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Abstract The aim of the present review work is to critically examine the methodologies and findings of the
research works which collectively treated traffic related air and noise pollution in commuting microenvironments of
urban areas. It is evident from the published literatures that a moderate positive correlation between concentrations
of traffic related air pollutants in terms of particulate matter; oxides of nitrogen; CO; ground level Oz and traffic
noise level are common in the commuting microenvironments of cities. This may consequence correlated exposure
to these environmental stressors to the subjects (e.g., thousands of pedestrian, commuters, hawkers and street
dwellers) attached with the commuting microenvironments of urban areas. Prevailing meteorological condition e.g.,
wind speed and states of turbulent mixing within the urban canopy layer is the most prominent factor governing the
degree of correlation between these environmental stressors. In these circumstances the combined air-noise exposure
model may estimate the exposure of the subjects to traffic related air and noise pollution in a holistic manner and the
city Noise-Air index may represent the air quality of commuting microenvironments in a holistic manner.
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1. Introduction

Traffic is a significant source of both air and noise
pollution in the commuting microenvironments of urban
areas. Cardiovascular, respiratory and neuro-behavioural
diseases have been found to be associated with roadway
proximity, traffic related air and noise pollution exposure
[2,9,13,14,17,19,21,22,24,28,31,33,35,39,48]. It is
hypothesised that the air pollutants may increases blood
pressure, contributes to the instability of vascular plaques,
initiate cardiac arrhythmias, modifies autonomous
functions, initiates oxidative stress and inflammatory
reactions in brain [5,15,27,36]. Chronic exposure to higher
level of traffic noise is supposed to be linked with
repeated stimulation of the Hypothalamo-Pituitary-
Adrenal and  Sympathetic-Adrenal-Medullary  axis,
initiation of sub-cortical stress reactions which ultimately
results stress hormone deregulation, hypertension,
accumulation of intra-abdominal fat and insulin resistance
[3,22,25,29]. It was reported that a moderate positive
correlation between concentrations of traffic related air
pollutants and traffic noise level may be associated with
correlated exposure to the subjects (e.g., thousands of
pedestrian, commuters, hawkers and street dwellers)
attached with the commuting microenvironments of urban
areas. In these circumstances sole consideration of
exposure of the subjects to either traffic related air

pollutants or traffic noise may result ambiguous findings
in the epidemiological studies [1,16,32,42]. For this,
nowadays scientists are adapting methods to estimate
combined exposure of the subjects to traffic related air and
noise pollution in the context of commuting
microenvironments of urban areas. Formulation of
combined air-noise quality index to describe the air
quality of commuting microenvironments is also a
promising field of urban air quality research. The aim of
the present review work is to critically examine the
methodologies and findings of the research works which
collectively treated traffic related air and noise pollution in
commuting microenvironments of urban area.

2. Quantification and Characterization of
the Correlation between Concentration of
Traffic Related Air Pollutant(s) and
Traffic Noise Level

Correlation between a pair of variables is reported in
terms of Pearson’s correlation coefficient “r” and
Spearman’s rank correlation coefficient “p”. The
magnitude of both correlation coefficients varies between

-1<to <1 and they are interpreted as described in Table 1.
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Table 1. Interpretation of correlation coefficients (“r” or “p”) [49]

Range of correlation .
Y Degree of correlation

coefficients
0.80-1.00 very strong positive
0.60-0.79 strong positive
0.40-0.59 moderate positive
0.20-0.39 weak positive
0.00-0.19 very weak positive
0.00-(-0.19) very weak negative

(-0.20)-(-0.39) weak negative

(-0.40)-(-0.59) moderate negative

(-0.60)-(-0.79) strong negative

(-0.80)-(-1.00) very strong negative

2.1. Correlation between Concentration of
Particulate Matter and Traffic Noise Level

Particulate matter is one of the major air pollutants
originated from the internal combustion engine of fossil
fuel driven vehicles. Correlation between concentration of
this criteria air pollutant and traffic noise level has been
examined in detail by a number of researches (Table 2).

Table 2. Correlation between noise level and concentration of particulate matter

References Study cities TNC/PNC/TPN UFP PM; PM;s PMcoarse PMy, | SPM/TSP BC
Chicago and
Allen et al., [1] Riverside X 0.26-0.41 X X x X X X
. (-0.17)-
Boogaard et al., [4] Dutch cities 0.21-0.60 X X 0.38 X X X X
Canetal., [6] Antwerp 0.40-0.48 0.38-0.47 X X X X X X
Cho""d[hl‘:)r]y etal, Kolkata x x x 0.71 x 0.61 0.67 x
de Kluizenaar et Cities of < < < < < 072 < <
al., [13] Netherland )
Gan et al., [19] Vancouver X X X 0.14 X X X 0.45
Kleeboe et al., [24] Oslo X x X 0.39 X 0.34 X X
Ross et al., [30] New York X X X 0.16 X X X 0.16
Tobias et al., [38] Madrid X X X X X X 0.21 X
van Kempen et al., Schiphol-
[40] Amsterdam * * * * * 0.20 * *
Weber, [42] Essen (-0.18)-0.81 X X X x X X x
Weber et al., [43] Essen X X %%33 X (822) X X X
. ’ ) 0.03- (-0.17)- (-0.19)- 0.20- ) 0.16-
Range (-0.18)-0.81 0.26-0.47 053 071 0.3 0.72 0.21-0.67 0.45

TNC (total particle number concentration), PNC (particulate number concentrations), TPN (total particle number), UFP (ultrafine particulate matter),
PM; (particulate matters have acrodynamic diameter < 1 pm), PMys (particulate matters have aerodynamic diameter < 2.5 pm), PMguarse (difference
between the particulate matters have aerodynamic diameter < 10 pm and < 1 um), PMjq (particulate matters have aerodynamic diameter < 10 pm), SPM
(suspended particulate matter), TSP (total suspended particulate), BC (black carbon)

Very weak negative to very strong positive correlation
was accounted between concentration of TNC (total
particle number concentration) or PNC (particulate
number concentrations) or TPN (total particle number)
and traffic noise level. Weak positive to moderate positive
correlation was accounted between concentration of
ultrafine particulate matter and traffic noise level. Weber
et al. reported very weak positive to moderate positive
range of correlation between concentration of PM; and
traffic noise level [43]. Correlation accounted between
concentration of PM, s and traffic noise level was within
the range of very weak negative to strong positive. Weber
et al. also reported very weak negative to weak positive
range of correlation between concentration of PMcg,ese and
traffic noise level [43]. Correlation accounted between
concentration of PMy, and traffic noise level had a range
of weak positive to strong positive. Weak positive to
strong positive correlation was accounted between
concentration of suspended particulate matter or total
suspended particulate and traffic noise level. The
correlation accounted between concentration of black
carbon and traffic noise level had a range of very weak
positive to moderate positive. It is evident from the above
discussion that the moderate positive correlations which
may lead to correlated exposure to the subjects between
concentration of particulate matter and traffic noise level
are very frequent in commuting microenvironments of
cities worldwide.

2.2. Correlation between Concentration of
Oxides of Nitrogen and Traffic Noise Level

Oxides of nitrogen also originated from the internal
combustion engine of fossil fuel driven vehicles.
Correlation between concentration of this criteria air
pollutants and traffic noise level has also been examined
in detail by a number of researches (Table 3).

Table 3. Correlation between noise level and concentration of oxides

of nitrogen
References Study cities NO NO, NOx
0.20- (-0.08)-
1] 0.60 0.46 x
0.46-
[6] 0.50 0.29 0.50
[10] X 0.69 x
Davies et al.,
[12] Vancouver X 0.53 0.64
Foraster et al., .
[16] Girona X 0.47-0.63 X
[19] 0.41 0.33 X
Ising et al., [22] Cities of X 0.84 X
N Germany '
[24] x 0.46 x
[30] 0.22 0.18 X
Selander et al., Cities of < 0.60 <
[33] Sweden )
[38] X 0.32 0.35
[40] x 0.30 x
0.20- (-0.08)- 0.35-
Range 0.60 0.84 0.64
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Weak positive to strong positive correlation was
accounted between concentration of NO and traffic noise
level. Very weak negative to very strong positive
correlation between concentration of NO, and traffic noise
level were reported by a number of researchers. The range
of correlation accounted between concentration of NOx
and traffic noise level by the researchers were of weak
positive to strong positive. It is noteworthy from the above
discussion that moderate positive correlation between
concentration of oxides of nitrogen and traffic noise level
is also very frequent like the correlations between
concentrations of particulate matter and traffic noise level.

2.3. Correlation between Concentration of
Other Air Pollutants and Traffic Noise Level

Ross et al. reported a very weak positive correlation
(0.03) between concentration of total hydrocarbon and
traffic noise level [30]. Beelen et al. reported a weak
positive correlation (0.24) between concentration of
background black smoke and traffic noise level [2]. A
weak positive correlation (0.30) was also reported
between concentration of SO, and traffic noise level in the
research work of Tobias et al. [38]. They also accounted a
moderate  positive  correlation  (0.42)  between
concentration of ground level O; and traffic noise level.
Very strong positive correlation (0.89, Tirabassi et al. [37])
between concentration of CO and traffic noise level was
reported by Tirabassi et al. [37] and Kim et al. [23]. It is
evident from the above discussion that like the correlated
exposure of the subjects to particulate matter and traffic
noise, oxides of nitrogen and traffic noise correlated
exposure is also evident for the subjects to ground level O
and traffic noise, CO and traffic noise.

2.4. General Discussion on the Correlation
between Concentration of Air Pollutant(s)
and Traffic Noise Level

The degree of correlation reported between the
concentration of traffic related air pollutant(s) and traffic
noise level are to some extent inconsistent and varies
between cities and even within cities. This might be
attributed to the fact that air pollutants and noise have
different mode of dispersion and/or transportation in the
atmosphere. Air pollutants disperse in the atmosphere by
diffusion and drift. Thus, its concentration in the
atmosphere is extensively dependent on the number of
sources, prevailing local meteorological condition e.g.,
wind speed, wind direction, vertical temperature profile of
the atmosphere and background concentration of the
pollutants. Noise is transmitted in the atmosphere by
pressure waves that can be reflected and refracted and
increased through superimposition, but otherwise have a
short half-life and lower dependency on the prevailing
meteorological condition than air pollutants [12].

3. Factors Influence the Degree of
Correlation between Concentration of the
Air Pollutant(s) and Traffic Noise Level

According to published literatures meteorological
factors, traffic volume and traffic density, distance from

the road and averaging time were supposed to be the
governing factors which produce the variability of
concentration of air pollutants and traffic noise level.

3.1. Meteorological Factors

Weber and Weber et al. reported that the degree of
correlation between concentration of particulate matter
and traffic noise level was coupled to the states of
turbulent mixing within the urban canopy layer [42,43].
They reported higher turbulent mixing tended to disperse
particulates more significantly on the contrary traffic noise
level was found almost free from the states of turbulent
mixing within the urban canopy layer. Weber also
reported an identical pattern of spatial distribution of
traffic noise level and inhomogeneous spatial distribution
of the concentration of particulate matter during different
measurement days characterized by significant variations
in wind direction and the height of the atmospheric
boundary layer. They accounted correlations of greater
than 0.62 between traffic noise levels measured on
different days in all possible combinations. But
correlations between total particle number concentrations
measured on different days in all possible combinations
had a range of 0.18 — 0.70 [42]. On the contrary, Davies et
al. reported that wind speed variation was not a significant
factor to describe the relationship between traffic noise
level and concentration of the oxides of nitrogen [12].
According to Allen et al. NO concentrations were most
sensitive to wind direction. In contrast, traffic noise was
minimally influenced by wind direction. They reported
consistent correlations (0.53 — 0.74) between traffic noise
level and concentration of NO to the downwind of major
roads [1]. Can et al. approved the findings of Weber and
Weber et al. [6, 42, 43]. They also reported a strong
influence of meteorological condition on airborne
pollutant variation and weak influence of the same on
noise propagation. Ross et al. reported that both wind
direction and wind speed had an influence on the
correlation between the concentrations of traffic related air
pollutants and traffic noise level. They accounted wind
speed had a negative moderate correlation (-0.51) with the
concentration of NO, and total hydrocarbons (-0.57),
whereas a weak positive correlation (0.38) was accounted
between traffic noise level and wind speed. They also
pointed out that, the concentration of NO, and traffic noise
level, concentration of total hydrocarbons and traffic noise
level had higher degree of positive correlations during
low-wind hours in comparison with the overall
measurement period [30]. Chowdhury et al. accounted
stronger influences of wind speed on the concentrations of
different air pollutants (e.g., PMyg (-0.81), PM,5 (-0.81)
and NO, (-0.74)) than traffic noise level (-0.47). They also
accounted a stronger influences of air temperature on
traffic noise level (-0.70) than the concentrations of
different air pollutants (e.g., PMyg (-0.40), PM,5 (-0.45)
and NO, (-0.55)) [10].

It is clear from the above discussion that concentration
of the air pollutants are stringently modified by the
prevailing meteorological condition i.e., wind speed, wind
direction and states of turbulent mixing of the atmosphere
of a given place whereas the effects of theses
meteorological variables on the traffic noise level are
insignificant.
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3.2. Traffic Volume and Traffic Density

Traffic is one of the significant sources linked with both
air pollution and noise pollution in urban environment.
Traffic density or traffic volume is supposed to be one of
the governing factors to determine the degree of
correlation between concentration of air pollutants and
traffic noise level. Davies et al. accounted that traffic
density in terms of number of car or truck, road
characteristics in terms of number of lanes of the nearest
road and presence of major intersection nearby the
monitoring station were the major contributors to the
variability of traffic noise level and concentration of NO,
and NOx in the urban environment [12]. Weber accounted
that spatio-temporal distribution of traffic noise level and
concentration of particles in urban environment were
closely coupled to road traffic emission [42]. Boogaard et
al. reported that particle number concentration was
influenced by the variation of local traffic density in urban
environment. But they accounted local traffic density had
very poor correlation with PM, 5 concentration. They also
suggested that moderate positive correlation between the
concentration of traffic related air pollutants and traffic
noise level was likely to be an outcome of the complex
road-traffic interactions because condition of the road
surface has higher impact on noise emission than emission
of the air pollutants from the motorized vehicles. On the
contrary, congestion and vehicle speed have higher impact
on emission of the air pollutants than emissions of noise
from motorized vehicles [4]. Foraster et al. reported
average daily traffic number is a common determinant
which could explain only a part of the correlation between
traffic noise level and concentration of NO,. They also
reported that correlation between traffic noise level and
concentration of NO, was stronger at locations with lower
traffic density of less than 1000 vehicles/day [16]. Can et
al. reported that traffic counts were very strong positively
correlated (0.85) to traffic noise level. On the contrary
correlations were weaker between traffic counts and
concentrations of different air pollutants (e.g., NOx (0.39 -
0.45), ultrafine particulate matter (0.33 — 0.42) and total
particle number (0.36 — 0.42)). They also suggested that
correlations between traffic counts and particle number
concentrations were size dependent, which tend to
decrease with increasing size as, smaller particles are
short-term traffic-related, being formed in cooling exhaust
plumes, while bigger particles result from slower
agglomeration dynamics [6]. Unlike Foraster et al. they
accounted that the correlation between traffic noise level
and concentration of traffic related air pollutants (e.g.,
NO,, ultrafine particulate matter, total particle number)
were quiet similar to both the locations with lower and
higher traffic density. Ross et al. reported that traffic noise
level were weak to strong positively (0.37 — 0.64)
correlated with car, truck and bus counts [30]. Chowdhury
et al. reported weak positive correlation between the
concentrations of the air pollutants (e.g., PMy, (0.33),
PM,s (0.27) and NO, (0.21)) and traffic count and very
weak positive correlation between traffic count and traffic
noise level (0.17) [10]. Chowdhury et al. also reported that
traffic noise level of Kolkata city, India is a function of
road width [11].

3.3. Distance from the Road

Distance from the road is also supposed to be a common
factor influencing the concentration of the air pollutants
and traffic noise level. The sound pressure level in the free
field situation shows a reduction of 6 dB per doubling of
distance from the source. Decay of air pollutant
concentrations with increasing distance from the road is
best-fitted by exponential function [20,26,44,50]. Fung et
al. reported logarithmic transformation of distance from
the road can be used as a common function to evaluate air-
noise quality of a city [18]. Allen et al. reported that the
effect of roadway proximity on the correlation between
the concentration of traffic related air pollutants and traffic
noise level was inconsistent across the cities. In Chicago,
higher correlations (0.37 — 0.62) were noted within 100 m
of the target road, while in Riverside higher correlations
(0.40 - 0.71) were found between them for distances both
greater than and less than 100 m from the target road [1].
Gan et al. also accounted inconsistent effect of road
proximity on the correlations between concentration of
traffic related air pollutants and traffic noise level for the
major roads. They accounted the correlations between
noise level and concentration of air pollutants (Table 4)
was tended to be higher for the areas farther than 50 m or
150 m from highways [19].

Table 4. Road proximity and range of correlation(s) between noise

level and concentration of traffic-related air pollutant(s)
Road Black
proximity carbon PM:s NO, NO
<50m
e 0.02 - 0.04 - 0.14 -
Highway and | 0.17-0.26 0.24 0.34 0.37
Major road
>50m
. « 0.16 - 0.32- 0.33-
Highway and | 0.41-045 | 754, 0.36 0.42
Major road
<150 m
g 0.03- 0.23 - 0.35-
Highway and | 0.38-0.46 0.15 0.30 0.37
Major road
>150m
. * 0.14 - 0.26 - 0.22 -
Highway and | 0.31-041 | 5,7 0.35 0.40
Major road

“Highways: 21000 — 114000 vehicles per day; ~Major road: 15000 —
18000 vehicles per day

It is evident from the above discussion that effect of
traffic density, traffic volume and roadway proximity on
the degree of correlation between concentration of the air
pollutants and traffic noise level is inconsistent.

3.4. Averaging Time

Averaging time or sampling duration was supposed to
be a modifier of correlation between concentration air
pollutants and traffic noise level. There are ample of
chances to account some secondary air pollutant for long
sampling period, but the sources of the noise in an urban
environment are always primary. Boogaard et al. reported
a weak to strong positive correlation (0.21 - 0.60)
between particle number concentration and traffic noise
level when 1 min averages were considered but the same
correlation (0.14 — 0.31) were found much lower when 1
sec averages were considered [4]. Can et al. accounted
higher degree of positive correlation between traffic noise
level and concentration of air pollutants (e.g., NOx (0.50),
concentration of ultrafine particulate matter (0.47), and
total particle number concentration (0.48)) when 60 min
average was considered in comparison with 15 min
averaged data (e.g., NOx (0.46), concentration of ultrafine
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particulate matter (0.38), and total particle number
concentration (0.40)) [6].

It is evident from the above discussion that effect of
sampling duration on the degree of correlation between
concentration of the air pollutants and traffic noise level is
also inconsistent.

3.5. General Discussion on the Factors
Influencing the Degree of Correlation
between Concentration of Air Pollutant(s)
and Traffic Noise Level

It is evident from the above discussion that
meteorological variables e.g., wind speed and wind
direction influences the concentration of air pollutants in
the atmosphere in inverse proportion. The concentration of
the air pollutants in the atmosphere is also highly
influenced by the states of turbulent mixing of the
atmosphere. On the contrary effects of meteorological
variables are less important in the context of outdoor noise
propagation. In most of the cases traffic volume and road
characteristics has direct relation with prevailing traffic
noise level. But effect of traffic volume and road
characteristics on the concentration of the air pollutants is
complex to some extent. Effect of distance from the road
and averaging sampling time on the correlation of
concentration of traffic related air pollutants and traffic
noise level is inconsistent.

4. Formulation and Characterization of
Combined Air-noise Exposure for Cities
Combined air noise exposure model measures the

exposure to traffic related air pollution and noise pollution
in a holistic and easy to comprehend manner.

4.1. Formulation of Combined Air-noise
Exposure Model

Combined exposure to air pollution and noise pollution
in urban microenvironments was reported in the research
work of Vlachokostas et al. [41]. They proposed the
following formulations for the assessment of combined
exposure to these environmental stressors —

P, ES(I)-EK()
CEF(M) =Y w——~- — 7 (1)
E B (i)
K T
EX (i) = [ [ EG)dtdk (2)
k=1t=0

where: CEF(T) is the combined exposure factor for a
space intime t , —1<CEF(T) < +o0,

P is the number of environmental health stressors
considered in the analysis, 1<i<P,

w; is the weighting factor for environmental health

stressor i,
Etk (i) is the average exposure of stressor i , for time

t and microenvironment k (e.g., the interior of a car, the
saddle of a motor- or bi-cycle, pavement used by
pedestrians),

EX (i) is the limit value, legislative environmental

quality standard [45] of exposure for stressor i and
microenvironment k defined for an average exposure
duration t,

K is
1<k<K.

the number of microenvironment

types,

4.2. Characterization of Combined Exposure
Factor

Characterization of combined exposure factor (CEF) is
represented in the Figure 1. Approximate zero values are
characterizing poor to barely acceptable cumulative
exposure. Negative values of the same are characterizing
problematic situations. Whereas, CEF>1 is a very good
level of cumulative exposure.

Detleriorated cumulalive slalus 4= = = ¢ = = = Improved cumulative stalus

-1.0 -L'I|5 EE3 —UI_‘I :0 0i1 0.3 ‘I.IU 3|D + 0
H : | s : E ; : CEF
- ! : ! : ! : - l ]
Hazardous | neainy | UTheaithy | POOF | ouzoptabrg Moderate {  Good i Very good | Excellnt
B ' ! | I ! ' i . _ Comparison with
T H ! T ! ' H i limit values
+f 200% 150% 110% Limit 20% 75% 50% 25% 0
values

Figure 1. Characterization of combined exposure factor [41]

4.3. Estimation and Characterization of
Combined Air-noise Pollution Exposure in
the Context of Thessaloniki City, Greece

Vlachokostas et al. reported that CEF of bicyclers were
comparable to CEF of pedestrians. In both the cases the
numerical values of CEFs were approximately 1.5 which
represented a healthy co-exposure to air and noise
pollution. Pedestrian and bicycling activities were also
found preferable than car driving and motorcycling. CEFs

of car drivers and motorcyclists were centered to zero
which represented an unhealthy co-exposure to air and
noise pollution [41].

5. Formulation and Characterization of
Combined Noise-air Quality Index for
Cities
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City Noise-Air index represents the air quality of a city
in terms of air and noise pollution scenario with a single
number.

5.1. Formulation of City Noise-Air Index

Silva et al. proposed city Noise-Air index in their
research work [34]. City Noise-Air index is the weighted
linear combination of two normalised indexes: cityNoise
and cityAir —

CityNoise — Air = (0.5xcityNoise + 0.5 cityAir)  (3)

where cityNoise is the normalised index of urban noise
quality and cityAir is the normalised index of urban air
quality.

5.2. Interpretation of City Noise-Air Index

The numerical value of city Noise-Air index varies
between 0 and 1. City Noise-Air is equal to zero when the
noise level is above the legal limit and at least one air
pollutant concentration is above the limit value. On the
other hand, City Noise-Air is equal to one when the noise
level is below the limit value and all of the air pollutant
concentrations are at or below the recommended values
[46]. Detailed classification of city Air-Noise index is
described in Table 5.

Table 5. City Noise-Air index classification [34]

Numemalﬁﬁﬁ%g{( city Noise- Quality classification
0-0.2 Very poor
0.2-0.4 Poor
0.4-0.6 Fair
0.6-0.8 Good
0.8-1 Very good

5.3. CityAir Index Formulation

The equation for cityAir index is as described below —

cityAir = > wic; <[ v (4)

where: w; is the relative weight of the pollutant i

(Silva et al. considered equal weights of 0.2 for each of
the five pollutants [34]),
¢j is the normalised concentration of the pollutant i,

v; is the dummy variable of the legal limit violation
(L) of pollutant i , defined as follows: v; =1 when
i < Ljand v; =0whenc; > L

To determine the normalised concentration of the
pollutant i, Silva et al. proposed the following equation —

¢ =cos’a (5)

where:

a= {M}Z (6)

(X% -%a) | 2

where: x is the concentration value being normalised,
X5 and Xy are control points in the function

cos? o is a sigmoidal function which standardized the

concentration of the pollutant i in the range of 0 to 1.

Where zero represents the poorest air quality and one
represents the best air quality. The control points of the
sigmoidal functions were selected according to the
following criteria: score = 0O for the concentration limit
values considered in the Portuguese legislation for human
health protection [34] and score = 1 for the concentration
guidance values recommended by World Health
Organization [46].

5.4. CityNoise Index Formulation

The equation for cityNoise index is as described below

cityNoise = wx cxv (7)

where: w is weight of the noise level (Silva et al.
considered the weight of the noise level equal to 1),

¢ is the normalised score of the noise level,

v is the dummy variable of the legal limit violation

(L) of noise level, defined as follows: v=1 when

c<Land v=0when c>L

In this case the normalised score of the noise level was
also determined by using the Equation (5). But the control
points of the function were different. Silva et al. selected
the control points of the sigmoidal function according to
the following criteria: score = 0 for the limit value of the
annoyance indicator (Lgen); and score = 1 for the limit
value of the sleep indicator (L) [34,47].

5.5. Air Quality Classification in Terms of
City Noise-Air Index in the Context of Viana
do Castelo City, Portugal

Silva et al. reported that numerical values of city
Noise-Air index varied between 0 — 0.6 in curbside
environments of main and secondary roads (based on
traffic volume) of the city which represented very poor to
fair air quality in terms of both air and noise pollution
status. Otherwise the majority of the city area had the
numerical values of the index varied between 0.6 — 1
which represented good to very good air quality in terms
of both air and noise pollution status [34].

5.6. General Discussion on the Combined Air-
noise Exposure Model and City Noise-Air
Index in the Context of Indian Cities

The combined air-noise exposure model estimates the
exposure of the subjects to traffic related air and noise
pollution in a holistic manner and the city Noise-Air index
represents  the  air  quality of  commuting
microenvironments in a holistic manner. These are equally
applicable in the context of the Indian cities like Kolkata
where the higher degree of positive correlation between
concentration of the traffic related air pollutants and traffic
noise level is reported in the research work of Chowdhury
et al. [10]. But prior to these some modifications are
required. Air-noise exposure model and city Noise-Air
index may be oriented as per legislative environmental
quality standard prescribed by Central Pollution Control
Board of India [7,8]. For normalization process in the city
Noise-Air index the minimum and maximum
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concentration and/or level of a pollutant may be used as
control points of the sigmoidal function (Table 6).

Table 6. Definition of the control points (X, and Xp)

Control points Definitions

Minimum value of the concentration of the air
pollutant and/or noise level during
Xa measurement which denotes the best air quality
and/or lowest noise level during measurement.
When X = X,, the score of x, = 1

Maximum value of the concentration of the air
pollutant and/or noise level during
Xp measurement which denotes the worst air
quality and/or highest noise level during
measurement. When X = Xy, the score of x, =0

6. Conclusion

It is evident from the published literatures that a
moderate positive correlation between concentrations of
traffic related air pollutants in terms of particulate matter;
oxides of nitrogen; CO; ground level O; and traffic noise
level are common in the commuting microenvironments
of cities. This may consequence correlated exposure to
these environmental stressors to the subjects (e.g.,
thousands of pedestrian, commuters, hawkers and street
dwellers) attached with the commuting
microenvironments of urban areas.  Prevailing
meteorological condition e.g., wind speed and states of
turbulent mixing within the urban canopy layer is the most
prominent factor governing the degree of correlation
between these environmental stressors. In these
circumstances the combined air-noise exposure model
may estimate the exposure of the subjects to traffic related
air and noise pollution in a holistic manner and the city
Noise-Air index may represent the air quality of
commuting microenvironments in a holistic manner.
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