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Abstract
Due to urbanization and industrialization pollution level increases. Air pollution directly affects to human health. Air Quality 
Indices (AQI) method is related to measuring the concentration of different pollutants  PM10,  NO2,  SO2 and other pollutants. 
The fuzzy Logic air quality index calculates in single value of AQI defines limits 0 to 1. In this study, a comparison of air 
quality data of three cities was conducted with the help of fuzzy logic algorithm. It used to evaluating Indices through fuzzy 
multi criteria decision making (MCDM) framework in which linguistic terms of experts opinion and perception, accordingly 
computing matrix is constructed for sub criteria. There are five linguistic terms used in this framework to create member-
ship functions such as high significant, significant, average significant, low significant and not significant. The three cities, 
Bangalore, Mysore, and Hubli-Dharwad air quality datas was taken for analysis and evaluating indices during pre-COVID 
years (2017, 2018, and 2019). The AQI value shows that Bangalore has the highest pollution level while Mysore has the low-
est. Using the fuzzy theory, results show that Bangalore and Hubli-Dharwad decrease in pollution level by -0.074921% and 
-0.04797%. Negative sign shows the decrease pollution level while Mysore increase pollution level by 0.011792%. Overall 
the results show that AQI of Mysore city is low compared to Bangalore and Hubli-Dharwad. Also, this study reveals air qual-
ity disseminated through industrial processes and automobile emissions in India cities during pre-COVID pandemic years.
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Introduction

Air quality can be defined as the cleanness of air which is 
determined by the pollution level. Low levels of air quality 
and thus high levels of air pollution lead to an increase in 
public health issues. Air pollution is caused mainly due to 
different activities such as damages buildings, landmarks, 
vehicle emission etc. Breathing and other problems in the 
human body due to air pollutants [1].

As per World Health Organization [2], air pollution is 
the  13th leading cause of Air pollution is a growing prob-
lem in the world today and the WHO ranks air pollution 
as the  13th leading cause of health problem to all mortality 
of worldwide mortality. Results of air pollution, nearly 
627,000 premature deaths in India [3, 4]. Mehmood et al. 
[5] reported acute respiratory failure during COVID-19 
and other life-threatening diseases [6]. Ricco et al. [7] 
reported that air quality in the atmosphere significantly 
improved (mainly  PM10) during lockdown measures. 
The high casualties has come all over the world during 
COVID-19, infectious virus name “SARS-CoV-2 which 
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was first traced in China (Wuhan). The dead caused by 
this COVID-19 day-by-day get increases and preventive 
measures like national lockdown, social distancing and 
avoid crowd of people through functions or any others 
were taken almost all part of the world. As per sources, 
Brazil, USA UK and others countries were worst-affected 
with high dead rate [8–11]. In India, first case was reported 
on January 30, 2020 and found cases were increased. The 
most affected state by this COVID-19, Maharashtra, Tamil 
Nadu, Delhi, Gujarat, and all other states are subsequent 
[12]. However, none of report or research available for pre-
COVID pandemic situation. Pereira et al. [13] suggested 
air filter reduces particle concentrations in an orthopaedic 
operating room.

Balmat et al. [14] described fuzzy set theory which allows 
solving a lot of problems related to dealing the imprecise and 
uncertain data in the several applications like engineering, 
economic, environmental, social, medical, and management. 
Few of the researchers demonstrated the application of the 
computing fuzzy logic analyses for the interaction of various 
air pollutants [1, 15]. As per the WHO report, by the burn-
ing of solid fuels, more than two million premature deaths 
per year can be attributed to the effects of urban (outdoor /
indoor) air pollution. Guerreiro et al. [16] analyzed air qual-
ity in Europe from 2002 to 2011. Balmat et al. [14] evaluated 
the air pollution prevent base on decision-making system on 
the open sea.

The Air Quality Index (AQI) is basically to design for 
health protection as well as an indicator of improving the 
quality of containment air. It indicates a high health risk above 
300 level (range is from 1 to 500). On the basis of the impact 
of pollutants on the health, air quality index is categorized 
in six-part namely Good, Satisfactory, Moderately polluted, 
Poor, Very Poor, and Severe. The AQI values and correspond-
ing ambient concentrations (health breakpoints) as well as 
associated likely health impacts for the identified pollutants. 
It has also been identified by specific color code (shown in 
Table 1). Particulate matter  (PM10) is a mixture of solids and 
liquid droplets floating in the air. They include dust, dirt, soot, 

smoke etc. The diameter of these particles is less than or equal 
to 10 microns. Some particles are emitted directly into the 
air from various source that are either natural or originated 
from human activity.  PM10 causes health problems, its short-
term exposure (hours and day) can lead to irritating eyes, 
nose and throat. Nitrogen dioxide and sulfur dioxide comes 
mainly from motor vehicle exhaust. Yu et al. [17] assessed 
air quality in China’s cities. The pollutants include  SO2,  NO2, 
 PM10,  PM2.5, CO and  O3. They were used a fuzzy synthetic 
evaluation model which concluded that main sources of air 
pollution are industrial combustion processes and automobile 
emissions. Figure 1 shows particulate matter across different 
cities/towns especially,  PM10 levels have increased in 8 other 
regions across Karnataka [18]. This figure clearly also indi-
cates the importance of present study.

Yang et al. [19] developed a novel hybridization model 
combining complementary together empirical mode decom-
position and an Elman neural network for verifying the pol-
lutants data in two cities (Xi'an and Jinan) of China. The 
result of the fuzzy comprehensive evaluation shows that 
 PM10 and  PM2.5 are present as major pollutants in Xi’an 
and Jinan cities and also shows that the quality of air in 
Xi’an city is better than the Jinan city. Chauhan et al. [20] 
and Singh and Tiong [21] demonstrated the Jhansi and its 
nearby area are highly affected by the particulate matter 
in the atmosphere. They found a concentration of  SO2 lies 
between the range of 5.7 to 10.47 µg/m3 in the studied area.

Moraga [22] reviewed classical as well as new applica-
tions of fuzzy logic. Linguistic Terms are labelled fuzzy sets, 
usually with a trapezoidal or bell-shaped structure. Debnath 
et al. [23] studied the effect of a comparative study on the 
air quality index with different types of air pollutants in a 
different season. They showed results that air quality index 
has been increased continuously during the festive period 
of time because of fireworks uses significantly increased 
with every year. The Fuzzy multi evaluation model used for 
developing air pollution composite index for Industries at 
the State of Gujarat, India [24, 25]. No specific air pollution 
study available in the literatures for these three cities.

Table 1  Air quality index has 
been identified by specific color 
code

AQI Remark Color Code

(0.1) Good

(0.2) Satisfactory

(0.4) Moderate

(0.6) Poor

(0.8) Very Poor

(1.0) Severe
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Central Pollution Control Board [26] listed and ranked 
different states of India in terms of air pollution. Based on 
data obtained from the Karnataka State Pollution Control 
Board (KSPCB) for the three years (2017, 2018, 2019), this 
study was assessed air qualities by comparing the concen-
trations of  PM10,  SO2, and  NO2 with help of Fuzzy logical 
statistical tool over the above pre-COVID pandemic period 
from three main air quality monitoring stations (Bangalore, 
Mysore and Hubli-Dharwad) within ten different zones of 
Karnataka (Fig. 1). This study shows that it can be linked to 
policy framing based on the principle of the polluter paying 
to control the pollution levels in the environment.

Theoretical design and methodology of this 
study

In this study, Air pollution datas of three cities of Kar-
nataka, India was taken such as Bangalore, Mysore, and 
Hubli-Dharwad. The main contributor is vehicle emis-
sion, construction activities and garbage dumping in the 
city side. The growth of more and more vehicles along 
with rising population has led to vehicular pollution. Fig-
ure 1 shows particulate matter across Bengaluru, Mysore 
and Hubli-Dharwad in the Karnataka, India. It is shown 
through temperature scale with three functions represented 

Fig. 1  Reference map of the Air Quality Index of studied cities in Karnataka (2017–2018) and particulate matter across different cities/towns.  
Source: Karnataka State Pollution Control Board
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by cold for blue arrow, warm as orange arrow, and hot as 
red arrow.

Air Quality Indices (AQI) method is related to measur-
ing the concentration of different pollutants  PM10,  NO2, 
 SO2 and other pollutants. The fuzzy Logic air quality index 
calculates in single value of AQI defines limits 0 to 1. In 
this study, a comparison of air quality data of three cities 
was conducted with the help of fuzzy logic algorithm [14]. 
It used to evaluating Indices through fuzzy multi criteria 
decision making (MCDM) framework in which linguistic 
terms of experts opinion and perception, accordingly com-
puting matrix is constructed for sub criteria. There are five 
linguistic terms used in this framework to create member-
ship functions such as high significant, significant, average 
significant, low significant and not significant (shown in 
Table 2). Table 3 shows linguistic terms which driven by 
field experts.

In fuzzy set theory, triangular and trapezoidal fuzzy sets 
are used. The graphical representation and expression, of 
a triangular and trapezoidal membership function, respec-
tively are shown in Fig. 2. The normalized trapezoidal 
membership function can be expressed as follows:

The normalized triangular membership function 
expressed as follows: X <  X1 & X >  X3

The principal steps in the application of Fuzzy Multi Cri-
teria Decision Making (MCDM) model, concepts and pro-
cedures have given by Zadeh [27], Edwards et al. [28] and 
Dodgson et al. [29], they identify the following sequence of 
steps in a typical application. Figure 3 shows presentation 
of linguistic variables to fuzzy numbers.

μ(x) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

0 X < X1�
X − X1

�
∕
�
X2 − X1

�
X1 < X < X2

1 X2 < X < X3

4�
X4 − X

�
∕
�
X4 − X3

�
X3 < X < X4

0 X > X4

μ(x) =

{ (
X − X1

)
∕
(
X2 − X1

)
X1 < X < X2(

X3 − X
)
∕
(
X3 − X2

)
X2 < X < X3

The analysis was conducted by consulting five experts who 
were involved in the air pollution actual field monitoring since 
long for their opinions about the significance of the air pollu-
tion criteria in terms of linguistic variables. Table 3 shows the 
linguistic variables assigned for air pollution by an actual field 
experts.

Normalized weightage method

The below expression is to evaluate the average fuzzy num-
bers based on linguistic variable as  Ak

ij

where p = number of decision-makers involved in the evalu-
ation process.

Using Eq. 1, the linguistic term given by experts can 
be further simplified to calculate Average fuzzy Number 
(AFN). The linguistic terms as assigned by experts can be 
converted to fuzzy numbers used in the above expression 
through Table 1 and Fig. 2. represent fuzzy membership 
function into normalized weights for each sub criterion of 
air quality. Using Eq. (1), the aggregated average for each 
of the sub criteria is obtained as follows:

The next step is defuzzification of fuzzy numbers ie. trap-
ezoidal and triangular fuzzy numbers are used to represent 
the decision maker’s opinion and represented by different 

(1)
Let Ak

ij
= (1∕p) ∗ (ak

i1
+ ak

i1
+⋯⋯ + ak

i1
)

for i = 1,2,… , n and j = 1,2, ., p

⎡⎢⎢⎢⎢⎢⎣

X11,X12,X13,…… ..X1n

X21,X22,X23,…… ..X2n

……………………

………………… ..

Xn1,Xn2,Xn3,…… ..Xnn

⎤⎥⎥⎥⎥⎥⎦

Table 2  Graphical representation of fuzzy numbers for linguistic 
terms

Linguistic Variables Fuzzy Numbers

Vs (very significant, very high) (0.7, 0.8, 0.9, 1.0)
S (significant) (0.5, 0.6, 0.7, 0.8)
As (average significant) (0.3, 0.4, 0.5, 0.6)
Ls (low significant) (0.1, 0.2, 0.3, 0.4)
Ns (not significant) (0.0, 0.0, 0.1, 0.2)

Table 3  Linguistic Variables by Experts for Air Quality

Sub criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

PM10 HS HS S S HS
SO2 HS HS HS HS HS
NO2 AS AS LS S S

Fig. 2  Mapping a Temperature Scale
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operators such as  X1,  X2,  X3,  X4 as shown in Fig. 2, which 
denoted by e value (defuzzified) given by Kaufmann and 
Gupta [30]:

For trapezoidal defuzzy value

For triangular defuzzy value

(2)e =
(X1 + X2 + X3 + X4)

4

(3)e =
(X1 + 2X2 + X3)

4

The problem is to find the various indices related to the 
environment. The observations are converted into member-
ship functions. The normalized membership function will be 
in the form of [0, 1].

Normalizing the criterion

After normalized of membership function, all the air pollution 
parameters converted into fuzzy numbers based on the speci-
fied statutory norms. For example, if PM of a given sample is 
60 µg/m3, the membership function of that sample then would 
be 0.6 see in Fig. 4, as the permissible limit of PM is 100 µg/
m3. The MCDM model derived from integral part of these 
fuzzy sets and given below as a matrix for all sub criteria for 
raw air quality datas:

where a 1, b 1, c 1, d 1, e 1, f 1, g 1,  h1 are fuzzy values of dif-
ferent parameters.

Total score for sub criteria.
Hwang and Yoon [31] given expression for calculating total 

score (TS) for each parameter as follow.

where W(Ci) = weight of the sub criterion k, and  Ni = nor-
malized value of the indicator against the sub criterion 
k. The normalized weight for each sub criterion can be 
obtained by dividing the defuzzified value of each sub cri-
terion (Cij) by the sum total of defuzzified value of all sub 
criteria (∑Cij).

Results and discussion

On the basis of data which was collected from the Karna-
taka Pollution Control Board, India an air quality index was 
developed for 2017, 2018 and 2019 years. Table 4 shows the 
yearly average status of air pollution at different monitoring 
stations such as Bangalore, Mysore, and Hubli-Dharwad. 
Based on the linguistic variables shown in Table 3, fuzzy 
numbers calculated based on linguistic variables and defuzz-
ification of fuzzy numbers by means of trapezoidal num-
bers used to represent the decision makers. The normalized 
weightage for each sub criteria is obtained by dividing the 

Xk =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

a1

b1

c1

d1

e1

f1

g1

h1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(4)TS =
∑

(Ni ∗ W(Ci)) for I = 1, 2, 3.....n

Fig. 3  Fuzzy Decision Framework for Evaluating Indices
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defuzzified scores of each sub criteria by the total of all the 
sub criteria [32–36].

Table 5 gives the values of normalized weight for each 
sub criteria. All the yearly average values are converted 
to membership functions based on the specified statutory 
norms as shown in Table 5. Table 6 shows normalized Data 
for each Sub Criterion of Air Quality. The normalized value 
for each station ie. White field road, Rail wheel factory, Vic-
torial Hospital, Yeswanthapura, TERI office, Banasawadi 
(S1-S6) in Bangalore city and for the year 2017, 2018, 2019 
represented in the matrix form as shown below:

Based on fuzzy logic normalized analyse, overall Score 
of AQI for each station were found to be 0.541, 0.536, 
0.536, 0.523, 0.547, 0.507, respectively.

Table 7 shows the yearly average status of air pollution 
at different monitoring stations for the year 2017, 2018 and 

⎛
⎜⎜⎜⎝

S1 S2 S3

0.37 0.37 0.37

0.016 0.016 0.016

S4 S5 S6

0.37 0.37 0.37

0.016 0.016 0.016

0.190 0.164 0.209 0.228 0.184 0.154

⎞
⎟⎟⎟⎠

⎡
⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤
⎥⎥⎥⎦

PM10

SO2

NO2

⎛⎜⎜⎜⎝

S1 S2 S3

0.37 0.37 0.37

0.016 0.016 0.016

S4 S5 S6

0.37 0.37 0.37

0.016 0.016 0.016

0.182 0.171 0.182 0.190 0.186 0.140

⎞⎟⎟⎟⎠

⎡⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤⎥⎥⎥⎦

PM10

SO2

NO2

⎛⎜⎜⎜⎝

S1 S2 S3

0.37 0.37 0.37

0.016 0.016 0.016

S4 S5 S6

0.37 0.37 0.37

0.016 0.016 0.016

0.155 0.150 0.150 0.167 0.161 0.121

⎞⎟⎟⎟⎠

⎡⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤⎥⎥⎥⎦

PM10

SO2

NO2

Fig. 4  Graphical Representation of Trapezoidal Membership Function in Linguistic terms

Table 4  Yearly Average Status of Ambient Air Quality* Monitoring Station

* All the parameters are expressed in µg/m3

Sub criteria NAAQs Monitoring station

White field road Rail wheel factory, 
Yelahanka

Victorial 
Hospital

Yeswanthapura TERI office, 
Domlur

Banasawadi

2017
PM10 60 130.9 110.8 79.9 93.3 120.1 80.3
SO2 50 2.0 2.0 2.0 2.0 2.0 2.0
NO2 40 33.1 28.5 36.3 39.6 32.0 26.8
2018
PM10 60 103.9 101.9 65.3 95 118.4 68.7
SO2 50 2.0 2.0 2.0 2.0 2.0 2.0
NO2 40 31.7 29.7 31.7 33 32.4 24.3
2019
PM10 60 92 92 55 74 86 74
SO2 50 2.0 2.0 2.0 2.0 2.0 2.0
NO2 40 27 26 26 29 28 21
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2019 in Mysore. Table 8 shows normalized Data for each 
Sub Criterion of Air Quality. The normalized value for 
each station ie. KSRTC, K.R circle, KSPCB office (S1-S2) 
in Mysore city and for the year 2017, 2018, 2019 repre-
sented in the matrix form as shown below:

Based on fuzzy logic normalized analyze, overall Score 
of AQI for each station were found to be 0.426 and 0.421, 
respectively.

Table 9 shows the yearly average status of air pollution 
at different monitoring stations for the year 2017, 2018 and 

⎛⎜⎜⎜⎝

S1 S2

0.300 0.290

0.018 0.017

0.108 0.114

⎞
⎟⎟⎟⎠

⎡
⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤
⎥⎥⎥⎦

PM10

SO2

NO2

⎛⎜⎜⎜⎝

S1 S2

0.329 0.286

0.018 0.018

0.097 0.095

⎞⎟⎟⎟⎠

⎡⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤⎥⎥⎥⎦

PM10

SO2

NO2

⎛⎜⎜⎜⎝

S1 S2

0.327 0.276

0.016 0.017

0.086 0.091

⎞⎟⎟⎟⎠

⎡⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤⎥⎥⎥⎦

PM10

SO2

NO2

2019 in Hubli-Dharwad. Table 10 shows normalized Data 
for each Sub Criterion of Air Quality. The normalized value 

Table 5  Normalized Weights 
for each Sub Criterion of Air 
Quality

Sub criteria Average fuzzy no for each sub criteria De-fuzzified 
value

Normalized weight

X1 X2 X3 X4 e w

PM10 0.62 0.72 0.82 0.92 0.77 0.36492891
SO2 0.7 0.8 0.9 1 0.85 0.402843602
NO2 0.34 0.44 0.54 0.64 0.49 0.232227488

SUM 2.11 1

Table 6  Normalized Data for each Sub Criterion of Air Quality

Sub criteria NAAQs Monitoring station

White field road Rail wheel fac-
tory, Yelahanka

Victorial Hospital Yeswanthapura TERI office, 
Domlur

Banasawadi

2017
PM10 60 1 1 1 1 1 1
SO2 50 0.04 0.04 0.04 0.04 0.04 0.04
NO2 40 0.8275 0.7125 0.9075 0.99 0.80 0.67
2018
PM10 60 1 1 1 1 1 1
SO2 50 0.04 0.04 0.04 0.04 0.04 0.04
NO2 40 0.793 0.743 0.793 0.825 0.810 0.608
2019
PM10 60 1 1 0.917 1 1 1
SO2 50 0.040 0.040 0.040 0.040 0.040 0.040
NO2 40 0.675 0.650 0.650 0.725 0.700 0.525

Table 7  Yearly Average Status of Ambient Air Quality* Monitoring 
Station

* All the parameters are expressed in µg/m3

Sub criteria NAAQs Monitoring station

KSRTC, K.R 
circle

KSPCB office

2017
PM10 60 48.7 47.0
SO2 50 2.2 2.1
NO2 40 18.8 19.8
2018
PM10 60 53.3 46.4
SO2 50 2.2 2.3
NO2 40 16.8 16.6
2019
PM10 60 53 44.1
SO2 50 2.0 2.5
NO2 40 15 18.6
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for each station ie. KSPCB office, Dharwad, Gokul road, 
Hubli (S1-S2) in Hubli-Dharwad city and for the year 2017, 
2018, 2019 represented in the matrix form as shown below:

Based on fuzzy logic normalized analyze, overall Score 
of AQI for each station were found to be 0.541 and 0.542, 
respectively. The total matrix is obtained by the following 
equation:

where W(i) = weight of sub criterion k, and  Ni = normalized 
value of the monitoring station against the sub criterion i.

Using simple additive weighting method, the overall 
score for each city was developed and is shown in Table 11. 
Table 11 shows that AQI score for six monitoring station of 
Bangalore city for the year 2017 in which we found that, the 
Banasawadi monitoring station have least air quality score 
which is 0.540 while Yeswanthapura monitoring station has 
maximum air quality score which is about 0.614. From, it 
is clear that the AQI for the year 2018 of some monitoring 
stations of Bangalore was decreased as compared to the AQI 

⎛⎜⎜⎜⎝

S1 S2

0.370 0.371

0.044 0.045

0.127 0.127

⎞
⎟⎟⎟⎠

⎡
⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤
⎥⎥⎥⎦

PM10

SO2

NO2

⎛⎜⎜⎜⎝

S1 S2

0.370 0.371

0.042 0.045

0.123 0.152

⎞⎟⎟⎟⎠

⎡⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤⎥⎥⎥⎦

PM10

SO2

NO2

⎛⎜⎜⎜⎝

S1 S2

0.370 0.370

0.032 0.040

0.098 0.121

⎞⎟⎟⎟⎠

⎡⎢⎢⎢⎣

Wi

0.37

0.40

0.23

⎤⎥⎥⎥⎦

PM10

SO2

NO2

(5)TS =
∑

Ni.Wi for i = 1,2, 3… n.

for the year 2017. AQI of Banasawadi monitoring station 
is least while Yeswanthapura monitoring station is maxi-
mum. AQI for Banasawadi is 0.526 and for Yeswanthapura 
is 0.576. In 2019-year, TERI office, Domlur is found out the 
highest AQI and Banasawadi is the lowest AQI. AQI value 
at TERI office, Domlur monitoring station is 0.547 and at 
Banasawadi is 0.507.

Table 11 shows that AQI score for two monitoring station 
of Mysore city for the year 2017 in which we found that, the 
KSPCB office monitoring station have least air quality score 
which is 0.421 while KSRTC, K.R circle monitoring station 

Table 8  Normalized Data for each Sub Criterion of Air Quality

Sub criteria NAAQs Monitoring station

KSRTC, K.R 
circle

KSPCB office

2017
PM10 60 0.812 0.783
SO2 50 0.044 0.042
NO2 40 0.470 0.495
2018
PM10 60 0.888 0.773
SO2 50 0.044 0.046
NO2 40 0.420 0.415
2019
PM10 60 0.883 0.781
SO2 50 0.040 0.044
NO2 40 0.375 0.335

Table 9  Yearly Average Status of Ambient Air Quality Monitoring 
Station

* All the parameters are expressed in µg/m3

Sub criteria NAAQs Monitoring station

KSPCB office, 
Dharwad

Gokul 
Road, 
Hubli

2017
PM10 60 76.0 89.0
SO2 50 5.5 5.6
NO2 40 22.1 22.0
2018
PM10 60 67.2 89.2
SO2 50 5.2 5.6
NO2 40 21.4 26.4
2019
PM10 60 62 76
SO2 50 4 5
NO2 40 17 21

Table 10  Normalized Data for each Sub Criterion of Air Quality

Sub criteria NAAQs Monitoring station

KSPCB office, 
Dharwad

Gokul 
road, 
Hubli

2017
PM10 60 1 1
SO2 50 0.110 0.112
NO2 40 0.553 0.550
2018
PM10 60 1 1
SO2 50 0.104 0.112
NO2 40 0.535 0.660
2019
PM10 60 1 1
SO2 50 0.080 0.100
NO2 40 0.425 0.525
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have maximum air quality score which is about 0.426. 
Table 11, shows that AQI at KSPCB office monitoring sta-
tion is least 0.399 and highest air quality index monitoring 
station is KSRTC, K.R circle is 0.444. it is decreasing as 
compared to the year 2017. Table 11 shows that AQI score 
for two monitoring station of Hubli-Dharwad city for the 
year 2017 in which we found that, the KSPCB office, Dhar-
wad monitoring station have least air quality score which 
is 0.541 while Gokul road, Hubli monitoring station have 
maximum air quality score which is about 0.542.

Table 11 shows that air quality index score for two mon-
itoring station of Hubli-Dharwad city for the year 2018 in 
which we found that, the KSPCB office, Dharwad monitor-
ing station have least air quality score which is 0.535 while 
Gokul road, Hubli monitoring station have maximum air qual-
ity score which is about 0.567. Some of researchers recently 
shows improvement of air quality during COVID-19 in the 
different states of India [10, 12]. They analysed in Delhi and 
Gujarat (mainly Industrial monitoring stations) states of India 
and found 40–50% and 30–84% reduction in PM2.5, PM10, 
 NO2,  SO2, CO and  NH3 concentrations through provided data 
from National Air Quality Index (NAQI), respectively [37]. 
Using a simple additive weighting method, the overall score 
for each city was developed and is shown in Fig. 4.

Figure 5 shows the AQI for three cities in Karnataka 
in the year 2017, 2018 and 2019 in which we found that 
Mysore has the least air quality score and Bangalore have the 
maximum air quality score that is 0.424 and 0.574. Figure 5 
shows the AQI for three cities in Karnataka in the year 2018 
in which we found that Mysore has the least air quality score 
and Bangalore have the maximum air quality score that is 
0.422 and 0.561. Chinnaswamy et al. [4] reported that trends 
on level of particulate matter through statistical analysis and 
found day-by-day air pollutant increased in the eight region 
of Bangalore, India.

Figure 5 shows the AQI for three cities in Karnataka in 
the year 2019 in which we found that Mysore has the least 
air quality score and Bangalore have the maximum air qual-
ity score that is 0.429 and 0.531. Pereira et al. [13] studied 
on impact of ventilation and filtration conditions on particle 
concentrations in an orthopaedic operating room. Due to 
their study after new air filter, total and viable particle con-
centrations were found to be 0.3 ×  106 ± 0.1 ×  106 particles/
m3 and 15 CFU/m3, respectively. Initial concentrations of 
total and viable particle were 0.4 ×  106 ± 0.2 ×  106 particles/
m3 and 24 CFU/m3, respectively. They found regular main-
tenances of air filter inside the ventilator which helps good 
quality of air in the room.

Conclusion

This study is to assess air qualities by comparing the con-
centrations of  PM10,  SO2, and  NO2 with help of Fuzzy logi-
cal statistical tool over pre-COVID pandemic years (2017 
to 2019) from three air quality monitoring stations (Ban-
galore, Mysore and Hubli-Dharwad cities of Karnataka, 
India) within ten different zones of Karnataka. The follow-
ing results are obtained as follow:

• In Bangalore, pollution level decrease as compared by 
yearly bases in the year 2017 was 0.574 and in the year 
2019 was 0.531 that decreases the value of air quality 
index by -0.074912%. –ve sign shows a decrease in level.

• In Hubli-Dharwad pollution level increase in the year, 
2018 compared to the year 2017 by 0.016605% and in 
the year 2019 decrease pollution level by -0.0635208%.

• Mysore is the least pollution level city as compared to 
Bangalore and Hubli-Dharwad. Pollution level increased 
by 0.011792%.

Table 11  Overall Score of Air Pollution in different cities

Air Quality Index

Monitoring station Overall score

2017 2018 2019

White field road 0.576 0.568 0.541
Rail wheel factory, Yelahanka 0.550 0.557 0.536
Victorial Hospital 0.595 0.568 0.536
Yeswanthapura 0.614 0.576 0.523
TERI office, Domlur 0.570 0.572 0.547
Banasawadi 0.540 0.526 0.507
KSRTC, K.R circle 0.426 0.444 0.429
KSPCB office 0.421 0.399 0.387
KSPCB office, Dharwad 0.541 0.535 0.500
Gokul road, Hubli 0.542 0.567 0.531

Fig. 5  Overall Score of Air Pollution at different cities
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• Overall based on AQI for all the three pre-COVID 
pandemic years, Mysore city shows the least value, 
Hubli-Dharwad shows moderate value, and Bangalore 
shows the maximum value i.e., Bangalore > Hubli-Dhar-
wad > Mysore.

This study shows that it can be linked to policy framing 
based on the principle of the polluter paying to control the 
pollution levels in the environment. This study also reveals air 
pollution level in term of AQI for pre-COVID pandemic years 
are little higher than present post-COVID pandemic situation.
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