ the 10.19% male of 20-40y age band expressed 

slight home annoyance whereas 7.41% and 6.48% expressed slight workplace and roadside 

annoyance, respectively. However, 2.78% female of same age band expressed medium home 
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and workplace annoyance, respectively.  The 26.85%, 25.93% and 23.15% of male 

respondents of 41-60y age band expressed slight annoyance, respectively at home, at 

workplace and at roadside. The 2.78%, 1.85% and 2.78% of female office workers of 41-60y 

age group expressed medium annoyance, respectively at home, at workplace and during 

roadside travel. 

The AAS of the office workers’ was 0.88±0.65, indicating very prone to feel highly annoyed 

throughout their daily life. The 20.4%, 12% and, 64% office workers were respectively 

reported their problems with only air pollution, noise pollution, both air and noise, while, 

2.8% reported no problems. The breathing problem near traffic signal was reported by 63 %, 

while 37 % reported the opposite. 
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Figure 4.19 Age and gender wise characterisation of (a) home annoyance, (b) workplace 

annoyance and (c) roadside annoyance response of office workers 

4.10.3 Cardiovascular health status of respondents 

From Figure 4.20 this can be concluded that distance of workplace from nearest roadside 

does not notably influence the cardiovascular health, as both groups of the respondents shows 

somewhat similar cardiovascular health status in terms of systolic and diastolic 

blood pressure, and heart rate. 

(a) 

(c) 

(b)
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Figure 4.20 Comparison of (a) blood pressure (BP) and (b) heart rate (HR) of street 

vendors and office workers 

4.10.3.1 Street vendors’ scenario 

Figure 4.21 shows the observed median SBP of 20-40 y street vendors’ was 129.75 mm Hg 

(Min: 96; Max: 166.50), DBP was 81.50 mm Hg (Min: 53.50; Max: 109) and the obtained 

HR was 84.50 bpm (Min: 45.50; Max: 101). While, for 41-60 y age group the median SBP, 

DBP and HR were 122.50 mm Hg (Min: 101; Max: 172), 80.25 mm Hg (Min: 57.50; Max: 

97) and 79 bpm (Min: 60; Max: 104.50), respectively.

(a) 

(b)
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Figure 4.21 Age wise characterisation of cardiovascular parameters (a) SBP, (b) DBP 

and (c) HR of street vendors 

(a) 

(b) 

(c)
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Figure 4.22 Gender wise characterisation of cardiovascular parameters (a) SBP, (b) 

DBP and (c) HR of street vendors 

(a) 

(b) 

(c)

TH-3285_166104010



89 

Figure 4.22 (a) Male street vendors’ median SBP was 129 mm Hg (Min: 96; Max: 172) and 

for female the same was 125 mm Hg (Min: 105.50; Max: 149). It shows that the median DBP 

of male respondents was 81 mm Hg (Min: 53.50; Max: 103) and for female it was 81 mm Hg 

(Min: 60; Max: 109) (Figure 4.22 (b)). The median HR of male and female participants’ were 

83.50 bpm (Min: 45.50; Max: 104.50) and 72.50 bpm (Min: 63.50; Max: 101) respectively 

(Figure 4.22 (c)). It indicates insignificant influence of aging on the SBP, DBP and HR, while 

male respondents’ SBP and HR were more than female but DBP was almost in similar range 

for both male and female participants. 

4.10.3.2 Office workers’ scenario 

Figure 4.23 (a) shows the median SBP of 20-40 y, 41-60 y and > 60 y officials’ were 122.5 

mm Hg (Min: 94.5; Max:167.5), 129 mm Hg (Min: 87; Max: 215) and 147 mm Hg (Min: 

119.5; Max: 168), respectively. Similarly, the median DBP of the same respective age bands 

were 80 mm Hg (Min: 58; Max: 112), 80.5 mm Hg (Min: 59.5; Max: 110) and 81 mm Hg 

(Min: 72; Max: 88.5), respectively (Figure 4.23 (b)). The median HR were 77 bpm (Min: 60; 

Max: 104), 82 bpm (Min: 49; Max: 115) and 72 bpm (Min: 58; Max: 86), respectively 

(Figure 4.23 (c)).  

Figure 4.24 (a) shows that the median SBP of male officials’ was 129.5 mm Hg (Min 87; 

Max: 215) and the same of female officials’ was 112.5 mm Hg (Min: 94.5; Max: 139), 

respectively. The median DBP of male officials’ was 81.5 mm Hg (Min: 59.5; Max: 112) and 

for female it was 70.5 mm Hg (Min: 58; Max: 84.5) (Figure 4.24 (b)). The median HR of 

male and female were 82 bpm (Min: 49; Max: 115) and 78 bpm (Min: 63; Max: 104), 

respectively (Figure 4.24(c)). This indicated that male respondent had elevated SBP, DBP 

and HR than female. Very little influence of aging on SBP, DBP and HR was observed. 
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Figure 4.23 Age wise characteristic of cardiovascular parameters (a) SBP, (b) DBP and 

(c) HR of office workers'

(c) 

(b) 

(a)
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Figure 4.24 Gender wise characterisation of cardiovascular parameters (a) SBP, 

(b) DBP and (d) HR of office workers'

(c) 

(b) 

(a)
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4.10.4 Interrelationship of noise indicators, PM2.5 with questionnaire outcomes on 

health parameters 

4.10.4.1 Street vendors’ scenario 

In the Spearman-rho correlation analysis (Table A-6 - Table A-8), except 160 Hz frequency 

the Leq was significantly correlated with rest of the frequencies of 1/3rd octave band (ρ > 0.2). 

Only 31.5 Hz and 40 Hz frequencies were negatively correlated with NC(L90) and NC(L95), 

respectively. These findings indicate that increasing low frequency noise was associated with 

the decrease in noise fluctuations in road side. L10 was significantly correlated with (250 Hz - 

20 kHz). It means the peak noise component was influenced by mid to higher spectral 

frequencies. In this analysis, 630 Hz noise frequency and traffic flow near residence were 

negatively correlated with SBP, (ρ=-0.295, p < 0.05) and (ρ=-0.303, p < 0.05), respectively. 

This indicates with increasing 630 Hz frequency noise at workplace and traffic flow near 

residence decrease the SBP. However, no significant correlation was observed between DBP, 

HR with pollutants and questionnaire outcome. The workplace annoyance was slightly 

correlated with the home annoyance (ρ=0.364, p < 0.05). The residential living duration of 

the participants was slightly correlated with their home (ρ=0.299, p < 0.05) and workplace 

(ρ=0.309, p < 0.05) annoyance perception. The workplace annoyance of the street vendor’s 

was slightly correlated with acoustic indices of the workplace e.g. Lpeak (ρ=0.294, p=0.048), 

Lmin (ρ=0.306, p=0.039), Leq (ρ=0.419, p=0.004), L10 (ρ=0.343, p=0.019), L50 (ρ=0.418, 

p=0.004) and L90 (ρ=0.310, p=0.036). This shows that the workplace annoyance of the street 

vendors’ significantly influenced by the demographic factors, home annoyance which 

basically the results of traffic noise originated near residential area and the impact of 

workplace’s acoustic quality. 
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4.10.4.2 Office workers’ scenario 

In the Spearman-rho correlation analysis of the office worker’s (Table A-9 - Table A-11), Leq 

was highly correlated (ρ > 0.7) with Lpeak, Lmax and L10 respectively. Except 125 Hz, the entire 

noise spectrum was significantly correlated with Leq (ρ > 0.2). L10 was significantly correlated 

with 160 Hz - 20 kHz frequencies. This denotes the influence of low to high frequencies 

could elevate the L10. The NC(L90) and NC(L95) indices were negatively correlated (ρ <- 0.2) 

with 50 Hz, 100 Hz, 160 Hz and 200 Hz frequencies and positively correlated (ρ > 0.1) with 

250 Hz and 16 kHz frequencies. This indicates that low frequency lead to decrease in noise 

climate and 250 Hz and 16 kHz frequencies slightly increase noise climate. The Spearman-

rho correlation analysis (Table A-9) indicated that average SBP and DBP were slightly 

correlated with NC(L95), (ρ=0.213, p < 0.05) and (ρ=0.245, p < 0.05), respectively. The noise 

perception during sleeping was moderately correlated with home annoyance (ρ=0.440, p < 

0.05), workplace annoyance (ρ=0.438, p < 0.05), residential outdoor pollution source 

(ρ=0.524, p < 0.05), day (ρ=0.441, p < 0.05), evening (ρ=0.481, p < 0.05) and night traffic 

activities (ρ=0.460, p < 0.05). The home annoyance was moderately correlated (ρ=0.333, p < 

0.05) with night time traffic activities near residence. The workplace annoyance reported by 

office workers was highly correlated with home annoyance (ρ=0.937, p < 0.05) and slightly 

correlated with evening (ρ=0.344, p < 0.05) and night traffic activities (ρ=0.422, p < 0.05) 

and traffic flow (ρ=0.418, p < 0.05) near the residential areas. There was moderate 

correlation (ρ=0.471, p < 0.05) found between the night time traffic activities and the 

roadside annoyance perception. The results of this analysis revealed that the annoyance of the 

workers greatly influenced by the traffic activities near their residential areas. This finding 

also indicates that sleep quality was significantly impacted by outdoor noise sources and 

traffic near office worker’s residence and their respective discomfort at home, workplace and 

during roadside travel.  
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4.11 DISCUSSION 

In this research, both bike and car were the key traffic components. In the study area there 

was a humid meteorological condition and average temperature was around 30˚C throughout 

the year.  

The street-side Leq was observed to be 71 dB(A), and in the office building, it was 66 dB(A). 

The noise level (hourly average, 10 h average and seasonal average) of street-side and indoor 

office exceeded the national ambient noise standard of CPCB for commercial areas of 65 

dB(A) (CPCB, 2000) and also exceeded the WHO prescribed limit of 70 dB(A) for safe 

listening (WHO, 2018) and 53 dB(A) for annoyance creation. Kalawapudi et al. (2020) 

observed similar deterioration of acoustic quality in the urban roadside areas of Indian cities. 

In all the microenvironments, the L10 exceeded 75 dB(A), which is high, and exposure to it 

may cause significant health effects on humans (USDT, 1995). The noise descriptors Lmax, 

L50, L90 and L95 also exceeded 53 dB (A) during the study period; this elevated noise could 

significantly impact human health (Laxmi et al., 2019). Tandel and Macwan (2017), 

Kamineni et al. (2019) and Laxmi et al. (2019) also reported similar findings for the urban 

roadside areas of Nagpur, Surat and Andhrapradesh of India, respectively. Vijay et al. (2015) 

observed similar findings in Indian road environments where horn honking exacerbate noise 

level by about 2-5 dB (A). At road side the noise at low (25 - 500 Hz), at mid (630 - 4000 Hz) 

mostly exceeded 40 dB (A) and high frequencies (> 4000 Hz) lies within 40 dB (A) sound 

pressure level (SPL) indicating extreme deterioration of acoustic environment. In this study, 

similar conclusion could be drawn as the traffic fleet with varying speed throughout the study 

period was observed which contributes a significant proportion of rolling noise, horn 

honking, and multiple reflections of noise due to the presence of different urban forms. Inside 

the office the noise at 31.5 - 125 Hz frequencies exceeded the 30 dB (A), while the noise at 

remaining frequencies till 5000 Hz mostly exceeded 40 dB (A) SPL. The noise at rest at 

-
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higher frequencies was obtained within 40 dB (A). Huang et al. (2017) observed that the low 

frequency noise influenced the noise level at lower floors of a high rise building near urban 

expressway. 

In all study microenvironments the noise climates NC(L90) and NC(L95) indicating the noise 

fluctuations were 4 to 6 dB (A), inside the office and street producing severe annoyance and 

constant speech interference at work. It directly hampers work productivity. The noise 

sources were mainly outdoor activities such as traffic, parking lot, and public speaking, along 

with minor indoor sources such as noise from wall-mounting fans and office equipment. The 

primary sources of noise pollution in the shops were the outdoor activities such as vehicular 

and commercial activities. The current acoustic quality in both work environments’ 

significantly deteriorated, which may cause severe annoyance to the workers (Khomenko et 

al., 2022).  

Slight correlation between Lmin and NC of office and street depicts the influence of fluctuation 

of noise level of street side on minimum noise of office indoor. Street side PM2.5 was slightly 

correlated with Lpeak, L90 and L95 which attributes the fact that significant portion of noise and 

PM2.5 have been originated by road traffic activities in the study area. PM2.5 of office indoor 

was negatively correlated with street side ambient noise, which illustrates that sometimes due 

to partially closing or closing of windows could hamper the indoor PM2.5 dispersion and 

propagation of ambient noise into office indoor which leads to increase the indoor PM2.5 and 

decrease indoor noise level.    

On the other hand, 10-h PM2.5 concentration of street side ambient environment and office

indoor were 106.67 and 33.33 µg/m
3
 respectively. Similarly increase trend of winter season 

PM2.5 was observed due to possible atmospheric stability. This finding indicating serious 

deterioration of air quality, which could be the effect of traffic activities, biomass burning, 

environmental tobacco smoke (ETS). Limaye et al. (2019) modelled the PM2.5 concentration 
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in Indian cities, their results revealed that by 2030 annual mean PM2.5 concentration will be 

74 µg/m
3
, which could be responsible for the national average loss in statistical life 

expectancy (SLE) of 32.5 months (95% C.I.: 29.7–35.2, regional range: 8.5–42.0). 

Srimuruganandam and Nagendra (2011) observed the similar violation (> 60 µg/m
3
) of 

NAAQS 24-h permissible limit of PM2.5 near traffic intersection in Chennai city of India.  

Noise-PM2.5 index was close to zero, indicating the severe degradation of noise and air 

quality in both study microenvironments. 

The following preventive measures could improve the present scenario of environmental 

pollution with respect to air and noise: 

 Control at source

Gozalo et al.(2022) has been reported the reduction of noise level of 1-4 dB(A) by proper 

taffic management. The same author has reported that introducing electric vehicles could also 

reduce noise level of about 1-10 dB(A). Low noise tyres could also reduce noise level of 3-5 

dB(A). Building quite road surface (porous asphalt, rubberised asphalt, poro elastic road 

surface, very thin asphalt) could resuce noise level of 3-7 dB(A).Probhibition of unnecessary 

horn honking could also reduce 2.1 dB(A) (Chauhan et al., 2021).  

In Indian context, hotspot specific intervention led to decrease the PM2.5 of about 

11%-28% (Sharma et al., 2022). By reducing emission of construction and musnicipal waste 

burning led to reduce the 12% of PM2.5 concentration (Sharma et al., 2022). 

 Control at medium

Installing noise barrier could reduce noise level of 3-20 dB(A) (Gozalo et al.,2022). There 

was about 5-10 dB(A) of noise level reduction has been achieved by planting trees near 

roadside area (Gozalo et al.,2022).  

Hu et al. (2021) reported > 20% PM2.5 reduction after introducing electric vehicle in 

China. Li et al. (2021) reported that by combining solid noise barrier with vegetation could 
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reduce 50% of PM2.5 near roadway. 

 Control at receiver

Building insulation with sound absorptive building materials (ex-glass wool, rock wool, 

closed cell foam aerogel etc.) and its’ design could reduce noise level of 2-15 dB(A) (Kumar 

et al., 2020; Gozalo et al.,2022).  

Incorporating air filter at building has been identified as significant indoor PM2.5 

reduction strategies (Martenies and Batterman, 2018). 

In this study street side street side ambient and office indoor temperature exhibit negative and 

positive correlation with Leq of street and office, respectively. This basically depicts the lesser 

public activities during warmer days near street side and intense public activities inside the 

office could lead to influence the acoustic quality of both microenvironments. Ambient 

temperature was slightly correlated with PM2.5 of office indoor which attributes the ingress of 

temperature induced ambient particulate inside the office indoor microenvironments. Wind 

speed was negatively correlated with office Leq refers the variation of office window 

operation during windy days could influence the indoor acoustic quality. Atmospheric 

pressure and solar radiation were positively correlated with ambient PM2.5 and Leq, 

respectively. However, the correlations between meteorological variable and noise and PM2.5 

were slight, which could be the reason for < 100 m distance between source and monitoring 

points as this is very difficult to assess the meteorological influence on traffic noise and PM2.5 

(Tezel-Oguz et al., 2023). 

In questionnaire study, most of the respondents reported a moderate traffic flow at various 

times of the day near their residences. Thus, the traffic-borne noise influenced the sleeping 

quality at night, as was revealed by 43% and 37% of office workers and street vendors, 

respectively. The 50% of the street vendors, and 11% of office workers complained of high 

annoyance during their work. It indicates that outdoor street vendors were exposed the most 
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to the noise produced by vehicular activities such as honking during frequent traffic 

interruptions and congestion and to other commercial activities in the traffic corridor. 

Therefore, the outdoor and indoor microenvironments within the traffic corridor were mainly 

subjected to traffic noise, resulting in severe annoyance and developing noise sensitivity 

during the working period. Jamir et al. (2014) observed the related findings in their research. 

However, nearly 8% of outdoor traffic noise was shielded by the brick façades indoor of the 

office building.  

The results also show that a significant percentage of respondents did not perceive annoyance 

due to noise exposure, even during peak traffic. This might be attributed to the fact that these 

participants were constantly exposed to high noise levels throughout the day for a long time, 

which might have affected and shifted their hearing threshold. This state is referred to as 

noise induced permanent threshold shift (NIPTS). Further, many respondents revealed that 

they experienced stress, fatigue and hypertension mainly due to the annoyance caused by 

traffic noise.  

No statistically significant correlation was observed between questionnaire outcome and 

noise descriptors for the office workers. The annoyance at workplaces was highly correlated 

with the annoyance perceived at home and traffic flow near their residences. It indicates that 

demography and socio-contextual factors also might be influencing the workplace 

annoyance. In the correlation study of street vendor’s analysis, it was observed that 

workplace annoyance slightly correlated with noise descriptors (Lpeak, Lmax, Leq, L10, L50 and 

L90), living duration and traffic operation at night near the respondent’s residence. This 

indicated the slight influence of acoustic quality of the workplace and demographic variables 

and socio-contextual factors on workplace annoyance.  

There was moderate warm temperature and highly humid meteorological condition 

throughout the study duration at both study microenvironments. From the questionnaire study 
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and health it was revealed that participants were annoyed towards the noise and PM2.5 

pollution although a significant proportion of participants didn’t experience any annoyance 

perception due to their habitual adjustment and NIPTS. Blood pressure (BP) and heart rate 

(HR) of male participants were high and 21-40 y old participants’ BP and HR were 

significantly higher in range than others. Very poor correlation was observed between PM2.5 

and workplace annoyance but there was no significant correlation was observed with noise 

spectrum. Low frequency noise spectrum and PM2.5 were significantly correlated with BP 

and HR.  
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CHAPTER 5 

TRAFFIC NOISE PROPAGATION MODELLING 

5.1 GENERAL 

The traffic noise propagation has been modelled by SoundPLAN (version 8.2), using traffic 

attribute (traffic count and traffic speed), building attributes, receiver properties (receiver 

height), pavement characteristics and meteorological input as discussed in Chapter 4. There 

are five key steps in SoundPLAN traffic noise modelling which consist, creating a new 

project, incorporating geo data base, run the calculation kernel, displaying the result and 

along with its’ graphical representation (Figure 5.1).  

Figure 5.1 Process flow chart of SoundPLAN traffic noise model 

 SoundPLAN process the georeferenced data through its’ in built geographic data processing 

module and it creates the digital ground model (DGM) by converting the 3D contour lines 

into elevation lines. The necessary topographical features (building, road) were incorporated. 

Thereafter by defining the acoustic receptors and aforementioned model input, SoundPLAN 

TRAFFIC NOISE PROPAGATION MODELLING 

CHAPTER 5 
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8.2 modelled the traffic noise pollution, in terms of day time (Ld) and night time (Ln) noise 

level as per Federal Highway Administration Traffic Noise Model (FHWA TNM 2.5). Based 

on the model input, different noise propagation scenarios have been developed and validated 

with the observed noise data and different traffic source contribution has been characterised. 

Model output could be categorised as, output at single receiver point, façade noise map 

(FNM) and grid noise map (GNM). Outdoor traffic noise model was simulated for single 

point receiver at outdoor locations (1.4 m from the curb side) and at the façades of the 

building where the study was conducted. And, at the building indoors receiver assumed at 1.4 

m distance from the adjacent walls and furniture and at 1.2 m height from the floor level. 

Noise level has been modelled using Eq. (5.1) (FHWA, 1998). 

𝐿𝐴𝑒𝑞 1ℎ = 𝐸𝐿𝑖 + 𝐴𝑡𝑟𝑎𝑓𝑓𝑖𝑐𝑖
+ 𝐴𝑑 + 𝐴𝑠                                                                            (5.1)

where, ‘LAeq1h’ is the hourly equivalent noise level, ‘ELi’ is the vehicle noise emission level 

for the i
th

 vehicle type, ‘Atraffici’ is the adjustment for traffic flow, volume and speed for the i
th

vehicle type, ‘Ad’ is the adjustment for distance between the roadway and receiver and for the 

length of the roadway, and ‘As’ refers to the adjustment for all shielding and ground effects 

between the roadway and the receiver.  

For indoor noise model, SoundPLAN 8.2 used the building-acoustic module (BA module), 

which uses the noise input from outdoor façade of any building to estimate the indoor noise 

level by assessing permissible indoor noise limit. 

5.2 TRAFFIC NOISE MODELLING 

Figure 5.2 shows that the front façade was most exposed to the traffic noise. Ground floor to 

higher floors exposed to increasing range of noise level above 60 dB (A) at day time. During 

night predicted noise level also increased above 56 dB (A) in the front façade. In the right 

side of the office building façade predicted noise level exceeded above 50 dB ( A) from 

ground floor level to upper floor (Figure 5.3). 
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Figure 5.2 Day time FNM of office building (receiver center of each floor) 

 

 

  

 

 

 

 

 

 

        Figure 5.3 Night time FNM of office building (receiver at center of each floor) 

In grid noise map with grid spacing 10 m, it shows that at day time predicted noise level 

(Figure 5.4) exceeded 72 dB (A) near curb side and in the immediate vicinity of the front 

façade of office building the predicted noise level between 68 - 72 dB(A) at daytime. At night 

predicted noise level near curb side of G.S. road (Figure 5.5) is lying in the range of > 68 to ≤ 

72 dB (A). On the other hand, in front of front façade of office building, predicted noise level 

is in the range between greater than 64 - 68 dB (A).  
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Figure 5.4 Day time GNM near street side 

Alam et al. (2021) also modelled the traffic noise for residential area with SoundPLAN 

software and observed similar violation of noise level in South Delhi city of India. 

     

 

 

 

 

 

 

 

 

 

                                Figure 5.5 Night time GNM near street side area                                                                                                                                                                                                                      
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On the other hand, for indoor traffic noise modeling approach, building façade consisting of 

brick wall and 30% of glass area for door and window, traffic induced noise was simulated 

with account of building materials, room geometry and 2 dB (A) flanking transmission. 

 

 

 

 

 

 

 

 

                   Figure 5.6 Day and night time predicted noise level of office indoor 

In consideration of receiver at front façade of the office building the day time simulated 

indoor noise level was 70.9 dB (A) (Figure 5.6). During day working hour outdoor traffic 

density was higher than evening and night time that’s why predicted indoor noise level was 

high. 

During night simulated indoor noise level was 64.9 dB (A) which basically originated from 

outdoor traffic activities where bike and car were the most predominant traffic sources in the 

study area (Figure 5.6). All these study output nearly similar with the study of Jeong et al. 

(2010) and Ece et al. (2018).  
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 Table 5.1 Modeling output by assuming point receiver at the outdoor of front façade 

 

Building floor 

 

Ld in dB(A) 

 

Ln in dB(A) 

Ground Floor 62.8 61 

First Floor 66.7 64.2 

Second Floor 66.8 64.3 

Third Floor 66.9 64.5 

 

In the case of single receiver at different floors of building, simulated traffic noise was 

increasing with the increase of building floors (Table 5.1). Although predicted noise 

exceeded the CPCB standard of 65 dB(A) and 55 dB(A) at day and at night respectively. 

5.3 COMPARISON OF MEASURED AND MODEL NOISE LEVEL 

Figure 7.6 and Figure 7.7 shows measured outdoor and indoor noise level was little higher 

than predicted noise level as the SoundPLAN only consider the nose originated due to traffic 

movement . However, in realistic scenario there was many factors including multiple 

reflections, public activities influenced the measured noise level apart from the vehicular 

noise. 
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Figure 5.7 Comparison of modelled and measured street side ambient noise level 

 

 

Figure 5.8 Comparison of modelled and measured office indoor noise level 

5.4 MODEL VALIDATION 

The predicted noise level was validated with the measured noise level by fractional bias (FB) 

measure (Eq.(5.2)). 

𝐹𝐵 =
2∙(𝐶𝑜−𝐶𝑝)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝐶𝑜̅̅̅̅ +𝐶𝑝̅̅̅̅
           (5.2)  

where, ‘Co’ and ‘Cp’ are the measured and predicted noise level respectively. 
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Figure 7.8 shows the FB for outdoor roadside area at day and at night were 0.0072 and 0.073 

respectively, and for office indoor the same for day and night were -0.036 and 0.03 

respectively. 

 

 

 

 

 

 

 

 

 

Figure 5.9 Model validation measure by fractional bias (FB) 

This finding was in line with the study by Fallah-Shorshani et al.(2022), they observed the 

FB lies between – 0.80 to 1.92 for CadnaA, GAM, HLTNM, XGB and Harmonoise noise 

propagation models. 
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Figure 5.10 Scatter plot between measured and predicted noise level (a) street side 

ambient and (b) office indoor microenvironments 

Figure 5.10 shows the observed coefficient of determination (R
2
) was > 0.8 for both outdoor 

and indoor noise study, which indicate that predicted noise level was well fitted with the 

measured noise level. 

5.5 CONTRIBUTION OF DIFFERENT TRAFFIC ACTIVITIES ON                        

      ENVIRONMENTAL NOISE POLLUTION  

Figure 5.11 shows that at day time car was observed as the noisiest traffic at that study area 

followed by bike, MUV, bus and truck and at night truck was the noisiest traffic followed by 

car, bike and MUV. On the other hand, inside the office, contribution from bike at day time 

was highest followed by car, MUV, bus and truck (Figure 5.12).  

 

 

(a) 

(b) 
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There was no bus observed at night. 

 

 

 

 

 

 

 

 

 

Figure 5.11 Different traffic contributions on street side ambient noise level  

 

 

 

 

 

 

 

 

 

Figure 5.12 Different traffic contributions on office indoor noise level 
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Figure 5.13 shows that car contributed low frequencies noise while, bike was observed as the 

leading contributor of 250 Hz noise frequencies. Heavy vehicles including bus and truck 

contributed higher frequencies of noise at the roadside area.  

Figure 5.13 Street side ambient noise spectrum for (a) bike, (b) car, (c) MUV, (d) bus 

and (e) truck 

(a) (b) 

(c) (d) 

(e)
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5.6 DISCUSSION 

Traffic noise modelling study concludes that day time predicted noise level was higher than 

60 dB(A) at building outdoor and at night it was exceeded 56 dB(A) near roadside. Similar 

results found by Ece et al. (2018). In Indian city, Sonaviya and Tandel (2020) observed 4-11 

dB(A) under prediction of traffic noise level by RLS 90 model in SoundPLAN essential 4.0 

software. For indoor office building allowing 2 dB (A) of flanking transmission, day time 

predicted noise was 70.9 dB(A) and at night it was 64.9 dB(A). At day and night time GNM 

near roadside showed that the predicted noise was exceeded the CPCB prescribed limit 

mostly due to vehicular activities. Car movement was found as the major noise contributor in 

that study area. Very few trucks were there which contributed noise at night time. Bike 

movement generally dominated the 250 Hz noise frequency. The higher noise frequencies 

generally dominated by bus and truck movement at that study area. This observation could be 

helpful for developing the different traffic noise mitigation scenarios by identifying the 

noisiest traffic in that study area.  
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CHAPTER 6 

TRAFFIC-BORNE PM2.5 AND NOISE IMPACTS ON URBAN 

WORKERS' ANNOYANCE                                  

6.1 PREDICTION OF NOISE ANNOYANCE USING QUESTIONNAIRE AND 

      NOISE DESCRIPTORS 

The ordinal regression analysis was carried out to predict workplace annoyance as functions 

of acoustic, PM2.5 and non-acoustic descriptors for the two categories of human receptors and 

showed that all models satisfied the model significance criteria (i.e. p < 0.05).  

Table 6.1 Comparison of Nagelkarke Pseudo-R2 of street vendors' and office workers’ 

 workplace annoyance model 

6.1.1 Street vendors’ workplace annoyance prediction 

Table 6.1 shows the Nagelkarke-Pseudo R2 0.23, 0.19 and 0.38 for noise, PM2.5 and 

combined impact of noise and PM2.5 model respectively, indicate 23%, 19% and 38% 

respective variability of models for predictor variables (Bouzid et al, 2020).  

Predictors Participants Nagelkerke Pseudo-R2

Noise Street vendors 0.23 

Office workers 0.15 

PM2.5 Street vendors 0.19 

Office workers 0.10 

Combined Noise 

and PM2.5 

Street vendors 0.38 

Office workers 0.18 

TRAFFIC-BORNE PM2.5 AND NOISE IMPACTS ON URBAN 

WORKERS' ANNOYANCE 

CHAPTER 6 
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Table 6.2 Model estimate of street vendors' workplace annoyance 

Predictors Model Parameters Estimate Wald 

(Ӽ2)
Sig. Odds ratio 

(OR) 

95%  C.I. 

L.B. U.B. 

Noise 

T
h

re
sh

o
ld

 No 10.531 3.734 0.053 37441.356 0.860 1.63 × 10
9

Slight 10.852 3.946 0.047 51612.943 1.156 2.30 × 10
9

Medium 11.288 4.242 0.039 79842.061 1.726 3.69 × 10
9

L
o
ca

ti
o
n

 

5000 Hz 0.232 4.546 0.033 1.262 1.019 1.562 

Roadside 

building facing 

1.305 1.901 0.168 3.689 0.577 23.589 

Building not 

faced toward 

road 

0
a

No smoking -1.259 3.616 0.057 0.284 0.078 1.039 

Smoking 0
a

PM2.5 

T
h

re
sh

o
ld

 No -3.698 6.517 0.011 0.02 0.00 0.42 

Slight -3.387 5.590 0.018 0.03 0.00 0.56 

Medium -2.970 4.425 0.035 0.05 0.00 0.82 

L
o
ca

ti
o
n

 

PM2.5 -0.022 5.263 0.022 0.98 0.96 1.00 

Roadside 

building facing 

2.237 3.676 0.055 9.36 0.95 92.10 

Building not 

faced toward 

road 

0
a

Combined 

Noise and 

PM2.5 

T
h

re
sh

o
ld

 No 7.664 3.043 0.081 2129.65 0.39 1.16 × 10
7

Slight 8.041 3.330 0.068 3106.01 0.55 1.75 × 10
7

Medium 8.530 3.715 0.054 5065.38 0.87 2.96 × 10
7

L
o
ca

ti
o
n

 

PM2.5 -0.019 3.944 0.047 0.98 0.96 1.00 

50 Hz 0.218 4.518 0.034 1.24 1.02 1.52 

Family income 0.382 .475 0.491 1.47 0.49 4.34 

PM2.5 2.441 6.991 0.008 11.49 1.88 70.19 

Roadside door 

facing 

-0.019 3.944 0.047 0.98 0.96 1.00 

Door not faced 

toward road 

0
a

where, the link was  logit and 0
a
 is the parameter which is set to zero because it is redundant.
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6.1.1.1 Impact of noise on street vendors’ workplace annoyance 

In the noise and workplace annoyance model (Table 6.2), the 5000 Hz (OR: 1.262; 95% C.I.: 

1.019-1.562; Wald (Ӽ2): 4.546) was the significant predictor of the street vendor’s workplace 

annoyance. The results showed that the unit increase in 5000 Hz leads to 1.262 times 

workplace annoyance for the street vendors. Eq. (6.1)-(6.3) derived from (Table 6.2) for 

predicting street vendors’ noise annoyance at the workplace in the form of acoustic and non-

acoustic descriptors. The Eq. (6.1) - (6.4) indicate the relationship of different annoyance 

responses with the predictors. 

𝑙𝑜𝑔𝑖𝑡(𝑁𝐴) = 10.531 − 0.232 ∙ (𝑎) + 1.305 ∙ (𝑏) − 1.259 ∙ (𝑠) (6.1)  

𝑙𝑜𝑔𝑖𝑡(𝑆𝐴) = 10.852 − 0.232 ∙ (𝑎) + 1.305 ∙ (𝑏) − 1.259 ∙ (𝑠) (6.2) 

𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) = 11.288 − 0.232 ∙ (𝑎) + 1.305 ∙ (𝑏) − 1.259 ∙ (𝑠) (6.3) 

𝑙𝑜𝑔𝑖𝑡(𝐻𝐴) = 1 − 𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) (6.4) 

where, ‘NA’ is the no annoyance, ‘SA’ is the slight annoyance, ‘MA’ is the medium 

annoyance, ‘HA’ is the high annoyance , ‘a’ is noise level at 5000 Hz frequency, ‘b’ is the 

roadside building facing, ‘s’ is the no smoking.  

6.1.1.2 Impact of PM2.5 pollution on street vendors’ workplace annoyance 

In PM2.5 and workplace annoyance model, Table 5.2 shows PM2.5 (OR: 0.98; 95% C.I.: 0.96-

1; Wald (Ӽ
2
): 5.263) and roadside building facing (OR: 9.36; 95% C.I.: 0.95-92.10; Wald

(Ӽ
2
): 3.676) were the significant factors. The results showed that the unit increase in PM2.5

leads to 0.98 times decrease in workplace annoyance and increase in roadside facing of 

residential building leads to 9.36 times unit increase in workplace annoyance of street 

vendors. The Eq. (6.5) - (6.8) indicate the relationship of different annoyance responses with 

the predictors. 

𝑙𝑜𝑔𝑖𝑡(𝑁𝐴) = −3.698 + 0.022 ∙ (𝑃𝑀2.5) − 2.237 ∙ (𝑏)                                                    (6.5)
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𝑙𝑜𝑔𝑖𝑡(𝑆𝐴) = −3.387 + 0.022 ∙ (𝑃𝑀2.5) − 2.237 ∙ (𝑏) (6.6) 

𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) = −2.970 + 0.022 ∙ (𝑃𝑀2.5) − 2.237 ∙ (𝑏) (6.7) 

𝑙𝑜𝑔𝑖𝑡(𝐻𝐴) = 1 − 𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) (6.8) 

where, ‘b’ is the roadside building facing. 

6.1.1.3 Combined impact of PM2.5 and noise pollution on street vendors’ workplace 

annoyance 

In this model, Table 6.2 showed PM2.5 (OR: 0.98; 95% C.I.: 0.96-1; Wald (Ӽ
2
): 3.944), 50 Hz

noise frequency (OR: 1.24; 95% C.I.: 1.02-1.52; Wald (Ӽ
2
): 4.518) and roadside door location

(OR: 11.49; 95% C.I.: 1.88-70.19; Wald (Ӽ
2
): 6.991) were the significant predictors. The

results showed that 1 µg/m
3
 increase in PM2.5 leads to 0.98 times decrease in workplace

annoyance and 1 dB (A) increase in 50 Hz noise frequency leads to 1.24 times increase in 

workplace annoyance. However, degree of road facing residential door location increases 

11.49 times workplace annoyance perception. The Eq. (6.9) - (6.12) indicate the relationship 

of different annoyance responses with the predictors. 

𝑙𝑜𝑔𝑖𝑡(𝑁𝐴) = 7.664 + 0.019 ∙ (𝑃𝑀2.5) − 0.218 ∙ (𝑏) − 0.382 ∙ (𝑓) − 2.441 ∙ (𝑑)           (6.9)  

𝑙𝑜𝑔𝑖𝑡(𝑆𝐴) = 8.041 + 0.019 ∙ (𝑃𝑀2.5) − 0.218 ∙ (𝑏) − 0.382 ∙ (𝑓) − 2.441 ∙ (𝑑)          (6.10) 

𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) = 8.530 + 0.019 ∙ (𝑃𝑀2.5) − 0.218 ∙ (𝑏) − 0.382 ∙ (𝑓) − 2.441 ∙ (𝑑)        (6.11) 

𝑙𝑜𝑔𝑖𝑡(𝐻𝐴) = 1 − 𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) (6.12) 

where, ‘b’ is the noise level at 50 Hz frequency, ‘f’ is the family income, ‘d’ is the roadside 

door facing. 

6.1.2 Office workers’ workplace annoyance prediction 

Table 6.1 shows the Nagelkarke-Pseudo R
2
 as 0.15, 0.10 and 0.18 for noise, PM2.5 and

combined impact of noise and PM2.5 model respectively, indicate 15%, 10% and 18% 

respective variability of models for predictor variables (Bouzid et al, 2020).  
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6.1.2.1 Impact of noise on office workers’ workplace annoyance 

Table 6.3 shows 315 Hz (OR: 1.161; 95% C.I.: 1.007-1.338; Wald (Ӽ
2
): 4.210), 100 Hz (OR:

1.202; 95% C.I.: 1.009-1.431; Wald (Ӽ
2
): 4.254) and family income (OR: 0.716; 95% C.I.:

0.515-0.997; Wald (Ӽ
2
): 3.920) were found to be the significant predictors of the model. This

indicates the increase in 315 Hz and 100 Hz of 1 dB (A) leads to 1.161 and 1.202 times 

respective increase in workplace annoyance. Similarly, with the increase in 1 INR family 

income leads to 0.716 decreased in workplace annoyance. The Eq. (6.13) - (6.16) refer the 

relationship of different annoyance responses with the predictors. 

𝑙𝑜𝑔𝑖𝑡(𝑁𝐴) = 7.984 − 0.149 ∙ (𝑐) + 0.105 ∙ (𝑑) − 0.184 ∙ (𝑒) + 0.333 ∙ (𝑓) + 0.665 ∙ (𝑡)    (6.13)  

𝑙𝑜𝑔𝑖𝑡(𝑆𝐴) = 9.842 − 0.149 ∙ (𝑐) + 0.105 ∙ (𝑑) − 0.184 ∙ (𝑒) + 0.333 ∙ (𝑓) + 0.665 ∙ (𝑡)     (6.14)  

𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) = 11.399 − 0.149 ∙ (𝑐) + 0.105 ∙ (𝑑) − 0.184 ∙ (𝑒) + 0.333 ∙ (𝑓) + 0.665 ∙ (𝑡)  (6.15)  

𝑙𝑜𝑔𝑖𝑡(𝐻𝐴) = 1 − 𝑙𝑜𝑔𝑖𝑡(𝑀𝐴)                                                                                                      (6.16)  

 where, ‘c’, ‘d’ and ‘e’ are the noise level at 315 Hz, 630 Hz and 100 Hz frequencies 

respectively, ‘f’ is the family income, ‘t’ is the no night traffic activities near the residence of 

office worker’s.  
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Table 6.3 Model estimate of office workers’ workplace annoyance 

Predictors Model 

Parameters 

Estimate Wald     

(Ӽ
2
)

Sig. Odds 

ratio 

(OR) 

95%  C.I. 

L.B. U.B. 

Noise 

T
h

re
sh

o
ld

 No 7.984 3.278 0.070 2932.178 0.518 1.6×10
7

Slight 9.842 4.894 0.027 18806.686 3.073 1.1×10
8

Medium 11.399 6.464 0.011 89207.959 13.622 5.8×10
8

L
o
ca

ti
o
n

 

315 Hz 0.149 4.210 0.040 1.161 1.007 1.338 

630 Hz -0.105 3.452 0.063 0.900 0.806 1.006 

100 Hz 0.184 4.254 0.039 1.202 1.009 1.431 

Family 

Income 

-0.333 3.920 0.048 0.716 0.515 0.997 

No night 

traffic 

-0.665 2.907 0.088 0.514 0.239 1.105 

Night 

traffic 

0
a

PM2.5 

T
h

re
sh

o
ld

 No 0.193 0.254 0.614 1.213 0.573 2.570 

Slight 1.981 20.855 0.000 7.253 3.099 16.975 

Medium 3.497 38.027 0.000 33.030 10.868 100.384 

L
o
ca

ti
o
n

 PM2.5 0.010 6.584 0.010 1.010 1.002 1.018 

No night 

traffic 

-0.879 5.035 0.025 0.415 0.193 0.895 

Night 

traffic 

0
a

Combined 

Noise and 

PM2.5 

T
h

re
sh

o
ld

 No 4.632 1.069 0.301 102.709 0.016 6.6×10
5

Slight 6.527 2.100 0.147 683.488 0.100 4.6×10
6

Medium 8.081 3.182 0.074 3232.277 0.450 2.3×10
7

L
o
ca

ti
o
n

 

315 Hz 0.145 3.856 0.050 1.156 1.000 1.336 

630 Hz -0.114 3.961 0.047 0.892 0.798 0.998 

100 Hz 0.101 1.226 0.268 1.106 0.925 1.321 

PM2.5 0.008 4.047 0.044 1.008 1.000 1.016 

No night 

traffic 

-0.873 4.772 0.029 0.418 0.191 0.914 

Night 

traffic 

0
a

No 

smoking 

-0.609 1.969 0.161 0.544 0.232 1.273 

Smoking 0
a

where, the link was logit and 0
a
 is the parameter which is set to zero because it is redundant. 
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6.1.2.2 Impact of PM2.5 on office workers’ workplace annoyance 

In this model Table 6.3 showed that PM2.5 (OR: 1.010; 95% C.I.: 1.002-1.018; Wald (Ӽ
2
):

6.584) and no night traffic (OR: 0.415; 95% C.I.: 0.193-0.895; Wald (Ӽ
2
): 5.035) were the

significant predictors. This indicate the unit increase in PM2.5 and the degree of no night time 

traffic movement leads to 1.010 and 0.415 times respective increase and decrease in 

workplace annoyance. The Eq. (6.17) – (6.20) refers the relationship of different annoyance 

responses with the predictor variables.  

𝑙𝑜𝑔𝑖𝑡(𝑁𝐴) = 0.193 − 0.010 ∙ (𝑃𝑀2.5) + 0.879 ∙ (𝑡) (6.17) 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐴) = 1.981 − 0.010 ∙ (𝑃𝑀2.5) + 0.879 ∙ (𝑡) (6.18) 

𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) = 3.497 − 0.010 ∙ (𝑃𝑀2.5) + 0.879 ∙ (𝑡) (6.19) 

𝑙𝑜𝑔𝑖𝑡(𝐻𝐴) = 1 − 𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) (6.20) 

where, ‘t’ is the no night traffic activities near the residence of office worker’s. 

6.1.2.3 Combined impact of PM2.5 and noise pollution on office workers’ workplace 

 annoyance 

Table 6.3 shows the 315 Hz (OR: 1.156; 95% C.I.: 1-1.336; Wald (Ӽ
2
): 3.856), 630 Hz (OR:

0.892; 95% C.I.: 0.798-0.998; Wald (Ӽ
2
): 3.961) noise spectrum, PM2.5 (OR: 1.008; 95% C.I.:

1-1.016; Wald (Ӽ
2
): 4.047), no night traffic (OR: 0.418; 95% C.I.: 0.191-0.914; Wald (Ӽ

2
):

4.772) are the significant predictors. This indicates that unit increase in these predictors leads 

to 1.156, 0.892, 1.008, 0.418 times respective increase, decrease, increase and decrease in 

workplace annoyance. The Eq. (6.21) - (6.24) refer the relationship between different 

annoyance responses and predictors. 

𝑙𝑜𝑔𝑖𝑡(𝑁𝐴) = 4.632 − 0.145 ∙ (𝑓) + 0.114 ∙ (𝑔) − 0.101 ∙ (ℎ) − 0.008 ∙ (𝑃𝑀2.5)  + 0.873 ∙

 (𝑡) + 0.609 ∙ (𝑠) (5.21)       

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐴) = 6.527 − 0.145 ∙ (𝑓) + 0.114 ∙ (𝑔) − 0.101 ∙ (ℎ) − 0.008 ∙ (𝑃𝑀2.5)  + 0.873 ∙

 (𝑡) + 0.609 ∙ (𝑠) (5.22)       

TH-3285_166104010



119 

𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) = 8.081 − 0.145 ∙ (𝑓) + 0.114 ∙ (𝑔) − 0.101 ∙ (ℎ) − 0.008 ∙ (𝑃𝑀2.5)  + 0.873 ∙

 (𝑡) + 0.609 ∙ (𝑠) (5.23)       

𝑙𝑜𝑔𝑖𝑡(𝐻𝐴) = 1 − 𝑙𝑜𝑔𝑖𝑡(𝑀𝐴) (5.24) 

where, ‘f’, ‘g’ and ‘h’ represent the noise level at 315 Hz, 630 Hz and 100 Hz frequencies 

respectively, ‘t’ is the no night traffic activities near office workers’ residence and ‘s’ is the no 

smoking response.          

6.2 DOSE-RESPONSE RELATIONSHIP 

The dose-response functions were developed in terms of frequencies and PM2.5 using Eq. 

(6.1) - Eq. (6.24) for the different categories of respondents. Figure 6.1 (a)-(d) showed that 

noise at 50 Hz frequency > 40 dB (A) and PM2.5 > 100 µg/m
3
 leads to respective increase and

decrease in the street vendors’ degree of annoyance perception. This reflects the street 

vendors’ noise sensitivity and habitual adjustment with the elevated air pollution levels. 

Figure 6.2 shows the office workers’ annoyance response scenarios for three different noise 

spectrum (100 Hz, 315 Hz and 630 Hz) and PM2.5 . For every scenario PM2.5 > 50 µg/m
3

leads to the increase in degree of annoyance. Figure 6.2 ((a)-(d)) shows, for 100 Hz noise 

spectrum, noise level > 35 dB (A) leads to an increase in the degree of annoyance perception. 

Figure 6.2 ((e)-(h)) indicate that, noise level > 50 dB (A) at 315 Hz noise spectrum, increases 

the degree of workplace annoyance perception of office workers’. Figure 6.2((i)-(l)) elucidate 

that noise level > 55 dB(A) of 630 Hz noise frequency leads to decrease in degree of 

annoyance perception. This indicates the possibility of NIPTS of office workers. Bouzid et al. 

(2020) observed that Lden of 40-60 dB (A), residents of Sfax city was less annoyed. These 

might result from NIPTS syndrome (Karimi et al., 2010; Alam, 2011). In this present 

research it was observed that the noise perception varied noticeably for different group of 

workers’ for different noise spectrum, which could be due to the NIPTS and noise sensitivity 
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factors. 

     (a) (b) 

(c) (d) 

Figure 6.1 Dose response relationship for street vendors' (a) no annoyance, (b) slight 

annoyance, (c) medium annoyance and (d) high annoyance 
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Figure 6.2 Dose response relationship of workplace annoyance of office workers for 100 Hz (a)-(d), 315 Hz (e)-(h) and 630 Hz    

(i)-(l) 

(a) 

(e) 

(d) (b) (c) 

(f) (g) (h) 

(i) 
(j) (k) (l)
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6.3 DISCUSSION 

The social questionnaire data and the PM2.5 and noise levels collected from the workplaces, and 

outdoor microenvironments in an urban traffic corridor were analyzed by various statistical tests 

for interrelationships and perceptive impacts on the humans moving through different 

microenvironments. The main focus was to determine the relationships of various parameters 

with the workplace annoyance and express workplace annoyance in terms of traffic borne PM2.5 

and noise descriptors. The traffic corridor selected for the study represents the typical urban 

centre in developing countries. The traffic fleet contains a higher share of two-wheelers with 

mixed traffic of cars, buses, multi-utility vehicles and three-wheelers. Most cities in India have a 

higher share of two-wheelers, as was also reported by Vijay et al. (2015) in Nagpur, India.  

From the ordinal regression modelling of street vendors’ scenario, 50 Hz, 5000 Hz noise 

spectrum, PM2.5, door location, building facing, family income have been the significant 

predictors of street vendor’s workplace annoyance. An increase in 50 Hz, 5000 Hz frequency 

noise level increase the workplace annoyance, but increase in PM2.5 surprisingly decrease the 

workplace annoyance, which could be attributed that street vendors are more sensitive to noise 

than PM2.5. Okokon et al. (2018) observed that people who dwelled with street-side bedroom 

windows were very prone to use antidepressants due to higher noise exposure. In the case of 

office workers, noise perception during sleeping has been observed as a significant predictor of 

workplace annoyance. It was well established that noise events can hamper sleep structure 

(Ebben et al., 2021; Sanok et al., 2022); therefore, noise event interference with sleep induces 

workplace annoyance. In the case of office workers’ scenario, 100 Hz, 315 Hz and 630 Hz noise 

spectrum, PM2.5, no night traffic and no smoking habits were the significant predictors of 

workplace annoyance. Unit increase in 100 Hz, 315 Hz noise spectrum and PM2.5 leads to 
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increase the workplace annoyance and 630 Hz decreases the workplace annoyance. This scenario 

indicates the variation in noise sensitivity of street vendors for different noise spectrum. On the 

other hand, no night traffic condition near their residence and their no smoking habits were the 

preferable condition for their less workplace annoyance perception. This study first introduced 

the noise frequency and PM2.5 for describing the dose-response relationship between traffic noise 

and PM2.5 pollution and workplace annoyance. From street vendors’ analysis this can be 

elucidated that at 50 Hz noise frequency noise level > 40 dB (A) lead to enhance high annoyance 

perception. While, at that frequency, noise level between 30-45 dB (A) induced medium 

annoyance perception. However, PM2.5 > 100 µg/m
3
 associated with the reduction in annoyance

perception, which could be attributed that street vendors were more sensitive on noise than air 

pollutants. On the other hand, in office workers’ scenario, noise level > 35 dB (A) and > 50 dB 

(A) of 100 Hz and 315 Hz noise spectrum increased the high annoyance perception of office

workers, but noise level > 55 dB (A) of 630 Hz noise frequency decrease their high annoyance 

perception. Therefore, this variation in the response against different noise spectrum indicates the 

heterogeneity of audibility of office workers, which might be the outcome of NIPTS. However, 

PM2.5 >50 µg/m
3
 increased their high annoyance perception. Miedema and Oudshoorn (2001)

and Klæboe et al. (2005) observed similar findings for Lden and different annoyance ratings. 

Therefore, this study observed the influence of demographic, socio-contextual factors, smoking 

status, low and mid noise spectrum and PM2.5 for evaluating annoyance. Similar findings were 

also obtained in different studies (Camusso and Pronello, 2016; Mueller et al., 2020; Das et al., 

2021; Hanibuchi et al., 2021; Pinsonnault-Skvarenina et al., 2021). 
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TRAFFIC-BORNE PM2.5 AND NOISE IMPACTS ON URBAN WORKERS' 

CARDIOVASCULAR HEALTH 

7.1  IMPACT OF NOISE SPECTRUM, PM2.5 ON STREET VENDORS’ AND 

       OFFICE WORKERS’ BP AND HR 

The Table A-7 corresponds to the details of model fitting criteria and model significance level 

for both street vendors and office workers. Table 7.1 shows the comparison of Nagelkarke 

Pseudo-R
2
 for different models of street vendors and office workers.

Table 7.1 Comparison of Nagelkarke Pseudo-R
2
 for different models of street vendors’ and

office workers’ 

Nagelkerke Pseudo-R2

Predictors Participants SBP DBP HR 

Noise Street vendors 0.156 0.337 0.255 

Office workers 0.192 0.174 0.235 

PM2.5 Street vendors 0.206 0.407 0.736 

Office workers 0.130 0.155 0.160 

Combined Noise 

and PM2.5 

Street vendors 0.283 0.285 0.232 

Office workers 0.183 0.177 0.269 

TRAFFIC-BORNE PM2.5 AND NOISE IMPACTS ON URBAN 

WORKERS' CARDIOVASCULAR HEALTH 
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7.1.1  Street vendors’ scenario 

Street vendors’ SBP, DBP and HR were modelled with the help of noise spectrum, PM2.5, 

annoyance perception and demographic variables.  

7.1.1.1 SBP study 

The impact of noise spectrum on SBP of street vendors showed that the model explained 15.6% 

variability (Nagelkerke Pseudo R
2
=0.156) (Table 7.1). In this model, 630 Hz frequency was the

significant predictor (adjusted OR: 0.85; 95% C.I.:0.72-1; Wald(Ӽ
2
): 4.085), indicating 0.85 time

decrease in SBP with one unit increase in 630 Hz frequency considering remaining predictors 

constant (Table 7.2). The Eq. (7.1)-(7.3) show the relationship of the noise spectrum with the 

demographic information and SBP of the street vendors. 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃1) = −12.956 + 0.164 ∙ (𝑎) + 1.048 ∙ (𝑏) (7.1) 

𝑙𝑜𝑔𝑖𝑡(𝑆𝐵𝑃2) = −10.073 + 0.164 ∙ (𝑎) + 1.048 ∙ (𝑏) (7.2) 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃3) = −8.625 + 0.164 ∙ (𝑎) + 1.048 ∙ (𝑏) (7.3) 

where, ‘a’ is the noise level at 630 Hz frequency and ‘b’ is the road facing residential dwelling. 
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Table 7.2 Model parameter estimate of street vendors' SBP 

Predictor Model Parameters Estimate Wald 

(Ӽ2
)

Sig. Odds 

ratio 

(OR) 

95% C.I. 

LB UB 

Noise 

T
h
re

sh
o
ld

 SBP1 : < 100 mm Hg -12.956 6.977 0.008 0.00 0.00 0.04 

SBP2: 100-120 mm Hg -10.073 4.511 0.034 0.00 0.00 0.46 

SBP3: 122-140 mm Hg -8.625 3.384 0.066 0.00 0.00 1.76 

L
o
ca

ti
o
n

 

630  Hz -0.164 4.085 0.043 0.85 0.72 1.00 

Roadside building 

facing 
-1.048 1.761 0.185 0.35 0.07 1.65 

Building not faced 

towards road 
0

a

PM2.5 

T
h
re

sh
o
ld

 SBP1 : < 100 mm Hg -2.639 2.215 0.137 0.07 0.00 2.31 

SBP2: 100-120 mm Hg 0.345 0.043 0.836 1.41 0.05 37.09 

SBP3: 122-140 mm Hg 1.840 1.187 0.276 6.30 0.23 172.55 

L
o
ca

ti
o
n

 

PM2.5 0.007 0.560 0.454 1.01 0.99 1.03 

Roadside Annoyance -0.464 0.701 0.402 0.63 0.21 1.86 

No free traffic flow 1.969 5.538 0.019 7.16 1.39 36.90 

Free traffic flow 0
a

No high night traffic 0.958 1.920 0.166 2.61 0.67 10.12 

High night traffic 0
a

Combined 

Noise and 

PM2.5 

T
h
re

sh
o
ld

 SBP1 : < 100 mm Hg -13.175 7.121 0.008 0.00 0.00 0.03 

SBP2: 100-120 mm Hg -9.992 4.465 0.035 0.00 0.00 0.48 

SBP3: 122-140 mm Hg -8.377 3.225 0.073 0.00 0.00 2.15 

L
o
ca

ti
o
n

 

PM2.5 0.012 1.777 0.182 1.01 0.99 1.03 

630 Hz -0.161 4.527 0.033 0.85 0.73 0.99 

Family income -0.499 1.397 0.237 0.61 0.27 1.39 

Roadside annoyance -0.951 3.137 0.077 0.39 0.13 1.11 

No congested flow 1.390 2.995 0.084 4.02 0.83 19.39 

Congested flow 0
a

where, the link  was logit and 0
a
 is the parameter which is set to zero because it is redundant.
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The Eq. (7.1)-(7.3) show the relationship of the noise spectrum with the demographic 

information and SBP of the street vendors. 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃1) = −12.956 + 0.164 ∙ (𝑎) + 1.048 ∙ (𝑏) (7.1) 

𝑙𝑜𝑔𝑖𝑡(𝑆𝐵𝑃2) = −10.073 + 0.164 ∙ (𝑎) + 1.048 ∙ (𝑏) (7.2) 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃3) = −8.625 + 0.164 ∙ (𝑎) + 1.048 ∙ (𝑏) (7.3) 

where, ‘a’ is the noise level at 630 Hz frequency and ‘b’ is the road facing residential dwelling. 

Similarly, the impact of PM2.5 results showed, Nagelkerke Pseudo R
2
=0.206, indicating 20.6%

variability of the model. The only non-occurrence of free traffic flow near the residential 

roadside area was the significant predictor (adjusted OR: 7.16; 95% C.I.:1.39-36.90; Wald (Ӽ
2
):

5.538), indicating with one unit increase in happening this no-free-flow condition led to 7.16 

times increase in SBP of street vendors considering remaining predictors constant (Table 7.2). 

The Eq. (7.4)-(7.6) showed the relationship between the PM2.5 and demographic information and 

SBP of the street vendors. 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃1) = −2.369 − 0.007 ∙ 𝑃𝑀2.5 + 0.464 ∙ (𝑎) − 1.969 ∙ (𝑏) − 0.958 ∙ (𝑐) (7.4) 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃2) = 0.345 − 0.007 ∙ 𝑃𝑀2.5 + 0.464 ∙ (𝑎) − 1.969 ∙ (𝑏) − 0.958 ∙ (𝑐) (7.5) 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃3) = 1.840 − 0.007 ∙ 𝑃𝑀2.5 + 0.464 ∙ (𝑎) − 1.969 ∙ (𝑏) − 0.958 ∙ (𝑐) (7.6) 

where, ‘a’ is the roadside annoyance feeling, ‘b’ is the non-occurrence of traffic flow and ‘c’ is 

the no dense traffic operation at night near residence. 

Similarly, in the analysis of combined exposure of noise and PM2.5 on the SBP Nagelkerke 

Pseudo R
2
 was 0.283, indicating 28.3% variability in the model. In this case, the noise level at

630 Hz was the significant predictors (adjusted OR: 0.85; 95% C.I.:0.73-0.99; Wald (Ӽ
2
): 4.527),

indicating one unit increase in 630 Hz noise frequency decreases the SBP 0.85 times, assuming 

other predictors constant (Table 7.2). The Eq. (7.7)-(7.9) indicates the interrelationship of SBP 
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with the different predictors. 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃1) = −13.175 − 0.012 ∙ 𝑃𝑀2.5 + 0.161 ∙ (𝑏) + 0.499 ∙ (𝑑) + 0.951 ∙ (𝑒) − 1.390 ∙ (𝑓)

(6.7)

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃2) = −9.992 − 0.012 ∙ 𝑃𝑀2.5 + 0.161 ∙ (𝑏) + 0.499 ∙ (𝑑) + 0.951 ∙ (𝑒) − 1.390 ∙ (𝑓)

(6.8) 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃3) = −8.377 − 0.012 ∙ 𝑃𝑀2.5 + 0.161 ∙ (𝑏) + 0.499 ∙ (𝑑) + 0.951 ∙ (𝑒) − 1.390 ∙ (𝑓)

(6.9) 

where, ‘b’ is the noise level at 630 Hz frequency,  ‘d’ is family income, ‘e’ is roadside 

annoyance and ‘f’ is the non-occurrence of congested traffic near residence. 

7.1.1.2 Diastolic blood pressure (DBP) study 

The noise impact on DBP study the Nagelkerke Pseudo-R2
 was 0.337, indicating 33.7% model 

variation with the predictor variables (Table7.1). Here, 31.5 Hz noise frequency (adjusted OR: 

0.78; 95% C.I.:0.63-0.96; Wald (Ӽ
2
): 5.394) and roadside annoyance perceptions were the 

significant predictors (adjusted OR: 0.19; 95% C.I.:0.06-0.61; Wald (Ӽ
2
): 7.772) (Table 7.3).
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Table 7.3 Model parameter estimate of street vendors' DBP 

The findings revealed that with one unit increase in 31.5 Hz frequency and roadside annoyance 

perception could associated with 0.78 and 0.19 times decrease in SBP, respectively. The Eq. 

(7.10) and Eq. (7.11) refers the relationship of DBP, noise frequency and roadside annoyance of 

street vendors. 

Predictor Model Parameters Estimate Wald 

(Ӽ2
)

Sig. Odds 

ratio 

(OR) 

95% C.I. 

LB UB 

Noise 

T
h
re

sh
o
ld

 

DBP1: < 80 mm Hg -11.003 9.954 0.002 0.00 0.00 0.02 

DBP2: 80-100 mm Hg -7.305 5.362 0.021 0.00 0.00 0.33 

L
o
ca

ti
o
n

 31.5 Hz -0.248 5.394 0.020 0.78 0.63 0.96 

Family income -1.026 2.266 0.132 0.36 0.09 1.36 

Roadside annoyance -1.669 7.772 0.005 0.19 0.06 0.61 

PM2.5 

T
h
re

sh
o
ld

 

DBP1: < 80 mm Hg -11.000 3.557 0.059 0.00 0.00 1.54 

DBP2: 80-100 mm Hg -8.469 2.332 0.127 0.00 0.00 11.04 

L
o
ca

ti
o
n

 

PM2.5 -0.053 3.984 0.046 0.95 0.90 1.00 

Age -0.992 0.553 0.457 0.37 0.03 5.06 

Combined 

Noise and 

PM2.5 

T
h
re

sh
o
ld

 

DBP1: < 80 mm Hg -8.198 7.184 0.007 0.00 0.00 0.11 

DBP2: 80-100 mm Hg -4.613 2.663 0.103 0.01 0.00 2.53 

L
o
ca

ti
o
n

 31.5 Hz -0.193 4.368 0.037 0.82 0.69 0.99 

Roadside annoyance -1.658 7.426 0.006 0.19 0.06 0.63 

PM2.5 0.007 0.547 0.459 1.01 0.99 1.02 
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𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃1) = 11.003 + 0.248 ∙ (𝑐) + 1.026 ∙ (𝑔) + 1.669 ∙ (ℎ) (7.10) 

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃2) = −7.305 + 0.248 ∙ (𝑐) + 1.026 ∙ (𝑔) + 1.669 ∙ (ℎ) (7.11) 

where, ‘c’ is the noise level at 31.5 Hz frequency, ‘g’ and ‘h’ are the family income and roadside 

annoyance perception, respectively. 

In PM2.5 and DBP study, Nagelkerke Pseudo       -R2
 was 0.407, revealing the 40.7% model 

variability with the predictor variables (Table 7.1). The results revealed that PM2.5 was the 

significant predictor (adjusted OR: 0.95; 95% C.I.:0.90-1; Wald (Ӽ
2
):3.984) indicates the one unit 

increase in PM2.5 concentration was associated with 0.95 times decrease in DBP, assuming other 

predictors constant (Table 7.3). The Eq. (7.12)-(7.13) indicate the relationship between DBP, 

PM2.5 and age of the participants. 

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃1) = 11 + 0.053 ∙ (𝑃𝑀2.5) + 0.992 ∙ (𝑎𝑔𝑒) (7.12) 

 𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃2) = −8.469 + 0.053 ∙ (𝑃𝑀2.5) + 0.992 ∙ (𝑎𝑔𝑒) (7.13) 

In the analysis of the combined impact of noise frequency and PM2.5 on DBP, Nagelkerke 

Pseudo R
2
 was 0.285, indicating 28.5% model variability (Table 7.1). In this case, 31.5 Hz

(adjusted OR: 0.82; 95% C.I.:0.69-0.99; Wald (Ӽ
2
):4.368) and roadside annoyance perception

(adjusted OR: 0.19; 95% C.I.:0.06-0.63; Wald (Ӽ
2
):7.426) were the significant predictors (Table

6.3). The findings indicates that with one unit increase in 31.5 Hz noise frequency and roadside 

annoyance was associated with 0.82 and 0.19 times decrease in DBP, respectively, considering 

other constant predictors. The Eq. (7.14) and Eq.(7.15) refer the relationship between combine 

noise, PM2.5 and DBP and other covariates. 

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃1) = −8.198 + 0.193 ∙ (𝑏) + 1.658 ∙ (ℎ) − 0.007 ∙ (𝑃𝑀2.5) (7.14) 

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃2) = −4.613 + 0.193 ∙ (𝑏) + 1.658 ∙ (ℎ) − 0.007 ∙ (𝑃𝑀2.5) (7.15) 
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where, ‘b’ is the noise level at 31.5 Hz frequency and ‘h’ indicates the roadside annoyance 

perception  

7.1.1.3 Heart rate (HR) study 

The noise impact on HR model, the Nagelkerke Pseudo-R2
=0.255 referring the 25.5% model 

variation with the predictors (Table 7.1). In this findings, 25 Hz (adjusted OR: 1.32; 95% 

C.I.:1.02-1.71; Wald (Ӽ
2
):4.337) was the significant predictor, indicating with the one unit

increase in this frequency leads to 1.32 time increase in HR, assuming other predictors constant 

(Table 7.4). The Eq. (7.16) and Eq. (7.17) were the relationship equations of HR, noise and 

questionnaire outcome. 

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅1) = −17.225 + 0.351 ∙ (𝑐) − 0.276 ∙ (𝑑) + 0.633 ∙ (ℎ) + 0.852 ∙ (𝑏) (7.16)       

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅2) = −15.862 + 0.351 ∙ (𝑐) − 0.276 ∙ (𝑑) + 0.633 ∙ (ℎ) + 0.852 ∙ (𝑏) (7.17)

where, ‘c’ and ‘d’ are the noise at 315 Hz and 25 Hz frequency respectively, ‘h’ denotes roadside 

annoyance and ‘b’ denotes building age 
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Table 7.4 Model parameter estimate of street vendors' HR study 

Predictor Model Parameters Estimate Wald 

(Ӽ2
)

Sig. Odds ratio 

(OR) 

95% C.I. 

LB UB 

Noise 

T
h
re

sh
o
ld

 HR1:  <72 beats/min -17.225 3.460 0.063 0.00 0.00 2.52 

HR2 : 72-80 beats/min -15.862 2.971 0.085 0.00 0.00 8.80 

L
o
ca

ti
o
n

 315 Hz -0.351 3.537 0.060 0.70 0.49 1.01 

25 Hz 0.276 4.337 0.037 1.32 1.02 1.71 

Roadside annoyance -0.633 1.065 0.302 0.53 0.16 1.77 

Building age -0.852 3.697 0.055 0.43 0.18 1.02 

PM2.5 

T
h
re

sh
o
ld

 HR1:  <72 beats/min -21.356 7.229 0.007 0.00 0.00 0.00 

HR2 : 72-80 beats/min -17.538 4.824 0.028 0.00 0.00 0.15 

L
o
ca

ti
o
n

 

PM2.5 0.006 0.030 0.862 1.01 0.94 1.07 

Age 0.723 0.132 0.716 2.06 0.04 101.34 

Mask used : no -21.469 0.00 0.00 0.00 

Mask used: yes 0
a

Smoker at home: none 4.213 4.026 0.045 67.53 1.10 4137.05 

Smoker at home: many 0
a

Time of experiencing 

health effect 
0

a

Building facing : roadside -3.637 1.144 0.285 0.03 0.00 20.67 

Building facing : not 

roadside 
0

a

Roadside annoyance : no 21.155 1.5×10
9

1.5×10
9 1.5×10

9 

Roadside annoyance : 

medium 
-1.127 0.432 0.511 0.32 0.01 9.32 

Roadside annoyance: high 0
a

Combined 

noise and 

PM2.5 

T
h
re

sh
o
ld

 

HR1:  <72 beats/min -15.665 2.949 0.086 0.00 0.00 9.14 

HR2 : 72-80 beats/min -14.329 2.497 0.114 0.00 0.00 31.27 

L
o
ca

ti
o
n

 315 Hz -0.338 3.013 0.083 0.71 0.49 1.04 

25 Hz 0.266 3.960 0.047 1.30 1.00 1.69 

Building age -0.918 4.347 0.037 0.40 0.17 0.95 

PM2.5 -0.002 0.054 0.816 1.00 0.98 1.02 

where, the link was logit and 0
a
 was the parameter  which set to zero because it is redundant.
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In PM2.5 and HR study, Nagelkerke Pseudo-R2
 was 0.736, indicates the 73.6% model variation 

(Table 7.1). Absence of smoker at home was the significant predictor (adjusted OR: 67.53; 95% 

C.I.:1.10-4137.05; Wald (Ӽ
2
): 4.026), indicating 67.53 times increase in HR was associated with

the unit increase in residential smoker (Table 7.4). The Eq. (7.18)-(7.19) refers the linkage 

between the HR, PM2.5 and questionnaire outcomes. 

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅1) = −21.356 − 0.006 ∙ (𝑃𝑀2.5) − 0.723 ∙ (𝐴𝑔𝑒) + 21.469 ∙ (𝑖) − 4.213 ∙ (𝑗) + 3.637 ∙

 (𝑘) −  21.15 ∙ (𝑙) + 1.127 ∙ (𝑚) (7.18)  

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅2) = −17.538 − 0.006 ∙ (𝑃𝑀2.5) − 0.723 ∙ (𝐴𝑔𝑒) + 21.469 ∙ (𝑖) − 4.213 ∙ (𝑗) +  3.637 ∙

 (𝑘) −  21.15 ∙ (𝑙) + 1.127 ∙ (𝑚) (7.19)  

where, ‘i’ is no mask usage, ‘j’ is no residential smoker, ‘k’ is road facing residential dwelling, 

‘l’ is no roadside annoyance perception and ‘m’ is medium roadside annoyance. 

In the analysis of combined impact of noise spectrum and PM2.5 on the HR, Nagelkerke Pseudo-

R
2 

was 0.232, revealing 23.2% model variation (Table 7.1). It was observed that 25 Hz noise 

frequency (adjusted OR: 1.30; 95% C.I.:1-1.69; Wald (Ӽ
2
): 3.960) and residential building age 

(adjusted OR: 0.40; 95% C.I.:0.17-0.95; Wald (Ӽ
2
): 4.347) were the significant predictors. The 

findings revealed that with unit increase in noise of 25 Hz frequency and residential building 

aging was corresponds to 1.30 times increase and 0.40 times decrease in HR, respectively (Table 

7.4). The Eq. (7.20)-(7.21) show the relationship between HR, noise frequency, PM2.5 and 

questionnaire variables. 

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅1) = −15.665 + 0.338 ∙ (𝑒) − 0.266 ∙ (𝑓) + 0.918 ∙ (𝑛) + 0.002 ∙ (𝑃𝑀2.5)           (7.20)  

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅2) = −14.329 + 0.338 ∙ (𝑒) − 0.266 ∙ (𝑓) + 0.918 ∙ (𝑛) + 0.002 ∙ (𝑃𝑀2.5)           (7.21)  
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where, ‘e’ and ‘f’ are the noise level at 315 Hz and 25 Hz frequency respectively, ‘n’ is 

residential building age of the street vendors. 

7.1.2 Office workers’ scenario 

7.1.2.1 Systolic blood pressure (SBP) study 

The noise and SBP model explained 19.2% variability (Nagelkerke Pseudo-R2 
= 0.192) (Table 

7.1). Table 7.5 shows 50 Hz noise frequency (adjusted OR: 0.88; 95% C.I.:0.78-0.99; Wald (Ӽ
2
): 

4.430) and LPG and kerosene cooking fuel usage (adjusted OR: 0.08; 95% C.I.:0.01-0.96; Wald 

(Ӽ
2
): 3.975) were the significant predictors. This finding reveals that with unit increase in both 

predictors were responsible for 0.88 and 0.08 time respective decrease in SBP for officials. The 

Eq. (7.22)-(7.24) show the relationship between SBP and noise. 
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Table 7.5 Model parameter estimate of office workers' SBP model 

Predictor Model Parameters Estimate Wald 

(Ӽ2
)

Sig. Odds  ratio 

(OR) 

95% C.I. 

LB UB 

Noise 

T
h

re
sh

o
ld

 SBP1 : < 100 mm Hg -5.609 5.374 0.020 0.00 0.00 0.42 

SBP2: 100-120 mm Hg -2.862 1.452 0.228 0.06 0.00 6.01 

SBP3: 122-140 mm Hg -0.696 0.087 0.767 0.50 0.00 50.30 

L
o
ca

ti
o

n
 

50 Hz -0.127 4.430 0.035 0.88 0.78 0.99 

Age 0.713 2.528 0.112 2.04 0.85 4.92 

LPG fuel -0.820 1.116 0.291 0.44 0.10 2.02 

LPG and electric cook stove 0.109 0.013 0.909 1.12 0.17 7.28 

LPG and kerosene stove -2.537 3.975 0.046 0.08 0.01 0.96 

Other pollute fuel 0
a
 

Hearing aid used : never -1.068 1.158 0.282 0.34 0.05 2.41 

Hearing aid used : since few days -0.833 0.239 0.625 0.43 0.02 12.30 

Hearing aid used : since some months 0.491 0.048 0.826 1.63 0.02 132.05 

Hearing aid used : since some years 0
a
 

Masks used : never 1.833 3.800 0.051 6.25 0.99 39.47 

Masks used : sometimes 1.733 2.979 0.084 5.66 0.79 40.50 

Masks used : always 0
a
 

PM2.5 

T
h
re

sh
o
ld

 SBP1 : < 100 mm Hg -2.921 6.125 0.013 0.05 0.01 0.54 

SBP2: 100-120 mm Hg -0.372 0.109 0.741 0.69 0.08 6.26 

SBP3: 122-140 mm Hg 1.711 2.283 0.131 5.54 0.60 50.98 

L
o
ca

ti
o
n
 

Age 0.712 2.544 0.111 2.04 0.85 4.88 

PM2.5 0.003 0.660 0.417 1.00 1.00 1.01 

Home annoyance -0.446 3.696 0.055 0.64 0.41 1.01 

No traffic flow -1.157 0.622 0.430 0.31 0.02 5.57 

Free traffic flow -1.446 5.408 0.020 0.24 0.07 0.80 

Moderate traffic flow -0.900 2.479 0.115 0.41 0.13 1.25 

Congested traffic flow 0
a
 

Combined 

T
h

re
sh

o
ld

 SBP1 : < 100 mm Hg -5.203 1.224 0.269 0.01 0.00 55.34 

SBP2: 100-120 mm Hg -2.552 0.296 0.586 0.08 0.00 766.20 

SBP3: 122-140 mm Hg -0.368 0.006 0.937 0.69 0.00 6668.17 

L
o

ca
ti

o
n
 

Age 0.455 1.083 0.298 1.58 0.67 3.72 

PM2.5 0.004 1.012 0.315 1.00 1.00 1.01 

50 Hz -0.149 5.064 0.024 0.86 0.76 0.98 

63 Hz 0.149 3.317 0.069 1.16 0.99 1.36 

80 Hz -0.013 0.015 0.901 0.99 0.81 1.20 

100 Hz -0.099 1.063 0.302 0.91 0.75 1.09 

Family income 0.337 3.712 0.054 1.40 0.99 1.97 

Roadside breathing trouble : No -0.882 4.951 0.026 0.41 0.19 0.90 

Roadside  breathing trouble : Yes 0
a
 

where, the link was logit and 0
a
  is the parameter which is set to zero because it is redundant. 
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𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃1) = −5.609 + 0.127 ∙ (𝑔) − 0.713 ∙ (𝐴𝑔𝑒) + 0.820 ∙ (𝑝) − 0.109 ∙ (𝑞) + 2.537 ∙ (𝑟)  +

 1.068 ∙ (𝑠)  + 0.833 ∙ (𝑡) − 0.491 ∙ (𝑢) (7.22)       

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃2) = −2.862 + 0.127 ∙ (𝑔) − 0.713 ∙ (𝐴𝑔𝑒) + 0.820 ∙ (𝑝) − 0.109 ∙ (𝑞) + 2.537 ∙ (𝑟)  +

 1.068 ∙ (𝑠)  + 0.833 ∙ (𝑡) − 0.491 ∙ (𝑢) (7.23)       

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃3) = −8.377 + 0.127 ∙ (𝑔) − 0.713 ∙ (𝐴𝑔𝑒) + 0.820 ∙ (𝑝) − 0.109 ∙ (𝑞) + 2.537 ∙ (𝑟)  +

 1.068 ∙ (𝑠)  + 0.833 ∙ (𝑡) − 0.491 ∙ (𝑢) (7.24)       

where, ‘g’ is the noise level at 50 Hz frequency, ‘p’, ‘q’ and ‘r’ are LPG fuel, LPG and electric 

stove, and LPG and kerosene fuel, respectively, ‘s’ , ‘t’ and ‘u’ are usage of hearing aid never, 

since few days and since years, respectively. 

The PM2.5 and SBP model explained 13% variability (Nagelkerke Pseudo-R2
=0.130) (Table 7.1). 

In this model free traffic flow was the significant predictor (adjusted OR: 0.24; 95% C.I.:0.07-

0.80; Wald (Ӽ
2
): 5.408) (Table 7.5). This finding revealed that with increase in free traffic flow 

near the residential vicinity, the SBP has been found to be decreased by 0.24 time (Table 7.5). 

The Eq. (7.25)-(7.27) show the relationship between PM2.5 and SBP. 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃1) = −2.921 − 0.712 ∙ (𝐴𝑔𝑒) − 0.003 ∙ (𝑃𝑀2.5) + 0.446 ∙ (𝐻𝐴) + 1.157 ∙ (𝑣) +

 1.446 ∙ (𝑤) + 0.9 ∙ (𝑥) (7.25)

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃2) = −0.372 − 0.712 ∙ (𝐴𝑔𝑒) − 0.003 ∙ (𝑃𝑀2.5) + 0.446 ∙ (𝐻𝐴) + 1.157 ∙ (𝑣) +

 1.446 ∙ (𝑤) + 0.9 ∙ (𝑥) (7.26)  

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃3) = −1.711 − 0.712 ∙ (𝐴𝑔𝑒) − 0.003 ∙ (𝑃𝑀2.5) + 0.446 ∙ (𝐻𝐴) + 1.157 ∙ (𝑣) +

 1.446 ∙ (𝑤) + 0.9 ∙ (𝑥) (7.27)  
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where, ‘HA’ is home annoyance, ‘v’, ‘w’ and ‘x’ are no flow, free flow and moderate flow, 

respectively. 

The model related to combined exposure of noise and PM2.5 on SBP explained 18.3% variability 

(Nagelkerke Pseudo-R2
=0.183) (Table 7.1). Here, 50 Hz noise frequency (adjusted OR: 0.86; 

95% C.I.:0.76-0.98; Wald (Ӽ
2
): 5.064) and no roadside breathing trouble (adjusted OR: 0.41; 95% 

C.I.:0.19-0.90; Wald (Ӽ
2
): 4.951) were found as the significant predictors of SBP (Table 7.5). 

This can be interpreted that with unit increase in noise at 50 Hz frequency and not feeling 

breathing issues near road associated with 0.86 and 0.41 respective decrease in SBP. The 

Eq.(7.28)-(7.30) show relationship between PM2.5, noise spectral components and questionnaire 

outcome and the SBP. 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃1) = −5.203 − 0.455 ∙ (𝐴𝑔𝑒) − 0.004 ∙ (𝑃𝑀2.5) + 0.149 ∙ (ℎ) − 0.149 ∙ (𝑖) +

       0.013 ∙ (𝑗) + 0.099 ∙    (𝑘) − 0.337 ∙ (𝑦) + 0.882 ∙ (𝑧) (7.28)  

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃2) = −2.552 − 0.455 ∙ (𝐴𝑔𝑒) − 0.004 ∙ (𝑃𝑀2.5) + 0.149 ∙ (ℎ) − 0.149 ∙ (𝑖) +

       0.013 ∙ (𝑗) + 0.099 ∙ (𝑘) − 0.337 ∙ (𝑦) + 0.882 ∙ (𝑧) (7.29) 

𝑙𝑜𝑔𝑖𝑡 (𝑆𝐵𝑃3) = −0.368 − 0.455 ∙ (𝐴𝑔𝑒) − 0.004 ∙ (𝑃𝑀2.5) + 0.149 ∙ (ℎ) − 0.149 ∙ (𝑖) +

       0.013 ∙ (𝑗) + 0.099 ∙ (𝑘) − 0.337 ∙ (𝑦) + 0.882 ∙ (𝑧) (7.30) 

where, ‘h’, ‘i’ , ‘j’ and ‘k’ are the noise level at 50 Hz, 63 Hz, 80Hz and 100 Hz frequencies 

respectively, ‘y’ is family income and ‘z’ is not feeling breathing issues near roadside, 

respectively.  
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7.1.2.2 Diastolic blood pressure (DBP) study 

The noise and DBP, PM2.5 and DBP and the combined impact model explained 17.4% 

(Nagelkerke Pseudo-R2
=0.174), 15.5% (Nagelkerke Pseudo R

2
=0.155) and 17.7% variability 

(Nagelkerke Pseudo R
2
=0.177), respectively (Table 7.1). In these models, only hearing aid usage 

since few days was the significant predictor (Table 7.6). For noise and DBP model hearing aid 

usage predictor was observed with adjusted OR: 0.13(95% C.I.:0.03-0.56; Wald (Ӽ
2
): 7.419), for 

PM2.5 and DBP model the adjusted OR: 0.14(95% C.I.:0.03-0.56; Wald (Ӽ
2
): 6.557) and the 

combined impact scenario the adjusted OR: 0.14(95% C.I.:0.03-0.62;Wald (Ӽ
2
): 6.670) (Table 

7.6). The above results show 0.13 and 0.14 times respective decrease of DBP with the unit 

increase in hearing aid usage. 
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Table 7.6 Model parameter estimate of DBP model of office workers' 

Predictor Model Parameters Estimate Wald 

(Ӽ2
)

Sig. Odds Ratio 

(OR) 

95% C.I. 

LB UB 

Noise 

T
h
re

sh
o
ld

 DBP1: < 80 mm Hg -6.827 3.148 0.076 0.00 0.00 2.04 

DBP2: 80-100 mm Hg -3.677 0.932 0.334 0.03 0.00 44.17 
L

o
ca

ti
o
n

 

AAS -0.377 1.390 0.238 0.69 0.37 1.28 

250 Hz -0.116 2.254 0.133 0.89 0.77 1.04 

Smoking: No 0.616 1.653 0.199 1.85 0.72 4.73 

Smoking: Yes 0
a

Hearing aid: Since few days -2.058 7.419 0.006 0.13 0.03 0.56 

Hearing aid: Since long used 0
a

Mask used : Never 0.693 2.039 0.153 2.00 0.77 5.18 

Mask used: Using sometimes 0
a

PM2.5 

T
h
re

sh
o
l

d

DBP1: < 80 mm Hg -0.900 0.640 0.424 0.41 0.04 3.69 

DBP2: 80-100 mm Hg 2.216 3.924 0.048 9.17 1.02 82.23 

L
o
ca

ti
o
n

 

AAS -0.440 1.919 0.166 0.64 0.35 1.20 

PM2.5 0.003 0.354 0.552 1.00 0.99 1.01 

Smoking: No 0.640 1.761 0.184 1.90 0.74 4.88 

Smoking: Yes 0
a

Hearing aid: Since few days -1.960 6.557 0.010 0.14 0.03 0.63 

Hearing aid: Since long used 0
a

Mask used : Never 0.687 1.980 0.159 1.99 0.76 5.17 

Mask used: Using sometimes 0
a

Combined 

noise and 

PM2.5 

T
h
re

sh
o
ld

 DBP1: < 80 mm Hg -6.456 2.690 0.101 0.00 0.00 3.52 

DBP2: 80-100 mm Hg -3.307 0.719 0.396 0.04 0.00 76.43 

L
o
ca

ti
o
n

 

AAS -0.394 1.492 0.222 0.67 0.36 1.27 

250 Hz -0.115 2.180 0.140 0.89 0.77 1.04 

PM2.5 0.002 0.285 0.593 1.00 0.99 1.01 

Smoking: No 0.648 1.782 0.182 1.91 0.74 4.96 

Smoking: Yes 0
a

Hearing aid: Since few days -1.984 6.670 0.010 0.14 0.03 0.62 

Hearing aid: Since long used 0
a

Mask used : Never 0.735 2.219 0.136 2.09 0.79 5.49 

Mask used: Using sometimes 0
a

where, the link is logit and 0
a
 is the parameter which is set to zero because it is redundant.
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From Table 7.6, for noise and DBP relationship adjusted with questionnaire outcomes could be 

written by Eq. (7.31)-(7.32). 

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃1) = −5.203 + 0.377 ∙ (𝐴𝐴𝑆) + 0.116 ∙ (𝑙) − 0.616 ∙ (𝑎1) + 2.058 ∙ (𝑏1) − 0.693 ∙

       (𝑐1)                                                                                                             (7.31)

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃2) = −2.552 + 0.377 ∙ (𝐴𝐴𝑆) + 0.116 ∙ (𝑙) − 0.616 ∙ (𝑎1) + 2.058 ∙ (𝑏1) − 0.693 ∙

       (𝑐1)                                                                                                             (7.32)

where, ‘l’ is the noise level at 250 Hz frequency, a1 is no smoking habit, b1 is since few days 

hearing aid usage and c1 is the never mask used reaction in the questionnaire. 

From Table 7.6, for PM 2.5 and DBP relationship adjusted with questionnaire outcomes could be 

written by Eq. (7.33)-(7.34). 

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃1) = −0.900 + 0.440 ∙ (𝐴𝐴𝑆) − 0.003 ∙ (𝑃𝑀2.5) − 0.643 ∙ (𝑑1) + 1.960 ∙ (𝑒1) −

       0.687 ∙ (𝑓1)                                                                                                 (7.33)

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃2) = 2.216 + 0.440 ∙ (𝐴𝐴𝑆) − 0.003 ∙ (𝑃𝑀2.5) − 0.643 ∙ (𝑑1) + 1.960 ∙ (𝑒1) −

       0.687 ∙ (𝑓1)                                                                                                   (7.34)

where, d1 is no smoking habit, e1 is since few days hearing aid usage and f1 is never mask used 

reaction of the respondents. 

From Table 7.6, for combined impact of noise and PM 2.5 on DBP adjusted with questionnaire 

outcomes could be expressed by Eq. (7.35)-(7.36). 

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃1) = −6.456 + 0.394 ∙ (𝐴𝐴𝑆) + 0.116 ∙ (𝑚) − 0.002(𝑃𝑀2.5) − 0.648 ∙ (𝑔1) +

       1.984 ∙ (ℎ1)  − 0.735 ∙ (𝑖1)                                                                       (7.35)

𝑙𝑜𝑔𝑖𝑡 (𝐷𝐵𝑃2) = −3.307 + 0.394 ∙ (𝐴𝐴𝑆) + 0.116 ∙ (𝑚) − 0.002(𝑃𝑀2.5) − 0.648 ∙ (𝑔1) +

       1.984 ∙ (ℎ1)  − 0.735 ∙ (𝑖1)                                                                        (7.36)

where, ‘m’ is the noise level at 250 Hz frequency, ‘g1’ is no smoking habit, ‘h1’ is since few days 
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hearing aid usage and ‘i1’ is never mask used reaction in the questionnaire. 

7.1.2.3 Hearth rate (HR) study 

The noise and HR model explained 23.5% variability (Nagelkerke Pseudo-R2
= 0.235) (Table 

7.1). In this model 63 Hz (adjusted OR: 1.16; 95% C.I.:1.00-1.34; Wald (Ӽ
2
): 4.062), 100 Hz 

(adjusted OR: 0.81; 95% C.I.:0.67-0.99; Wald (Ӽ
2
): 4.403) and 125 Hz (adjusted OR: 1.23; 95%

C.I.:1.02-1.50; Wald (Ӽ
2
): 4.474) frequencies were the significant predictors of HR (Table 7.7).
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Table 7.7 Model parameter estimate of HR model of office workers' 

Predictor Model Parameters Estimate Wald 

(Ӽ2
)

Sig. Odds 

Ratio 

(OR) 

95% C.I. 

LB UB 

Noise 

T
h
re

sh
o
ld

 HR1:  < 72 

beats/min 

5.383 1.371 0.242 217.70 0.03 1.7 × 10
6

HR2 : 72-80 

beats/min 

6.563 2.025 0.155 708.51 0.08 5.9 × 10
6

L
o
ca

ti
o
n

 100 Hz -0.208 4.403 0.036 0.81 0.67 0.99 

125 Hz 0.209 4.474 0.034 1.23 1.02 1.50 

63 Hz 0.150 4.062 0.044 1.16 1.00 1.34 

PM2.5 

T
h
re

sh
o
ld

 HR1:  < 72 

beats/min 

0.314 0.095 0.758 1.37 0.19 10.09 

HR2 : 72-80 

beats/min 

1.534 2.226 0.136 4.64 0.62 34.79 

L
o
ca

ti
o
n

 

Age 0.490 7.098 0.008 1.63 1.14 2.34 

Family income 0.004 0.946 0.331 1.00 1.00 1.01 

PM2.5 -0.011 0.001 0.980 0.99 0.42 2.32 

Road to building 

vicinity < 2 m 

1.398 10.312 0.001 4.05 1.72 9.49 

Road to building 

vicinity > 2 m 

0
a

Combined 

noise and 

PM2.5 

T
h
re

sh
o
ld

 HR1:  < 72 

beats/min 

4.579 0.924 0.336 97.44 0.01 1.1 × 10
6

HR2 : 72-80  

beats/min 

5.929 1.539 0.215 375.96 0.03 4.4× 10
6

L
o
ca

ti
o
n

 

63 Hz 0.217 6.889 0.009 1.24 1.06 1.46 

100 Hz -0.273 6.411 0.011 0.76 0.62 0.94 

125 Hz 0.151 2.180 0.140 1.16 0.95 1.42 

Family income 0.637 9.477 0.002 1.89 1.26 2.84 

PM2.5 0.009 3.949 0.047 1.01 1.00 1.02 

Road to building 

vicinity < 2 m 

1.367 9.233 0.002 3.92 1.62 9.47 

Road to building 

vicinity > 2 m 

0
a

where, the link is logit and 0
a
 is the parameter which is set to zero because it is redundant.
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This can be interpreted from the findings that with unit increase in these above frequencies led to 

1.16, 0.81 and 1.23 times respective increase, decrease and increase in HR. From, Table 7.7 the 

relationship expression of HR and noise can be written as, 

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅1) = 5.383 + 0.208 ∙ (𝑛) − 0.209 ∙ (𝑜) − 0.150(𝑝) (7.37)  

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅2) = 6.563 + 0.208 ∙ (𝑛) − 0.209 ∙ (𝑜) − 0.150(𝑝) (7.38)  

where, ‘n’, ‘o’ and ‘p’ represents the noise at frequencies of 100 Hz, 125 Hz and 63 Hz, 

respectively. 

The Eq.(7.37)-(7.38) show the relationship between noise and HR of office workers. 

The PM2.5 and HR model explained 16% variability (Nagelkerke Pseudo-R2
=0.160) (Table 7.1). 

Table 7.7 shows that age (adjusted OR: 1.63; 95% C.I.:1.14-2.34; Wald (Ӽ
2
): 7.098) and < 2 m 

residential building vicinity from the nearest road (adjusted OR: 4.05; 95% C.I.:1.72-9.49; Wald 

(Ӽ
2
): 10.312) were the significant predictors of HR. With unit increase in age and < 2 m building 

vicinity lead to 1.63 and 4.05 times increase in HR, holding rest of the constant predictors. From, 

Table 7.7 the relationship expression of HR and PM2.5 can be written as, 

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅1) = 0.314 − 0.490 ∙ (𝐴𝑔𝑒) − 0.004 ∙ (𝑗1) + 0.011(𝑃𝑀2.5) − 1.398 ∙ (𝑘1)        (7.39)  

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅2) = 1.534 − 0.490 ∙ (𝐴𝑔𝑒) − 0.004 ∙ (𝑗1) + 0.011(𝑃𝑀2.5) − 1.398 ∙ (𝑘1)        (7.40)  

where,  ‘j1’ is family income and ‘k1’ is residential building vicinity from the nearest road was < 

2 m. 

The Eq. (7.39)-(7.40) show the relationship between HR and PM2.5. 
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The model related to combined exposure of noise and PM2.5 on HR explained 26.9% variability 

(Nagelkerke Pseudo-R2
=0.269) (Table 7.1). In this model, 63 Hz (adjusted OR: 1.24; 95%

C.I.:1.06-1.46; Wald (Ӽ
2
): 6.889), 100 Hz (adjusted OR: 0.76; 95% C.I.:0.62-0.94; Wald (Ӽ

2
): 

6.411), family income (adjusted OR: 1.89; 95% C.I.:1.26-2.84; Wald (Ӽ
2
): 9.477), PM2.5(adjusted 

OR: 1.01; 95% C.I.:1.00-1.02; Wald (Ӽ
2
): 3.949) and < 2 m residential building vicinity 

(adjusted OR: 3.92; 95% C.I.:1.62-9.47; Wald (Ӽ
2
): 9.233) were found as the significant 

predictors of HR (Table 7.7). These results indicated that considering other predictors as 

constant, with unit increase in the above predictors lead to 1.24, 0.76, 1.89, 1.01 and 3.92 times 

respective increase, decrease and increase in HR.  From, Table 7.7 the relationship expression 

(Eq. (7.41) – (7.42)) of HR, noise and PM2.5 adjusted with the questionnaire outcome can be 

written as, 

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅1) = 4.579 − 0.217 ∙ (𝑞) + 0.273 ∙ (𝑟) + 0.151 ∙ (𝑠) − 0.637 ∙ (𝑛1) − 0.009 ∙  (𝑃𝑀2.5)

 −1.367 ∙ (𝑝1)                                                                                                       (7.41)  

𝑙𝑜𝑔𝑖𝑡 (𝐻𝑅2) = 5.929 − 0.217 ∙ (𝑞) + 0.273 ∙ (𝑟) + 0.151 ∙ (𝑠) − 0.637 ∙ (𝑛1) − 0.009 ∙ (𝑃𝑀2.5)

       −1.367 ∙ (𝑝1)                                                                                                     (7.42)  

where, ‘q’, ‘r’ and ‘s’ indicate the noise level at 63 Hz, 100 Hz and 125 Hz frequencies respectively, 

‘n1’ is family income and ‘p1’ is residential building vicinity from the nearest road was < 2 m.  

The Eq.(7.41)-(7.42) show the relationship between HR, noise and PM2.5. 
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7.2 DOSE-RESPONSE RELATIONSHIP 

From above discussion in 7.1.2.3 it has observed that only office workers’ HR was significantly 

influenced by PM2.5 and noise spectrum (63 Hz and 100 Hz). Therefore, dose-response function 

was developed for co-exposure of PM2.5 and noise spectrum (Figure 7.1). 

 

 

                        (a)                                                                         (b) 

 

                            (c)                                                                     (d) 

Figure 7.1 Dose response relationship of office workers' HR study 
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Figure 7.1 (a)-(b) showed the % probability of HR < 72 beats/min, indicate with increasing 63 

Hz and 100 Hz noise spectrum of 30 dB (A) and 35 dB (A) led to respective decrease and 

increase in % probability of HR < 72 beats/min of officials. Similarly, for PM2.5 > 50 µg/m
3
 led 

to decease in % probability of HR < 72 beats/min. 

Figure 7.1 (c)-(d) shows the probability of HR > 80 beats / min. These indicate with exceeding 

63 Hz and 100 Hz frequencies > 30 dB (A) and 35 dB (A) % probability of HR > 80 were 

respectively increased and decreased. Similarly, for PM2.5 both were shown increasing trend > 50 

µg/ m
3
.  

7.3 DISCUSSION 

The data collected through social questionnaire, health monitoring and the measurements of 

PM2.5 and noise levels in the office indoor and outdoor microenvironments in an urban traffic 

corridor have been analysed using statistical tests for interrelationships and impacts on the BP 

and HR of street vendors and office workers while they move through the different 

microenvironments. The main goal was to determine the relationships of various parameters with 

the SBP, DBP and HR due to exposure to traffic noise and PM2.5. The traffic corridor selected in 

the study is similar to a typical urban centre in developing countries. The traffic fleet contains a 

higher share of two-wheelers with mixed traffic of cars, buses, multi-utility vehicles and three-

wheelers. Most cities in developing countries have a higher share of two-wheelers (Vijay et al., 

2015).  

The ordinal regression results highlighted that SBP, DBP and HR of street vendors are 

influenced by the 630 Hz, 31.5 Hz and 25 Hz frequency spectrum. Liu et al. (2016) observed the 

significant influence of 250 Hz, 1 kHz, 2 kHz, 4 kHz, and 8 kHz noise frequencies on industrial 

workers' BP. PM2.5 influenced the DBP of street vendors. Apart from the workplace pollution, 
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street vendors' BP and HR were influenced by their roadside annoyance perception, residential 

building age, traffic flow near residences and environmental tobacco smoke at home. The SBP of 

office workers was influenced by the 50 Hz noise frequency, types of cooking fuel, their 

breathing problems during roadside travel and the traffic flow near residences. Their DBP was 

reduced due to the use of a hearing aid; this shows the hearing aid could protect them from 

extensive noise hazards. The HR of office workers was influenced by the 63 Hz-125 Hz 

frequencies, where, 63 Hz and 125 Hz could elevate the HR, and 100 Hz could decrease the HR. 

In the combined impact analysis, PM2.5 was revealed as the significant predictor of HR, along 

with the family income and residential proximity to the adjacent road. The dose-response 

function shows that office workers' combined exposure of PM2.5 > 50 µg/m
3
 and 63 Hz and 100 

Hz noise frequencies > 30 and 35 dB (A) were the crucial cut-offs of HR< 72 beats/min and > 80 

beats/ min. The fluctuations of HR with PM2.5 indicates that with increasing PM2.5 level (> 50 

µg/m
3
) and exposure to it people may experience faster heart rate which may also be detrimental 

for cardiovascular health. Xie et al. (2018) observed similar elevation of HR with increase in 

PM2.5 pollution.  

This study has focused on traffic noise and PM2.5 pollution with impacts on workers’ 

cardiovascular indices (blood pressure and heart rate) near the urban roadway of developing 

Indian city. The findings of this research could be helpful for designing the traffic noise and 

PM2.5 abatement strategies of developing and to be developed cities by identifying the cut-off 

level of pollution from cardiac health prevention perspective of urban workers. However, this 

study was limited to two groups of urban workers. More researches considering different types 

of public buildings and longer measurements of PM2.5 and noise simultaneously are needed. 

Further the combine impacts on different physiological and psychological health issues of 

different age and gender groups of people may strengthen the literature in this field of research. 
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CHAPTER 8 

FINDINGS AND CONCLUSION 

8.1 KEY FINDINGS 

The findings of this research could be useful for framing future policy making and practical 

implementation of stringent regulations for improving environmental air and noise quality in 

developing Indian city of Guwahati. The salient findings of this research are as follows: 

 The median noise descriptors exceeded the WHO standard (53 dB (A)) by 8% - 30% and

dominance of low to mid frequency noise spectrum (25-5000 Hz) was observed in both

microenvironments which exceeded the > 40 dB (A) and higher frequencies (> 5000 Hz)

lies within 40 dB (A).

 The observed noise climates at street-side and inside the office was found to be > 3

dB(A) and > 4 dB(A),respectively.

 The PM2.5 concentrations were exceeded 78% of CPCB 24-h standard and 611% of

WHO 24-h standard.

 In winter, noise level was comparatively higher 78.28±3.91 dB(A), followed by post-

monsoon (73.32±6.52 dB(A)), pre-monsoon (73.26±2.81 dB(A)) and monsoon

(73.17±3.09 dB(A)).

 In winter PM2.5 was relatively higher 131 ± 39 µg/m
3
, followed by pre-monsoon (91.67±

21.6 µg/m
3
), post-monsoon (64.97± 29.68 µg/m

3
) and monsoon (38.49±7.98 µg/m

3
).

 Street-side ambient noise and PM2.5 show a slight significant correlation (ρ=0.299-0.344).

 Meteorological variables (temperature, atmospheric pressure and solar radiation) show a

slight correlation with street-side ambient PM2.5 (ρ=0.345; p=0.019), (ρ=0.395; p=0.007)

and (ρ=0.441; p=0.002), respectively.

FINDINGS AND CONCLUSION 

CHAPTER 8 
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 Similarly the atmospheric pressure (ρ=0.377; p=0.010) and solar radiation (ρ=0.356; 

p=0.015) were slightly correlated with street side noise level. 

 The noise-PM2.5 indices have been developed for both roadside and office indoor 

microenvironments, which have found to be around zero. 

 Street vendors (50%) were highly annoyed at workplace than office workers’ (4.90%) 

due to their high exposure of PM2.5 (median PM2.5 of 106.67 µg/m
3
 at street-side and  and 

of 33.33 µg/m
3
 inside the office)and noise ( median  Leq  of 71.35 dB (A) at street-side 

and of 65.78 dB (A) inside the office). 

 The workplace annoyance was correlated with questionnaire variables (ρ: 0.364-1.000) 

and PM2.5 (ρ:-0.326-0.235). The results showed that > 40 dB (A) of 50 Hz, > 35 dB (A) 

of 100 Hz, > 50 dB (A) of 315 Hz noise spectrum and > 50µg/m
3
 of PM2.5 led to 

significant increase high annoyance perception of the respondents (the probability of high 

annoyance perception  > 30%, >5%,and >10%, respectively).While, noise level > 55 dB 

(A) 630 Hz led to decrease annoyance of  > 5% of office workers’ and > 100 µg/m
3
 of 

PM2.5 leads to decrease annoyance of  < 3% of street vendors.  

 The systolic (≈129 mm Hg) and diastolic blood pressure (≈81 mm Hg) and heart rate 

(≈82 beats/min) were little bit higher than normal (SBP: 120 mm Hg; DBP: 80 mm Hg; 

and HR: 72-80 beats/min) in male workers than female workers (SBP≈ 119 mm Hg; DBP 

≈ 76 mm Hg; and HR≈ 75 beats/min). The influence of low noise spectrum (50-630 Hz) 

was mostly observed.  
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 The combined effect of PM2.5 > 50 µg/m
3
 and noise spectrum (63 and 100 Hz) > 30 dB 

(A) significantly impact the office workers' health in traffic corridors.  

8.2 GENERAL CONCLUSION 

This research was conducted in the microenvironments roadside and office indoor of Guwahati, 

North-eastern Indian city to determine the impacts of PM2.5 and noise to assess the psychological 

and physiological health burden (in the form of blood pressure and heart rate) of urban workers. 

Observed noise and PM2.5 level was severely violated the WHO and CPCB standards and 

exposed workers was expressed their varying degree of psychological disturbance in the form of 

annoyance and physiological damage in the form of abnormal blood pressure and heart rate due 

to these pollutants and other demographic, socio-contextual factors. The key conclusions of this 

research are as follows: 

 The dominance of low-mid frequency noise has been noticed. However, the observed 

high noise and PM2.5 level in that study area is sincerely alarming from human health 

perspective.  

 The winter times the noise level and PM2.5 concentration are relatively higher than other 

seasons, which conclude some possible influence of stable atmospheric conditions and 

the intense tourist activities during that period. However, overall poor meteorological 

influence on noise and PM2.5 pollution, elucidate that the distance between the pollution 

source and the location of the sampling point was less than 100 m, which hinder to assess 

the meteorological influence on noise and PM2.5. 

 The traffic noise modelling was carried out to identify the noisiest traffic in the study area 

which could be helpful for traffic noise mitigation purpose. 

 It was observed by SoundPLAN traffic noise modelling that car movement significantly 
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contributes noise at low frequencies while, bus and truck contributes the higher 

frequencies noise in the study area. 

 As observed street-side ambient noise and PM2.5 pollution is relatively higher than office 

indoor, therefore street vendors were highly annoyed than office workers. Although, 

influence of demographic, socio-contextual and habitual factors on degree of annoyance 

and cardiovascular health (blood pressure and heart rate) have been observed. Policy 

makers could focus on the low noise spectrum, PM2.5, demographic, socio-contextual 

factors for framing policy guidelines to reduce global health burden.  

8.3 LIMITATIONS AND FUTURE SCOPE 

Survey in different types of public buildings may improve the outcome of this research. Further, 

the combine impacts on different physiological and psychological health issues of different age 

and gender groups of people may strengthen the literature in this field of research. More number 

of respondents could improve the results. The detailed PM2.5 concentration modelling could also 

be done and integrated with the noise propagation modelling. The different mitigation strategies 

e.g. limiting the noisiest source in the study environment, and development of different air-noise 

barrier may further contribute to the relevant literature. The resulting reduction due to air-noise 

barriers could be studied in relationship with the health of the workers. 
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*Correlation is significant at the 0.05 level ; **Correlation is significant at the 0.01 level  
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where, ‘Tst’ and ‘Tof’ are the street side ambient and office indoor temperature, respectively; 

‘%RHst’and ‘%RHof’ are the street side ambient and office indoor relative humidity, respectively; 

‘SR’ is the solar radiation, ‘ATMP’ is the atmospheric pressure and ‘WS’ is the wind speed. 
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Table A-2 Spearman- rho correlation between traffic noise and PM2.5 and meteorological 

variable 
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L10 -.393** -.290 .076 -.029 .300* .336* .190 
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PM2.5 .345* .179 -.053 .015 -.018 -.094 .205 

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level  
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Table A-3 Questionnaire 

Sl 

No. 

Questions Responses 

Demographic information 

1. Age 0: <20 1: 20-40 2: 41-60 3:  >60 

 

2. Gender 0: M 1: F 2:  other 

 

3. Occupation 0: Student 1: Service 2: Business 3: Housewife 4: Retired 5: Others 

 

4. Since when you have been living in 

this residence? 

0: <10 year 1:  10 year- 20 year 2:  >20 year 

 

B. Details of residential places 

5. Building age  0: <10 year 1: 10-20 year 2: >20year 

 

6. Building facing 0:  Roadside 1: Not roadside 

 

7. Distance from residential building to 

adjacent road 

0:  <2 m 1: 2m-3m 2: >3m 

 

8. Wall construction material 0: Brick wall  1:  Glass 2: Mud 3:  AAC block 4: Others (Specify)  

  

9. Location of window 0: Roadside 1: Not roadside 

  

10. Location of door 0: Roadside 1: Not roadside 

  

11. Family income (monthly)(INR)  0: <20K 1: 20K-40K 2:  41K-60K 3: 61K-80K 4:  >80K 5: other 

C. Indoor Air Pollution Sources 

12. Smoking habit 0: No 1: Yes 

13. No. of smokers 0: None 1: one 2:  two 3:  more than two  
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14. Fuel type 0:  Firewood 1: Sawdust 2:  Tree residue  3: Straw  4: Rice husk  5: Jute Sticks 6: Animal 

residue 7:  Charcoal 8: Kerosene 9: Piped natural gas 10: LPG 11: Bio gas 12: Electricity 

13: Others (specify) ……………………………. 

D. Indoor Noise Pollution Sources 

15. Other indoor noise sources (specify)  0: Noise from furniture movement 1: noise from human conversation 2: noise from 

home appliance 3: other  

16.  Noise events during sleeping time  0: No 1: Yes  

E. Annoyance Response 

17. Degree of annoyance experienced at 

home  

 0: no annoyance 1: slight annoyance 2: medium annoyance 3:  high annoyance  

18. Degree of annoyance experienced at 

your workplace  

 0: no annoyance 1:  slight annoyance 2: medium annoyance 3: high annoyance 

19. Degree of annoyance experienced 

near the roadside 

0: no annoyance 1:  slight annoyance 2: medium annoyance 3: high annoyance 

F. Outdoor air and noise pollution sources 

20. Main outdoor noise source 0: Vehicular traffic 1: honking 2: loudspeaker operation 3:  crowd 4: any other  

21. Main outdoor air pollution source 0: Vehicular traffic 1: garbage incineration 2: industrial stack emission 3:  roadside 

cooking 4: roadside construction activities 5: Other  

22. Degree of traffic operation in day 

time 

0: Slight 1: medium 2: high 

23. Degree of traffic operation in 

evening  

0: Slight 1: medium 2: high 

24. Degree of traffic operation in night 

time 

0: Slight 1: medium 2: high 

25. Status of traffic flow 0: No flow 1: free flow 2: moderate flow 3: congested flow 

26. Breathing trouble near the roadside 0: No 1: Yes  

 

G. Health Problems 

27. What health problems have you 

experienced? 

0:  hearing disorders 1: speech interference 2: stress  3:  fatigue 4: annoyance 5:  cardiac 

problems 6:  hypertension 7: No 

28. Time of experience the health issues  0: Never 1: morning 2: afternoon 3: evening 4: night  5: sometimes 

Table A-3 (Continued) 
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29. Frequency of occurring health 

disorders 

0: Never 1: sometimes 2: always  

30. Duration of experience the health 

disorders? 

0: Never 1:  since few days 2:  since some months 3:  since some  

31. Masks use 0:  Never 1: sometimes 2: always  

32. Hearing aid uses 0: No 1: Yes  

H. Combine exposure of traffic air and noise pollution 

33. Which one is most problematic for 

your health? 

0: traffic air pollution 1: traffic induced noise pollution 2: both 3: none 

 

 

Table A-1 (Continued) 

Table A-3 (Continued) 
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Table A-4 Questionnaire response of street vendors 

Questionnaire Options Frequency 

(n) 

% 

Response 

Age < 20 y 1 2.17 

 20-40 y 31 67.39 

 41-60 y 10 21.74 

 >60 y 4 8.7 

Gender Male 41 89.13 

 Female 5 10.87 

Living duration < 10 y 16 34.78 

 10 - 20 y 8 17.39 

 > 20 y 22 47.83 

Building age < 10 y 9 19.57 

 10 - 20 y 10 21.74 

 > 20 y 27 58.7 

Building facing Roadside 7 15.22 

 Not Roadside 39 84.78 

Building vicinity < 2m 9 19.57 

 > 3m 37 80.43 

Wall construction material Brick wall 45 97.83 

 Other 1 2.17 

Window location Roadside 39 84.78 

 Not Roadside 7 15.22 

Door location Roadside 37 80.43 

 Not Roadside 9 19.57 

Family income (in INR) < 20k 37 80.43 

 20k-40k 6 13.04 

 41k -60k 2 4.35 

 > 80k 1 2.17 

Indoor noise Furniture movement 1 2.17 

 Human conversation 5 10.87 

 Others 40 86.96 

Noise perception during sleeping No 29 63.04 

 Yes 17 36.96 

Home Annoyance No 35 76.09 

 Slight 4 8.70 

 Medium 4 8.70 

 High 3 6.52 

Workplace Annoyance No 16 34.78 

 Slight 3 6.52 

 Medium 4 8.70 
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 High 23 50 

Roadside Annoyance No 1 2.17 

 Slight 1 2.17 

 Medium 32 69.57 

 High 12 26.09 

Average Annoyance Score (AAS) 1.41±0.62 

Traffic operation at day Medium 3 6.52 

 High 43 93.48 

Traffic operation at evening Medium 6 13.04 

 High 40 86.96 

Traffic operation at night Slight 4 8.7 

 Medium 15 32.61 

 High 27 58.7 

Traffic flow status Moderate flow 9 19.57 

 Congested flow 37 80.43 

Outdoor pollution sources Traffic 42 2.17 

 Others 4 8.69 

Health issues Auditory, Stress, Fatigue 

and Annoyance 

2 4.35 

 Speech interference, 

Stress, Fatigue and 

Annoyance 

19 41.3 

 Stress, Fatigue and 

Annoyance 

8 17.39 

 Other issue (Cardiac, 

respiratory etc.) 

17 36.96 

Time of experiencing health effect Never 2 4.35 

 Morning 14 30.43 

 Afternoon 0 0 

 Evening 25 54.35 

 Night 5 10.87 

Frequency of occurring health issue Never 1 2.17 

 Sometimes 9 19.57 

 Frequent 36 78.26 

Duration of experiencing health issue Never 2 4.35 

 Since few months 1 2.17 

 Since few years 43 93.48 

Smoking No smoking 27 58.7 

 Smoking 19 41.3 

Number of smoker None 19 41.3 

 One 25 54.35 

 More than two 2 4.35 

Fuel LPG and or other smoky 

fuel 

4 8.7 

 LPG 37 80.43 

Table A-4(continued) 
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 Electric cook stove 2 4.35 

 LPG and Electric cook 

stove 

3 6.52 

Masks used Never 42 91.3 

 Sometimes 3 6.52 

 Always 1 2.17 

Hearing aid None 46 100 

Breathing trouble No problem 8 17.4 

 Breathing problems 38 82.6 

Most Problematic Traffic Emission Air 18 39.13 

 Noise 14 30.43 

 Both 8 17.39 

 No problem 6 13.04 

 

 

Table A-4 (continued) 
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Table A-5 Questionnaire response of office workers 

Questionnaire Options Frequency (n) % Response 

Age 20-40 y 18 17.07 

 41-60 y 86 80.49 

 > 60 y 4 2.44 

Gender Male 91 85.37 

 Female 17 14.63 

Living Duration < 10 y 25 24.39 

 10 - 20 y 23 21.95 

 > 20 y 57 53.66 

Building Age < 10 y 24 21.95 

 10 - 20 y 27 24.39 

 > 20 y 57 53.66 

Building Facing Roadside 50 46.34 

 Not Roadside 58 53.66 

Building Vicinity < 2 m 39 36.59 

 2-3 m 8 7.31 

 > 3 m 61 56.10 

Wall Construction Material Brick wall 105 97.2 

 Other 3 2.8 

Window Location Roadside 44 41.46 

 Not Roadside 64 58.54 

Door Location Roadside 42 39.02 

 Not Roadside 66 60.98 

Family Income  (in INR) < 20k 13 12.0 

 20k- 40k 45 41.7 

 41k- 60k 24 22.2 

 61k- 80k 16 14.8 

 >80k 10 9.3 

Indoor noise source Furniture noise 3 2.8 

 Human conversation 80 74.1 

 Other 25 23.2 

Noise Perception During 

Sleeping 

No 61 56.10 

 Yes 47 43.90 

Home Annoyance No  42 39.02 

 Slight  45 41.46 

 Medium  18 17.07 

 High  3 2.44 

Workplace Annoyance No  45 41.50 

 Slight  37 34.10 

 Medium  21 19.50 

 High  5 4.90 

Roadside Annoyance No  26 24.40 

 Slight  42 39.02 

 Medium  24 21.95 

 High  16 14.63 
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Average Annoyance Score (AAS) 0.88±0.65 

Degree of traffic operation 

in day 

Slight 33 30.6 

 Medium 41 38.0 

 High 34 31.5 

Degree of traffic operation 

in evening 

Slight 35 32.4 

 Medium 45 41.7 

 High 27 25.0 

Degree of traffic operation 

in night 

Slight 41 38.0 

 Medium 52 48.1 

 High 15 13.9 

Traffic flow status No flow 2 1.9 

 Free flow 34 31.5 

 Moderate flow 56 51.9 

Main outdoor air and noise 

pollution source 

Only traffic 58 53.7 

 Multiple outdoor sources 

including traffic 

50 46.3 

Health problems Multiple health issues including 

cardiac, respiratory issues 

103 95.4 

 Existing HTN 5 4.6 

Time of Experiencing 

Health Issue 

Never 10 9.3 

 Morning 4 3.7 

 Afternoon 8 7.4 

 Evening 86 79.6 

Frequency of Health 

Disorder 

Never 12 11.1 

 Morning 52 48.1 

 Afternoon 44 40.7 

Duration of Experiencing 

health Issues 

Never 20 18.5 

 Since Few Days 13 12.0 

 Since Some Years 75 69.4 

 Always 10 9.2 

Smoking No 88 81.5 

 Yes 24 20.4 

Number of smokers None 82 75.9 

 One 22 20.4 

 Two 2 1.9 

 More than two 2 1.9 

Fuel type Only LPG 83 76.9 

 Other fuels or combination of 

fuels including LPG 

25 23.1 

Masks used Never 83 76.9 

 Sometimes 20 18.5 

Table A-5(continued) 
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 Always 5 4.6 

Hearing aid used Never 99 91.7 

 Since few days 2 1.9 

 Since some months 1 0.9 

 Since some years 6 5.5 

Breathing trouble No problem 40 37 

 Breathing problems 68 63 

Most Problematic Traffic 

Emission 

Air 22 20.4 

 Noise 14 12 

 Both 69 64 

 No problem 3 2.8 
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250 Hz; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 

Hz; h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace annoyance; s: 

Roadside annoyance; t: Average annoyance score; u: SBP; v: DBP; w: HR; *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at 

the 0.01 level (2-tailed).  195  

Table A-6 Spearman correlation of street vendors’ noise and PM2.5 exposure, annoyance response and health parameters 
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250 Hz; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 

Hz; h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace annoyance; s: 

Roadside annoyance; t: Average annoyance score; u: SBP; v: DBP; w: HR; *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at 

the 0.01 level (2-tailed).  196  
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250 Hz; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 

Hz; h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace annoyance; s: 

Roadside annoyance; t: Average annoyance score; u: SBP; v: DBP; w: HR; *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at 

the 0.01 level (2-tailed).  197  
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250 Hz; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 

Hz; h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace annoyance; s: 

Roadside annoyance; t: Average annoyance score; u: SBP; v: DBP; w: HR; *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at 

the 0.01 level (2-tailed).  198  
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250 Hz; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 

Hz; h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace annoyance; s: 

Roadside annoyance; t: Average annoyance score; u: SBP; v: DBP; w: HR; *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at 

the 0.01 level (2-tailed).  199  
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250 Hz; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 

Hz; h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace annoyance; s: 

Roadside annoyance; t: Average annoyance score; u: SBP; v: DBP; w: HR; *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at 

the 0.01 level (2-tailed).  200  
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250 Hz; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 

Hz; h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace annoyance; s: 

Roadside annoyance; t: Average annoyance score; u: SBP; v: DBP; w: HR; *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at 

the 0.01 level (2-tailed).  201  
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where, A:Age; B: Gender; C:Living duration; D:Building age; E: Building facing; F:Building vicinity; G:Wall construction material; H:Window location; I: Door location; 

J:Family income; K:Indoor noise; L:Noise perception during sleep; M: Traffic operation at day; N:Traffic operation at evening; O:Traffic operation at night; P:Traffic flow 

status; Q:Outdoor traffic; R:Health problems; S:Time of experiencing health effect; T: Frequency of occurring health issue; U:Duration of experiencing health issue; 

V:Smoking;W: Number of smoker; X: Fuel; Y:Mask used; Z: Most problematic stressor; a: Home Annoyance; b:Workplace Annoyance; c: Roadside Annoyance; d:Average 

Annoyance Score; e:Systollic blood pressure; f: Diastolic blood pressure; g: Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is 

significant at the 0.01 level (2-tailed). 202  

Table A-7 Spearman correlation of street vendors ‘questionnaire, annoyance response and health 
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where, A:Age; B: Gender; C:Living duration; D:Building age; E: Building facing; F:Building vicinity; G:Wall construction material; H:Window location; I: Door location; 

J:Family income; K:Indoor noise; L:Noise perception during sleep; M: Traffic operation at day; N:Traffic operation at evening; O:Traffic operation at night; P:Traffic flow 

status; Q:Outdoor traffic; R:Health problems; S:Time of experiencing health effect; T: Frequency of occurring health issue; U:Duration of experiencing health issue; 

V:Smoking;W: Number of smoker; X: Fuel; Y:Mask used; Z: Most problematic stressor; a: Home Annoyance; b:Workplace Annoyance; c: Roadside Annoyance; d:Average 

Annoyance Score; e:Systollic blood pressure; f: Diastolic blood pressure; g: Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is 

significant at the 0.01 level (2-tailed). 203  

 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z a b c d e f g 

G 

.2
1
7
 

-.
0
5
2
 

.1
4
7
 

.1
1
9
 

.0
6
3
 

.0
6
3
 

1                           

H 

-.
0
2
3
 

-.
1
4
8
 

-.
1
1
9
 

0
.0

0
0
 

-.
1
5
8
 

-.
2
5
1
 

-.
0
6
3
 

1                          

I 

.0
2
3
 

.0
0
4
 

-.
2
4
3
 

-.
0
4
4
 

.0
5
6
 

.0
5
5
 

-.
0
7
4
 

.7
0
6
*
*
 

1                         

J 

.1
3
6
 

.1
8
7
 

.0
6
1
 

-.
1
2
7
 

.0
6
6
 

-.
1
5
5
 

-.
0
7
3
 

.1
0
2
 

.0
3
9
 

1                        

K 

-.
0
0
6
 

.1
7
5
 

-.
1
4
4
 

.2
2
5
 

-.
0
2
5
 

-.
1
4
1
 

.2
6
2
 

-.
1
0
9
 

-.
2
0
6
 

-.
0
1
2
 

1                       

Table A-7(Continued) 

TH-3285_166104010



where, A:Age; B: Gender; C:Living duration; D:Building age; E: Building facing; F:Building vicinity; G:Wall construction material; H:Window location; I: Door location; 

J:Family income; K:Indoor noise; L:Noise perception during sleep; M: Traffic operation at day; N:Traffic operation at evening; O:Traffic operation at night; P:Traffic flow 

status; Q:Outdoor traffic; R:Health problems; S:Time of experiencing health effect; T: Frequency of occurring health issue; U:Duration of experiencing health issue; 

V:Smoking;W: Number of smoker; X: Fuel; Y:Mask used; Z: Most problematic stressor; a: Home Annoyance; b:Workplace Annoyance; c: Roadside Annoyance; d:Average 

Annoyance Score; e:Systollic blood pressure; f: Diastolic blood pressure; g: Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is 

significant at the 0.01 level (2-tailed). 204  
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where, A:Age; B: Gender; C:Living duration; D:Building age; E: Building facing; F:Building vicinity; G:Wall construction material; H:Window location; I: Door location; 

J:Family income; K:Indoor noise; L:Noise perception during sleep; M: Traffic operation at day; N:Traffic operation at evening; O:Traffic operation at night; P:Traffic flow 

status; Q:Outdoor traffic; R:Health problems; S:Time of experiencing health effect; T: Frequency of occurring health issue; U:Duration of experiencing health issue; 

V:Smoking;W: Number of smoker; X: Fuel; Y:Mask used; Z: Most problematic stressor; a: Home Annoyance; b:Workplace Annoyance; c: Roadside Annoyance; d:Average 

Annoyance Score; e:Systollic blood pressure; f: Diastolic blood pressure; g: Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is 

significant at the 0.01 level (2-tailed). 205  
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where, A:Age; B: Gender; C:Living duration; D:Building age; E: Building facing; F:Building vicinity; G:Wall construction material; H:Window location; I: Door location; 

J:Family income; K:Indoor noise; L:Noise perception during sleep; M: Traffic operation at day; N:Traffic operation at evening; O:Traffic operation at night; P:Traffic flow 

status; Q:Outdoor traffic; R:Health problems; S:Time of experiencing health effect; T: Frequency of occurring health issue; U:Duration of experiencing health issue; 

V:Smoking;W: Number of smoker; X: Fuel; Y:Mask used; Z: Most problematic stressor; a: Home Annoyance; b:Workplace Annoyance; c: Roadside Annoyance; d:Average 

Annoyance Score; e:Systollic blood pressure; f: Diastolic blood pressure; g: Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is 

significant at the 0.01 level (2-tailed). 206  
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where, A:Age; B: Gender; C:Living duration; D:Building age; E: Building facing; F:Building vicinity; G:Wall construction material; H:Window location; I: Door location; 

J:Family income; K:Indoor noise; L:Noise perception during sleep; M: Traffic operation at day; N:Traffic operation at evening; O:Traffic operation at night; P:Traffic flow 

status; Q:Outdoor traffic; R:Health problems; S:Time of experiencing health effect; T: Frequency of occurring health issue; U:Duration of experiencing health issue; 

V:Smoking;W: Number of smoker; X: Fuel; Y:Mask used; Z: Most problematic stressor; a: Home Annoyance; b:Workplace Annoyance; c: Roadside Annoyance; d:Average 

Annoyance Score; e:Systollic blood pressure; f: Diastolic blood pressure; g: Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is 

significant at the 0.01 level (2-tailed). 207  
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where, A:Age; B: Gender; C:Living duration; D:Building age; E: Building facing; F:Building vicinity; G:Wall construction material; H:Window location; I: Door location; 

J:Family income; K:Indoor noise; L:Noise perception during sleep; M: Traffic operation at day; N:Traffic operation at evening; O:Traffic operation at night; P:Traffic flow 

status; Q:Outdoor traffic; R:Health problems; S:Time of experiencing health effect; T: Frequency of occurring health issue; U:Duration of experiencing health issue; 

V:Smoking;W: Number of smoker; X: Fuel; Y:Mask used; Z: Most problematic stressor; a: Home Annoyance; b:Workplace Annoyance; c: Roadside Annoyance; d:Average 

Annoyance Score; e:Systollic blood pressure; f: Diastolic blood pressure; g: Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is 

significant at the 0.01 level (2-tailed). 208  
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 Hz; 

h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Age; r:Gender; s: Living duration; t:Building age; 

u:Building facing; v: Building vicinity; w:Wall construction material; x: Window location; y: Door location; z: Family income; A1: Indoor noise; B1: Noise perception 

during sleeping; C1: Traffic operation at day; D1: Traffic operation at evening; E1:Traffic operation at night; F1:Traffic flow status; G1:Outdoor traffic; H1: Health issues; 

I1: Time of experiencing health issues; J1:Frequency of occurring health issue; K1:Duration of experiencing health issue; L1:Smoking; M1: Number of smoker; N1:Fuel; 

O1: Masks used; P1:Most Problematic stressor *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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Table A-8 Spearman correlation analysis of street vendors’ noise and PM2.5 exposure and questionnaire response, annoyance 
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 Hz; 

h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Age; r:Gender; s: Living duration; t:Building age; 

u:Building facing; v: Building vicinity; w:Wall construction material; x: Window location; y: Door location; z: Family income; A1: Indoor noise; B1: Noise perception 

during sleeping; C1: Traffic operation at day; D1: Traffic operation at evening; E1:Traffic operation at night; F1:Traffic flow status; G1:Outdoor traffic; H1: Health issues; 

I1: Time of experiencing health issues; J1:Frequency of occurring health issue; K1:Duration of experiencing health issue; L1:Smoking; M1: Number of smoker; N1:Fuel; 

O1: Masks used; P1:Most Problematic stressor *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 Hz; 

h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Age; r:Gender; s: Living duration; t:Building age; 

u:Building facing; v: Building vicinity; w:Wall construction material; x: Window location; y: Door location; z: Family income; A1: Indoor noise; B1: Noise perception 

during sleeping; C1: Traffic operation at day; D1: Traffic operation at evening; E1:Traffic operation at night; F1:Traffic flow status; G1:Outdoor traffic; H1: Health issues; 

I1: Time of experiencing health issues; J1:Frequency of occurring health issue; K1:Duration of experiencing health issue; L1:Smoking; M1: Number of smoker; N1:Fuel; 

O1: Masks used; P1:Most Problematic stressor *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 Hz; 

h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Age; r:Gender; s: Living duration; t:Building age; 

u:Building facing; v: Building vicinity; w:Wall construction material; x: Window location; y: Door location; z: Family income; A1: Indoor noise; B1: Noise perception 

during sleeping; C1: Traffic operation at day; D1: Traffic operation at evening; E1:Traffic operation at night; F1:Traffic flow status; G1:Outdoor traffic; H1: Health issues; 

I1: Time of experiencing health issues; J1:Frequency of occurring health issue; K1:Duration of experiencing health issue; L1:Smoking; M1: Number of smoker; N1:Fuel; 

O1: Masks used; P1:Most Problematic stressor *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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Table A-8 (Continued) 
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where, A: Lpeak; B: Lmax; C: Lmin; D: Leq; E: L10; F: L50; G: L90; H: L95; I: NC(L90); J: NC(L95); K: 20 Hz; L: 25 Hz; M:31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; R: 100 

Hz; S: 125 Hz; T:160 Hz; U: 200 Hz;V:250; W: 315 Hz; X:400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b:1000 Hz; c: 1250 Hz; d:1600 Hz; e:2000 Hz; f: 2500 Hz; g: 3150 Hz; 

h: 4000 Hz; i: 5000 Hz; j: 6300 Hz; k: 8000 Hz; l: 10000 Hz; m: 12500 Hz; n: 16000 Hz; o:20000 Hz; p: PM2.5  ; q: Age; r:Gender; s: Living duration; t:Building age; 

u:Building facing; v: Building vicinity; w:Wall construction material; x: Window location; y: Door location; z: Family income; A1: Indoor noise; B1: Noise perception 

during sleeping; C1: Traffic operation at day; D1: Traffic operation at evening; E1:Traffic operation at night; F1:Traffic flow status; G1:Outdoor traffic; H1: Health issues; 

I1: Time of experiencing health issues; J1:Frequency of occurring health issue; K1:Duration of experiencing health issue; L1:Smoking; M1: Number of smoker; N1:Fuel; 

O1: Masks used; P1:Most Problematic stressor *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A : Lpeak ; B : Lmax ; C : Lmin ; D: Leq ; E : L10 ; F: L50 ; G: L90 ; H: L95; I :NC(L90) ; J: NC(L95) ; K : 20 Hz; L:25 Hz; M :31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; 

R: 100 Hz; S: 125 Hz; T:160 Hz; U: 200 Hz; V: 250 Hz; W: 315 Hz; X: 400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b: 1000 Hz; c:1250 Hz; d: 1600 Hz; e:2000 Hz; f: 2500 

Hz; g: 3150 Hz; h: 4000 Hz; i: 5000Hz; j:6300 Hz; k: 8000Hz; l:10000 Hz; m:12500 Hz; n:16000 Hz; o: 20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace 

annoyance; s:Roadside annoyance; t: Average annoyance score; u: Systolic blood pressure; v: Diastolic blood pressure; w: Heart rate *. Correlation is significant at the 0.05 

level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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Table A-9 Spearman correlation of office workers’ noise and PM2.5 exposure, annoyance and blood pressure 
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where, A : Lpeak ; B : Lmax ; C : Lmin ; D: Leq ; E : L10 ; F: L50 ; G: L90 ; H: L95; I :NC(L90) ; J: NC(L95) ; K : 20 Hz; L:25 Hz; M :31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; 

R: 100 Hz; S: 125 Hz; T:160 Hz; U: 200 Hz; V: 250 Hz; W: 315 Hz; X: 400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b: 1000 Hz; c:1250 Hz; d: 1600 Hz; e:2000 Hz; f: 2500 

Hz; g: 3150 Hz; h: 4000 Hz; i: 5000Hz; j:6300 Hz; k: 8000Hz; l:10000 Hz; m:12500 Hz; n:16000 Hz; o: 20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace 

annoyance; s:Roadside annoyance; t: Average annoyance score; u: Systolic blood pressure; v: Diastolic blood pressure; w: Heart rate *. Correlation is significant at the 0.05 

level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A : Lpeak ; B : Lmax ; C : Lmin ; D: Leq ; E : L10 ; F: L50 ; G: L90 ; H: L95; I :NC(L90) ; J: NC(L95) ; K : 20 Hz; L:25 Hz; M :31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; 

R: 100 Hz; S: 125 Hz; T:160 Hz; U: 200 Hz; V: 250 Hz; W: 315 Hz; X: 400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b: 1000 Hz; c:1250 Hz; d: 1600 Hz; e:2000 Hz; f: 2500 

Hz; g: 3150 Hz; h: 4000 Hz; i: 5000Hz; j:6300 Hz; k: 8000Hz; l:10000 Hz; m:12500 Hz; n:16000 Hz; o: 20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace 

annoyance; s:Roadside annoyance; t: Average annoyance score; u: Systolic blood pressure; v: Diastolic blood pressure; w: Heart rate *. Correlation is significant at the 0.05 

level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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1
 

.2
2
0
*
 

.2
7
5
*
*
 

.2
6
6
*
*
 

.2
8
0
*
*
 

.3
2
6
*
*
 

.4
2
9
*
*
 1                               

T 

.3
0
8
*
*
 

.2
9
6
*
*
 

.4
4
2
*
*
 

.3
4
9
*
*
 

.2
4
3
*
 

.3
9
1
*
*
 

.4
6
6
*
*
 

.4
5
4
*
*
 

-.
2
5
9
*
*
 

-.
2
1
6
*
 

-.
1
0
3
 

.0
5
5
 

.2
0
9
*
 

.2
7
1
*
*
 

.3
5
3
*
*
 

.2
5
1
*
*
 

.2
4
8
*
*
 

.5
1
0
*
*
 

.4
2
7
*
*
 1                              

U 

.4
5
3
*
*
 

.4
5
0
*
*
 

.6
1
9
*
*
 

.5
2
3
*
*
 

.4
0
3
*
*
 

.5
7
2
*
*
 

.6
3
3
*
*
 

.6
2
7
*
*
 

-.
2
2
4
*
 

-.
1
8
4
 

-.
1
0
4
 

-.
0
0
2
 

.1
9
7
*
 

.1
3
7
 

.0
9
6
 

.2
3
2
*
 

.3
7
1
*
*
 

.6
1
6
*
*
 

.3
7
2
*
*
 

.6
1
2
*
*
 

1                             

Table A-9 (Continued) 
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where, A : Lpeak ; B : Lmax ; C : Lmin ; D: Leq ; E : L10 ; F: L50 ; G: L90 ; H: L95; I :NC(L90) ; J: NC(L95) ; K : 20 Hz; L:25 Hz; M :31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; 

R: 100 Hz; S: 125 Hz; T:160 Hz; U: 200 Hz; V: 250 Hz; W: 315 Hz; X: 400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b: 1000 Hz; c:1250 Hz; d: 1600 Hz; e:2000 Hz; f: 2500 

Hz; g: 3150 Hz; h: 4000 Hz; i: 5000Hz; j:6300 Hz; k: 8000Hz; l:10000 Hz; m:12500 Hz; n:16000 Hz; o: 20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace 

annoyance; s:Roadside annoyance; t: Average annoyance score; u: Systolic blood pressure; v: Diastolic blood pressure; w: Heart rate *. Correlation is significant at the 0.05 

level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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3
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7
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6
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7
2
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7
 

1                            

W 
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7
*
*
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*
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9
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9
3
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4
8
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*
 

1                           

X 

.5
8
0
*
*
 

.6
7
5
*
*
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2
8
*
*
 

.7
4
6
*
*
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4
4
*
*
 

.7
7
6
*
*
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5
4
*
*
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3
3
*
*
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2
6
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3
7
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4
6
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5
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4
8
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7
6
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1
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7
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3
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9
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3
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1
1
*
*
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3
*
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6
5
*
*
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5
0
*
*
 1                          

Y 

.4
9
0
*
*

 

.6
2
1
*
*
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9
2
*
*
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1
7
*
*
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6
9
*
*
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1
5
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*
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*
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9
1
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9
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7
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2
6
*
*

 1                         
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3
*
*
 

.6
3
9
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9
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5
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*
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*
*
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4
9
*
*
 1                        

a 
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3
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*
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0
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5
0
*
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4
*
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7
4
*
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0
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*
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7
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8
3
*
*
 

.1
0
9
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3
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3
3
*
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4
*
*
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*
*
 

.4
1
9
*
*
 

.6
6
4
*
*
 

.6
6
7
*
*
 

.8
5
6
*
*
 1                       

b 

.5
8
9
*
*

 

.6
5
4
*
*

 

.7
1
3
*
*

 

.6
9
5
*
*
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1
5
*
*
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8
0
*
*
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2
5
*
*
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3
6
*
*
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2
7
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0
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2
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0
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9
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1
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9
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7
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6
3
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*
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4
3
 

.4
3
6
*
*
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0
 

.3
1
0
*
*
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1
2
*
*

 

.3
7
7
*
*

 

.4
3
6
*
*

 

.6
1
6
*
*

 

.6
6
5
*
*

 

.8
1
0
*
*

 

.8
2
8
*
*

 

1                      

Table A-9 (Continued) 
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where, A : Lpeak ; B : Lmax ; C : Lmin ; D: Leq ; E : L10 ; F: L50 ; G: L90 ; H: L95; I :NC(L90) ; J: NC(L95) ; K : 20 Hz; L:25 Hz; M :31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; 

R: 100 Hz; S: 125 Hz; T:160 Hz; U: 200 Hz; V: 250 Hz; W: 315 Hz; X: 400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b: 1000 Hz; c:1250 Hz; d: 1600 Hz; e:2000 Hz; f: 2500 

Hz; g: 3150 Hz; h: 4000 Hz; i: 5000Hz; j:6300 Hz; k: 8000Hz; l:10000 Hz; m:12500 Hz; n:16000 Hz; o: 20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace 

annoyance; s:Roadside annoyance; t: Average annoyance score; u: Systolic blood pressure; v: Diastolic blood pressure; w: Heart rate *. Correlation is significant at the 0.05 

level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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3
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*
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9
*
*
 

.5
1
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*
*
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5
7
*
*
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3
9
*
*
 

.6
9
6
*
*
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8
5
*
*
 

.8
3
0
*
*
 

.8
5
6
*
*
 

.8
6
2
*
*
 1                     

d 

.5
8
1
*
*
 

.6
1
0
*
*
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3
2
*
*
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7
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*
*
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9
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2
8
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2
9
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*
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5
4
*
*
 

.6
8
1
*
*
 

.7
6
6
*
*
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0
9
*
*
 

.7
8
6
*
*
 

.8
4
6
*
*
 1                    

e 

.6
5
7
*
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2
2
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6
9
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8
9
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1
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8
3
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9
1
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3
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5
4
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*
 

.5
1
8
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5
7
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2
8
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*
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8
3
*
*
 

.5
8
4
*
*
 

.6
6
1
*
*
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2
9
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*
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8
0
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*
 

.7
3
3
*
*
 

.8
2
8
*
*
 

1                   

f 
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0
0
*
*
 

.7
1
4
*
*
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8
1
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*
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5
7
*
*
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9
7
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*
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3
7
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*
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2
7
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*
 

.7
0
8
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9
7
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5
3
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7
5
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4
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3
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3
4
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*
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6
2
*
*
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0
8
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4
1
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*
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9
9
*
*
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9
8
*
*
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4
2
*
*
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1
3
*
*
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2
4
*
*
 

.5
9
1
*
*
 

.5
9
8
*
*
 

.7
1
8
*
*
 

1                  

g 

.5
1
3
*
*
 

.5
4
3
*
*
 

.4
5
1
*
*
 

.5
6
9
*
*
 

.5
3
6
*
*
 

.5
3
0
*
*
 

.4
6
4
*
*
 

.4
5
4
*
*
 

.1
3
6
 

.1
6
9
 

-.
0
3
4
 

-.
1
2
1
 

.2
3
4
*
 

.2
6
2
*
*
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5
9
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0
2
 

.3
0
5
*
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3
6
*
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8
1
*
*
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1
9
*
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8
3
*
*
 

.0
2
9
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2
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*
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9
2
*
*
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5
5
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6
2
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7
9
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5
8
 

.1
5
3
 

.1
3
4
 

.3
2
9
*
*
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9
5
*
*
 

1                 

h 
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4
6
*
*
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0
9
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*
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2
1
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*
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5
8
*
*
 

.6
2
0
*
*
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9
7
*
*
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4
2
*
*
 

.5
3
4
*
*
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1
5
 

.1
4
7
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2
3
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1
0
3
 

.2
1
2
*
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2
2
*
*
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2
5
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3
3
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4
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*
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2
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*
*
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2
2
*
*
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3
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8
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9
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3
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4
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3
6
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*
 1                
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1
1
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3
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.4
7
3
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9
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Table A-9 (Continued) 
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where, A : Lpeak ; B : Lmax ; C : Lmin ; D: Leq ; E : L10 ; F: L50 ; G: L90 ; H: L95; I :NC(L90) ; J: NC(L95) ; K : 20 Hz; L:25 Hz; M :31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; 

R: 100 Hz; S: 125 Hz; T:160 Hz; U: 200 Hz; V: 250 Hz; W: 315 Hz; X: 400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b: 1000 Hz; c:1250 Hz; d: 1600 Hz; e:2000 Hz; f: 2500 

Hz; g: 3150 Hz; h: 4000 Hz; i: 5000Hz; j:6300 Hz; k: 8000Hz; l:10000 Hz; m:12500 Hz; n:16000 Hz; o: 20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace 

annoyance; s:Roadside annoyance; t: Average annoyance score; u: Systolic blood pressure; v: Diastolic blood pressure; w: Heart rate *. Correlation is significant at the 0.05 

level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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*
*

 

.6
0
8
*
*

 

.7
7
1
*
*

 

.9
0
9
*
*

 1          

o 

.5
2
4
*
*

 

.4
2
6
*
*

 

.3
7
4
*
*

 

.4
6
1
*
*

 

.4
2
7
*
*

 

.4
3
5
*
*

 

.3
4
3
*
*

 

.3
5
8
*
*

 

.1
5
3

 

.1
4
7

 

-.
0
1
5
 

-.
3
1
1
*
*
 

.1
6
8

 

.2
3
2
*

 

.2
3
0
*

 

.0
7
0

 

.1
5
5

 

.1
2
1

 

.1
5
2

 

.2
7
5
*
*

 

.2
6
8
*
*

 

.1
4
4

 

.3
0
6
*
*

 

.3
4
4
*
*

 

.2
3
8
*

 

.2
6
4
*
*

 

.3
2
7
*
*

 

.3
3
0
*
*

 

.3
0
1
*
*

 

.2
9
5
*
*

 

.4
7
3
*
*

 

.4
1
8
*
*

 

.3
8
1
*
*

 

.5
4

6
*
*
 

.5
7
9
*
*

 

.5
8
0
*
*

 

.4
7
9
*
*

 

.6
8
7
*
*

 

.8
3
1
*
*

 

.9
4
9
*
*

 1         

p 

.1
1
8
 

-.
0
3
2
 

.0
8
4
 

.0
5
5
 

.0
1
0
 

.0
6
9
 

.0
8
5
 

.0
7
3
 

-.
0
9
0
 

-.
0
5
6
 

.0
1
9
 

.0
7
4
 

.1
6
7
 

.0
4
6
 

-.
0
9
2
 

-.
1
6
1
 

-.
0
0
3
 

.1
4
1
 

-.
0
9
1
 

-.
0
1
3
 

.0
2
6
 

-.
0
6
2
 

.0
0
0
 

-.
0
0
1
 

-.
1
4
9
 

-.
0
3
1
 

.0
3
1
 

.0
2
7
 

.0
4
2
 

-.
0
0
3
 

.0
1
6
 

.1
1
5
 

.1
3
9
 

.1
5
2
 

.2
0
1
*
 

.1
8
5
 

.2
0
1
*
 

.1
9
4
*
 

.1
0
1
 

.0
8
3
 

.0
2
6
 

1        

q 

-.
0
0
2
 

-.
0
4
4
 

.1
1
5
 

-.
0
0
4
 

-.
0
4
7
 

.0
2
1
 

.1
1
9
 

.1
3
6
 

-.
1
2
7
 

-.
1
5
2
 

.1
2
1
 

.0
8
4
 

.0
6
0
 

.1
2
8
 

.1
5
1
 

.0
4
8
 

.0
2
6
 

.1
5
6
 

.0
5
8
 

.1
1
1
 

.0
9
0
 

.0
1
5
 

.1
2
1
 

.0
0
0
 

-.
1
0
6
 

-.
0
6
7
 

-.
0
6
8
 

.0
0
8
 

-.
0
2
2
 

-.
0
2
6
 

.0
4
3
 

.1
3
9
 

.0
4
3
 

.0
6
6
 

.0
9
6
 

.1
5
3
 

.1
3
1
 

.0
5
3
 

.0
5
4
 

-.
0
3
8
 

-.
0
3
2
 

.2
6
1
*
*
 

1       
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where, A : Lpeak ; B : Lmax ; C : Lmin ; D: Leq ; E : L10 ; F: L50 ; G: L90 ; H: L95; I :NC(L90) ; J: NC(L95) ; K : 20 Hz; L:25 Hz; M :31.5 Hz; N: 40 Hz; O: 50 Hz; P: 63 Hz; Q: 80 Hz; 

R: 100 Hz; S: 125 Hz; T:160 Hz; U: 200 Hz; V: 250 Hz; W: 315 Hz; X: 400 Hz; Y: 500 Hz; Z: 630 Hz; a: 800 Hz; b: 1000 Hz; c:1250 Hz; d: 1600 Hz; e:2000 Hz; f: 2500 

Hz; g: 3150 Hz; h: 4000 Hz; i: 5000Hz; j:6300 Hz; k: 8000Hz; l:10000 Hz; m:12500 Hz; n:16000 Hz; o: 20000 Hz; p: PM2.5  ; q: Home annoyance; r: Workplace 

annoyance; s:Roadside annoyance; t: Average annoyance score; u: Systolic blood pressure; v: Diastolic blood pressure; w: Heart rate *. Correlation is significant at the 0.05 

level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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 A B C D E F G H I J K L M N O P Q R S T U V W X Y Z a b c d e f g h i j k l m n o p q r s t u v w 

r 

-.
0
2
9
 

-.
0
6
7
 

.1
0
9
 

-.
0
1
0
 

-.
0
5
9
 

.0
1
8
 

.0
9
3
 

.1
1
4
 

-.
1
2
0
 

-.
1
5
5
 

.0
3
0
 

-.
0
1
5
 

.0
7
9
 

.1
4
9
 

.1
4
6
 

.0
6
9
 

-.
0
1
6
 

.1
3
8
 

.0
0
6
 

.1
5
5
 

.0
9
3
 

-.
0
2
7
 

.1
8
5
 

-.
0
0
2
 

-.
0
8
2
 

-.
0
7
3
 

-.
0
8
5
 

-.
0
4
2
 

-.
0
4
9
 

-.
0
5
1
 

.0
2
7
 

.1
2
3
 

.0
7
1
 

.0
4
7
 

.0
6
6
 

.0
7
3
 

.0
8
2
 

.0
2
7
 

.0
5
1
 

-.
0
5
6
 

-.
0
4
6
 

.2
3
5
*
 

.8
9
2
*
*
 1      

s 

-.
0
3
6

 

-.
0
0
6

 

-.
0
0
5

 

.0
1
4

 

.0
1
0

 

.0
6
1

 

-.
0
0
1

 

-.
0
1
2

 

.0
0
3

 

.0
0
4

 

-.
0
8
9

 

-.
2
6
6
*
*

 

-.
0
3
4

 

-.
0
4
7

 

-.
0
6
1

 

.1
4
9

 

.1
4
5

 

.0
0
2

 

.0
0
4

 

-.
0
8
6

 

.0
4
2

 

.0
8
0

 

-.
1
0
7

 

.0
2
5

 

.0
4
1

 

.0
2
4

 

.0
3
8

 

.0
3
0

 

.0
5
6

 

-.
0
2
6

 

.0
2
1

 

-.
0
1
8

 

-.
0
6
9

 

-.
1
0
0

 

-.
1
3
2

 

-.
1
3
6

 

-.
1
5
5

 

-.
1
3
0

 

-.
0
7
9

 

-.
0
5
9

 

-.
0
4
0

 

-.
1
9
5
*

 

-.
0
0
7

 

.0
3
5

 

1     

t 

-.
0
4
5
 

-.
0
6
0
 

.0
8
8
 

-.
0
1
5
 

-.
0
5
7
 

.0
3
5
 

.0
8
5
 

.0
9
9
 

-.
1
2
5
 

-.
1
6
1
 

.0
2
1
 

-.
1
3
6
 

.0
6
8
 

.0
8
0
 

.0
8
3
 

.1
1
2
 

.0
7
5
 

.1
2
7
 

.0
2
0
 

.0
4
3
 

.0
9
4
 

.0
3
3
 

.0
3
9
 

.0
0
3
 

-.
0
5
8
 

-.
0
4
3
 

-.
0
3
9
 

.0
1
5
 

.0
0
4
 

-.
0
3
2
 

.0
5
7
 

.1
0
5
 

.0
3
1
 

-.
0
1
6
 

-.
0
2
5
 

.0
1
8
 

.0
0
3
 

-.
0
4
6
 

-.
0
0
4
 

-.
0
9
2
 

-.
0
7
7
 

.0
9
0
 

.7
4
8
*
*
 

.7
8
7
*
*
 

.5
8
6
*
*
 1    

u 

.1
0
6
 

.0
7
5
 

-.
0
3
4
 

.0
8
9
 

.1
3
5
 

.0
6
9
 

.0
0
1
 

-.
0
4
6
 

.1
3
4
 

.2
1
3
*
 

-.
1
5
2
 

-.
1
6
8
 

-.
1
3
6
 

.0
0
1
 

-.
1
7
5
 

.0
8
3
 

-.
0
1
8
 

-.
0
5
8
 

.0
9
5
 

-.
0
0
1
 

.0
4
1
 

.0
7
2
 

-.
0
3
6
 

.1
1
4
 

.0
9
1
 

.1
4
4
 

.1
2
0
 

.0
2
1
 

.0
7
0
 

-.
0
4
1
 

-.
0
1
4
 

-.
0
3
1
 

-.
0
4
4
 

-.
0
0
1
 

-.
0
6
2
 

-.
1
1
0
 

-.
1
0
1
 

-.
0
4
1
 

-.
0
2
2
 

-.
0
2
3
 

-.
0
3
8
 

-.
0
6
4
 

-.
1
6
2
 

-.
1
2
4
 

.1
7
1
 

-.
0
5
2
 

1   

v 

.0
9
1

 

.0
1
3

 

-.
1
4
1

 

-.
0
1
0

 

.0
5
8

 

-.
0
5
5

 

-.
0
9
9

 

-.
1
5
4

 

.1
7
0

 

.2
4
5
*

 

-.
1
0
2

 

-.
1
2
1

 

-.
0
9
5

 

.0
4
6

 

-.
0
8
1

 

.0
7
6

 

-.
0
5
1

 

-.
0
4
1

 

.0
7
5

 

-.
0
4
1

 

-.
0
7
6

 

-.
0
3
5

 

-.
0
5
7

 

-.
0
3
1

 

-.
0
0
7

 

.0
4
7

 

.0
4
0

 

-.
0
3
2

 

-.
0
2
4

 

-.
0
6
1

 

-.
0
0
8

 

-.
0
2
7

 

-.
0
2
7

 

-.
0
3
9

 

-.
0
4
7

 

-.
0
1
6

 

.0
0
0

 

.0
7
6

 

.0
9
6

 

.0
8
4

 

.0
3
5

 

-.
0
5
6

 

-.
1
1
2

 

-.
1
0
7

 

.0
0
5

 

-.
1
0
4

 

.7
4
4
*
*

 

1  

w 

.0
3
8
 

.0
7
4
 

.0
2
7
 

.1
0
5
 

.1
0
0
 

.1
4
3
 

.0
8
9
 

.0
6
4
 

.0
8
2
 

.0
9
5
 

-.
0
3
9
 

.0
1
1
 

.0
5
1
 

.0
2
4
 

.0
3
6
 

.1
7
0
 

.0
8
3
 

-.
0
3
5
 

.1
0
5
 

-.
0
3
4
 

.0
5
0
 

-.
0
1
5
 

-.
0
1
9
 

.1
5
5
 

.0
8
9
 

.0
6
2
 

.0
4
8
 

.1
0
8
 

.0
8
3
 

.1
5
8
 

.1
7
5
 

.1
2
9
 

.0
6
9
 

.0
3
4
 

.0
4
7
 

.0
2
1
 

.0
2
2
 

.0
1
2
 

.0
5
7
 

.0
5
0
 

.0
5
4
 

-.
0
2
3
 

-.
0
2
0
 

-.
0
3
1
 

.1
0
2
 

.0
4
6
 

.0
5
3
 

.1
3
1
 

1 
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where, A: Age; B: Gender; C: Building facing; D: Building vicinity; E : Building age; F:Living duration; G:Window location; H:Door Location; I:Wall construction material; 

J: Family income; K:Number of smokers; L:Indoor noise; M: Noise perception during sleeping; N: Main outdoor air pollution source ; O: Traffic operation in day; P: Traffic 

operation in evening; Q: Traffic operation in night; R: Traffic flow status; S:Health issues; T:Time of experiencing health issue; U: Frequency of health disorder; V: Duration 

of experiencing health issues; W: Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Type of fuel used; a: Smoking; b: Degree of breathing problem near 

traffic signal; c: Home annoyance; d: Workplace annoyance; e: Roadside annoyance; f: Average annoyance score; g: Systolic blood pressure; h: Diastolic blood pressure; i: 

Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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Table A-10 Spearman correlation of office workers’ questionnaire, annoyance and blood pressure 

 A B C D E F G H I J K L M N O P Q R S T U V W X Y Z a b c d e f g h i 

A 1                                   

B 

-.
2
4
4
*
 

1                                  

C 

-.
0
7
3
 

-.
0
4
8
 1                                 

D 

-.
1
4
6

 

-.
0
2
3

 

.0
6
4

 1                                

E 

.1
4
0
 

-.
0
0
9
 

-.
1
5
1
 

-.
0
4
9
 1                               

F 

.0
6
7
 

-.
1
0
0
 

-.
0
9
2
 

-.
0
4
3
 

.3
7
0
*

*
 

1                              

G 

.0
9
8
 

-.
1
6
2
 

.0
6
8
 

.4
6
6
*
*
 

-.
1
1
7
 

-.
0
1
0
 1                             

H 

.1
0
5
 

-.
1
7
8
 

.0
2
8
 

.5
2
2
*
*
 

-.
0
8
2
 

-.
0
2
0
 

.8
5
2
*
*
 

1                            
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where, A: Age; B: Gender; C: Building facing; D: Building vicinity; E : Building age; F:Living duration; G:Window location; H:Door Location; I:Wall construction material; 

J: Family income; K:Number of smokers; L:Indoor noise; M: Noise perception during sleeping; N: Main outdoor air pollution source ; O: Traffic operation in day; P: Traffic 

operation in evening; Q: Traffic operation in night; R: Traffic flow status; S:Health issues; T:Time of experiencing health issue; U: Frequency of health disorder; V: Duration 

of experiencing health issues; W: Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Type of fuel used; a: Smoking; b: Degree of breathing problem near 

traffic signal; c: Home annoyance; d: Workplace annoyance; e: Roadside annoyance; f: Average annoyance score; g: Systolic blood pressure; h: Diastolic blood pressure; i: 

Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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 A B C D E F G H I J K L M N O P Q R S T U V W X Y Z a b c d e f g h i 

I 

-.
0
4
0
 

.1
4
6
 

.0
6
1
 

.0
7
2
 

-.
0
3
4
 

.1
1
3
 

-.
0
2
2
 

-.
0
3
4
 

1                           

J 

.0
5
8
 

-.
0
3
2
 

.1
4
2
 

.1
0
4
 

.0
4
1
 

-.
1
1
6
 

.0
1
2
 

-.
0
1
7
 

.0
1
1
 

1                          

K 

-.
0
7
0
 

-.
0
5
8
 

.0
1
8
 

.1
1
7
 

-.
1
1
4
 

-.
0
8
4
 

0
.0

0
0
 

-.
0
1
0
 

-.
1
6
9
 

.0
5
4
 

1                         

L 

.0
7
8
 

-.
1
6
2
 

-.
0
7
4
 

-.
0
3
1
 

-.
0
8
8
 

-.
0
7
3
 

-.
0
9
9
 

-.
0
4
7
 

-.
0
6
6
 

.0
2
0
 

.0
1
4
 

1                        

M 

-.
2
3
5
*
 

.1
1
6
 

-.
0
5
0
 

-.
1
7
8
 

.0
7
4
 

.0
9
4
 

-.
1
8
1
 

-.
2
1
2
*
 

.0
4
3
 

-.
0
6
6
 

.1
3
1
 

.0
2
6
 

1                       

N 

-.
2
9
5
*
*
 

.0
0
7
 

.1
0
8
 

-.
1
0
3
 

-.
1
2
7
 

-.
0
1
0
 

-.
1
8
9
 

-.
1
4
9
 

-.
0
7
8
 

.0
8
5
 

.3
5
4
*
*
 

.1
3
3
 

.5
2
4
*
*
 1                      

O 

.1
1
2
 

.0
2
5
 

-.
0
5
3
 

- .3
5
0
*
*
 

-.
0
0
7
 

-.
0
0
7
 

- .3
9
0
*
*
 

- .4
3
7
*
*
 

.0
7
9
 

-.
0
4
0
 

-.
0
2
2
 

.0
5
2
 

.4
4
1
*
*
 

.1
3
5
 

1 
                    

P 

.2
6
7
*
*

 

.0
0
9
 

-.
1
2
0
 

- .3
2
4
*
*

 
.0

2
6
 

-.
0
0
1
 

- .3
2
8
*
*

 
- .3

7
5
*
*

 

.0
3
1
 

-.
0
0
3
 

.0
3
4
 

-.
0
2
4
 

.4
8
1
*
*

 

.1
4
3
 

.7
6
5
*
*

 

1                    
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where, A: Age; B: Gender; C: Building facing; D: Building vicinity; E : Building age; F:Living duration; G:Window location; H:Door Location; I:Wall construction material; 

J: Family income; K:Number of smokers; L:Indoor noise; M: Noise perception during sleeping; N: Main outdoor air pollution source ; O: Traffic operation in day; P: Traffic 

operation in evening; Q: Traffic operation in night; R: Traffic flow status; S:Health issues; T:Time of experiencing health issue; U: Frequency of health disorder; V: Duration 

of experiencing health issues; W: Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Type of fuel used; a: Smoking; b: Degree of breathing problem near 

traffic signal; c: Home annoyance; d: Workplace annoyance; e: Roadside annoyance; f: Average annoyance score; g: Systolic blood pressure; h: Diastolic blood pressure; i: 

Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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 A B C D E F G H I J K L M N O P Q R S T U V W X Y Z a b c d e f g h i 

Q 

.1
5
7
 

.0
6
6
 

-.
0
8
9
 

-.
3
5
2
*
*
 

-.
0
2
8
 

.0
9
3
 

-.
2
8
3
*
*
 

-.
3
5
7
*
*
 

.2
0
0
*
 

-.
0
9
8
 

-.
0
6
9
 

-.
1
4
0
 

.4
6
0
*
*
 

-.
0
1
8
 

.7
4
7
*
*
 

.8
0
4
*
*
 1                   

R 

.2
6
5
*
*
 

-.
0
2
7
 

-.
0
2
0
 

-.
2
7
3
*
*

 

.1
2
1
 

-.
0
2
5
 

-.
2
2
6
*
 

-.
2
4
2
*
 

-.
0
0
6
 

.0
8
4
 

-.
1
6
5
 

.0
5
5
 

-.
0
1
5
 

-.
0
1
8
 

.6
3
3
*
*
 

.5
9
2
*
*
 

.4
7
9
*
*
 1                  

S 

.1
6
6
 

.1
1
5
 

.1
2
7
 

-.
1
6
1
 

-.
0
6
5
 

-.
2
2
2
*
 

.0
1
1
 

.0
0
2
 

.0
7
2
 

.0
7
7
 

.0
4
9
 

.0
6
8
 

.1
2
1
 

.0
2
0
 

.0
4
9
 

.1
2
9
 

.1
3
8
 

-.
0
2
6
 

1                 

T 

.0
3
6
 

.0
5
8
 

-.
0
0
4

 

-.
1
0
0

 

-.
0
1
6

 

.0
0
8
 

-.
0
5
9

 

-.
0
9
0

 

.0
1
5
 

.0
9
1
 

-.
0
5
2

 

.0
6
4
 

.1
2
3
 

.1
6
7
 

.1
0
4
 

.0
2
7
 

.0
0
6
 

.0
3
7
 

-.
0
4
8

 

1                

U 

.0
8
9
 

-.
1
2
1
 

-.
2
5
4
*
*
 

-.
1
0
4
 

-.
0
2
3
 

.0
8
5
 

-.
0
3
1
 

-.
0
9
8
 

.2
3
2
*
 

.1
3
6
 

.0
2
4
 

.1
2
9
 

.2
2
7
*
 

.1
1
1
 

.1
7
7
 

.1
8
3
 

.2
2
7
*
 

-.
0
1
9
 

-.
0
6
9
 

.5
4
5
*
*
 

1               

V 

-.
0
0
1
 

-.
0
1
7
 

.0
4
1
 

-.
0
0
7
 

-.
0
6
0
 

-.
0
4
9
 

-.
0
2
1
 

-.
1
4
0
 

.1
3
5
 

.0
6
1
 

.0
7
5
 

.0
9
0
 

.2
3
9
*
 

.1
6
7
 

.1
9
5
*
 

.1
1
7
 

.0
9
3
 

.0
4
0
 

-.
0
0
2
 

.6
5
8
*
*
 

.6
5
8
*
*
 1              

W 

-.
2
3
5
*
 

.0
2
1
 

.0
4
0
 

-.
0
4
7
 

-.
0
7
6
 

-.
0
2
2
 

-.
1
7
2
 

-.
1
0
9
 

.0
9
8
 

-.
0
3
7
 

-.
0
1
3
 

-.
0
4
1
 

.1
6
6
 

.1
4
0
 

.0
5
0
 

.1
1
9
 

.0
4
9
 

-.
0
9
3
 

-.
0
4
2
 

-.
1
6
8
 

-.
0
9
8
 

-.
1
8
5
 

1             

Table A-10 (Continued) 

TH-3285_166104010



where, A: Age; B: Gender; C: Building facing; D: Building vicinity; E : Building age; F:Living duration; G:Window location; H:Door Location; I:Wall construction material; 

J: Family income; K:Number of smokers; L:Indoor noise; M: Noise perception during sleeping; N: Main outdoor air pollution source ; O: Traffic operation in day; P: Traffic 

operation in evening; Q: Traffic operation in night; R: Traffic flow status; S:Health issues; T:Time of experiencing health issue; U: Frequency of health disorder; V: Duration 

of experiencing health issues; W: Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Type of fuel used; a: Smoking; b: Degree of breathing problem near 

traffic signal; c: Home annoyance; d: Workplace annoyance; e: Roadside annoyance; f: Average annoyance score; g: Systolic blood pressure; h: Diastolic blood pressure; i: 

Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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 A B C D E F G H I J K L M N O P Q R S T U V W X Y Z a b c d e f g h i 

X 

.0
1
0
 

-.
0
0
8
 

-.
0
6
5
 

-.
0
6
7
 

-.
1
9
3
*
 

-.
2
4
1
*
 

-.
0
2
7
 

.0
3
7
 

-.
0
7
9
 

.1
0
2
 

-.
0
4
2
 

-.
0
7
5
 

.0
0
1
 

-.
0
2
1
 

.0
1
8
 

-.
0
0
1
 

-.
0
0
7
 

-.
0
9
7
 

-.
0
6
4
 

-.
0
2
0
 

-.
0
6
8
 

-.
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where, A: Age; B: Gender; C: Building facing; D: Building vicinity; E : Building age; F:Living duration; G:Window location; H:Door Location; I:Wall construction material; 

J: Family income; K:Number of smokers; L:Indoor noise; M: Noise perception during sleeping; N: Main outdoor air pollution source ; O: Traffic operation in day; P: Traffic 

operation in evening; Q: Traffic operation in night; R: Traffic flow status; S:Health issues; T:Time of experiencing health issue; U: Frequency of health disorder; V: Duration 

of experiencing health issues; W: Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Type of fuel used; a: Smoking; b: Degree of breathing problem near 

traffic signal; c: Home annoyance; d: Workplace annoyance; e: Roadside annoyance; f: Average annoyance score; g: Systolic blood pressure; h: Diastolic blood pressure; i: 

Heart rate *. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A:Age; B:Gender; C: Building facing; D:Building vicinity; E: Building age; F: Living duration; G: Window location; H: Door location; I: Wall construction material; 

J:Family income; K: Number of smoker; L:Indoor noise; M:Noise perception during sleeping; N: Outdoor pollution source; O:Traffic operation in day; P:Traffic operation in 

evening; Q:Traffic operation in night; R:Traffic flow status; S: Health issues; T: Time of experiencing health issue; U: Frequency of health issues; V: Duration of 

experiencing health issues; W:Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Fuel type; a: Smoking habit; b: Degree of breathing problem near traffic 

signal; c: Lpeak; d: Lmax; e: Lmin; f: Leq; g: L10; h: L50; i: L90; j: L95; k: NC(L90); l: NC(L95); m: 20 Hz; n: 25 Hz; o:31.5 Hz; p: 40 Hz; q: 50 Hz; r: 63 Hz; s: 80 Hz; t: 100 Hz; u: 125 

Hz; v:160 Hz; w: 200 Hz; x:250 Hz; y: 315 Hz; z:400 Hz; A1: 500 Hz; B1: 630 Hz; C1: 800 Hz; D1:1000 Hz; E1: 1250 Hz; F1:1600 Hz; G1:2000 Hz; H1: 2500 Hz; I1: 3150 

Hz; J1: 4000 Hz; K1: 5000 Hz; L1: 6300 Hz; M1: 8000 Hz; N1:10000 Hz; O1: 12500 Hz; P1: 16000 Hz; Q1:20000 Hz; R1: PM2.5  
*. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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Table A-11 Spearman correlation of office noise and PM2.5 exposure and questionnaire response 
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where, A:Age; B:Gender; C: Building facing; D:Building vicinity; E: Building age; F: Living duration; G: Window location; H: Door location; I: Wall construction material; 

J:Family income; K: Number of smoker; L:Indoor noise; M:Noise perception during sleeping; N: Outdoor pollution source; O:Traffic operation in day; P:Traffic operation in 

evening; Q:Traffic operation in night; R:Traffic flow status; S: Health issues; T: Time of experiencing health issue; U: Frequency of health issues; V: Duration of 

experiencing health issues; W:Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Fuel type; a: Smoking habit; b: Degree of breathing problem near traffic 

signal; c: Lpeak; d: Lmax; e: Lmin; f: Leq; g: L10; h: L50; i: L90; j: L95; k: NC(L90); l: NC(L95); m: 20 Hz; n: 25 Hz; o:31.5 Hz; p: 40 Hz; q: 50 Hz; r: 63 Hz; s: 80 Hz; t: 100 Hz; u: 125 

Hz; v:160 Hz; w: 200 Hz; x:250 Hz; y: 315 Hz; z:400 Hz; A1: 500 Hz; B1: 630 Hz; C1: 800 Hz; D1:1000 Hz; E1: 1250 Hz; F1:1600 Hz; G1:2000 Hz; H1: 2500 Hz; I1: 3150 

Hz; J1: 4000 Hz; K1: 5000 Hz; L1: 6300 Hz; M1: 8000 Hz; N1:10000 Hz; O1: 12500 Hz; P1: 16000 Hz; Q1:20000 Hz; R1: PM2.5  
*. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A:Age; B:Gender; C: Building facing; D:Building vicinity; E: Building age; F: Living duration; G: Window location; H: Door location; I: Wall construction material; 

J:Family income; K: Number of smoker; L:Indoor noise; M:Noise perception during sleeping; N: Outdoor pollution source; O:Traffic operation in day; P:Traffic operation in 

evening; Q:Traffic operation in night; R:Traffic flow status; S: Health issues; T: Time of experiencing health issue; U: Frequency of health issues; V: Duration of 

experiencing health issues; W:Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Fuel type; a: Smoking habit; b: Degree of breathing problem near traffic 

signal; c: Lpeak; d: Lmax; e: Lmin; f: Leq; g: L10; h: L50; i: L90; j: L95; k: NC(L90); l: NC(L95); m: 20 Hz; n: 25 Hz; o:31.5 Hz; p: 40 Hz; q: 50 Hz; r: 63 Hz; s: 80 Hz; t: 100 Hz; u: 125 

Hz; v:160 Hz; w: 200 Hz; x:250 Hz; y: 315 Hz; z:400 Hz; A1: 500 Hz; B1: 630 Hz; C1: 800 Hz; D1:1000 Hz; E1: 1250 Hz; F1:1600 Hz; G1:2000 Hz; H1: 2500 Hz; I1: 3150 

Hz; J1: 4000 Hz; K1: 5000 Hz; L1: 6300 Hz; M1: 8000 Hz; N1:10000 Hz; O1: 12500 Hz; P1: 16000 Hz; Q1:20000 Hz; R1: PM2.5  
*. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A:Age; B:Gender; C: Building facing; D:Building vicinity; E: Building age; F: Living duration; G: Window location; H: Door location; I: Wall construction material; 

J:Family income; K: Number of smoker; L:Indoor noise; M:Noise perception during sleeping; N: Outdoor pollution source; O:Traffic operation in day; P:Traffic operation in 

evening; Q:Traffic operation in night; R:Traffic flow status; S: Health issues; T: Time of experiencing health issue; U: Frequency of health issues; V: Duration of 

experiencing health issues; W:Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Fuel type; a: Smoking habit; b: Degree of breathing problem near traffic 

signal; c: Lpeak; d: Lmax; e: Lmin; f: Leq; g: L10; h: L50; i: L90; j: L95; k: NC(L90); l: NC(L95); m: 20 Hz; n: 25 Hz; o:31.5 Hz; p: 40 Hz; q: 50 Hz; r: 63 Hz; s: 80 Hz; t: 100 Hz; u: 125 

Hz; v:160 Hz; w: 200 Hz; x:250 Hz; y: 315 Hz; z:400 Hz; A1: 500 Hz; B1: 630 Hz; C1: 800 Hz; D1:1000 Hz; E1: 1250 Hz; F1:1600 Hz; G1:2000 Hz; H1: 2500 Hz; I1: 3150 

Hz; J1: 4000 Hz; K1: 5000 Hz; L1: 6300 Hz; M1: 8000 Hz; N1:10000 Hz; O1: 12500 Hz; P1: 16000 Hz; Q1:20000 Hz; R1: PM2.5  
*. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A:Age; B:Gender; C: Building facing; D:Building vicinity; E: Building age; F: Living duration; G: Window location; H: Door location; I: Wall construction material; 

J:Family income; K: Number of smoker; L:Indoor noise; M:Noise perception during sleeping; N: Outdoor pollution source; O:Traffic operation in day; P:Traffic operation in 

evening; Q:Traffic operation in night; R:Traffic flow status; S: Health issues; T: Time of experiencing health issue; U: Frequency of health issues; V: Duration of 

experiencing health issues; W:Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Fuel type; a: Smoking habit; b: Degree of breathing problem near traffic 

signal; c: Lpeak; d: Lmax; e: Lmin; f: Leq; g: L10; h: L50; i: L90; j: L95; k: NC(L90); l: NC(L95); m: 20 Hz; n: 25 Hz; o:31.5 Hz; p: 40 Hz; q: 50 Hz; r: 63 Hz; s: 80 Hz; t: 100 Hz; u: 125 

Hz; v:160 Hz; w: 200 Hz; x:250 Hz; y: 315 Hz; z:400 Hz; A1: 500 Hz; B1: 630 Hz; C1: 800 Hz; D1:1000 Hz; E1: 1250 Hz; F1:1600 Hz; G1:2000 Hz; H1: 2500 Hz; I1: 3150 

Hz; J1: 4000 Hz; K1: 5000 Hz; L1: 6300 Hz; M1: 8000 Hz; N1:10000 Hz; O1: 12500 Hz; P1: 16000 Hz; Q1:20000 Hz; R1: PM2.5  
*. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A:Age; B:Gender; C: Building facing; D:Building vicinity; E: Building age; F: Living duration; G: Window location; H: Door location; I: Wall construction material; 

J:Family income; K: Number of smoker; L:Indoor noise; M:Noise perception during sleeping; N: Outdoor pollution source; O:Traffic operation in day; P:Traffic operation in 

evening; Q:Traffic operation in night; R:Traffic flow status; S: Health issues; T: Time of experiencing health issue; U: Frequency of health issues; V: Duration of 

experiencing health issues; W:Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Fuel type; a: Smoking habit; b: Degree of breathing problem near traffic 

signal; c: Lpeak; d: Lmax; e: Lmin; f: Leq; g: L10; h: L50; i: L90; j: L95; k: NC(L90); l: NC(L95); m: 20 Hz; n: 25 Hz; o:31.5 Hz; p: 40 Hz; q: 50 Hz; r: 63 Hz; s: 80 Hz; t: 100 Hz; u: 125 

Hz; v:160 Hz; w: 200 Hz; x:250 Hz; y: 315 Hz; z:400 Hz; A1: 500 Hz; B1: 630 Hz; C1: 800 Hz; D1:1000 Hz; E1: 1250 Hz; F1:1600 Hz; G1:2000 Hz; H1: 2500 Hz; I1: 3150 

Hz; J1: 4000 Hz; K1: 5000 Hz; L1: 6300 Hz; M1: 8000 Hz; N1:10000 Hz; O1: 12500 Hz; P1: 16000 Hz; Q1:20000 Hz; R1: PM2.5  
*. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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where, A:Age; B:Gender; C: Building facing; D:Building vicinity; E: Building age; F: Living duration; G: Window location; H: Door location; I: Wall construction material; 

J:Family income; K: Number of smoker; L:Indoor noise; M:Noise perception during sleeping; N: Outdoor pollution source; O:Traffic operation in day; P:Traffic operation in 

evening; Q:Traffic operation in night; R:Traffic flow status; S: Health issues; T: Time of experiencing health issue; U: Frequency of health issues; V: Duration of 

experiencing health issues; W:Masks used; X: Hearing aid used; Y: Most problematic stressor; Z: Fuel type; a: Smoking habit; b: Degree of breathing problem near traffic 

signal; c: Lpeak; d: Lmax; e: Lmin; f: Leq; g: L10; h: L50; i: L90; j: L95; k: NC(L90); l: NC(L95); m: 20 Hz; n: 25 Hz; o:31.5 Hz; p: 40 Hz; q: 50 Hz; r: 63 Hz; s: 80 Hz; t: 100 Hz; u: 125 

Hz; v:160 Hz; w: 200 Hz; x:250 Hz; y: 315 Hz; z:400 Hz; A1: 500 Hz; B1: 630 Hz; C1: 800 Hz; D1:1000 Hz; E1: 1250 Hz; F1:1600 Hz; G1:2000 Hz; H1: 2500 Hz; I1: 3150 

Hz; J1: 4000 Hz; K1: 5000 Hz; L1: 6300 Hz; M1: 8000 Hz; N1:10000 Hz; O1: 12500 Hz; P1: 16000 Hz; Q1:20000 Hz; R1: PM2.5  
*. Correlation is significant at the 0.05 level (2-tailed) and **. Correlation is significant at the 0.01 level (2-tailed). 
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.0
4
7

 

-.
0
0
2

 

-.
0
1
9

 

-.
0
4
5

 

-.
1
3
7

 

-.
0
8
6

 

-.
1
5
0

 

-.
0
4
5

 

.1
8
5

 

-.
0
1
4

 

-.
1
1
8

 

-.
0
3
7

 

-.
1
5
6

 

O
1
 

.0
1
2
 

.0
0
8
 

.0
9
7
 

.0
0
9
 

-.
0
7
1
 

-.
2
2
5
*
 

-.
0
4
6
 

-.
0
6
4
 

-.
1
3
8
 

.1
1
0
 

.0
1
4
 

-.
0
6
5
 

-.
0
4
0
 

-.
1
1
3
 

.0
6
5
 

.0
0
6
 

.0
2
5
 

.0
3
4
 

.1
7
0
 

-.
0
3
6
 

-.
0
4
0
 

-.
0
0
8
 

-.
0
2
7
 

.0
0
5
 

-.
1
0
7
 

.2
1
2
*
 

-.
0
1
1
 

-.
0
4
2
 

.0
1
2
 

.0
0
8
 

.0
9
7
 

.0
0
9
 

-.
0
7
1
 

-.
2
2
5
*
 

-.
0
4
6
 

-.
0
6
4
 

-.
1
3
8
 

.1
1
0
 

.0
1
4
 

-.
0
6
5
 

-.
0
4
0
 

-.
1
1
3
 

P
1
 

.0
9
7
 

-.
0
0
6
 

-.
0
4
8
 

-.
0
5
5
 

-.
0
8
8
 

-.
2
4
4
*
 

-.
0
8
3
 

-.
1
1
2
 

-.
0
4
8
 

.0
9
4
 

-.
0
2
6
 

-.
0
7
3
 

.0
6
4
 

-.
1
0
2
 

.1
8
7
 

.0
6
4
 

.0
8
7
 

.0
6
8
 

.3
0
2
*
*
 

-.
0
2
1
 

.0
5
9
 

.0
4
4
 

-.
0
8
4
 

.0
5
9
 

-.
1
3
9
 

.2
5
5
*
*
 

-.
0
4
3
 

.0
2
8
 

.0
9
7
 

-.
0
0
6
 

-.
0
4
8
 

-.
0
5
5
 

-.
0
8
8
 

-.
2
4
4
*
 

-.
0
8
3
 

-.
1
1
2
 

-.
0
4
8
 

.0
9
4
 

-.
0
2
6
 

-.
0
7
3
 

.0
6
4
 

-.
1
0
2
 

Q
1
 

.0
8
4
 

.0
5
1
 

-.
1
4
6
 

-.
0
0
9
 

-.
0
1
6
 

-.
1
7
8
 

-.
0
3
8
 

-.
0
9
3
 

-.
0
1
2
 

.0
9
7
 

-.
0
9
5
 

-.
0
5
2
 

-.
0
4
2
 

-.
2
2
4
*
 

.0
8
7
 

.0
1
4
 

.0
4
2
 

.0
6
1
 

.1
8
3
 

.0
1
8
 

.1
5
0
 

.0
3
4
 

-.
1
1
3
 

.0
5
1
 

-.
0
4
1
 

.2
8
0
*
*
 

-.
1
0
8
 

.0
1
6
 

.0
8
4
 

.0
5
1
 

-.
1
4
6
 

-.
0
0
9
 

-.
0
1
6
 

-.
1
7
8
 

-.
0
3
8
 

-.
0
9
3
 

-.
0
1
2
 

.0
9
7
 

-.
0
9
5
 

-.
0
5
2
 

-.
0
4
2
 

-.
2
2
4
*
 

R
1
 

 .0
3
7
 

.0
8
1
 

-.
0
8
1
 

.0
1
4
 

-.
0
7
8
 

-.
2
8
4
*
*
 

.0
0
2
 

-.
0
2
0
 

-.
0
0
8
 

.1
2
9
 

.0
6
3
 

-.
1
2
9
 

.0
8
0
 

-.
1
4
5
 

.1
2
3
 

.0
8
9
 

.0
9
7
 

.0
1
3
 

.1
7
9
 

.1
2
3
 

.2
4
6
*
 

.1
0
2
 

-.
0
2
4
 

.0
2
0
 

-.
1
0
7
 

.2
7
6
*
*
 

.0
5
3
 

-.
0
3
0
 

.0
3
7
 

.0
8
1
 

-.
0
8
1
 

.0
1
4
 

-.
0
7
8
 

-.
2
8
4
*
*
 

.0
0
2
 

-.
0
2
0
 

-.
0
0
8
 

.1
2
9
 

.0
6
3
 

-.
1
2
9
 

.0
8
0
 

-.
1
4
5
 

Table A-11 (Continued) 
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